


Nutrition and Integrative 
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Mystery illness can be helped, and this book lays the groundwork for it!

Can a water-damaged building ruin your health and cause debilitating exhaustion, chronic pain, 

insomnia, anxiety, obesity and “brain fog?” Could a flood or wet basement make you sick even if it 

has long dried out? Building on its predecessor, Nutrition and Integrative Medicine for Clinicians: 

Volume Two is an essential, peer-reviewed resource for practitioners to help patients with various 

illnesses found in society, including those contracted from water-damaged structures, that can lay 

the groundwork for a healthy road to recovery.

Written by authors at the forefront of their respective fields, this book presents information for 

people “written off” as having a “mystery illness,” fibromyalgia or chronic fatigue. Chronic inflam-

matory response syndrome (CIRS) is ubiquitous and affects many body systems, yet it is largely 

unrecognized by doctors, who misdiagnose CIRS patients daily. This book is a comprehensive 

guide on evaluating illnesses that are difficult to diagnose, including CIRS.

This volume contains information on various subjects, including:

• Illnesses resulting from water-damaged buildings and subsequent change in the microbi-

ome of the building.

• Steps to heal from mold/mycotoxin illnesses.

• Legal and ethical considerations in health issues from exposure to a water-damaged build-

ing as well as introducing the “building science” to clinicians.

• Effects of CIRS on metabolism and insulin resistance.

• Environmental hormone disruptors.

• Myalgic encephalitis/chronic fatigue syndrome.

• Regenerative agriculture.

• Pediatric sleep-related breathing disorders and their effects on growth and development.

• Circadian effects of artificial light and their effects on mitochondria.

• Nutritional support in Covid.

• The design nature of sound and its relationship to neural networks.

• The human body as a biological sound healing instrument.

• The use of color in clinical application.

• Art in medicine.

• Living life with intentionality and mindfulness.

• Making childbirth a positive experience.
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The sun is a daily reminder that we too can rise again from the darkness, that we, 
too, can shine our light.
S. Ajna
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Preface
The first volume was a mighty undertaking; luckily, each chapter was “stand alone,” and the reader 

could choose to begin the book at any chapter. My aim was to bring an understanding of the different 

aspects of integrative medicine and nutrition to the clinician interested in healing the whole patient.

This volume was “unintended.” An unintended consequence of a negligent ductless heating, ven-

tilation and air conditioning (HVAC) installation in my own home. At first, the water was seeping 

inside the walls and the attic, and we were unaware until a major water leak occurred that brought 

attention to the situation. Then, the nightmare began. The box store that recommended the install-

ers, the installers, and the insurance company that insured them all knew what had happened; they 

knew exactly what the problem was and what needed to be done, and instead of taking swift action, 

they instituted a gaslighting campaign. Since the installer had been putting these in homes up and 

down the east coast, negligently I am sure, ruining the health of the occupants, who were likely 

unaware, it was of prime importance to the insurance company to stifle my voice. Not to do the right 

thing; rather, to shove it under the rug.

We had to tear our house down to the studs and rebuild it. Every wall where the ductless air con-

ditioning was installed had to be torn down. Our lives were upended and our health affected due to 

mycotoxins and mold. I turned to a Shoemaker Protocol physician for help. I also joined a Facebook 

group for people whose lives had been affected by water damage and mold. The stories were heart 

rending, and eventually, I could not take the suffering. I had to stop reading their stories, but I real-

ized that I could help by creating a Volume Two for clinicians that dealt with mold as a big part of 

the book. There are people who have their own ideas about treating mold-related health problems, 

but Dr. Ritchie Shoemaker gets credit for being the forerunner in this field.

You will read a short commentary by Kristina Baehr JD in this book, relating what happened 

to her. My hope is to provide a book, even if it is a starting point, for doctors, regulators, lawyers, 

judges and regular people, maybe even some decent ones who work for the insurance industry and 

the home building and HVAC industry and who have not sold their soul for money, to gain an under-

standing of water-damaged homes and health issues caused by mold and mycotoxins and the change 

in the microbiome of the water-damaged building.

Dr. Scott McMahon is a top expert witness for mold legal cases, and he told me that it is his 

calling. Dr Stephanie Seneff’s chapter brings attention to the complex biological issues relating 

to Euthyroid Sick Syndrome, caused again by – you guessed it – chronic inflammatory response 

syndrome (CIRS) due to mold/mycotoxin toxicity and the interaction between mycotoxins and the 

ubiquitous glyphosate.

Larry Schwartz lends his expertise to Building Science. He is an expert witness in water-dam-

aged homes litigation. There are many people who take a short course, call themselves remediators 

and exploit those who are already suffering.

Dr. April Vukelic is passionate about treating mold patients and is also an expert osteopathic 

physician. Her standalone chapter on central nervous system injuries from mold is a classic. So of 

course, are all the chapters that she coauthored.

Mold- and mycotoxin-related illness is a serious public health issue. It is responsible for many 

diverse medical conditions, as it causes multisystem illnesses that have not yet been properly recognized 

by the medical, legal, building or regulatory agencies. Original research published in the Frontiers of 

Immunology shows that “[l]ong-term exposure to dampness microbiota induces multi-organ morbidity.”1

Harding et al. in their article in Brain, Behavior and Immunity, titled “Mold inhalation causes 

innate immune activation, neural, cognitive and emotional dysfunction,” state:

Individuals living or working in moldy buildings complain of a variety of health problems includ-

ing pain, fatigue, increased anxiety, depression, and cognitive deficits. Mold inhalation causes innate 

immune activation, neural, cognitive and emotional dysfunction.2

A L G r a w a n y
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Exposure to water-damaged buildings can damage the mitochondria. “In trying to understand 

the mechanism of injury to the mitochondria that triggers an autoimmune response, researchers 

have learned that pyruvate carboxylase is a major site of antigenicity for antimitochondrial antibod-

ies (AMA).”3

A study by Dennis et al. published in Toxicology and Industrial Health, titled “Fungal exposure 

endocrinopathy in sinusitis with growth hormone deficiency: Dennis-Robertson syndrome,”4found 

that patients with a significant history of indoor mold exposure and chronic rhinosinusitis, deter-

mined by computed tomography scan or endoscopy, had deficiency of human growth hormone, 

primary or secondary hypothyroidism, and deficiency of adrenocorticotropic hormone.

In another original article, “Neural autoantibodies and neurophysiologic abnormalities in patients 

exposed to molds in water-damaged buildings,”5 the authors state:

Recently, it has been suggested that mold exposure causes neurological injury. The authors investi-

gated neurological antibodies and neurophysiological abnormalities in patients exposed to molds at 

home who developed symptoms of peripheral neuropathy (i.e., numbness, tingling, tremors, and muscle 

weakness in the extremities).

Daschner in Frontiers in Immunology6 describes “Dampness and mold hypersensitivity syn-

drome” that results in multi-organ symptoms. He states:

Even chronic fatigue syndrome or clinical features similar to this entity have been connected not only 

to relevant environmental histories of exposure to water-damaged buildings but also to the detection 

of mycotoxins.

An article by Brewer et al. published in the journal Toxins, titled “Chronic illness associated with 

mold and mycotoxins: Is naso-sinus fungal biofilm the culprit?”7 came to the following conclusions, 

among others (for the full list, see the article):

CONCLUSIONS7

Indoor water-damaged environments contain a variety of mold and bacterial species that produce 

mycotoxins, volatile organic compounds, exotoxins and other metabolites that are present in the dust, 

furnishings and air.

The occupants of these environments experience chronic adverse health effects that range from 

upper and lower respiratory disease, central and peripheral neurological deficits, chronic fatigue type 

illness, among others.

Prior exposure to toxic mold and mycotoxins may represent an important feature of chronically ill 

patients such as CFS as well as those with CRS. An internal reservoir of toxin producing mold (e.g., 

sinuses) that persists in biofilms could produce and release mycotoxins. This model of fungal persis-

tence may help explain these chronic illnesses and represent a potential new understanding of mecha-

nisms of disease that can be treated and/or lessened.

In another article titled “Mold exposure and respiratory health in damp indoor environments,” pub-

lished in the journal Frontiers in Bioscience, the authors, Park and Cox-Ganser,8 make the follow-

ing point regarding respiratory outcomes with mold exposure in indoor damp environments:

In this article we have presented abundant evidence of associations of various respiratory health out-

comes with mold exposure and some potential disease mechanisms. Thus, even if we do not fully 

understand specific causal agents or mechanisms for mold-related illnesses yet, it is very sensible for 

physicians, environmental professionals, and building managers to recognize potential risk of exposure 

to mold and support proactive measures for remediation of water damage and mold contamination to 

protect occupants’ health. The major driving force for mold and other microbial growth in indoor envi-

ronments is moisture. Thus, identification and repair of the sources of excess moisture such as humid 
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air, or water intrusion or leaks, prompt and complete repair or replacement of water-damaged materials, 

and thorough cleaning of all indoor surfaces after remediation are essential to minimize mold exposure 

and decrease mold exposure-related respiratory illnesses. The problem of water damage and mold con-

tamination in indoor environments and related health effects is now a global issue, as is evident from 

reports from several countries, and thus, needs to be taken much more seriously.8

Lynch and Teitelbaum of the Illinois College of Optometry report an adult woman with exposure 

to black mold who developed atopic dermatitis with anterior subcapsular cataracts:9 “Anterior sub-

capsular cataracts are pathognomonic for atopic illness.”9

Chapter 6 of this book, titled “Chronic Inflammatory Response Syndrome (CIRS) and 

Metabolism: Proliferative Physiology and Insulin Resistance” by Ritchie C. Shoemaker and April 

Vukelic, explains how exposure to water-damaged buildings can cause, among other issues, heart 

failure, insulin resistance and dementia. CIRS causes metabolic acidosis and grey matter nuclear 

atrophy, which in turn, results in pulmonary hypertension and heart failure.

The relationship of suppression of production of ribosomal mRNA and nuclear-encoded mitochondrial 

genes to multiple facets of glucose metabolism, especially aerobic glycolysis, resulting in neuronal 

injury, including cognitive impairment, and pulmonary hypertension.

Specifically,

The combination of the development of hypoxemia (from fatty acid oxidation [FAO]) and aerobic gly-

colysis is the development of pulmonary hypertension.

And you will read more, as here:

In CIRS, we worry about the Warburg Effect, because it underlies the pathologic development of clini-

cally significant metabolic acidosis and pulmonary hypertension; it underlies abnormalities, including 

metabolism in branched chain glycans, that will lead to insulin resistance. Further, we also see multiple 

examples of injury to neuronal tissue associated with the Warburg Effect, both peripherally, creating 

peripheral neuropathy, and centrally, possibly contributing to dementing illnesses.

The innate immune system activation caused by CIRS does not get better on its own, does not 

self-heal, even after the patient has been removed from the source of exposure.

There is not an intrinsic issue with the mitochondria. The problem is the failure to effectively use 

the electron transport chain and the inability to use acetyl CoA, only producing maybe 5% of ATP 

and reduced oxygen delivery to the cells. That is why CIRS patients are so tired. Lactic acidosis and 

closure of voltage-dependent anion channels cause fatigue and pain.

Mold and CIRS is the great equalizer because it affects both the wealthy and the poor. Yet there 

is so little knowledge, so little understanding, so little sympathy and close to zero responsibility 

taken by those who are actually responsible, whether it is the home building industry, the HVAC 

industry, the landlords, the insurance industry and so on.

On average, most patients have spent around $50,000 and seen approximately a dozen doctors 

before they are diagnosed with CIRS. People are wasting precious time and money while getting 

sicker!

If you are a physician, then you are probably already taking care of CIRS patients every single 

day and don’t know it! It is ubiquitous. CIRS patients are high users of the medical system because 

people are missing the diagnosis. Instead of calling these people chronically or mysteriously ill, you 

can help them.

Drs. Maria Vera-Nunez and Ken Friedman are experts in myalgic encephalitis (chronic fatigue 

syndrome), and their chapter deals with the latest advances in the field. A must-read chapter in my 

opinion.
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Our environment is literally under attack by endocrine-disrupting plastics, and Dr. Arden 

Anderson’s chapter, another classic chapter, highlights this.

Dr. Moss talks about a commonsense approach to dealing with chronic fatigue syndrome/ME by 

dealing with allostatic overload and avoiding overwhelm.

When talking about chronic illness, it is important to understand that we humans are not sepa-

rate from the earth. Those in the environmental field know of Dr. Jerry Hatfield, and his chapter on 

soil and regenerative agriculture is a masterpiece.

The Health of Our Cells Is Shaped by the Soil

Dr. Vandana Shiva

Regarding the science of light, I consider myself lucky to have found Dr. Joshua Rosenthal, 

an expert on the circadian and mitochondrial effects of artificial light, an emerging public health 

problem.

Again, this volume is all about highlighting the new medicine, new illnesses that those trained 

in traditional allopathic medicine are not educated on unless they seek out the knowledge sources. I 

have attempted to corral many of these diverse topics in two books. Perhaps there will be a Volume 

Three, as the knowledge and information that needs to be known by the healer-clinician is endless. 

Humanity is suffering, and the need is great.

I had thought that I had covered the oro-facial and dental correlations with the entire human 

organism in detail in the first volume; however, there was more! The correlation between pediatric 

sleep-related breathing disorders and behavior and their systemic connections are masterfully cov-

ered by Marsha Luginbuehl and Alyse Shockey. Anyone wanting to fill out a survey, whether parent 

or clinician, can go to Child Uplift’s website and fill out the questionnaire for a detailed report.

A deeper understanding of metabolic and physiologic correction using nutrition is covered in Dr. 

Michael Gonzalez’s chapter, while nutritional support for Covid in the different stages is covered 

by Chris Newton. This is not to be considered an alternative to standard medical care for Covid but 

rather, an adjunct as nutritional support.

Dr. Martha Stark described this book as follows: I would read her words whenever I felt down, 

and they gave me the courage to keep going.

Your line up of authors is absolutely spectacular!!

You have somehow managed to gather together – probably as challenging as trying to “herd cats 

into a box”!! – such an impressive, broad-ranging, and in-depth collection of chapters spanning every-

thing from Environmental to Functional to Complementary and Alternative to Integrative to Holistic to 

Energetic to Nutritional to Innovative to Spiritual …
… all of which are approaches that will benefit both those who have long been suffering from com-

plex chronic conditions and those who are deeply invested in optimizing the overall well-being of their 

mind, body, and soul!!

Aruna, this second volume of yours (replete with its pearls of theoretical and clinical wisdom) promises 

to constitute a landmark contribution to the many fields it embraces!!

Her chapter, another groundbreaking one on “Living Life Forward: The Neuroplastic Synergy of 

Mindfulness and Intentionality,” changes the way we look at healing to one in which the patient has 

the power, using the power of intention and mindfulness to change their circumstances.

My dear friends, Dr. John Beaulieu and Thea Beaulieu, are gifted healers, and Dr. Beaulieu is a 

master of sound healing and author of the chapters on “Mind, Consciousness and the Design Nature 

of Sound” and “Syntonic Phototherapy.” Both chapters are outstanding contributions to the field 

of medicine. Indeed, it is about time that sound healing with all its splendor became mainstream. 

Music, for instance, can change your mood, and songs can give voice to your feelings when you 

don’t have the words to express yourself. It has been established that there is a relationship between 
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sound and form. The world emerged from “unstruck sound;” why can we not heal using sound? That 

brings me to the chapter by Dr. Shawn Marie Higgins, which suggests that the human body itself 

is a biological sound healing instrument. I am proud to say that Dr. Higgins teaches a CME course 

on sound healing. Those of you who are lucky enough to travel to see Dr. Beaulieu would find it 

life-changing to learn from him.

In the course of my being a doctor, as well as studying and learning with many teachers, it was 

quite self-evident that art and creativity had a special place in healing. Children can draw before 

they write. If we drew and used our imagination to find our way out of illness and many other life 

situations, I am confident that it would be a powerful self-help tool. I am proud to present Susan 

Imholz and Judy Sachter as the authors of “Art in Medicine.”

My first volume had a chapter on sunlight as information; this volume takes it a step further with 

Dr. Nisha Manek’s chapter on Information Medicine for the 21st Century.

I studied medicine at Lady Hardinge Medical School, New Delhi, in India, and one of the affili-

ated hospitals had a major Ob/Gyn service for New Delhi and surrounding areas. As an intern, 

rotating through that department, I must have either assisted or single-handedly delivered at least 

a hundred babies. My experience as a young intern and later, my own experience at the other end, 

giving birth to my two sons in the United States, were the impetus to my imperative that there needs 

to be a shift in the understanding of childbirth. I had great difficulty in finding the right author(s), 

as Ob/Gyns either have no time or did not have the understanding, as perhaps a doula might have, 

of the patient’s mental state, or even the newborn, who cannot “speak” in our vocabulary but does 

feel and sense. Where did this little one come from? Yes, it might be a spiritual question, but we 

must not lose our sense of wonder and amazement. I was honored to secure the Head of the Ob/

Gyn department in my Alma Mater, Dr. Manju Puri, and also Dr. Payal Chaudhary as authors of the 

chapter on “Birthing the Light.”

Evidence that matter can be generated directly from light comes from the Brookhaven National 

Laboratory, a multipurpose research institution funded by the U.S. Department of Energy. Their 

study demonstrates a long-predicted process for generating matter directly from light. This study 

came from scientists studying particle collisions at the Relativistic Heavy Ion Collider (RHIC):10

The primary finding is that pairs of electrons and positrons—particles of matter and antimatter—can 

be created directly by colliding very energetic photons, which are quantum “packets” of light. This 

conversion of energetic light into matter is a direct consequence of Einstein’s famous E=mc2 equation, 

which states that energy and matter (or mass) are interchangeable. Nuclear reactions in the sun and at 

nuclear power plants regularly convert matter into energy. Now scientists have converted light energy 

directly into matter in a single step.10

Last but not least is Dr. Dona Biswas’ chapter on “Hidden Societal Enigmas That Have Significant 

Impact on Mental, Physical and Spiritual Health.” This chapter was born out of her, and to a lesser 

extent my, forays in the hidden world of psychiatry, where shamans of Asia, Europe, and North and 

South America tap into nonlocal information for healing. I am not talking about charlatans here but 

real healers of a bygone era who could obtain information from “the field” that assisted the sick.

A jaded and stressed physician is not good for society. Doctors need to rediscover their love for 

medicine. Patients need to appreciate their doctors, and insurance companies need to be done away 

with in their present form, with the emphasis on profits and more well-paid administrators than 

doctors.

It is my sincere wish that the reader will take what helps and forgive anything that “triggers” 

a reaction, because there may come a time, just around the bend, when the sun will shine again 

and society will be ready for the information presented in this book. So, with great love and great 

respect, this book is offered to clinicians and anyone with an interest in a different kind of medicine.

Aruna Bakhru M.D., F.A.C.P.
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Introduction to Chronic 

Inflammatory Response 

Syndrome (CIRS)

Andrew Heyman and April Vukelic

1.1  PREFACE

Chronic inflammatory response syndrome (CIRS) represents a common clinical condition. CIRS 

is a progressive, multi-system, multi-symptom illness characterized by exposure to biotoxins. The 

ongoing inflammation can affect virtually any organ system of the body and if left untreated, 

become debilitating.

For patients with CIRS, the innate immune system fails to communicate with the adaptive 

immune system due to a defect in antigen presentation. The result is inflammation that remains 

“stuck” in the early phases of the innate immune response. The body cannot transition to the more 

mature and specific actions coordinated by T cells and B cells in the adaptive immune system.

CONTENTS

1.1 Preface ......................................................................................................................................3

1.2 What Is a Biotoxin? ..................................................................................................................4

1.3 Pertinent Negatives: An Elusive Disease Hiding in Plain Sight ...............................................4

1.4 Genetic Susceptibility: Human Leukocyte Antigen .................................................................5

1.5 Visual Contrast Sensitivity .......................................................................................................6

1.6 The Biotoxin Pathway in Action ...............................................................................................6

1.7 Regulatory Neuropeptides: Changes in Brain Function ...........................................................8

1.7.1 MSH – Melanocyte Stimulating Hormone ...................................................................8

1.7.2 Additional Innate Immune Markers .............................................................................8

1.7.3 MMP-9 ..........................................................................................................................9

1.7.4 TGFβ-1 – Transforming Growth Factor β-1 .................................................................9

1.7.5 C4a ................................................................................................................................9

1.7.6 VEGF ............................................................................................................................9

1.7.7 ACTH/Cortisol ........................................................................................................... 10

1.7.8 ACLA IgA/IgG/IgM ................................................................................................... 10

1.7.9 Anti-Gliadin Antibodies (AGA) ................................................................................. 10

1.7.10 ADH/Osmolality ......................................................................................................... 10

1.7.11 Leptin .......................................................................................................................... 10

1.8 Secondary Source of Brain Inflammation: MARCoNS ......................................................... 11

1.9 The New Language of Genes: Transcriptomics ..................................................................... 11

1.10 The Future of CIRS ................................................................................................................ 11

1.10.1 Science ........................................................................................................................ 12

1.10.2 Professionals ............................................................................................................... 12

1.10.3 Policy .......................................................................................................................... 13

1.10.4 Final Thoughts ............................................................................................................ 14

Bibliography .................................................................................................................................... 14

DOI: 10.1201/b23304-2

https://doi.org/10.1201/b23304-2


4  Nutrition and Integrative Medicine for Clinicians

1.2  WHAT IS A BIOTOXIN?

Any living organism or fragment of an organism that triggers an innate immune response can 

function as a biotoxin. This can result from mold and mycotoxins from water-damaged buildings 

(WDBs), endotoxins, actinobacteria, pathogens as seen in tick-borne illnesses, viruses, dinoflagel-

lates, apicomplexans, cyanobacteria, Mediterranean spider bites, babesia and about 30 other identi-

fied pathogens (Table 1.1).

There are many known triggers for CIRS, and more are likely to be discovered. Ciguatera fish 

poisoning results from eating fish contaminated with the marine toxin ciguatoxin. A single expo-

sure to this toxin may result in CIRS-ciguatera. Airborne or contact exposure to cyanobacteria in 

freshwater ponds, lagoons and lakes can also cause CIRS-cyanobacteria. Many who suffer from 

chronic illness seen after antibiotic therapy of acute Lyme disease present with post-Lyme syn-

drome (CIRS-PLS). Another form of CIRS is caused by Pfiesteria, a dinoflagellate responsible for 

fish kills along the Eastern seaboard.

Eighty percent of biotoxin illness cases are due to WDBs. About 24% of the population is geneti-

cally susceptible, and over 50% of buildings in the United States are water damaged. CIRS-WDB 

is CIRS that develops after chronic exposure to the interior of WDB typified by resident microbial 

growth, including bacteria, filamentous fungi (molds), mycobacteria and actinobacteria. Symptoms 

may be triggered or exacerbated by biologically produced toxins and inflammagens, including man-

nans, beta-glucans, hemolysins, proteinases, spirocyclic drimanes and volatile organic compounds 

(VOCs).

Regardless of the initial trigger, each form of CIRS shows similar characteristics in its final man-

ifestations. Doctors may diagnose patients with CIRS as having depression, anxiety, post-traumatic 

stress disorder (PTSD), somatization, Alzheimer’s disease, Parkinsonism, allergy, fibromyalgia and 

chronic fatigue syndrome (CFS). Treating the symptoms of these patients does not improve their 

underlying condition.

1.3  PERTINENT NEGATIVES: AN ELUSIVE DISEASE HIDING IN PLAIN SIGHT

CIRS activates the innate immune system, making a proper diagnosis difficult since common 

inflammation parameters are generally negative upon laboratory evaluation. Normal results may 

include white blood count, complete metabolic panels, immunoglobulins, autoimmune markers, 

sedimentation rate, C-reactive protein and interleukin (IL)-6.

Much of modern clinical immunology has focused on diseases associated with cardiometabolic 

risk, autoimmune diseases, allergies and cancer. In other words, these inflammatory processes can 

TABLE 1.1

Common Biotoxins (Indoor Environmental 

Professionals Panel of Surviving Mold, Consensus 

Statement)

• Beta-glucans

• Mannans

• Spirocyclic drimanes

• Lipopolysaccharides

• Actinobacteria

• Hyphal fragments

• Cell wall fragments

• Bioaerosols

• Endotoxins

• Microbial volatile organic compounds

• Mycotoxins

• Mycolactones

• Hemolysins

• Proteinases

• Gram (+) and G (−) bacteria

• Particulates (small, fine, ultra)

• Conidia

• Protozoa
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occur outside the innate immune system. Inflammation increases visceral fat (adipokines), loss of 

immune tolerance or defects in adaptive immunity.

Identifying a patient with CIRS requires collecting subjective and objective information to dem-

onstrate activation of innate immunity while ruling out other causes of symptoms. The evalua-

tion process includes the assessment of proteomics, neuroinflammation, transcriptomics, immune 

dysregulation and hormonal imbalances. Additional assessments include cardiopulmonary exercise 

testing, autonomic testing and biliary tree testing.

Despite 25 research papers and 2 clinical trials having been published on the subject of CIRS 

across 4000 subjects, the evaluation process remains unfamiliar to the general practitioner. The 

testing for CIRS is specific, and the biomarkers should be done in concert, as no one biomarker can 

identify CIRS.

1.4  GENETIC SUSCEPTIBILITY: HUMAN LEUKOCYTE ANTIGEN

If CIRS is “difficult to diagnose,” how common is it? Who is vulnerable to CIRS? The answer is 

found on chromosome 6, containing the Human Leukocyte Antigen (HLA) alleles. HLA-DR under-

lies the mechanism by which antigen-presenting cells identify antigens as “foreign.”

When foreign antigens are presented to T lymphocytes by antigen-presenting cells (APCs), the 

complex process that leads to antibody production begins. If the antigen presentation process is 

defective, as seen in CIRS, there will be a limited production of protective antibodies and therefore, 

nothing to stop the expanding inflammatory cascade. As a result, the normally protective innate 

immune response becomes destructive.

For 95% of patients with known CIRS-WDB, increased relative risk (>1.9) for the acquisition of 

illness is associated with just 6 of 54 major HLA haplotypes. These six haplotypes exist in roughly 

24% of the population (see Table 1.2). Similarly, only four HLA haplotypes are associated with 

roughly 95% of patients with chronic symptoms following antibiotic treatment for Lyme disease or 

PLS. Twenty-two percent of patients initially infected by Lyme have these four haplotypes.

TABLE 1.2

HLA Alleles Associated with Poor Antigen Presentation

 DRB1 DQ DRB3 DRB4 DRB5

Multisusceptible 4 3  53  

 11/12 3 52B   

 14 5 52B   

Mold 7 2/3  53  

 13 6 52A, B, C   

 17 2 52A   

 *18 4 52A   

      

Borrelia, post-Lyme syndrome 15 6   51

 16 5   51

Dinoflagellates 4 7/8  53  

Multi antibiotic resistant Staphylococcus epidermidis 

(MARCoNS)

11 7 52B   

Low MSH 1 5    

No recognized significance 8 3,4,6    

Low-risk mold 7 9  53  

 12 7 52B   

 9 3/9  53  
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Up to 40 million people in the United States are vulnerable to CIRS, given how common these 

HLA alleles are in the general population. HLA typing becomes important for epidemiologic risk 

assessment. However, it is also important to consider who else in a family may be susceptible to 

heightened inflammatory responses following exposure to biotoxins.

1.5  VISUAL CONTRAST SENSITIVITY

The visual contrast sensitivity (VCS) test has been used clinically for over 50 years by the Air Force 

and remains the most accurate assessment for functional vision. Contrast is one of the seven main 

functions of the optic nerve that provide the neurologic basis of vision. When testing for contrast, 

control of the other elements of vision must occur: near vision, far vision, static, motion, peripheral, 

and night vision.

Contrast is the ability to see an edge. Contrast sensitivity looks at the graded change of contrast 

at a different light frequency (cycles per degree of visual arc) used to make a grid of five separate 

frequencies. This grid begins at 1.5 cycles per degree of a visual arc extending in discrete intervals 

(3, 6, 12, 18) up to 18 cycles per degree of visual arc. Remember, we test visual acuity at 24 cycles 

per degree of visual arc.

Dr. Ken Hudnell, neurotoxicologist for the United States Environmental Protection Agency (US 

EPA) National Health and Environmental Effect Research Laboratory (NHEERL) in Research 

Triangle Park, NC, was the first to use VCS testing in biotoxin illnesses. His landmark work in 

1997 paved the way for others to follow. Dr. Shoemaker and Dr. Hudnell noted abnormal VCS 

in Pfiesteria patients. Visual contrast abnormalities reversed with Dr. Shoemaker’s treatment. 

However, visual contrast deficits, identical to the initial deficits, reappeared with re-exposure, usu-

ally within 36 hours.

The VCS test can be completed in person or online under the correct conditions in about 10 

minutes and offers an immediate score of a pass or fail. Some patients may pass one eye but not the 

other, a result still classified as a failure. When combined with positive symptoms (8 of 13 clusters), 

the diagnosis of CIRS reaches 98.5% sensitivity.

The VCS test also verifies therapeutic progress and detects when re-exposure has occurred. As 

patients become acquainted with this test, they rely on its accuracy to track clinical progress. Once 

passed, VCS is a necessary threshold to the next therapeutic step: Multiple Antibiotic Resistant 

Coagulase-Negative Staphylococci (MARCoNS) treatment. About 8% of CIRS patients can pass 

the VCS test. Therefore, a pass does not rule out CIRS.

1.6  THE BIOTOXIN PATHWAY IN ACTION

In the HLA-susceptible population, a cascade of events can occur, leading to chronic activation of 

the innate immune system due to poor antigen presentation. Without the ability to fully upregulate 

the adaptive immune response with proper antigen disposal, biotoxins are left free to bind to cer-

tain cell surface receptors such as Toll, mannose and L-type lectin. Recognition and binding of the 

biotoxin at these receptors leads to specific upregulation of inflammatory pathways, resulting in 

an abnormal rise in inflammatory markers such as matrix metalloproteinase (MMP)-9, cytokines, 

transforming growth factor (TGF)β-1, and split products of complement.

Leptin also plays a key role in the biotoxin illness pathway. Leptin is primarily produced in adi-

pocytes and acts as both a hormone and a cytokine, and it links the neuroendocrine and immune 

systems. Cytokines compete at the leptin hypothalamic receptor due to their structural similarity to 

induce leptin resistance, which in turn causes upregulation of leptin production.

In normal physiology, leptin binds receptors located within the arcuate nucleus of the hypothala-

mus, signaling enzymatic cleavage of the preformed prohormone proopiomelanocortin (POMC) 

into the following hormones: Alpha melanocyte stimulating hormone (MSH), adrenocorticotropic 

hormone (ACTH), and endorphins. Disruption of the POMC pathway will decrease levels of the 
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hypothalamic hormones and lead to a decreased ability to mobilize fat stores for energy, resulting 

in recalcitrant weight gain in some patients that does not respond to typical measures of diet and 

exercise.

MSH acts as an important neuroregulatory peptide hormone with anti-inflammatory actions 

by inducing cyclic adenosine monophosphate (cAMP) and inhibiting nuclear factor κ β (NF-κ β). 

MSH can also downregulate the expression of pro-inflammatory cytokines seen in intracerebral 

inflammation. MSH deficiency leads to unchecked cytokine effects, manifesting as numerous 

symptoms such as muscle aches, temperature instability, headaches and decreased concentration 

ability.

Low MSH levels lead to other immune system dysfunction, sleep issues and gut malabsorption. 

The MSH-driven conversion of T helper cells into CD4+CD25+ regulatory T cells (Treg cells) 

prevents hypersensitivity and autoimmune diseases. MSH deficiency diminishes this protective 

mechanism. With the loss of leukocyte regulation over cytokine responses, patients may succumb 

to opportunistic infections, such as MARCoNS, and have a slower recovery from infections. 

MSH tightens junctions in the gut lining and has anti-inflammatory effects on the colon. MSH 

deficiency leads to increased intestinal permeability (aka leaky gut), allowing foreign material such 

as toxins, bacteria and food antigens into the body. Leaky gut and predisposition to autoimmunity 

have a link, as evidenced by the following antibodies: AGA (gluten sensitivity), anti-cardiolipin 

antibodies (ACLA), antineutrophil cytoplasmic antibodies (ANCA) and more. Leptin resistance 

also causes low endorphin levels, resulting in loss of modulation of pain perception, leading to 

chronic pain and unusual pain.

Fifty percent of CIRS patients with low MSH will experience a loss of cortisol regulation. During 

the beginning stages of CIRS, simultaneous measurements of ACTH and morning cortisol are often 

high with minimal symptoms. However, as CIRS progresses, ACTH and morning cortisol levels 

fall, resulting in a marked increase in symptoms.

Androgen production is downregulated in 40–50% of CIRS patients. Additionally, in patients 

deficient in vasoactive intestinal polypeptide (VIP), estradiol levels may be elevated due to an over-

active aromatase enzyme that converts androgens (i.e., dehydroepiandrosterone [DHEA], andro-

stenedione, testosterone) into estrogens (i.e., estrone, estradiol).

VIP is a neuroregulatory peptide hormone produced in the hypothalamus that often diminishes 

in CIRS. VIP deficiency can lead to shortness of breath with exercise and pulmonary hypertension 

(increased pulmonary artery systolic pressure or PASP) reversible with exogenous VIP administra-

tion. Lastly, VIP can downregulate cytokines, making it invaluable to the CIRS treatment protocol.

Additionally, cytokines can cause elevated levels of plasminogen activator inhibitor-1 (PAI-1) 

and abnormal levels of von Willebrand’s factor (vWF) and Factor VIII, leading to coagulopathies in 

some CIRS patients. Cytokines also induce macrophages to release MMP-9, which enzymatically 

degrades the proteins found in the protective extracellular matrix of blood vessel walls, allowing 

other inflammatory markers originating in the bloodstream to penetrate sensitive tissues such as 

the brain. Elevated MMP-9 has a link with an increased risk of atherosclerotic plaque formation, 

progression and rupture. Additionally, high MMP-9 adversely affects joints, muscles and nerves. 

Capillary hypoperfusion can also occur due to cytokine effects, including those produced by tumor 

necrosis factor (TNF)-α. There is a suggestion that this decrease in microvascular perfusion could 

be caused by vasoconstriction due to direct cytokine effects or recruitment of leukocytes obstruct-

ing vessels.

Upregulation of hypoxia inducible factor (HIF) genes occurs in response to cytokine-induced 

hypoxia, which in turn, promotes the increased production of vascular endothelial growth factor 

(VEGF) and TGFβ-1. VEGF is known for vasodilation, angiogenesis and neuroprotection. VEGF 

can be conspicuously high or low in patients with CIRS. A deficiency results in loss of neuropro-

tection with noted increased permeability of the blood–brain barrier and capillary hypoperfusion. 

Symptoms associated with low VEGF include shortness of breath, cognitive dysfunction, fatigue 

and muscle cramps.

A L G r a w a n y
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TGFβ-1 promotes stiffening of soft, pliable epithelial cells, leading to remodeling in the lung tis-

sue, resulting in a restrictive airway pattern and fibrosis. Like VEGF, TGFβ-1 can increase blood–

brain barrier permeability.

CIRS can also involve derangements in the complement cascade, indicated by elevated C4a 

levels. C4a elevations occur through activation of the classical and mannose-binding lectin 

pathways and trigger an amplified release of downstream-signaling proteins, promoting a swift 

inflammatory response. Additionally, some patients may experience auto-activation of the C4a 

protease enzyme mannose-binding protein-2 (MASP-2), leading to markedly elevated C4a lev-

els. The MASP-2 auto-activation results in a “sicker quicker phenomenon” upon re-exposure. 

Symptoms of elevated C4a include fatigue, musculoskeletal issues, capillary hypoperfusion and 

cognitive impairment.

1.7  REGULATORY NEUROPEPTIDES: CHANGES IN BRAIN FUNCTION

The neuroinflammation of CIRS also affects the production of regulatory neuropeptide hormones, 

especially VIP and alpha MSH. Direct measurement of VIP is possible but misleading, as the cru-

cial problem with VIP physiology is the variable production of one of its two receptors. VIP is avail-

able as a therapeutic agent, and exogenous administration has greatly benefited CIRS patients and 

those with grey matter nuclear atrophy.

Regulatory neuropeptide hormones affect (i) hypothalamic hormone function, (ii) pituitary hor-

mone production, (iii) peripheral hormone regulation by pituitary hormones, (iv) immune cell and 

innate immune functions, (v) cytokine physiology, (vi) limbic system activity, (vii) genomic activity 

and (viii) pulmonary artery pressure.

1.7.1  MSH – MELANOCYTE STIMULATING HORMONE

Normal Range: 35–81 pg/mL

MSH deficiency is important in CIRS. The hormone is made in the hypothalamus and to a 

lesser extent, in part of the pituitary. It is a neuropeptide that regulates inflammation and immunity. 

MSH influences other hormone functions, especially the pituitary and peripheral hormones, and 

has important regulatory features in the limbic system, circadian rhythm, pain perception, mood, 

mucus membrane defenses, pulmonary response, appetite and weight. MSH “patrols” the periphery 

of the skin, respiratory system, gastrointestinal tract and blood. MSH is invested in just about every 

cell in the gut, including tight junctions. The deficiency of MSH will result in what others call a 

leaky gut.

Low MSH causes a variety of hormonal dysregulation. Approximately 67% of CIRS patients 

lack normal regulation in ACTH/cortisol, and 80% lack antidiuretic hormone (ADH)/osmolality 

regulation. Symptoms of ADH dysregulation include static electrical shocks, migraine-like head-

aches, excessive thirst with frequent urination, and dehydration. Androgen abnormalities, particu-

larly including upregulation of aromatase, are found in 50% of CIRS cases. Understanding the 

impact of hormone dysregulation requires looking at feedback loops involving central and periph-

eral hormones.

Another correlation of MSH deficiency in CIRS is the presence of biofilm-forming, multiple-

resistant coagulase-negative staphylococci in deep aerobic nasopharyngeal cultures, essentially 

found exclusively in those with low MSH.

1.7.2  ADDITIONAL INNATE IMMUNE MARKERS

MMP-9, TGFβ-1 and split product of complement 4 (C4a) are some of the diagnostic and prognostic 

variables to assess for inflammation in CIRS. The complement system can be activated to the point 

that some people with elevated C4a are suffering from auto-activation of MASP-2, the enzyme that 
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cleaves C4a. Removal from exposure does not stop the production of C4a. This so-called “sicker, 

quicker” process is recognizable with persistent elevation of C4a.

1.7.3  MMP-9

Normal Range: 85–332 ng/mL

MMP-9 is an enzyme that in humans is encoded by the MMP9 gene. Proteins of the MMP9 fam-

ily are involved in the breakdown of extracellular matrix in normal physiological processes such as 

embryonic development, reproduction, tissue remodeling and disease processes.

It has been implicated in the pathogenesis of rheumatoid arthritis, atherosclerosis, cardiomyopa-

thy, abdominal aortic aneurysm and chronic obstructive pulmonary disease (COPD) by the destruc-

tion of lung elastin. MMP-9 delivers inflammatory elements in the blood into subintimal spaces, 

where further delivery into solid organs (brain, lung, muscle, peripheral nerve and joint) begins.

1.7.4  TGFβ-1 – TRANSFORMING GROWTH FACTOR β-1

Normal Range: <2380 pg/mL

TGFβ-1 is a protein with important regulatory effects throughout innate immune pathways. 

This protein helps control the growth and division (proliferation) of cells, the process by which 

cells mature to carry out specific functions (differentiation), cell movement (motility) and the self-

destruction of cells (apoptosis). The TGFβ-1 protein exists throughout the body. It plays a role in 

development before birth, the formation of blood vessels, the regulation of muscle tissue, body fat 

development, wound healing and immune system function (especially regulatory T cells).

TGFβ-1 can impair T regulatory cell function, which in turn, contributes to the activation of auto-

immunity. However, TGFβ-1 also plays a role in suppressing autoimmunity. TGFβ-1 has become 

important in the exploding incidence of childhood asthma, raising the issue of pulmonary remodel-

ing due to biotoxin exposure. The EPA says that 21% of all new cases of asthma are due to exposure 

to WDBs. If an individual develops wheezing after exposure to a WDB, look for remodeling to be 

a cause. Measuring a PASP is also critical. Neurologic, autoimmune, and other systemic problems 

occur with high TGFβ-1. Individuals with HLA 11-3-52B tend to have higher TGFβ-1.

1.7.5  C4A

Normal Range: 0-2830 ng/mL

C4a has become an inflammatory marker of great significance in immune responses in patients 

with CIRS. The complement system is a group of proteins that move freely through the blood-

stream. Only National Jewish Laboratories® and Sunrise Laboratories can process C4a.

These short-lived products are re-manufactured rapidly, so that an initial rise of plasma levels 

occurs within 12 hours of exposure to biotoxins. The sustained elevation occurs until definitive 

therapy begins.

1.7.6  VEGF

Normal Range: 31–86 pg/mL

VEGF is a polypeptide that stimulates new blood vessel formation and increases blood flow in 

the capillary beds. VEGF deficiency is quite common and is a serious problem in biotoxin illness 

patients that must be corrected.

Delivery of oxygen in capillary beds is reduced in CIRS. This reduced delivery sets off alarm 

signals in the body through the activity of a nuclear transcription factor called hypoxia inducible 

factor (HIF). Low oxygen in tissue means HIF will be produced in high amounts to stimulate VEGF 

production, which increases new blood vessel growth. VEGF affects TGFβ-1, which in turn, is 
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linked to countless genomic pathways that lead to fibrosis, differential gene activation, the “leaki-

ness” of the blood–brain barrier, and a host of effects on the normally beneficial T regulatory cells.

1.7.7  ACTH/CORTISOL

Normal Range: ACTH 8–37 pg/mL; Cortisol a.m. 4.3–22.4 / p.m. 3.1–16.7 µg/dL

ACTH is a hormone released from the anterior pituitary gland in the brain. Cortisol is a ste-

roid hormone produced by the adrenal cortex, which is the outer part of the adrenal gland. As 

MSH begins to fall, high ACTH is associated with few symptoms early in the illness. As ACTH 

falls, patients experience more symptoms. Using steroids with low MSH worsens clinical outcomes. 

Finding simultaneous high cortisol and high ACTH may prompt consideration of screening tumors, 

but the reality is that the dysregulation is usually corrected with therapy.

1.7.8  ACLA IGA/IGG/IGM

Normal Range: IgA 0–12; IgG 0–10; IgM 0–9

Anti-cardiolipins (ACLA) are autoantibodies produced in response to the accumulation of abnor-

mal lipid content in the double lipid bilayer of the mitochondria. IgA, IgM and IgG are autoantibod-

ies often identified in collagen vascular diseases such as lupus and scleroderma and are often called 

anti-phospholipids.

An increased risk of spontaneous fetal loss in the first trimester of pregnancy often occurs in 

women with the presence of these autoantibodies. They occur in over 33% of children with biotoxin-

associated illnesses.

1.7.9  ANTI-GLIADIN ANTIBODIES (AGA)

Normal Range 0–19

Anti-gliadin antibodies form in response to a protein in gluten. Eating gluten can cause an 

inflammatory response that appears to be similar to attention deficit disorder in children. Elevated 

AGA requires a trial of a gluten-free diet. Prolonged elevation and symptoms can necessitate a 

gluten-free diet for life.

1.7.10  ADH/OSMOLALITY

Normal Range: ADH 1.0–13.3 pg/mL; Osmolality 280–300 mOsm/kg

Antidiuretic hormone (ADH), or vasopressin, is a substance produced naturally by the hypo-

thalamus and released by the pituitary gland. The hormone controls the amount of water the body 

removes. ADH stimulates cells in renal tubules to reabsorb free water in response to rising osmolal-

ity in blood. Intravascular dehydration occurs in 80% of patients with low MSH.

Symptoms associated with dysregulation of ADH include dehydration, frequent urination (with 

urine showing low specific gravity), excessive thirst, and sensitivity to static electrical shocks. 

Edema and rapid weight gain can occur due to fluid retention during the initial correction of ADH 

deficits.

1.7.11  LEPTIN

Normal Range: Male 0.5–13.8 ng/mL; Female 1.1–27.5 ng/mL

Leptin regulates fat metabolism. High leptin promotes fat storage and weight gain. Standard 

approaches to weight loss, like calorie reduction and exercising more, will fail. The inflammatory 

responses cause leptin levels to rise, leading to patients who are chronically tired, in chronic pain 

and forever overweight.
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1.8  SECONDARY SOURCE OF BRAIN INFLAMMATION: MARCoNS

MARCoNS bacteria colonize in mucosal membrane surfaces due to MSH deficiency in CIRS 

patients. MARCoNS evade host defenses through biofilm formation and secrete exotoxins A and 

B, which split MSH molecules apart, causing further reduction in MSH levels. Coagulase-negative 

Staphylococcus secretes hemolysins, which can increase inflammation in the host and even alter the 

genomic expression of host genes.

MARCoNS in deep nasal passages release small neurotoxins through the olfactory bulb into the 

central nervous system, worsening the patients’ clinical condition. The infection must be eliminated 

for symptom improvement because it interferes with the efficacy of VIP nasal spray, the last step of 

therapy used to correct brain-related changes and aberrant genomic responses.

1.9  THE NEW LANGUAGE OF GENES: TRANSCRIPTOMICS

We now know that the static genome is actively manipulated, constantly increasing the produc-

tion of some gene transcripts and decreasing others in response to its environment. Regulation 

is complex: Nuclear transcription factors and newly discovered long non-coding RNAs, together 

with microRNAs and circular RNAs, methylation and acetylation (also demethylation and deacety-

lation), can turn on and shut off gene function.

Research into the interacting complexities of so many layers of regulation has progressed beyond 

its infancy. This shift from measuring the presence of genes to assessing every level of activity 

along the molecular pathway is called Genomics.

 1. Genomics is the branch of molecular biology concerned with the structure, function, evo-

lution and mapping of genomes.

 2. Transcriptomics is the study of the transcriptome, the complete set of RNA transcripts 

produced by the genome, under specific circumstances or in a specific cell.

 3. Proteomics is the large-scale study of proteomes. A proteome is a set of proteins produced 

in an organism, system or biological context.

 4. Metabolomics is the large-scale study of small molecules, commonly known as metabo-

lites, within cells, biofluids, tissues or organisms. These small molecules and their interac-

tions within a biological system are collectively known as the metabolome.

1.10  THE FUTURE OF CIRS

The future is coming into focus. Our understanding of CIRS science has grown exponentially due 

to transcriptomics. These advances reflect the landmark work of Dr. Jimmy Ryan and Dr. Ritchie 

Shoemaker. The sarcin/ricin loop is a preserved genetic sequence that creates permanent vulnerability 

to biotoxins in all living creatures. Because of their universal nature, doctors can never fully eliminate 

susceptibility to biotoxins. In fact, from an evolutionary perspective, CIRS can be seen as an adapta-

tion to cellular threats, albeit ultimately a debilitating one for a large minority of the population.

Many well-trained doctors are unfamiliar with CIRS and cannot fully address common com-

plaints like fatigue, chronic pain, mood issues, functional bowel disorders and weight gain. Every 

doctor should have the ability to recognize CIRS in order to best address these common complaints. 

Specialists may diagnose an isolated condition in the CIRS patient but may not recognize it as part 

of the greater constellation of CIRS.

Dr. Shoemaker has almost single-handedly defined, described and formulated treatment for an 

incredibly common and devastating illness that has eluded the rest of the medical community. Most 

practicing doctors see these patients every day and have no idea how to alleviate their symptoms. 

One cannot overstate Dr. Shoemaker’s contribution to medicine, and his combination of genius and 

grit is without parallel.
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We must recognize this disease as squarely in the domain of primary care. Primary care doctors 

should have command of this topic. Additionally, the vital signs of every patient must include the 

health of our indoor spaces. There is just no way around these ideas. Furthermore, the science that 

underpins CIRS has matured to the point where it seems almost malpractice to offer “medication 

management” to patients in lieu of proper treatment that is actually curative.

1.10.1  SCIENCE

Every new piece of data will reinforce, expand or refine our understanding of CIRS. New findings 

will never fundamentally undermine the science that came before them. Transcriptomics appears to 

be the true breakthrough in diagnosing CIRS. Gene expression has revealed the disease’s hallmarks: 

molecular hypometabolism, altered immune efficiency, defective apoptosis and aerobic glycolysis. 

Dr. Shoemaker and Dr. Ryan have linked these molecular abnormalities to several risk factors like 

vascular dementia, diabetes, thrombotic events and pulmonary hypertension.

Additionally, applying new metabolomics techniques to measure mitochondrial production of 

downstream small molecule patterns may also help identify subsets of CIRS. Metabolomics is a 

means to unlock issues around those resistant to standard therapy and chemically sensitive individu-

als and elucidate the impact of the exposome on cellular health. Genomics helps fine-tune therapies 

and improve patient outcomes.

Where we lag is a broad array of treatments that reliably cure the illness. Certain molecular and 

genomic features of CIRS respond to earlier steps in the Shoemaker Protocol before the admin-

istration of VIP. VIP is a miraculous but single arrow in our therapeutic quiver that restores the 

individual to health, heals the brain and corrects gene response. Maybe, new treatments will be 

discovered in emerging regenerative techniques such as peptides, exosomes, stem cells, phage 

therapy, CRISPR, nutrients or even high extract natural compounds. Maybe, as was the case with 

cholestyramine, an old drug will be identified that demonstrates unique characteristics well suited 

for CIRS.

As we dive deeper into the condition’s pathophysiology, a key finding is the mitochondria’s 

profound orchestration of cell behavior and the shift toward a pathologic but permanently altered 

gene expression state. While downstream consequences of this molecular activity show measurable 

changes in levels of signaling molecules, nutrients, amino acids, lipids, inflammatory markers, the 

microbiome and more, these are merely the leaves on the tree.

Without casting aspersions, “Functional Medicine” has been overly focused on assessing and 

treating these abnormal small molecule findings while ignoring the key insight transcriptomics 

offers. To cure these patients, we have to find therapies that shift the genomic expression of the 

mitochondria back to a healthy state of oxidative phosphorylation and normal cellular energetics. 

Merely treating the leaves on the tree will not achieve this end. We have to fix the roots of this dis-

ease instead.

Overall, the clinical imperative should be to heal patients more quickly, build resiliency to future 

exposures, and ensure complete resolution in all tissues and organs. Unfortunately, there is currently 

little to no outside funding for CIRS.

1.10.2  PROFESSIONALS

Dr. Shoemaker and the author are committed to offering a graduate-level learning experience on the 

subject of CIRS. This community of excellent providers will grow, and they will treat hundreds of 

thousands of CIRS patients over the coming years.

This expanding network of trained professionals offers a larger opportunity to conduct patient-

centered outcomes research. There is power in numbers. If we cannot obtain funding for formal 

investigations, we can draw upon the collective contributions of many providers to aggregate prop-

erly sized data sets to assess outcomes.
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Technology, especially cloud-based, has been revolutionary in this regard. New “point of care” 

platforms, wearables, apps and devices can be the nexus between practitioner and patient while fun-

neling data across large populations to centralized research hubs.

Family Medicine in the 1990s was the first medical specialty to assemble practice-based research 

networks (PBRN) to achieve just this goal. Electronic medical records were still new, if not uncom-

mon, and accessing data at the clinic level required superhuman efforts to mine paper charts. Now, 

technology efficiencies have reduced these barriers to entry on large-scale research.

CIRS providers will need to commit to participating in the PBRN model to accelerate research 

findings. While the early and ongoing work of Dr. Shoemaker and Dr. Ryan has been singular and 

heroic, an opportunity has arisen for the current generation of CIRS providers to give back to them, 

to their patients and to medicine overall by engaging in the research effort. An organized network 

of trained and certified providers, unified by their education and connected within a technological 

ecosystem, will allow an acceleration of discoveries in CIRS.

A centralized data network requires a participatory spirit, the adoption of unified technology 

platforms and a commitment to expand the practitioner identity to include researchers. The goal is 

to usher in a shared spirit of collaborative research in the coming years to accelerate our understand-

ing of CIRS.

1.10.3  POLICY

Everyone deserves an opportunity for health. It is a social good that should not serve only those 

who can afford it. People cannot reach their potential, compete in the marketplace or participate 

effectively in society if they are sickened by their living environment. Likewise, people deserve the 

right to work and receive education in healthy environments. It does not take much thought to see 

the financial, social and cultural implications of CIRS. This may be the largest, and most expensive, 

unrecognized public health crisis of the modern era.

It has particular implications for the underserved who lack access to medical care, proper nutri-

tion and social opportunities. We already struggle with managing their obesity, diabetes and heart 

disease, mental health disorders, substance abuse, violence and neglect.

Additionally, we do not have nearly enough properly trained doctors and primary care practitio-

ners to manage the millions of CIRS patients currently living in the United States. The amount of 

resources required to match health services to this particular population is underfunded and grossly 

under-recognized by medical institutions. Health advocacy that leads to meaningful policy changes 

will need to occur on the state and federal levels to support formal education, inclusion in clinical 

guidelines, and recognition as a distinct disease category that impacts vulnerable populations.

Large-scale clinical outcomes data will likely lead the way as the basis for policy-related changes. 

Public health advocacy work may be occurring soon, but it is not imminent. In the meantime, 

patient groups can act as a vehicle for meaningful dialogue as a starting point beyond the support 

groups used by individuals only seeking medical advice.

Awareness-raising activities, recognizing healthy environments as a human right, and lobbying 

for protections against landlords, building owners, construction companies and employers will need 

to be energized by effective advocates for change. This is an uphill battle at best, but pressure from 

the public on politicians, the medical community and social institutions has a track record of suc-

cess in other movements for change.

At some point, public awareness will reach a critical mass. Doctors need to take their role as 

cultural leaders seriously. Doctors giving local talks on CIRS is an important step. Raise awareness, 

advocate for change, encourage community-based groups to take the issue seriously as a public 

health problem while continuing to treat patients, and help collect data to change medicine. There 

is much to be done.

However, we have approached the point of no return. CIRS is real. CIRS is common. It has 

enormous socioeconomic and health services implications and deserves its own social movement 
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for change. Otherwise, practitioners remain vulnerable to state medical boards. Patients remain 

underdiagnosed and untreated. Those responsible for ensuring clean interior environments do not 

bear responsibility. Moreover, the crisis continues on a grand scale.

1.10.4  FINAL THOUGHTS

Who knew a person’s home could make them fat, depressed and demented? Who knew that water 

damage leads to amplified microbial growth of bacteria more impactfully than fungal elements? 

Who knew that this is as much a proliferative disorder as inflammatory? Now, we know.

We have a roadmap for the clinical aspects of CIRS. The scientific foundation is now relatively 

firm and offers a framework to expand our data sets overall, seek additional effective therapies 

and apply new research methods to a very old disease. Medicine, and society, need to catch up. Dr. 

Shoemaker gave us a gift through his insights and almost 30 years of work on the subject.

It is time for the next generation of providers, in partnership with the public, to raise awareness 

of CIRS, conduct high-quality outcomes research, establish reliable clinical guidelines and ensure 

people have access to clean interior environments. No one is coming to save us. CIRS doctors must 

build on the current momentum to create a better future for ourselves, our patients and the general 

population.
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2.1  HISTORY OF CIRS

Chronic inflammatory response syndrome (CIRS) is a multisystem, multi-symptom illness acquired 

following exposure to environmentally produced biotoxins. CIRS has gone through an evolution 

of names over the years. In the 1990s, CIRS was called a neurotoxin-mediated illness. The term 

changed to chronic biotoxin-associated illness (CBAI) with more information. The third and cur-

rent change to CIRS nomenclature occurred following the development of a commercial assay for 

transforming growth factor β-1 (TGFβ-1) in 2008 and then a commercial assay for acquired T 

regulatory cells in 2009.

CIRS involves many arms of the immune response systems acting simultaneously and in com-

bination. CIRS follows the acute systemic inflammatory response syndrome (SIRS) model, most 

commonly sepsis. In patients with sepsis, there is simultaneous activation of Th1, Th2 and Th17 

immunity, coagulation factors and complement in response to an overwhelming stimulus of infec-

tion and endotoxin presence in the bloodstream. In this regard, the illness is the host response. 

Survivors of sepsis have a heightened level of innate immune activation post-sepsis, show a signifi-

cant increase in interleukin (IL)-10, and suffer a greater incidence of chronic fatiguing illnesses. By 
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adding one inflammatory feature of an illness on top of another, much like bricks laid on a founda-

tion, we begin to recognize that our attempts to define diseases by organ system will fail. Physicians 

recognize, however, that infectious diseases often set off systemic inflammation that can persist 

beyond the clearance of infectious agents.

2.2  EVOLUTION OF CASE DEFINITION OF CIRS

In some instances, the initial sources of illness could not be identified reliably. The case definition 

in 2003 simply included:

 1. The potential for exposure.

 2. Presence of a multisystem, multi-symptom illness.

 3. Absence of confounding exposures or diagnosis.

 4. There must be the potential for exposure to a damp indoor space.

 5. There must be a multisystem, multi-symptom illness present with symptoms similar to 

those seen in peer-reviewed publications.

 6. There must be laboratory testing results similar to those seen in peer-reviewed, published 

studies.

 7. There must be documentation of response to therapy.

With the addition of objective laboratory studies, including visual contrast sensitivity (VCS), HLA 

DR by polymerase chain reaction (PCR), and melanocyte stimulating hormone (MSH), there was a 

commonality of inflammatory abnormalities and the similarity of symptom groups within subsets 

of this neurotoxin-mediated illness.

In 2008, the US General Accountability Office (GAO) published an overview of publications 

from US agencies working on the problem of damp indoor buildings.24 Fifty-four studies were 

noted, showing no coordination of efforts across agency lines. But for the first time, a Federal case 

definition for what has become CIRS-WDB was proposed.

2.3  EVOLUTION OF THE PARADIGM OF CIRS

Initially, CIRS seemed to be simply an inflammatory response to exposure to environmentally pro-

duced neurotoxins. Dinoflagellate illnesses, such as Pfiesteria and ciguatera, were used to develop the 

case definition in the late 1990s. Later, additional findings, first from exposure to cyanobacteria (1997) 

and then to the interior environment of water-damaged buildings (WDBs, 1998), showed an uncanny 

similarity of symptoms shared by each of these diverse sources of inflammatory illness. In 2008, fol-

lowed by a publication in 2010,24 members of the “mold” medical community began using the term 

CIRS-WDB to describe illness seen with the same activation of Th1, Th2 and Th17, coagulation and 

complement activation. Physicians who treat CIRS have noted little variation in symptoms recorded 

from patients living around the globe. WDBs are the most significant source that results in CIRS.

A treatment protocol employed removal from exposure, initiation of cholestyramine (CSM) 

together with clearance of multiple antibiotic resistant coagulase negative staphylococci (MARCoNS) 

resident in deep nasopharyngeal space. In rapid-fire order, in the early 2000s, physicians were able 

to see the following:

 1. Low levels of vascular endothelial growth factor (VEGF).

 2. Elevated levels of split products of complement activation, especially C4a, which would 

become additional targets for sequential treatment.

MSH was the first regulatory neuropeptide identified as deficient in the early CIRS cases. Because 

MSH exerts a regulatory role on the production of other hormones, especially gonadotropins, it was 
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not a surprise to find that androgens, together with estrogens, were affected by MSH deficiency. To 

this day, physicians are attempting to “balance” androgens and estrogens. Correcting MSH defi-

ciency is the true method to address the “root cause.” Correction of MSH is mandatory for correct-

ing androgens and estrogens. Researchers also saw that MSH interacted with antidiuretic hormone 

(ADH) in the hypothalamus to regulate other hormone activities in addition to salt and water balance. 

MSH controls tight junctions in the gut, a fact often overlooked by those who diagnose “leaky gut.”

The discovery that vasoactive intestinal polypeptide (VIP), another regulatory neuropeptide, 

was deficient in >90% of patients with the syndrome set off another avenue of inquiry into the 

physiology of the illness. Providers now know that measurements of VIP receptors 1 and 2 are also 

essential to understand VIP’s efficacy fully. Transcriptomics shows us how VIP receptors intimately 

tie to the activities of a family of nuclear transcription factors, Ikaros.

As objective laboratory parameters became associated loosely with some specific grouping of 

symptoms, the sequential treatment method enabled providers to approach symptom reduction in a 

disciplined manner. By correcting one objective parameter at a time, patients could identify improved 

symptoms, implying that objective parameters correlated with specific laboratory abnormalities.

The concept of the “final common pathway” began to emerge following the 2010 Physician 

Consensus Statement27 and the naming of this inflammatory illness as chronic inflammatory 

response syndrome (CIRS). In other words, CIRS caused by chronic exposure to WDB was nearly 

indistinguishable from CIRS caused by post-Lyme syndrome, ciguatera, Pfiesteria or cyanobac-

teria. The initial inciting triggers might differ in each case, but the end clinical presentation was 

similar. Since providers could not rely on VCS deficits, laboratory abnormalities or symptoms alone 

to adequately distinguish one illness from another, all physicians had to support a diagnosis was the 

potential for exposure. Even this reliable method of history taking became confounded when some-

one who had a dinoflagellate illness then moved into a moldy apartment, creating two sources of 

biotoxin exposure. Even worse, some individuals lived next to freshwater areas, lakes or ponds, for 

example, in which there would be cyanobacteria blooms in addition to moldy buildings and sick fish.

Physicians needed a diagnostic method that would specify individual illnesses and provide the 

basis for monitoring treatment results. With the addition of transcriptomics to CIRS case manage-

ment, based on case-controlled studies and prospective intervention trials, there is a molecular basis 

for the final common pathway suggested by the commonality of symptoms in sources of CIRS. This 

final common pathway is like a spiderweb. Genomics is at the core of the spiderweb. Here, we find 

the source of all the objective laboratory abnormalities, the confusing complexities of symptoms 

and their groupings (called clusters), and the basis for CIRS illness.

To quote a current Primer in Transcriptomics25:

Transcriptomics has now crossed from research to application. It not only serves as a diagnostic aid, but 

it also provides precision in monitoring the complexities found in many immune-based illnesses, such 

as chronic inflammatory responses acquired following environmental exposures. We see transcrip-

tomics as an ideal mechanism to fine-tune therapies to correct inflammatory abnormalities.

The initial finding by Ryan et al.33 showed that intranasal use of VIP in CIRS patients, partway 

through their treatment protocols, modulated expression of both nuclear-encoded mitochondrial genes 

and ribosomal genes. We later confirmed that patients naïve to treatment had profound suppression 

of these same genes. These genes usually recover with the first ten steps of the Shoemaker Protocol; 

they often become higher than normal controls. A tantalizing possibility for the overshoot lies with 

genes important in glycolysis (breakdown of glucose into two 3-carbon fragments). One of these genes, 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH), also regulates inflammatory gene suppression 

after initial activation in the presence of interferon-gamma.

What we think is happening is an attack on the basic cellular metabolic elements. It is well docu-

mented that microbial toxins (i) attack protein production at the level of the ribosome and (ii) energy 

production in the mitochondria. Patients with CIRS will not recover unless exposure to these microbes 

and their cellular toxins ceases. Further, it is well documented that in the face of infectious dis-

eases, especially from viruses, cells become “hypometabolic” to prevent viral “takeover” of cellular 

function.
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This idea is relevant for the abnormal immune responses we see in CIRS. Hypometabolic immune 

cells activate primordial mechanisms: innate immunity, complement, defensins. These protective 

inflammatory elements do not require the participation of cells. When cells begin to recover from the 

illness-induced hypometabolic state, the protective mechanisms of innate immunity begin to wane. 

Cells then upregulate protein production, energy production and begin to use sugar properly. Call it a 

“synchronized reboot” of cellular systems. Re-exposure simply means a recall of innate immunity and 

all its protective mechanisms.

Changes in transcriptomics show the sequence of hypometabolism and recovery. Certainly, the CIRS 

protocol could prime ribosomal and mitochondrial gene expression. Then VIP could upregulate 

GAPDH gene expression. Could increased pyruvate from glycolysis fire up the mitochondrial furnace 

for energy production and then protein expression? Or will it stay suppressed as not to increase lactate 

production?

With a genomics basis established for CIRS, physicians began to see the application of the principles 

of CIRS to other illnesses that involve inflammation but did not have all the elements of CIRS. For 

example, in a small number of patients with impending heart transplants for dilated cardiomyopa-

thy, gene expression of adrenoceptors and “contractility receptors” found in peripheral blood cells 

respond to CIRS protocols. If there is confirmation that cardiac myocytes improve as white blood 

cells do, perhaps providers will prevent further myocardial injury from genomic abnormalities.

Growing evidence shows atherosclerosis to be an inflammatory illness. Oxidized low-density 

lipoprotein (LDL) is a potent nuclear transcription factor. Insulin and insulin resistance are the 

inflammatory bases of diabetes and obesity. Alzheimer’s, specifically Type III, is shown to be an 

inflammatory illness. Inflammation is the underlying mechanism, not just a source of the symptoms 

and not just the cause of laboratory abnormalities. As the next decade of CIRS approaches, the 

expansion of the application of the principles of CIRS to other illnesses, possibly including pediatric 

acute-onset neuropsychiatric syndrome (PANS), is becoming clear.

2.4  OFFICE VISIT

Based on the experience of thousands of initial office visits with CIRS providers, most patients have 

seen at least ten doctors and are still ill. Fibromyalgia and psychosomatic disorders are common 

misdiagnoses. Review of past medical records remains the most critical initial duty of the CIRS 

provider to the patient. The initial visit should take place only after a thorough review of all relevant 

documents. In the example of 5,000 pages of records, there may only be several pages of pertinent 

data. Symptoms of CIRS vary from day to day and are subject to unnoticed environmental expo-

sures. Patients should also log symptoms to correlate with exposures. The patients should stop nasal 

oral, and intravenous antifungals, as they are creating resistant mutant MARCoNS.

2.5  SPECIFIC SYMPTOMS

From a list of 37 different symptoms, 8 main categories (general, musculoskeletal, eye, respira-

tory, gastrointestinal, cognitive, hypothalamic and neurologic) were formed to classify symptoms. 

Cluster analysis provides a mechanism to take subjective symptoms, pass them through a skilled 

medical history, and convert them to objective elements using abstruse statistical methods, includ-

ing cluster analysis. Clusters can take the seemingly endless roster of symptoms to make their use 

amenable to a scoring system. Statistically, these 13 clusters of symptoms yield a diagnostic capa-

bility to separate CIRS from essentially all diseases. If an adult patient has eight or more clusters 

of symptoms, the likelihood of CIRS exceeds 95%. When combined with VCS deficits, symptom 

clusters can yield an accuracy in the diagnosis of 98.5% (the sum of false positives and false nega-

tives is less than 2%).

CIRS providers have looked at symptoms described by character, including fatigue, weakness 

and executive cognitive dysfunction. Does a patient have muscle cramps? Are there unusual, sharp 
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stabbing pains that seemingly come unexpectedly and lancinate in one area of the body only to dis-

appear and reappear elsewhere the next day? This type of pain description is typical of what CIRS 

patients experience. It is not confabulated but will sound bizarre to the unaware physician. Patients 

will recognize a physician as an insightful historian when he knows to ask unusual questions about 

“odd” symptoms.

During the appointment with a CIRS patient, ask about unusual posturing of fingers or toes, 

sometimes called “clawing.” These involuntary spasms in small muscles of fingers and toes can 

be painful and are certainly distinctive elements of history. Some patients will have their long 

and fourth fingers split apart, making a sign of a V, as we often saw from Mr. Spock in Star Trek. 

Sometimes, there will be arching of the metacarpophalangeal and metatarsophalangeal joints as 

well. These spasms are far more commonly brought on by lying down in bed or arising from sleep. 

CIRS patients quickly learn that the spasm experienced in the middle of the night can be severe, 

especially if they sleep with their ankles extended. Simple dorsiflexion of the ankles can create 

spasms and sometimes cramping of the gastrocnemius.

Joint stiffness occurs in CIRS patients with cessation of activity, called “gelling.” If a patient 

says that he would prefer to stay standing after activity rather than sit down and rest, that may be an 

indication of his awareness of his rate of gelling.

CIRS patients will often describe fatigue and aching by saying they feel like they ran a marathon, 

yet they have hardly moved. Aching is perhaps the most common CIRS pain. Muscle aches are 

largely unrelated to activity and can recur with little exertion. Aches from CIRS will not respond to 

most meds, including non-steroidal anti-inflammatory drugs. The aching often comes from muscle 

insertion areas on tendons, raising the concern regarding enthesopathies. A healthy enthesium has a 

limited blood supply and reduced capillary perfusion. Inflammatory responses in CIRS worsen cap-

illary hypoperfusion of the enthesium, which increases pain. If one sees an enthesopathy (extensor 

epicondylitis, patellar tendinitis, Achilles tendinitis and more) but does not find a convincing history 

of overuse, spend a few minutes exploring the rest of the CIRS symptom roster with the patient.

Instead of postulating intrinsic mitochondrial disorders leading to abnormal mitochondrial 

metabolism of glucose, resulting in lactic acid accumulation, a better approach is recognizing that 

nuclear transcription factors directly affect mitochondrial function. The physician can understand 

reduced energy delivery as abnormal due to aberrant genomic control by transcriptomics record-

ing nuclear-encoded mitochondrial gene activation. Still, whatever causes lactic acid accumulation, 

excessive lactic acid in capillary beds is a source of muscle pain, including aching.

Headaches are not necessarily a musculoskeletal problem but can overlap with any pain syn-

drome. With CIRS, look for intravascular volume depletion and reduced ADH levels for a given 

osmolality. If patients are troubled with headaches, especially when told that they have a “migraine 

that lasts for more than 24 hours,” think of ADH/osmolality and not an actual migraine.

A special case in CIRS patients is the unexplained, sudden weight gain just after the onset of 

CIRS illness. Ask the question, “Was there a time that you gained 20 or more pounds unexpect-

edly that you just cannot lose?” The physician asks about leptin resistance, a feared complication of 

inflammatory changes that abnormally alters the responsiveness of the primordial gp130 cytokine 

receptor that responds to leptin. A great month of weight loss for a leptin-resistant patient is usually 

0.5 pounds per month. When the patient is a young female, and this is often the case, societal values 

of thinness add to her pain from CIRS.

The overwhelming majority of CIRS patients know all about the symptom of “push/crash.” 

Years ago, doctors believed the push/crash phenomenon was diagnostic for chronic fatigue syn-

drome (CFS). Now, CIRS providers are confident CFS is just a subset of CIRS. Once thought to 

be simply due to capillary hypoperfusion and anaerobic metabolism, the final common pathway of 

CIRS involves abnormalities in glycolysis and ribosomal and nuclear-encoded mitochondrial genes 

that reduce energy availability.

Be sure to ask about abdominal pain. Bile acid reflux occurs in over 66% of CIRS patients. The 

reflux sounds typical of acid reflux but never responds to acid blockers. Bile acid reflux will not be a 
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problem when a gastroenterologist performs an endoscopy while the patient is fasting. The chances 

are high that the abdominal pain after meals will be called “functional.” Functional, by definition, 

means there is no discernible pathology: the problem is psychiatric in origin. Objective data, not 

“functional ideation,” define the illness and define the effectiveness of treatments in CIRS patients. 

Gastroparesis rarely occurs in anyone except older diabetics with poor blood sugar control history, 

except for CIRS patients in whom delayed gastric emptying occurs. Nuclear emptying studies are 

abnormal in 5–10% of cases. Do not guess, do the study.

2.6  ENVIRONMENTAL HISTORY

The history must include location and type of exposure as well as mechanism of exposure, with 

duration less important than intensity. Some exposures are simple: “I swam in a lake later confirmed 

to have bloom conditions of Microcystis.” Some are not: “I walk by a retention pond every day. I 

never heard of any problems with any algae there.” Be careful with Public Health pronouncements 

regarding cyanobacteria, especially Microcystis in Lake Erie. Since the source of most illness from 

cyanobacteria comes from inhalation of droplets of water, when one hears that the water from Lake 

Erie in Toledo is unsafe to drink but safe to use for showering, do not believe it. Every state in the 

United States gets deliveries of reef fish. Every state has had problems with Harmful Algal Blooms 

at some time.

Over 80% of reported CIRS cases stem from exposure to the interior environment of WDB. 

What is not known is the effect microbial toxins have on pathophysiology compared with microbial 

particles. Studies have shown that for every whole spore found, over 500 fragments are present.6 

Fragments of amplified molds, bacteria, actinobacteria and mycobacteria may possess toxins and 

certainly contain inflammagenic material. After inhalation of fragments, the innate immune system 

detects them and starts the CIRS process in those who are genetically predisposed.

It may seem odd that until recently, only fungal DNA measurements assessed human health 

risks. The Environmental Protection Agency adopted the research advances coming from Vesper 

and colleagues, selling a license to use Vesper’s methods commercially, beginning in 1996. This 

test, called the Environmental Relative Moldiness Index (ERMI), was cumbersome in interpreta-

tion, as fungi counts from benign species added to the supposed risk assessment. A follow-up test, 

HERTSMI-2, also based on spore equivalents/mg of dust, is more specific and sensitive.22, 24 Now 

that advanced testing for endotoxins and actinobacteria is available (EnviroBiomics), the future of 

accurate microbial assessments is improving.

A distinctive molecular pattern marking gene activation by trichothecenes and actinobacteria,25 

together with clusters of differentiation for endotoxin exposure25 and beta-glucans,25 further defines 

CIRS. The era of reliance on urinary mycotoxin testing, uncompromisingly exposed as unreliable 

by the Centers for Disease Control, has passed.15

2.7  POST-LYME SYNDROME (CIRS-PLS)

In 1998, Lyme researchers Donta and Cartwright patented the identification of a biotoxin made by 

Borrelia burgdorferi (Publication number CA2365424 A1), the causative agent in Lyme disease. 

Since CSM worked well to treat other biotoxins, its use in Lyme patients followed. The unexpected 

and precipitous negative reactions of patients with post-Lyme syndrome to CSM caused a stunning 

rethinking of concepts of biotoxin illnesses. Patients with negative reactions to CSM consisted of 

people with confirmed Lyme disease, as shown either by physician-witnessed erythema migrans 

rash associated with a recent tick bite or clear evidence of a significant antibody response shown by 

western blot testing. When given CSM after a reasonable course of antibiotics, these patients with 

Lyme did not improve as dinoflagellate, cyanobacteria and WDB patients did. They got worse.

This never-before-seen adverse reaction, labeled “intensification,” was quickly shown to be due 

to a massive pro-inflammatory cytokine response, as manifested by significant elevation of matrix 
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metalloproteinase-9 (MMP-9). This syndrome was recognized initially as showing a fall in VCS 

scores beginning in row E, followed by a fall in row D. This was not a “Herxheimer” reaction; it had 

nothing to do with antibiotics or a “die-off.”

Chronic inflammatory response syndrome-post-Lyme syndrome (CIRS-PLS) occurs after the 

acute phase of Lyme disease, marked by the end of antibiotic use. Lyme disease is the most com-

mon vector-borne disease in the United States and Europe.35 In the acute phase of Lyme disease, 

symptoms reported in older literature include arthritis, meningitis, facial palsy and myocarditis.2 

More recently, however, acute Lyme creates systemic inflammatory illness, with transcriptomic 

and proteomic markers seen within 48 hours of a tick bite.32 The erythema migrans (EM) rash is a 

target lesion seen in fewer than 70% of acute cases.38 In the acute phase, patients develop increased 

complement split products of the third and fourth complement elements.31 These elevations are 

present in both EM-positive and EM-negative acute Lyme patients, making C4a and C3a useful 

biomarkers for Lyme disease.

A post-treatment Lyme disease syndrome develops for an estimated 20% of patients treated with 

antibiotics for acute Lyme disease.1 This post-treatment Lyme disease is a chronic inflammatory 

response syndrome because of its parallels to other varieties of CIRS subtypes.4 These similarities 

include a strong genetic predisposition based on HLA haplotypes (15-6-51, 16-5-51, 4-3-53, 11-3-

52B). Additional proteomic parallels to other chronic inflammatory syndromes are lower levels of 

regulatory peptides, especially MSH, higher than normal levels of TGFβ-1, split products of activa-

tion of the third and fourth element of complement, and disrupted regulation of feedback control 

of osmolality by ADH and cortisol by adrenocorticotropic hormone (ACTH). Various other diag-

nostic modalities are disrupted, including deficits in VCS testing; stress echocardiograms revealing 

acquired pulmonary hypertension; pulmonary function tests demonstrating restrictive lung disease; 

and brain volumetric (NeuroQuant® [NQ]) findings of excessive atrophy of grey matter nuclear 

material in the bilateral putamen and right thalamic swelling. The notable proteomic and diagnostic 

differences between CIRS-PLS and CIRS-WDB, the predominant chronic inflammatory response 

syndrome, are some of the HLA genetic haplotypes particular to increased Lyme but not WDB sen-

sitivity and an elevation of C3a. C3a is a complement pathway specific to bacterial sources of innate 

immune system perturbation and brain volumetric findings.

The use of transcriptomics using RNA-seq most strongly affirms the existence and pathophysiol-

ogy of CIRS-PLS.4 While the clinical complaints of post-Lyme patients might seem subjective and 

the proteomic changes considered non-specific, RNA-seq detects unique patterns of differential 

gene activation. These patterns form a “transcriptomic signature.” It demonstrates changes in Lyme 

disease’s acute, post-treatment and chronic phases. Bouquet et al.4 assessed transcriptomics at three 

time points: At the initial date seen and diagnosed with Lyme disease, after 3 weeks of antibiot-

ics treatment, and 6 months post-treatment. His study found marked differences in gene activation 

and suppression between cases and controls in 1,235 genes in the initial period. After 3 weeks of 

antibiotic treatment, 1,060 genes remained abnormal. The persistence of perturbed differential gene 

activation after antibiotic treatment offers genomic validation of persistent illness and the concept 

of CIRS-PLS. After 6 months, 636 genes remained abnormal. Notably, there were no differences in 

abnormal gene activation between subjects who reported they were “fully recovered” and those who 

remained persistently symptomatic. The symptoms were not predictive of the persistence of per-

turbed differential gene activation. This finding advances the notion of the persistence of post-Lyme 

disease: Patients presumably thought to have recovered from antibiotic treatment are experiencing 

objective subclinical pathology at the transcriptomic level.

The transcriptomic signature of post-treatment Lyme disease is unique compared with other 

inflammatory and immune-mediated conditions.4 There are two disturbed gene pathways specific 

to Lyme: Glutathione-mediated detoxification and IL-6 signaling pathways. Pathway analysis in 

the 6-month post-treatment group with publicly available transcriptome data sets from patients 

with chronic illnesses shows a varying overlap of differentially expressed genes, up to 60%. These 

other chronic illnesses include CFS, systemic lupus erythematosus (SLE) and rheumatoid arthritis 
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(RA). A notable gene, eIF2, shows suppression at all three time points. eIF2 is a gene pathway that 

modulates ribosome-transfer binding, the process underlying the start of translation. Disruption of 

translation interrupts the vital function of protein synthesis from messenger RNA. Down-regulation 

of eIF2 is not specific to Lyme disease. This suppression also occurs in patients colonized with 

MARCoNS, SLE and RA. After adding exogenous VIP as part of the CIRS protocol, eIF2 can 

normalize.33

Consistent with the theory that post-Lyme syndrome is a chronic inflammatory syndrome is the 

detection of upregulated pro-inflammatory cytokines. There are eight notable upregulated inflam-

matory genes: Interferon-gamma, IL-1 β, tumor necrosis factor-alpha (TNF-alpha), IL-6, transform-

ing growth factor β-1, anti-inflammatory cytokine IL-4, colony-stimulating factor 2, cell surface, 

and marker ligand CD40L. Genes upregulated after antibiotics treatment include Toll-like adapter 

molecule 1(TICAM1) and nuclear factor kappa-B.

Ryan and colleagues have found disruptions in microRNA (unpublished) not covered in the 

Bouquet study. The significance of perturbed microRNA is the implication that post-Lyme syn-

drome involves disruptions of the mechanisms of regulation of DNA expression. This finding 

extends the model for understanding PLS beyond the simplistic model of varying upregulated 

and downregulated gene pathways. These transcriptomic deficits suggest the need for therapeutic 

approaches that eventually correct the abnormal gene expression. Prior data has demonstrated the 

ability of the CIRS protocol to normalize the proteomic disturbances that remain post treatment 

with antibiotics.

At baseline, patients with Lyme disease have perturbations in TGFβ-1, C4a, C3a, i-Treg and 

t-Treg biomarkers. The proteomic abnormalities persist after antibiotic treatment except for C3a, 

which decreases to normal levels. One biomarker (TGFβ-1) worsens after antibiotics. Only after 

CIRS treatment do all five of these biomarkers approximate the levels found in controls. This find-

ing has three significant implications:

 1. Post-treatment Lyme syndrome is a demonstrable disease entity.

 2. Post-treatment Lyme syndrome is a chronic inflammatory syndrome with elevated innate 

immune system biomarkers consistent with inflammation.

 3. The use of antibiotics followed by the CIRS protocol can restore patients with this condi-

tion, leading to clinical and objective metabolic improvement. Transmission of B. burgdor-

feri from person to person or by nursing has been suggested but never confirmed.

 4. Vectors other than ticks, including flies and mosquitoes, have been suggested to be vectors 

of Borrelia.

As of the writing of this statement, there is no confirmation of this speculation.

2.8  DIFFERENTIAL DIAGNOSIS

The first question in the differential diagnosis is: Is there exposure to a WDB? Is there exposure to 

a source of biotoxins? Is there potential for exposure? It is tough to remember in a 20-year illness 

what building one might have been in 20 years ago. In cases of chronic ciguatera, people will often 

forget what they ate and when they ate it in relation to illness. With Lyme disease, some people will 

not remember a tick bite but still have Lyme. Other people will have a tick bite but no Lyme rash 

(EM). In Lyme, we end up relying on an inherently flawed antibody test instead of a physiologic test 

to assist us in diagnosis.

If the potential for exposure can be satisfied, the following requirement is that we have a multi-

system, multi-symptom illness. In turn, the symptoms must meet the criteria from cluster analysis. 

The sorting process is becoming more evident, because if one does not have a multisystem, multi-

symptom illness, they do not have CIRS. If they do not have eight symptom clusters as an adult or 

six as a child, they likely do not have CIRS. They may have something similar, but not CIRS.
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Furthermore, the case definition includes not just symptoms alone but laboratory abnormalities 

seen in published peer-reviewed literature. We will see a reduction in levels of the normal regula-

tory neuropeptides, especially MSH. We will see an elevation of at least one of three inflammatory 

markers: TGFβ-1, C4a, and MMP-9. We will see dysregulation of ACTH and cortisol. We will also 

see abnormalities in gliadin antibodies and VEGF. The issue we faced in the past with CIRS is that 

we did not know the transcriptomic signatures that these illnesses have. We hope to distinguish 

CIRS-PLS from CIRS-WDB readily with transcriptomics. We have published on transcriptomics 

of ciguatera and also transcriptomics of mold. We add NQ findings to the differential diagnosis 

to quickly make things easier. Lyme has distinctive abnormalities, as does CIRS-WDB. Other ill-

nesses do not have those findings.

The differential diagnosis process never stops in the sense that as we continue with therapy, there 

will be a resolution of individual physiological abnormalities, one by one, as we institute sequential 

treatments that fix physiological abnormalities. We make no effort to do two things simultaneously; 

such “shotgun” medicine has no role in CIRS.

Differential diagnosis only ends when there is near-100% exclusion of all possible causes of a 

given patient’s illness or we have a resolution of symptom abnormalities, including VCS, laboratory, 

nasal culture and transcriptomic abnormalities. Keeping an open mind to other diagnoses is vital.

2.9  PHYSICAL EXAM

A carefully performed physical exam remains a second fundamental basis of medical diagnosis 

beyond history. Perform vital signs on all new patients. Careful respiration assessment is critical. 

It only takes 30 seconds to count breaths and look for Cheyne–Stokes respirations in individuals 

with cognitive effects. Orthostatic blood pressures help identify postural orthostatic tachycardia 

syndrome and problems with adrenoceptors if there is blood pressure suppression. The character of 

the pulse provides clues to ectopic beats.

There are multiple possible tip-offs to the presence of CIRS. Look for a resting tremor of the 

outstretched fingers, spread wide apart. Place a piece of paper on top of the fingers to make a resting 

tremor evident to the examiner and patient alike. Look for evidence of abnormal skin turgor, rashes 

and venous stasis changes. Look especially for evidence of enlargement of turbinates and polyps 

upon nasal exam. Transillumination of sinuses is usually not helpful. Look for evidence of gingivi-

tis. One of the most critical indicators of dental biofilm formers is refractory gingival abnormalities. 

HEENT evaluation includes determining the presence or absence of pallor, erythema of the cheeks 

approximating a butterfly rash but sparing the nasal bridge (“mold facies” often misdiagnosed as 

rosacea), the presence of scleral injection and acne. The exam should also note the presence of goiter 

(thyroid illness frequently accompanies CIRS), the size of cervical lymph nodes and the presence 

of any cranial nerve dysfunctions (often with CN VII weakness). Carotid upstroke should be full 

without any bruit. Look for jugular venous distention, especially in someone who has evidence of 

right ventricular hypertrophy on electrocardiography (EKG).

During the pulmonary exam, listen for symmetry and evidence of mucous plugging with change 

after cough. Crackling rales and evidence of dullness, usually at the right base, possibly indicate 

a pleural effusion. Evaluate for wheeze, rhonchi, decreased diaphragm excursion and post-tussic 

rales. Ask for three maximal inspirations, and then listen for inspiratory rales.

It seems straightforward, but we know that individuals with a wingspan greater than height are 

at an increased risk of developing abnormalities in the thoracic and abdominal aorta that can lead 

to aneurysm formation. Listen carefully for the wide splitting of S1 versus a gallop rhythm. Listen 

for an S3 or an S4. Look for a reason for cardiovascular compromise of either volume overload or 

pressure overload, both from the right ventricle and pulmonary artery or systemically.

An abdominal exam is rarely helpful unless there is an enlargement of the liver and spleen. Trained 

observers can feel kidneys reliably, but this skill diminishes with extra patient weight (a problem 

commonly seen in leptin-resistant patients with CIRS). The CIRS physical rarely requires rectal, 
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pelvic or breast exams except as history indicates. Extremity exam demands looking for evidence of 

true arthritis together with evidence of peripheral edema (pitting or not, unilateral or not) and venous 

thrombosis. Capillary refill may diminish in fingers and toes with decreases in end-organ perfusion. 

Evaluate hands and feet for coolness, discoloration and perfusion. Record proximal (shoulder shrug) 

and distal arm strength (grip). Note handedness, and dominant arm strength in anti-gravity muscles, 

compared with the non-dominant arm, should be tested three times (for initial strength and fatigu-

ing). Evaluate joints for pain, erythema, swelling and heat. Look for sensory deficits.

Mental status is usually normal, but there is often a lack of specific abilities. Most notably, math 

functions, performed without paper and pen, are frequently diminished. Asking questions such 

as “What is 91 divided by 7” or “What is 65 plus 17” will frequently elicit delayed and incorrect 

answers.

A few tricks go along with physical exams that CIRS docs will perform but other docs rarely do. 

Performance of measurement of wingspan compared with height takes 5 seconds but is associated 

with a more common finding of HLA 11-3-52B and elevated TGFβ-1. Similarly, gently scratching 

the skin, as if making a tic tac toe board on a patient's back, is an easy way to look for dermato-

graphia. While some providers think this shows evidence of mast cell activation, a positive finding 

simply reflects increased levels of C4a.

Pulse oximetry, 12-lead EKG, and pulmonary functions with spirometry are vital. If, for exam-

ple, there is a discrepancy between the counted pulse and the recorded pulse with pulse-ox, the 

physician must explain the difference. Any oxygen saturation under 92% should raise red flags 

immediately. Look on an EKG for evidence of abnormal rhythm, prior myocardial injury, and volt-

age suggesting overload of either the right or left ventricle or both. Spirometry gives us two essen-

tial recordings at the bedside for primary care and CIRS. Low forced vital capacity (FVC) tells us 

about restrictive lung disease, and low forced expiratory volume in 1 second (FEV-1) tells us about 

obstructive lung disease. If a patient has given their best effort and can only blow out for 3 seconds, 

look for restrictive lung disease.

2.10  ANCILLARIES – VCS

VCS testing has been used clinically for years and remains the most accurate test for functional 

vision.20 It is best to do a VCS test in person at each office visit. Contrast is one of the seven main 

functions of vision facilitated by the optic nerve, which provides the neurologic basis of vision. 

If new symptoms appear during therapy or prior symptoms recur, VCS can point the way to re-

exposure (scores in columns C and D will fall). Do not use VCS to make nutrition-related diagnoses.

2.11  ANCILLARIES – PULMONARY ARTERY PRESSURE

“Echos” are usually done resting, most often performed to assess the function of the left ventricle as 

well as to assess the pumping function of the heart. Each echo will assess the function of multiple 

cardiac structures; we are interested in the velocity of the tricuspid regurgitant flow, also called the 

tricuspid jet. Blood can go backward from the right ventricle to the right atrium passing “the wrong 

way” across the tricuspid valve. The measurement of the rate of backward flow is in meters/second. 

The machine records the velocity on at least four views during a routine echocardiogram. Curiously, 

cardiac sonographers are trained to label the tricuspid jet qualitatively as either absent, trace, mild 

or moderate. The CIRS physician needs to know about a quantified pulmonary artery pressure 

elevation. The echo machine generates numbers for each of the four ways the jet is measured. Use 

these measurements to calculate an average.

We use the tricuspid jet velocity to calculate the pulmonary artery pressure indirectly. We square 

the tricuspid jet number and then multiply that number by 4. To that product, we add the right 

atrial pressure (usually between 5 and 10 mm) to give us a calculated pulmonary artery pressure. 

Any resting pulmonary artery pressure (PASP) greater or equal to 30 mm Hg is consistent with 
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pulmonary hypertension. Any tricuspid jet greater than 2.5 meters per second will raise concerns 

about pulmonary artery systolic pressure in people with CIRS.

For individuals with normal PASP at baseline or patients with health symptoms such as unex-

plained cough, shortness of breath or chest pain, it can be helpful to perform stress echocardiogra-

phy. In this modification of the basic echo technique, an individual has two sonograms done. The 

first is at baseline, as discussed. The second is done after maximal exercise, requiring a target heart 

rate of 90% of predicted. Stress testing typically looks for problems with the performance of the 

left ventricle. Exercise stress testing is a fundamental diagnostic aid that can help identify coronary 

artery disease. In our example, we are not looking for left ventricular problems; we want to know 

the PASP change with exercise. Any rise in PASP pressure over 8 mm Hg is abnormal.

The mechanics of performing a stress echo can become difficult. Here is someone following 

possibly 11 minutes of maximal exercise, for example, exhausted, breathing heavily and leaning 

forward after the stress portion of this stress echo. Now, the echo sonographer will insist that the 

patient lie down within 30 seconds. The out-of-breath patient lies down on the exam table for a 

repeat measurement of the tricuspid jet.

Most sonographers do not examine the tricuspid valve after exercise. It helps to talk to the car-

diopulmonary staff to make sure they know exactly where they will place their transducer before 

the exercise begins. We use PASP as an inclusion criterion for VIP treatment. If PA pressure rises 

more than 8 mm, the indication for VIP use becomes stronger.

2.12  ANCILLARIES – VO2 MAX AND ANAEROBIC THRESHOLD

Another important cardiovascular diagnostic test is a cardiopulmonary exercise test (CPET). While 

the name of this test sounds like a stress echo, it is different. This test measures oxygen usage and 

carbon dioxide production in exercise performance, usually on a bicycle. The test is somewhat 

cumbersome in that a patient is strapped to EKG monitors and pedaling maximally on a bike while 

breathing with hoses, tubes and a mask used to record oxygen consumption.

In 2015, the Institute of Medicine (IOM)26 emphasized the importance of cardiopulmonary exer-

cise testing in their redefinition of CFS as Systemic Exercise Intolerance Disorder (SEID). However, 

this effort fell short of making CPET a biomarker necessary to diagnose SEID. The IOM simply 

returned to an updated, but still inadequate, non-specific symptom-only definition, one that essen-

tially applies to 100% of all CIRS cases.

Much is known about the importance of VO2 max (milliliters of oxygen consumed per kilogram 

per minute), as this is an important mechanism used to classify possible disabilities. We know that 

there is a difference between the VO2 max of women and men. We also know that age has a role 

in normal ranges for VO2 max. Based on our practice data (unpublished), it is not unusual in the 

face of chronic fatiguing illness for a 50-year-old woman to have a VO2 max of approximately 20 

ml per kilogram per minute (with slightly higher values for men), raising the diagnosis of chronic 

fatiguing illness. The tables for Cardiovascular Fitness Classification are in the American Medical 

Association Guides to Evaluation Disability and Impairment; Social Security uses VO2 max as one 

of the key elements in assessing disability.

More important than VO2 max is delineating the anaerobic threshold (AT). The maximum activ-

ity level occurs through available oxygen (aerobic metabolism). Mitochondria need oxygen to break 

down glucose fragments, releasing water, carbon dioxide and energy (ATP). For those with low 

AT, even walking slowly up a flight of stairs reduces oxygen delivery, diminishing aerobic energy 

production. When AT is exceeded, as in the stairs example, oxygen is not available as needed for 

mitochondria to produce the full complement of 38 ATP from a single molecule of glucose. Without 

oxygen to supply the electron transport chain, a single glucose molecule will now just provide 

two molecules of ATP, or a 5% efficiency in the face of oxygen depletion. In turn, as glucose and 

glycogen stores are quickly exhausted, the energy-depleted cell looks for additional fuel sources. 

In the face of low MSH, leptin resistance is often present, preventing normal use (through direct 
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beta-oxidation) of fatty acids for fuel (the “second wind” most runners have experienced). Under 

compromised conditions, lean body mass, our protein reserves, is broken down into amino acids, 

which are converted (especially alanine and glutamine) into glucose. The demand for ATP may cre-

ate protein-wasting syndromes that conserve fat reserves. Patients will often complain about weight 

gain and an inability to gain muscle.

If AT is depressed, even trying to do a few things extra when a patient has a day with a bit more 

energy than most results in glycogen depletion. Do not forget glycogen replenishment is a slow 

process: Patients will feel exhausted until the repletion of glycogen stores. Terms for this commonly 

observed phenomenon include “push/crash,” “delayed recovery from normal activity” and “post-

exertional malaise.” Simply stated: “The patient did too much.”

However, contrary to the IOM opinion, low AT is common in conditions other than just SEID. 

In CIRS, the oxygen delivery problem is complicated by a lack of normal blood flow into capillary 

beds, not to mention nuclear-encoded mitochondrial gene problems. Still, capillary hypoperfusion 

is the mechanism that underlies deficits in VCS, which is a hallmark of CIRS.

Performing CPET twice, 24 hours apart, can objectively document the push/crash syndrome. 

Maximal effort on Day 1 often demonstrates low VO2 max and impaired AT. With maximal effort 

(push) the first day, at-risk CIRS patients will often perform even more poorly (crash) on Day 2. 

VO2 max and AT are commonly lower on the second day, highlighting the push/crash phenomenon. 

CPET performed over two consecutive days can provide objective evidence of physical disability.

2.13  ANCILLARIES – VON WILLEBRAND’S FACTORS

Additional problems in CIRS paradoxically include both excessive clotting and bleeding. Just like in 

sepsis, where multiple inflammatory mediators are activated, including complement, Th1, Th2 and 

Th17, coagulation defects also appear. Likewise, two-thirds of CIRS patients will have abnormali-

ties in a comprehensive von Willebrand’s profile.

Over 80% of CIRS patients will report shortness of breath. Asthma may occur, but restrictive 

lung disease, interstitial lung disease and pulmonary emboli are all primary features of the dif-

ferential diagnosis. Similarly, when exposure to a building results in unexplained nosebleeds and 

hemoptysis, immediately think of acquired von Willebrand’s disease (AvWD), a condition that is 

easily treated using a medication (desmopressin) that costs about a nickel. If the differential diag-

nosis did not include AvWD, uncontrolled hemorrhage might follow. Conversely, elevated levels of 

vWF raise the risk of intravascular clotting, with deep vein thrombosis and pulmonary emboli pos-

sible. Whenever, for example, a patient suffers clotting around an intravenous catheter (especially 

PICC lines), make sure that elevated vWF factors are not the underlying problem.

2.14  ANCILLARIES – NEUROQUANT®

NQ has made identification and separation of CIRS-WDB, CIRS-PLS, traumatic brain injury, post-

traumatic stress disorder (PTSD), ciguatera and multi-nuclear atrophy straightforward. When added 

to magnetic resonance imaging of the brain, NQ is an illness-specific indicator. The use of sequen-

tial NQ testing has shown there is much more plasticity for an injured brain to heal than was once 

thought.6 With low cost, rapid turnaround times and no need for contrast dyes, NQ adds powerful 

weight to assessing cognitive dysfunction, including evaluation of possible risk for development of 

dementia.

We can look at a General Morphometry Report (GMR) produced by NQ and rapidly identify 

microscopic interstitial edema, atrophy and patterns of brain injury accurately. Many unsupported 

ideas about PTSD being purely a psychiatric condition need re-evaluation now that we have indica-

tions of a unique volumetric measure that correlates with symptoms. We hope a new era will arrive 

in treating neurodegenerative illnesses now that we can use NQ to identify and correct grey matter 

nuclear atrophy (Figure 2.1).
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2.15  BIOTOXIN PATHWAY

We are looking at multisystem dysfunction with genetic susceptibility and deficiency of neuroregu-

latory peptides. The schematic called the Biotoxin Pathway summarizes the basics of the role of 

innate immune inflammatory pathways.

Within normal hosts, exposure to biotoxins will result in an innate immune response via the 

production and release of innate inflammatory markers.3 Biotoxin exposure signals an adaptive 

immune response with specific antibody formation to the offending agent.23 The antibody tags the 

biotoxin, signaling it for destruction and subsequent removal from the body.19 With the activation of 

the adaptive immune system, inhibitory signals downregulate the innate immune response, prevent-

ing chronic innate immune activation.18

In contrast, hosts predisposed to CIRS exhibit disruptions in their adaptive and innate immune 

mechanisms when exposed to biotoxins,21 precluding the removal of the offending agents. The 

resultant, persistent biotoxicity creates an upregulation of the innate immune system,1, 4 which if left 

unchecked, will manifest as CIRS.33 Specific HLA immune response genes (HLA-DR genes) link 

to an increased risk for CIRS.26, 23

In addition to triggering systemic inflammation, biotoxins can also have a direct neurotoxic 

effect.26 In most patients, VCS testing can detect deficits caused by biotoxicity affecting the neuro-

logic function in the visual system.13

The upregulation of the innate immune system results in increased cytokine levels, which bind 

to receptors on certain white blood cells,17 signaling the release of MMP-9 into the bloodstream.8 

Leptin’s cytokine action acts upon macrophages, resulting in the synthesis of additional pro-inflam-

matory cytokines29, such as TNF-α, IL-1 and IL-6.14 These cytokines can, in turn, stimulate further 

production of leptin from adipocytes, creating a positive feedback loop that perpetuates the innate 

inflammation and weight gain.14

As opposed to leptin’s driving force on the innate immune system during CIRS, leptin’s normal 

physiologic hypothalamic influence wanes due to competing cytokines that block the leptin hypo-

thalamic receptor.29 Certain cytokines, such as IL-6, IL-11, IL-12 and oncostatin M, are capable of 

such a feat due to their structural similarity to leptin.14 The leptin receptor blockage creates leptin 

resistance,20 which causes upregulation of leptin production.29 In normal physiology, leptin binds 

receptors located within the arcuate nucleus of the hypothalamus.9 Inevitably, the leptin receptor 

blockade in CIRS leads to loss of hormonal regulatory control due to disruption of the pro-opiomel-

anocortin (POMC) pathway with decreased hypothalamic hormones.29

With the release of cytokines, leukocytes marginalize to the venule’s endothelial cell (EC) wall. 

A weak adhesion occurs between the leukocyte and the EC wall via a tethering and rolling process. 

The adhesion through leukocyte activation results in a stationary attachment.11

Persistent innate inflammation leads to abnormal T cell responses40 and dysregulated comple-

ment cascade.21, 30, 31 In a normal host, there is tight regulation over the production of mature effector 

helper T (Th) cells and regulatory T (Treg) cells.40 These mature T cells have specific functions in 

the immune system: Th1 and Th17 increase in autoimmune diseases; Th2 are involved in allergies; 

Tregs modulate inflammatory responses through regulation of Th cells.5 Cytokines play a role in 

dictating the maturation of naïve CD4+ T cells into the various functional subtypes: IL-12 and inter-

feron-gamma induce TH1 cells; IL-4 induces Th2 cells; IL-6, IL-23 and elevated TGFβ-1 induce 

Th17 cells; IL-2 and normal levels of TGFβ-1 induce Treg cells.40 Additionally, specific intracellular 

proteins known as “suppressors of cytokine signaling” (SOCS) 1 and (SOCS) 3 influence cytokine 

effects on both maturing effector helper T cells and Tregs.40

The forkhead box P3 (FOXP3) gene is the “master of gene control” for Tregs.7 In SOCS1 deficient 

Tregs, there is a loss of FOXP3 expression, leading to the production of pathogenic Tregs.40 Although 

CD4+CD25+ Treg cells normally suppress autoimmunity,7 once they become pathogenic T cells in 

the face of ongoing inflammation, they can induce autoimmunity40 and create tissue inflammation.34 

In CIRS patients, levels of circulating CD4+CD25+ Tregs decrease on Day 1 upon re-exposure to 
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a WDB without spontaneous return to normalcy.37 This finding supports the notion that the innate 

inflammation incited by inhalation of particulates from the WDB exposure induces conversion of 

CD4+CD25+ Tregs into pathogenic Tregs, thereby decreasing measurable levels of the CD4+CD25+ 

Tregs.37 Additionally, TGFβ-1 regulates pathways that initiate and maintain the expression of FOXP3, 

thereby manipulating the production of Treg cells.10 CIRS patients can develop autoimmunity, as 

evidenced by the following antibodies: Anti-gliadin antibodies (gluten sensitivity), anti-cardiolipin 

antibodies (ACLA),16 antineutrophil cytoplasmic antibodies (ANCA)28 and more.

CIRS can also involve derangements in the complement cascade, indicated by elevated C4a lev-

els.21, 30, 31 As the chronic inflammation continues, further hormonal dysregulation ensues.

Released in response to stress, cortisol is typically tightly regulated by ACTH through the 

hypothalamic-pituitary-adrenal (HPA) axis and is a good reflection of neuroendocrine wellbeing.36 

Unfortunately, 50% of CIRS patients with low MSH will experience loss of cortisol regulation.28 

During the beginning stages of CIRS, simultaneous ACTH and morning cortisol measurements are 

often high with minimal symptoms.28 However, as CIRS progresses, ACTH and morning cortisol 

levels fall, resulting in a marked increase in symptoms.28 Decreased ACTH production due to hypo-

thalamic leptin resistance results in altered sleep regulation.12 Chronic leptin resistance limits the 

production of MSH.

The posterior pituitary secretes ADH, regulating sodium and water balance.39 The hypothalamus 

responds to the solute concentration (i.e., serum osmolality) in the blood through osmoreceptors.39 

When the serum osmolality is too high, the hypothalamus signals to the pituitary to secrete ADH 

into the bloodstream.39 ADH subsequently induces the kidneys to reabsorb free water, thus diluting 

the blood.39 Approximately 60% of CIRS patients will have dysregulation of ADH/serum osmolal-

ity levels.28

2.16  SUMMARY

The science behind CIRS has evolved rapidly and expansively. Recent transcriptomics knowledge is 

advancing the foundation of CIRS proteomics. Implications for metabolic disorders are a staggering 

and exciting frontier. With the additions of endotoxin knowledge and actinobacteria, the intersec-

tion between environment and chronic illness continues to crystallize.
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The Shoemaker Protocol

Andrew Heyman and April Vukelic

3.1  THE SHOEMAKER PROTOCOL

The Shoemaker Protocol is an evidence-based, peer-reviewed approach to biotoxin illness. It is 

a structured, step-by-step method that relies on well-designed studies. The Shoemaker Protocol 

identifies those sickened from biotoxin illness and uses rigorously tested interventions to help them 

recover. The implications for the prevention and treatment of Chronic Inflammatory Response 

Syndrome are profound for individuals and public health. If the lessons learned from the Shoemaker 

Protocol were put into practice universally, we could prevent the suffering of millions of people.

One should perform a very detailed history of all possible exposures, starting from the childhood 

home. Interview the patient regarding 37 symptoms in 13 clusters. Formulate a differential diagno-

sis by taking a thorough history, including a review of past medical history and labs.

These are the 13 clusters of symptoms seen in Chronic Inflammatory Response Syndrome 

(CIRS):

 1. Fatigue.

 2. Weakness, assimilation of new information, aches, headache, light sensitivity.

 3. Memory impairment, word-finding difficulties.

 4. Difficulty with concentration.

 5. Joint pain, morning stiffness, cramps.

 6. Unusual skin sensations, tingling.

 7. Shortness of breath, sinus congestion.

 8. Cough, excessive thirst, confusion.

 9. Appetite swings, body temperature dysregulation, urinary frequency.

 10. Red eyes, blurred vision, night sweats, mood swings, ice-pick pain.

 11. Abdominal pain, diarrhea, numbness.
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 12. Tearing, disorientation, metallic taste.

 13. Static shocks, vertigo.

Adult CIRS patients need to meet 8 symptoms out of 13 different clusters, and children 6 symptoms 

out of 13 different clusters, to be diagnosed with CIRS. A physical exam may demonstrate dehydra-

tion with hypotension and tachycardia, red eyes, muscle fatigue, rales, S3 or S4 upon cardiac aus-

cultation, edema, tremor, dermatographia/rashes, increased body mass index, evidence of brain fog 

(which may include word-finding difficulties), difficulty following directions, and frequent patient 

interruptions due to difficulty with executive functions.

Ninety-five percent of patients with CIRS will have susceptible human leukocyte antigens 

(HLAs). Only about 5% of CIRS patients have non-susceptible HLAs. About 24% of the population 

is susceptible to illness from water-damaged buildings, and 21% is vulnerable to unresolved ill-

ness from Lyme disease after antibiotic treatment. The susceptible HLA signifies a flaw in antigen 

presentation. The body recognizes a threat exists but cannot properly form antibodies to remove it. 

Therefore, the innate immune system amplifies inflammation without clearing the biotoxin. There 

is ever-increasing inflammation and vigilance with no resolution.

A screening visual contrast sensitivity (VCS) test can detect capillary hypoperfusion in the retina 

and optic nerve by testing the patient’s ability to differentiate shades of gray. VCS is a highly effec-

tive test that identifies 92% of sick patients and has a false positive rate of only 1%. Individuals who 

have a false negative test tend to be young women, people trained in art and photography, or people 

who have vision-intensive careers, like pilots. Exposure to hydrocarbons or solvents may cause a 

small population to have a false positive VCS. The test is non-invasive, fast, inexpensive, accurate 

and can be performed at home by the patient. The VCS test should be performed during the pro-

tocol period to measure both progress and re-exposure. The test can be performed at home on a 

computer and verified with a hand-held VCS in the doctor’s office. Initiating vasoactive intestinal 

polypeptide (VIP) treatment requires a negative VCS. Occasionally, the VCS may not completely 

normalize, but it should stabilize. Passing the VCS means both eyes (if testable) see correctly seven 

or more patterns in row C and six or more in row D. Failure in one eye means the patient has failed 

the VCS. When someone has only one eye or limited acuity, the test is valid if the one eye can see 

20:50 or better.

A stress echocardiogram can identify elevated pulmonary artery systolic pressures (PASP). 

An elevation of PASP of >8 mm Hg during exercise is abnormal and requires treatment. These 

patients can experience heart palpitations and exercise intolerance, and may be short of breath. It 

is important to ask specifically for the PASP to be quantified by the cardiologist. This objective 

marker helps confirm the diagnosis and can be measured afterward to demonstrate the response 

to the protocol.

A cardiopulmonary exercise test can measure VO2 max. A normal value is >35 ml of oxygen 

consumed per kilogram per minute. A CIRS patient may have a VO2 max of <20 ml of oxygen con-

sumed per kilogram per minute. To put this into context, a VO2 max of 15 ml of oxygen consumed 

per kilogram per minute is consistent with Stage IV cardiac failure.

All patients should receive pulmonary function tests (PFTs), especially those experiencing short-

ness of breath. These patients may appear to have asthma, but PFTs often show restrictive lung 

disease instead of obstructive lung disease. Restrictive lung disease happens in conjunction with 

abnormalities in transforming growth factor (TGF)β-1, matrix metalloproteinase (MMP)-9, vascu-

lar endothelial growth factor (VEGF) and T regulatory cells in the form of remodeling.

In 2006, the Food and Drug Administration (FDA) approved the NeuroQuant® software pro-

gram by CorTechs. It is a volumetric study of 11 brain areas that only takes about 10 minutes to 

perform. NeuroQuant® is a vital test added to a traditional magnetic resonance imaging (MRI) 

without contrast, which shows small variances in volume in select areas of the brain. NeuroQuant® 

can differentiate the type of exposure based on patterns. An enlargement of the forebrain paren-

chyma and cortical gray and atrophy of the caudate are characteristic of CIRS-WDB. The thalamus 
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and putamen are normal. In CIRS–post-Lyme syndrome, the putamen shows atrophy and the right 

thalamus enlargement.

These patterns provide excellent evidence of biotoxin illness and can be repeated after treat-

ment to demonstrate the protocol’s efficacy. GENIE (Genomic Expression: Information Explained) 

testing can track genetic expression associated with illness from CIRS, help tailor treatment and 

demonstrate resolution of illness. This test is useful in demonstrating hypometabolism through 

transcriptomics by the mRNA of white blood cells.

Hypometabolism includes pathologic suppression of both ribosomal and nuclear-encoded 

mitochondrial genes. Hypometabolism shows the dominant role of differential gene activation 

in the pathogenesis and perpetuation of chronic illnesses. Treatment of hypometabolism with the 

Shoemaker Protocol shows sequential resolution of gene suppression/activation. We can now track 

the pathologic basis of chronic fatigue and critical inflammatory elements throughout treatment for 

the first time. GENIE has advanced our knowledge of CIRS and demonstrated the importance of 

endotoxins and actinomycetes.

Adrenocorticotropic hormone (ACTH) and cortisol levels may initially rise and then fall as the 

patient’s illness progresses. It is crucial to avoid systemic corticosteroids, such as prednisone, unless 

absolutely required. Topical and inhaled corticosteroids are safe to use. This dysregulation occurs in 

about 65% of patients with low melanocyte stimulating hormone (MSH) levels.

3.2  STEP 1: REMOVAL FROM EXPOSURE

Action: Polymerase chain reaction (PCR) test with Environmental Relative Moldiness 

Index (ERMI) or Health Effects Roster of Type-Specific Formers of Mycotoxins and 

Inflammagens – 2nd Version (HERTSMI). Leave and avoid all environments with unac-

ceptable levels.

Goal: All environments should be ERMI <2 and/or HERTSMI <11. Low ERMI and 

HERTSMI scores are one of the requirements before VIP treatment.

This simple-sounding step is deceptively difficult. It starts with identifying the sources of exposure. 

Each area where the patient spends time requires a PCR test such as an ERMI or a HERTSMI. 

Mycometrics Lab performs these reliably. Testing is essential for home, school and work. All loca-

tions where the patient regularly spends time should undergo testing: A family member’s house, 

church and other buildings they might frequent routinely. If the patient is renting a water-damaged 

apartment or house, it is best and easiest to move into a new home with an acceptable ERMI (<2 

if MSH is less than 35 and C4a <20,000) or HERTSMI (<11) and remediate all belongings. If an 

individual has an MSH of <35 and a C4 >20,000, the ERMI must be −1 or less. Actinomycetes 

should be less than 15.

In 2008. the US General Accountability Office (GAO) published a Federal case definition for 

CIRS-WDB:

• There must be the potential for exposure to a damp indoor space.

• There must be a multi-system, multi-symptom illness present with symptoms similar to 

those seen in peer-reviewed publications.

• There must be laboratory-tested abnormal results similar to those seen in peer-reviewed, 

published studies.

• There must be documentation of improvement with therapy.

The US Environmental Protection Agency developed and validated ERMI as a form of Mold 

Specific Quantitative Polymerase Chain Reaction (MSQPR) from house dust. The method employs 

MSQPCR to detect and quantify species of fungi found in water-damaged buildings (WDB) com-

pared with buildings without a history of water damage. HERTSMI-2 values provide an inexpensive, 

A L G r a w a n y
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objective measure of organisms routinely found in WDB, known to be associated with adverse 

human health effects. A HERTSMI can be done by itself or derived from an ERMI. The five spe-

cies measured are Wallemia sebi, Aspergillus versicolor, Aspergillus penicillioides, Stachybotrys 

chartarum, and Chaetomium globosum. Recent genomic research has identified actinobacteria as 

a common microbe in WDB and potentially responsible for CIRS six times more frequently than 

mycotoxins.

Environmental history includes questions about past and present living conditions, buildings 

the patient has occupied at school or work, HERTSMI/ERMI tests of the buildings, travel history, 

rashes, tick or spider bites, consumption of fish, yellow-jacket stings, exposure to freshwater with 

fish kills, and algae blooms. The history should include medications taken, such as fluoroquino-

lones, corticosteroids and gadolinium contrast.

If the patient owns a WDB, the home may have to undergo remediation by an expert who regards 

improvement in human health over an arbitrary spore count. Once the patient has the results of their 

ERMI, HERTSMI, endotoxin and actinobacteria report, an Indoor Environmental Professional 

should locate the source of damage. Then, a remediation company will remove the mold properly. 

Look at www .acac .org to find certified agencies. Indoor Environmental Professionals will carry the 

CIEC or CMC certification. Remediators will carry CMRS or CIES certification.

There are three phases to making the environment safe:

Phase 1. Inspect and investigate to detect water intrusions, leaks and condensation problems. 

Also, investigate the HVAC system for potential cross-contamination issues. A plan for 

correcting problems and preventing recurrences follows, including a plan for remediation 

of water-damaged structures. In cases of CIRS-WDB, detection, correction and prevention 

should begin with an interview of the occupant(s) that includes a symptom-based assess-

ment of risk for CIRS-WDB.

Phase 2. Perform the planned corrections required to achieve moisture control and reme-

diate water-damaged building materials. In cases where occupants suffer from CIRS-

WDB or other medical conditions affected by WDB contaminants, remediation should 

include in-depth cleaning of all reservoirs of bioactive particulates inside the affected 

building.

Phase 3. Perform maintenance procedures to sustain high-quality indoor air over the long 

term. In cases of CIRS-WDB, maintenance protocols should involve more frequent and 

intensive monitoring of water damage risks. In addition, proactive measures can be con-

sidered for the structure to help improve the overall indoor environmental quality in the 

home. Some examples of this are optimal air filtration, ventilation, and pressurization of 

the structure. The Surviving Mold Professional Panel (SMPP) can help provide support/

direction regarding this recommendation.

Once remediated, repeat ERMI, HERTSMI-2, endotoxin and actinomycetes testing and continue 

to use the high-efficiency particulate air (HEPA) filter made by Air Oasis. Move machines around 

twice a day. Use a HEPA filter vacuum cleaner on floors twice a week and on ceilings and walls 

every 2 weeks.

The patient may need to temporarily vacate the environment during remediation, though some-

times moving out and selling is the best option. The items in the WDB must receive a careful evalu-

ation. Porous items need to be disposed of or placed in air-tight containers. It is possible to clean 

non-porous items like glass, metal, finished wood and leather with HEPA vacuums and quaternary 

solutions such as Windex, Fantastic, 409 or Clorox Clean-up (this is not the same as bleach). For 

the very sensitive, it is better to use paper towels and disposable dusting cloths (e.g., Swiffers) than 

rags to permanently remove contaminated material from the home. Reusable rags and mop-heads 

can spread the biotoxins. It may be necessary to wear HEPA respirators and protective gear while 

cleaning. Some of the most sensitive patients may need to abandon possessions altogether. Failure 

http://www.acac.org
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to remediate the old belongings before bringing them into a new environment will bring the patient 

back to square one.

It is vital to discard all reservoirs for inflammagens, like rugs, curtains, thick bedding and uphol-

stered furniture. Mattresses may potentially be salvageable with impermeable covers. Wash clothes 

with detergent, borax and quaternary cleaners. In general, the thicker the fabric, the more difficult 

it is to clean. Sometimes, cleaning fabric is ineffective, depending on the person’s sensitivities, and 

it is better to buy new items. The patient may reduce the number of items in a home, as a sparse 

aesthetic translates into a healthier environment with fewer reservoirs and less cleaning. Car inte-

riors should also receive attention. If a vehicle sustained flooding or a longstanding leak from the 

window, this could cause illness, and the upholstery and carpet can act as a reservoir. Under these 

conditions, performing a HERTSMI may be advisable. HEPA vacuuming and quaternary fluids are 

effective cleaners in a car. Use Air Oasis purifiers to improve air quality in the car.

The patient must not attend school or work in a WDB. In most cases, after someone has been 

sickened, it is best to find another school or workplace. It is impossible to regain health if the patient 

remains exposed to WDBs. When a school or workplace cleans the environment, the remedial 

action is often insufficient or much too late for an already ill patient. Unfortunately, the patient is 

unlikely to find organizations that take full or appropriate responsibility for their compromised 

buildings and the resulting damage to health. The patient should perform an ERMI or HERTSMI at 

a prospective school or job before beginning. Spore sampling is inherently flawed and has no bear-

ing on human health per the World Health Organization’s stance (2009). Intact mold spores account 

for about 0.2% of the problem, and for this reason, PCR is the only valid method to ensure safety. 

Studies of human health and re-exposure trials have validated the ERMI/HERTSMI PCR.

According to the National Institute for Occupational Safety and Health (NIOSH), more than 

half the buildings in America are water damaged. Once the patient has determined that none of the 

buildings in question are water damaged, they must remain cautious and vigilant when entering 

any other untested building. That means grocery stores, banks, pharmacies, movie theaters, big 

box stores and restaurants must be safe if the patient stands to regain health. If a local post office or 

shipping distribution center is moldy, online shopping can be a source of exposure. It is impractical 

to test each building one enters, so here are some general guidelines: If the building has a stucco 

facade and a flat roof, the odds of water intrusion are higher. Buildings at the bottoms of hills or in 

a known flood zone are likely to be unsafe. A glance at the roof and fascia can give a clue about the 

condition of the building. Water-stained ceiling tiles, standing water, musty smells, visible mold, 

stained carpet and active leaks are red flags to leave quickly. Some people have reported benefits 

from using a peak-flow meter to identify WDBs. Others have a “gut feeling” about a building. 

Learning to recognize signs of exposure is critical in avoiding WDBs. The symptoms can vary from 

person to person, but recognizing the first signs of feeling unwell is critical.

As the living/working environment becomes progressively cleaner, one may notice adverse 

symptoms occurring more quickly in unclean environments. This increased sensitivity is the “sicker, 

quicker” pattern associated with mannose-binding lectin serine protease 2 (MASP-2). In time, 

smaller exposures make the patient sicker and for longer periods. The cascading “sicker, quicker” 

phenomenon often confuses patients and their loved ones who have not studied CIRS. It baffles 

many people why they could work somewhere for years, but eventually, they can no longer spend a 

few minutes in the same building. Some people may get headaches, feel dizzy, become hoarse, feel 

short of breath, have nausea, and experience ringing or fullness in the ears. People have different 

ways of describing WDBs. They may characterize them as “stuffy, dark, stale, dank, musty, run-

down, cheap” or “dirty.” Sometimes the way someone describes a building provides information 

that they are not consciously processing.

After remediation and when the home has an acceptable ERMI or HERTSMI, HEPA filters 

can remove particles down to 0.3 microns. For smaller fragments, Air Oasis filters are a good 

choice. There is also an exciting product called AeroSolver. It employs a fogging solution to remove 

the smallest fragments and inflammagens from the air. Wipe up particulates once the fog settles. 
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Dehumidifiers can also discourage mold growth. These are helpful adjuncts but do not replace 

proper remediation.

Pets can also become sick from WDBs, and veterinarians are unlikely to know about mold expo-

sure. A case study from 2007 describes two Himalayan cats that died from pulmonary hemorrhage 

after Stachybotrys exposure. Doggy daycare, groomers and pet sitters are all potential sources of 

exposure. If a basement has water damage, it is not suitable for pets or humans to spend time there. 

Having litter boxes in basements or relegating animals to water-damaged areas is bad for the pets 

and ultimately, their humans. Basements typically have worse ERMIs and HERTSMIs.

In animals, symptoms to consider are cough, lethargy, vomiting, diarrhea, vocalized pain, unex-

plained weight loss/anorexia, neurologic issues like dizziness, ataxia or confusion, unexplained 

behavioral changes, and paw-shaking when no other sources of injury are apparent.

Children may spend time at daycare, in extra-curricular lessons or with family members outside 

of school. Each of these places can be a source of exposure and contamination. Ensure each of these 

places is safe by using PCR testing such as ERMI or HERTSMI.

Other sources of biotoxin illness include ciguatera from fish, Lyme and Babesia from ticks, algae 

blooms and cyanobacteria, Pfiesteria from waterways, Mediterranean spider bites and lionfish. Even 

if WDB exposure was not the event that made a person sick, anyone with a low MSH (who has had 

the same final common pathway of inflammation triggered) could be made sicker with mold expo-

sure. People who have had a chronic illness from Lyme disease can become increasingly sensitive 

to mold. They are frequently made ill from moldy buildings and may not know it. Instead, they can 

find themselves on unnecessary courses of antibiotics when in fact, their home is causing continued 

inflammation.

3.3  STEP 2: CHOLESTYRAMINE AND WELCHOL

Action: Cholestyramine 4 grams QID or Welchol 625 mg two pills TID with food.

Goal: Reduce biotoxin load to pass VCS.

Pediatric Considerations: Cholestyramine 60 mg/kg/dose TID, 60–120-lb children 4 mg TID. 

Welchol 20 kg = 1 tab, BID.

Biotoxins are small, negatively charged compounds that continuously cycle through the bile in a pro-

cess called enterohepatic circulation. The bile is conserved in this process, and because the biotox-

ins remain in the bile, they do not leave the body by normal physiologic processes. Cholestyramine 

(CSM) has long polystyrene chains with side groups of positively charged nitrogen (quaternary 

ammonium). The electrostatic interaction holds toxins in the gut and therefore prevents enterohe-

patic recirculation. The shape and size of the positive charge interact with a net negative charge 

found in parts of biotoxins. Treat Lyme with 30 days of antibiotics before administering CSM. 

Omega 3s and the non-amylose diet should be used at least 10 days before starting CSM.

The biotoxin and CSM can then leave via the digestive system. Each dose of CSM will reduce the 

amount of biotoxins in the body. Pre-medicating with a week’s worth of high-dose fish oil (eicosa-

pentaenoic acid [EPA] 2.4 grams and docosahexaenoic acid [DHA] 1.8 grams) and for the first 5 

days after initiation of CSM can reduce the intensification reaction that occurs as these biotoxins 

leave the body. Patients are dosed with 4 grams of CSM four times a day.

CSM can cause nausea, reflux and constipation. Use magnesium citrate to reduce constipation, 

the most common side effect. CSM is a very safe medication, as it does not enter the bloodstream. 

Mix CSM with water. One may eat 30 minutes after taking CSM. It is also important to fast for at 

least 60 minutes after eating before taking a dose of CSM. If the patient has difficulty tolerating 

the pharmaceutical formulation, use a compounded version of CSM without sugar, aspartame or 

additives. Sensitive patients can start slowly with a tweezer full of CSM and titrate as tolerated. 

The VIP protocol outlined in The Art and Science of CIRS Medicine prepares the most sensitive 

patients for binder.
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CSM is a cholesterol binder called a bile acid sequestrant. It should be dosed 4 hours after medi-

cations like Synthroid, digitalis, beta-blockers, valproic acid, warfarin and antibiotics. It can also 

bind to fat-soluble vitamins A, C, D and E. The use of this medication to remove biotoxins is off-

label, and the physician should have the patient sign a consent.

Welchol is an alternative for those who cannot tolerate CSM but is only about a quarter as effec-

tive because it has fewer positive charges to bind the biotoxin. Patients with multiple chemical sen-

sitivity may be able to tolerate Welchol. It can be dosed with food and comes in pill form, which is 

more convenient than CSM.

Ultimately, the goal is to remove as much of the biotoxin load as possible and pass the VCS. Repeat 

the VCS monthly. If there is no improvement, look for another source of biotoxin exposure and check 

for patient compliance. Then, eliminate MARCoNS for continued improvement of symptoms.

Before entering a new and unknown building, pre-medicating with CSM is advisable. Dosing 

with full-strength CSM for several days afterward, as described earlier, may be needed if the build-

ing is water damaged. Look for resolution of symptoms and improvement of the VCS.

It should be clear that the inflammatory proteins, lipid-soluble anions 1.4 angstroms in size, are 

not amenable to charcoal, clay, chlorella, zeolite or other common “natural” binders. Only okra and 

beets have shown pre-clinical promise. The goal is not binding mycotoxins (in fact, most people are 

sick from actinomycetes); instead, the goal is to remove the inflammatory compounds that traffic 

through the liver and saponify in the bile. Each time the gall bladder contracts, a load of inflamma-

tory proteins finds its way into the gut, which can be removed by a proper anion binder or remixed 

through enterohepatic circulation back into the body.

Okra (Abelmoschus esculentus) possesses several important biological activities, including anti-

oxidant, anti‐inflammatory and immunomodulatory, antibacterial, anticancer, antidiabetic, organ 

protective and neuroprotective action. Okra effectively binds to bile acids (34% compared with 

CSM 100%).

Because of its high mucilage, okra is also used in traditional medicine as a dietary meal to treat 

gastric irritation. A 2014 laboratory study reported a non-specific interaction between high–molecu-

lar weight polysaccharides from okra fruits and Helicobacter pylori surface. Okra prevented H. 

pylori from adhering to stomach tissue. Okra polysaccharides are antioxidants, and clinical effects, 

including blood glucose and insulin regulation, are attributed to this property. Okra’s antioxidant 

effects in diabetes models may be from PI3K/AKT mTOR pathway–medicated Nrf2 transport.

In the last decade, beet juice has become a highly studied supplement to improve nitric oxide 

(NO) production in the laboratory and in human studies. Beets bind to bile acids (54% binding vs. 

CSM 100%). CSM (Questran) is a potent toxin/mycotoxin binder.

At this stage, the practitioner can consider adding Rg3/Nicotinamide nasal spray to reduce fur-

ther neuroinflammation. Rg3 is one of several triterpene saponins (ginsenosides) found in the plant 

genus Panax (including Asian or Panax ginseng and American ginseng or Panax quinquefolius). 

Rg3 is produced by steaming the ginseng root and then, extracting and isolating the Rg3 constitu-

ent. Laboratory studies report that Rg3 extracted from Panax ginseng is neuroprotective, helping to 

decrease microglial activation and neuroinflammatory processes. Rg3 may have anti-inflammatory 

activity via cyclooxygenase-2 (COX-2) inhibition and reduction of inducible nitric oxide synthase 

(iNOS) and pro-inflammatory cytokine expression, including tumor necrosis factor (TNF)-alpha 

and interleukin (IL)-1B.

Nicotinamide riboside (NR) is a form of vitamin B3 found in cow’s milk. Laboratory studies 

report that administration of NR increases nicotinamide adenine dinucleotide (NAD+) levels in 

yeast and cultured human and mammalian cells. NR may be incorporated into the cellular NAD+ 

pool via the action of the Nrk pathway or nicotinamide (NAM) salvage after conversion to NAM 

by phosphorolysis. Laboratory studies have reported a neuroprotective role for NAD+. NR is a 

unique precursor to nervous system health when de novo synthesis of NAD+ from tryptophan is 

insufficient. In laboratory studies, NR supports neuronal NAD+ synthesis without inhibiting sirtu-

ins, which are essential regulators of metabolism and longevity. Stimulation of NAD+ production 
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may decrease axonal degeneration in laboratory studies. Axonal degeneration occurs after physical 

damage to axons upon traumatic injury. Axonal injury is involved in various neuropathological con-

ditions, including diabetic neuropathies, demyelinating diseases and neurodegenerative diseases, 

including Alzheimer’s disease, amyotrophic lateral sclerosis (ALS) and Parkinson’s disease. NAD+ 

is a rate-limiting co-substrate for the sirtuin enzymes and helps regulate sirtuin function and subse-

quent regulation of oxidative metabolism.

Aberrant, very long-chain fatty acids (VLCFAs) accumulate in cell membranes in a dysfunc-

tional pattern that affects cell metabolism. These VLCFAs form “lipid rafts” and ceramides, which 

augment inflammation and destabilize membrane structure. These abnormal folds are an epigenetic 

insult and can normalize with butyrate and phospholipid supplementation. Specialized testing from 

Johns Hopkins shows increases in trans isomers, saturated odd fats, VLCFAs, and renegade fats.

Use phosphatidylcholine 1.8 mg BID to repair the outer membrane and double lipid bilayer of 

mitochondria. Omega 6/3 at a ratio of 4:1 improves membrane fluidity. Butyrate uses short-chain fatty 

acids (SCFA) to cause beta-oxidation of abnormal long-chain fats and “burn off” of VLCFA from 

the membrane. If tolerated, wheat germ oil helps strengthen structural lipids in the membrane. Lipid 

supplementation can be initiated right after the first appointment. Butyrate use comes afterward.

Dr. Patricia Kane wrote about how Lyme spirochetes will preferentially use these aberrant 

VLCFAs to travel and feed. The VLCFA provides a rigid structure for the flagellum to move and 

thus feed on the sphingomyelin, oxidized cholesterol and lipid rafts themselves.

3.4  STEP 3: ELIMINATE MARCoNS

Action: 0.25% EDTA two sprays each nostril TID for 6 months, at least a month after binders.

Goal: Eradicate MARCoNS with EDTA and confirm the absence of MARCoNs with culture 

from MicrobiologyDX after 2 weeks off the spray. Eradication of MARCoNS must pre-

cede VIP treatment.

Pediatric Concerns: Test after 15 years of age, 0.25% EDTA one spray BID–TID per day.

MARCoNS are multiple antibiotic-resistant coagulase-negative staphylococci that reside in the deep 

nasopharynx. Perform a nasal swab to determine colonization. The bacteria form a self-protective 

biofilm, which can encourage differential gene activation. The biofilm creates hemolysin proteins, 

which trigger continual cytokine production. MARCoNS then cleave MSH and form exotoxins. 

MARCoNS are very common in CIRS patients with low MSH. The presence of MARCoNS will 

reduce MSH and prevent the patient from healing. Children will usually not have MARCoNS before 

the age of 15. Test younger children who are not improving.

Use 0.2% EDTA, with or without MucoLox as a first-line medication. Some patients may need to 

stay on EDTA spray for the remainder of treatment for 1 to 2 years. Avoid anti-fungal medications, 

especially itraconazole, since these close the VDAC receptor, worsen aerobic glycolysis and further 

injure the brain. Indiscriminate anti-fungal use also increases MARCoNS resistance.

Re-acquisition of MARCoNS can occur if patients have close contact with dogs or individu-

als with low MSH and MARCoNS. Patients should wash their hands after petting their dogs 

and avoid sharing a bed with dogs. If needed, a veterinarian can culture for MARCoNS through 

MicrobiologyDX and treat them with EDTA spray. Cats rarely harbor MARCoNS.

If the patient feels worse during treatment, use high-dose fish oils in the manner we use dur-

ing CSM treatment (7 days prior and 5 days after with EPA 2.4 grams and DHA 1.8 grams). After 

treatment, repeat culture and VCS test. A negative MARCoNS test is needed to proceed with VIP.

3.5  STEP 4: CORRECT ANTI-GLIADIN ANTIBODIES

Action: Eliminate gluten and retest anti-gliadin antibodies (AGA).

Goal: Negative AGA or continued avoidance of gluten.
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CIRS patients can have positive AGAs and not be able to tolerate gluten well. This sensitiv-

ity is more common in children than adults. If the patient has a positive AGA, the patient 

should avoid gluten for at least 3 months and retest. If the AGA is normal, reintroduce gluten 

if desired. Many people will not feel as well on gluten, and for these individuals, permanently 

eliminating gluten is wise. A positive tissue transglutaminase antibody (tTG) signifies celiac 

disease and the need to eliminate gluten for life. After ruling out celiac, the physician can opt 

for a full food sensitivity panel at this point for a complete dietary review. Do this step concur-

rently while using CSM and EDTA.

3.6  STEP 5: CORRECT ANDROGENS

Action: Use VIP or dehydroepiandrosterone (DHEA) 25 mg TID for 30 days and monitor 

estradiol.

Goal: Normalize androgens and aromatase.

Pediatric concerns: 20 kg = 1/4 adult dose.

Problems with androgens are seen in somewhere between 40% and 50% of CIRS patients. Check 

aromatase along with DHEA, testosterone and estradiol. Because aromatase converts testosterone 

to estradiol, replacing testosterone in a high-aromatase patient will increase estradiol in men. For 

these reasons, testosterone replacement can be counterproductive and may exacerbate symptoms. 

VIP can normalize androgens. If VIP does not optimize androgens, use DHEA cautiously while 

closely monitoring estradiol.

3.7  STEP 6: CORRECT ADH/OSMOLALITY

Action: Desmopressin 0.2 mg every other night for a total of five doses. Monitor electrolytes 

and ADH/osmolality closely (at least once every 10 days).

Goal: Normalize ADH/Osmolality.

Pediatric Concerns: DDAVP one to four sprays per day only if absolutely needed (for exam-

ple, a patient has postural orthostatic tachycardia syndrome or acquired von Willebrand’s 

disease).

ADH and osmolality dysregulation is common in CIRS and affects about 60–80% of patients. 

The most common manifestation of this is low ADH accompanied by increased thirst, head-

aches that mimic migraines, static shocks, frequent urination and dehydration. Some individuals 

with low ADH can exceed the sweat chloride of people with cystic fibrosis. Desmopressin is the 

treatment of choice. Monitor ADH/osmolality, electrolytes, daily weights and ankle swelling. 

Watch for low sodium and low osmolality. Symptoms of nocturia and polyuria should stabilize 

in 1 week.

Acquired von Willebrand’s factor (vWF) can also be normalized with this step. Acquired von 

Willebrand’s deficiency can cause a patient to bleed profusely and have an inability to clot nor-

mally. Patients with acquired vWF bleeding need to carry DDAVP with them when they travel. 

Acquired von Willebrand’s deficiency is the loss of the ability to form clots via the formation of von 

Willebrand’s multimers (low ristocetin associated cofactor, low multimer formation and low von 

Willebrand’s antigen are common in labs). The multimers are polymers of monomers that cannot 

form in some individuals with elevated C4a and patients with hematologic cancers.

3.8  STEP 7: CORRECT ELEVATED MMP-9

Action: Use EPA 2.4 grams/DHA 1.8 grams. VIP, when indicated in the protocol, will 

improve MMP-9.
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Goal: Decrease MMP-9 and increase peroxisome proliferator-activated receptor.

Pediatric Concerns: 20 kg = 1/4 adult dose of EPA/DHA.

The next step is normalizing MMP-9. MMP-9 causes inflammation of the nervous system, lungs, 

muscles, blood vessels and joints. Safely reduce high MMP-9 with high-dose fish oil (EPA 2.4 

grams/DHA 1.8 grams). The dose of fish oil is the same dosage discussed earlier in pre-medication 

for the CSM and MARCoN steps. Initiate a no-amylose diet, which excludes gluten, rice, bananas 

and all vegetables grown underground (except garlic and onions). TNF, PAI-1, leptin and VEGF 

may also normalize in this step.

Actos has been used along with an amylose-free diet to reduce MMP-9 in individuals with leptin 

over 7. There is concern over long-term Actos use regarding bladder cancer, making its use less 

appealing.

3.9  STEP 8: CORRECT VEGF

Action: Use high-dose fish oil (EPA 2.4 grams/DHA 1.8 grams) to increase low VEGF. VIP, 

when indicated in the protocol, will improve VEGF.

Goal: Normalize VEGF by raising a low VEGF or lowering a high VEGF.

Pediatric Concerns: 20 kg = 1/4 adult dose of EPA/DHA.

Correlate low VEGF with VO2 max on pulmonary function testing. Abnormal VEGF frequently 

normalizes by the same means as MMP-9. Correcting VEGF will improve breathing, fatigue and 

cognition and reduce muscle cramping. Patients with low VEGF will have capillary hypoperfusion, 

which must be corrected. Use a program of daily graded exercise to optimize capillary perfusion.

3.10  STEP 9 CORRECT HIGH C3a

Action: Use a high-dose statin (like atorvastatin 80 mg) and pre-medicate with 10 days of 

Coenzyme Q10, 200 mg per day, and monitor patients on warfarin.

Goal: Reduce high C3a.

It is essential to do a complete metabolic panel with fasting glucose to monitor liver function and 

detect hyperglycemia. C3a rises within 12 hours of a tick bite with a bacterial membrane in those 

who develop Lyme disease. Look for infections and correlate with GENIE.

Proper antibiotic treatment for Lyme must take place for a month before addressing the reduction 

of C3a. Repeat labs after antibiotic treatment. Non-HLA-susceptible patients may obtain a resolu-

tion of C3a, C4a and VCS after antibiotics alone. No change in C3a and a rise in C4a 1 week after 

treatment indicates ongoing exposure to WDBs. A rise in C3a and C4a 1 month after treatment 

signifies active Lyme disease and the need for additional antibiotic treatment. The patient must be 

pre-medicated with Coenzyme Q10 for 10 days and then given a high-dose statin such as atorvas-

tatin 80 mg to reduce C3a afterward. Alternatively, use red yeast rice 600 mg BID. Monitor liver 

enzymes after 1 month.

3.11  STEP 10: CORRECT HIGH C4a

Action: Use VIP to reduce high C4a.

Goal: Reduce high C4a.

One of the many things VIP corrects is high C4a. C4a tends to self-resolve as a patient completes the 

previous treatment steps and avoids re-exposure. The use of VIP is safe, fast-acting, and effective. 

If a patient meets the criteria and tolerates VIP, it is a great way to lower C4a.
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3.12  STEP 11: REDUCE HIGH TGFβ-1

Action: Use VIP or losartan 25 mg BID to reduce TGFβ-1 and monitor blood pressure. 

Hypotension is a contraindication for losartan.

Goal: Reduce high TGFβ-1.

Pediatric Considerations: Losartan 0.6–0.7 mg/kg/day divided BID.

High TGFβ-1 causes several pathologic conditions. High TGFβ-1 and MMP-9 cause tissue remodel-

ing by epithelial to mesenchymal transformation (EMT), including restrictive lung disease. EMT 

transforms a normal cell into one that is fibrotic and ineffective. Increased TGFβ-1 may occur in 

conditions like multiple sclerosis, tics, tremor and even a Parkinson-like illness. Autoimmune disor-

ders like Crohn’s disease and rheumatoid arthritis can respond favorably to reducing TGFβ-1. Nasal 

and vocal cord polyps may develop, but gastrointestinal polyps are not associated with high TGFβ-1. 

Either VIP or losartan can lower TGFβ-1. Before the advent of VIP, Procrit was used to correct C4a 

levels, but it is no longer the treatment of choice.

3.13  STEP 12: REPLACE LOW VIP

Action: Use VIP 50 μg QID supplementation after meeting all requirements. Higher or lower 

doses may be appropriate.

Goal: Normalize transcriptomics and NeuroQuant® and improve the patient’s symptoms.

This 28–amino acid peptide is produced in the body and binds to 2 different VIP receptors. 

When given in the form of a nasal spray, VIP dilates blood vessels to improve circulation, reduces 

inflammation, heals the brain and corrects underlying gene expression abnormalities. We do not 

know of any other treatment that achieves the same results. Titrate VIP nasal spray for maximum 

clinical benefit.

Although we do not check VIP levels with labs, this is the last step of the protocol. Start VIP after 

the patient no longer experiences mold exposure, registers an ERMI of less than 2 and a HERTSMI 

of less than 11, Actinomycetes <15, has a negative VCS test, a negative MARCoNS test and a nor-

mal lipase, and signs a waiver to start.

Give the first dose of VIP in the office after a baseline TGFβ-1. Then, one spray of VIP is given, 

followed by a second TGFβ-1 test performed 15 minutes later. The TGFβ-1 should not rise.

If lipase rises at 30 days, the patient could develop pancreatitis. High lipase is a contraindica-

tion for VIP. Rising TGFβ-1 is associated with ongoing mold exposure. The doctor must check for 

rashes, changes in blood pressure, and improvements in breathing and cognition, which can occur 

within minutes. Consult with the patient every month to see progress, check lipase level and watch 

for side effects of headache, dizziness, syncope or abdominal pain. While patients are using VIP 

nasal spray, they must monitor their blood pressure and pulse daily. Monthly laboratory testing is 

required and should include at a minimum a complete blood count with differential, comprehensive 

metabolic panel, amylase and lipase.

VIP corrects many of the protocol steps and can normalize NeuroQuant® studies and transcrip-

tomics. VIP can correct vitamin D, T regulatory cells, androgens, aromatase, MMP-9, VEGF, C4a, 

TGFβ-1 and of course, VIP levels. Treatment with VIP should also normalize PASP. It can also 

reduce extreme hypersensitivity to the inflammagens found in WDBs by normalizing MASP2. VIP 

can increase endorphin production and reduce symptoms of multiple chemical sensitivities (MCS) 

and chronic fatigue syndrome (CFS).

Hopkinton Drug ships VIP with an icepack, but VIP should not be frozen. The medication 

should be refrigerated and stored upright (placing it in a mug that will not tip over is a good idea). 

It can be stored for 90 days and diluted for those who need to titrate to the recommended dose. One 

full-strength bottle of 24 ml typically provides eight × 50 μg/spray per day for 1 month. Dose VIP 
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for 6 to 12 months, then taper down to low maintenance doses. Maintenance dose requirements can 

be less than once per day.

Dr. Scott McMahon has aptly outlined how VIP can help a variety of CIRS patients. VIP can 

help with unresolved fatigue, cognitive issues, multi-nuclear atrophy (including caudate atrophy), 

exercise intolerance, multiple chemical sensitivity, those not responding well, and those looking for 

maximal recovery. VIP is a potent anti-inflammatory peptide and neuroimmunoregulatory pep-

tide, which can correct MARCoNS, PASP, capillary hypoperfusion (may even include helping ED), 

androgens, exercise tolerance, polyuria/nocturia, MMP-9, VEGF, C4a and TGF β-1. However, VIP 

must be done in the proper sequence to achieve maximum benefit.

For the sensitive patient, start VIP at 1:10 dilution (50 μg/ml = 5 μg/spray). Build to eight sprays 

per day. Perform two sprays in one nostril. Upon reaching day 16, if tolerated, switch to full-strength 

VIP 1:1 (500 μg/ml = 50 μg/spray). Then, titrate to 12 doses per day in the form of three sprays QID.

Very sensitive patients may need to start with a 1:100 dilution (5 μg/ml and 0.5 μg/spray) 

(Table 3.1).

VIP treatment is the phase that induces the most profound corrections to the brain and the genome. 

Twelve doses daily × 6 months is the studied dose that demonstrates effectiveness in resolving CIRS. 

Repeat NeuroQuant® 6 months after beginning the full-dose regimen. Final check to verify stabil-

ity off medications includes all labs and MRI with NeuroQuant®. Monitor patients’’symptoms.

3.14  GRADED EXERCISE

Start an exercise regimen to increase the anaerobic threshold. The patient should work up to 15 

minutes of cardiovascular exercise, 15 minutes of weights and 15 minutes of abdominal exercise 

performed daily. Slowly titrate as tolerated, and perform every day without exception.

3.15  RE-EXPOSURE TRIALS

A re-exposure trial can prove that the building in question caused the clinical symptoms. A require-

ment is that the patient has undergone adequate treatment. At that point, the medications are stopped 

for 3 days while baseline VCS and labs (C4a, MMP-9, TGF β-1, VEGF and factor VIII) are mea-

sured. The patient is re-exposed to the building for 8 hours at a time for three consecutive days. Labs 

are performed the morning of the first day before exposure and the next three mornings following 

exposure. C4a and TGF β-1 will increase on Day 1. VEGF will increase on Day 1 and fall by Day 

3. Factor VIII decreases on Day 1 and normalizes by Day 3. Leptin increases, and VCS becomes 

abnormal on Day 2. By Day 3, vW antigen and ristocetin cofactor may drop, and bleeding can 

begin. On Day 3, MMP-9 increases as well. The patient should also record their symptoms. These 

TABLE 3.1

Day and Dosing

Day Dosing

1–2 1 spray AM

3–4 1 spray AM, PM

5–6 1 spray AM, late morning, pm

7–8 1 spray AM, late morning, late afternoon, PM

9–10 2 sprays AM, 1 spray late morning, late afternoon, and PM

11–12 2 sprays AM, 1 spray late morning and late afternoon, 2 sprays PM

13–14 2 sprays AM, and late morning, 1 spray late afternoon, 2 sprays PM

15–16 2 sprays AM, late morning, late afternoon, and PM
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labs follow a predictable pattern and can prove that a particular building is the cause of illness. The 

patient is then re-treated using the protocol to restore health.
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Pediatric Chronic Inflammatory 

Response Syndrome

Scott W. McMahon

4.1  INTRODUCTION

Pediatric medical care is terrifying to some practitioners. It is well known that children are not 

“small adults.” Their physiology is different. Their medication dosing and side effect profiles can 

differ. Their compensatory mechanisms vary from those of their elders. Even within pediatrics, dif-

fering age groups show dissimilarities to each other.

All these and other diversities are true of pediatric CIRS (chronic inflammatory response syn-

drome). Perhaps the biggest difference is in the amount and type of medical research. While many 

mold-based illness studies have been performed on children, most have looked at allergy and 

asthma, and considerably fewer at CIRS specifically. There are far more CIRS studies published 

in adults. Fortunately, this author has evaluated roughly 900 children for CIRS and maintained a 

searchable database on each. As such, some of the data presented in this chapter is pending pub-

lication. Almost all of the unpublished data herein has been presented at international and peer-

reviewed CIRS conferences.1–4

4.2  HISTORY

The same 37 diagnostic CIRS symptoms are used in children as in adults, but there are caveats. For 

instance, how does one elicit a history of unusual (neuropathic) pains or metallic taste from a 5-year-

old? How would one detect easy confusability in a child just celebrating their third birthday? Can 

a 6-year-old distinguish vertigo from dizziness? Many adults cannot! Even if small children could, 

would they be able to articulate that distinction?

These questions point out two important differences between children and adults when review-

ing the diagnostic symptom roster. First, some questions have to be reworded to allow a parent 
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a reasonable opportunity to answer correctly. For an adult, regarding generalized weakness, one 

might ask if physical strength and/or endurance have changed over the previous few years. For a 

small child, asking if the patient has the same amount of strength and endurance as their playmates 

is more likely to generate a useful response. Questions about fatigue could be asked directly to those 

who are ten or older. Younger pediatric patients might display fatigue by “being a couch potato” or 

avoiding play in active games with their peers.

Secondly, some of the symptoms simply cannot be discerned, no matter how attuned the 

guardian is to their child’s behaviors. It just is not possible to determine whether a 2-year-old has 

a metallic taste, ice pick pains or vertigo, for example. A CIRS diagnostic roster of symptoms 

specific for pediatrics could be established, but left untreated, children will develop all the same 

symptoms adults do. As such, no new scale has been created; rather, expectations have been 

adjusted.

Another observation is that even children with enough self-awareness to answer all symptom 

questions by themselves (usually by 10 years) have fewer symptoms, fewer symptom clusters and 

not as many body systems involved as teenagers and adults. Lower standards are set for youngsters 

for both consideration of possible CIRS and CIRS diagnostic criteria. Manifesting fewer symptoms 

presumably is related to less time with and less exposure to toxins, inflammagens and microbes 

found in water-damaged buildings (WDB), but no specific study has documented this in the lit-

erature. CIRS youths possessing one (or two) predisposing HLA haplotype(s) are born with such 

susceptibility. There is potential exposure even in utero, but it is also possible a child may not get 

their first WDB exposure until starting school, their first job or when they leave home for life in 

a college dormitory. Without exposure, CIRS will not develop. Patients with fewer exposures and 

less time in those exposures may be more difficult to diagnose as they are earlier in the continuum 

of disease and less likely to have a startling number of symptoms and accumulation of abnormal 

laboratory tests.

For all of these reasons, expectations are adjusted. Age group criteria have been created regard-

ing when to consider CIRS and how to make the diagnosis. With the former, a child <8 years old 

with 5 of the 37 diagnostic symptoms would be highly suspect. In another youth, aged between 8 

and 11 years, 8 positive symptoms would garner attention about a possible diagnosis. For children 

≥11 years, somewhere around 13 symptoms would garner CIRS interest. A 12-year-old could have 

CIRS with 11 or 12 symptoms, as could an adult, particularly if the illness is nascent, but the likeli-

hood is lower with fewer symptoms, as diagnostic criteria are actually based on symptom clusters 

and not the raw number of symptoms.

Children who meet the aforementioned symptom raw counts should have screening laboratory 

tests or a full complement of CIRS proteomic testing to establish diagnosis. Do not forget that 

children approximating 5–6 years or less may present with a single symptom, such as chronic head-

aches, recurrent abdominal distress, persistent fatigue or enduring myalgias often misdiagnosed as 

“growing pains.” Here lies a golden opportunity to diagnose CIRS early, when treatment is simple 

and resolution of symptoms is often complete. Proteomic testing confirms or disproves the diag-

nosis easily. However, these complaints are often ignored or trivialized by pediatricians who are 

unaware of mold-based illnesses.

4.3  DIAGNOSTIC CRITERIA

Three peer-reviewed diagnostic methods have been published in the medical literature. Dr. Ritchie 

Shoemaker,5 the discoverer of CIRS, developed a three-tiered case definition (CD) in 2006. He 

created it as a direct parallel from the Centers for Disease Control (CDC)’s CD regarding PEAS 

(Possible Estuarine-Associated Syndrome), the very first6 CIRS discerned. In 2008, the U.S. GAO 

(Government Accountability Office) published their treatise on water damage in interior spaces7 and 

contributed a three-tiered algorithm (CD) to determine causation of any mold-based illness. This 

CD exactly paralleled Shoemaker’s diagnostic criteria published 2 years earlier.
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For both the Shoemaker and GAO CDs, the first criterion to establish is that there is an indoor 

mold exposure. This is confirmed by any of the following three: presence of visible mold, presence 

of musty or mildewy odors, or commercial testing revealing amplified levels of mold inside the 

structure in question. One of the CDC’s guidance documents indicates that if you can see the mold 

or smell the mold, then remediation is required,8 and commercial testing is usually not needed. As 

a side note, an Environmental Protection Agency (EPA) guidance document suggests proper reme-

diation requires donning the equivalent of a Hazmat suit and respiratory tract protection.9 Do not 

assume the U.S. government is not aware of the mold problem!

The second criterion for both CDs is demonstrating the patient has (subjective) symptoms and 

(objective) signs consistent with what the proposed mold-based illness has been documented to 

show in the peer-reviewed animal or human medical literature. Shoemaker’s group has published 

31 peer-reviewed articles with many defining the 37 diagnostic symptoms, the 7 common physical 

exam findings and 10 diagnostic laboratory tests along with >10 other non-diagnostic biomarkers. 

The signs and symptoms of CIRS are well established in the peer-reviewed literature.

The final CD criterion is to show improvement with appropriate therapy. The first two steps in 

CIRS treatment are removal from (or remediation of) the offending exposure (typically one or more 

WDBs) and use of a binder, usually cholestyramine (CSM) or Welchol (colesevelam), though some 

use potentially weaker agents like clays, Chlorella, charcoal or nostrums sold as “detoxes.” Showing 

significant improvement in symptoms after one or more of these interventions meets this criterion, 

as does improvement of abnormal laboratory tests. Careful evaluation of potential confounders is 

indicated. Illnesses that might confound the symptoms are rarely found in the pediatric age group. 

Further, the presence of abnormal laboratory tests showing disruptions in the innate immune system 

effectively rules out all potential confounders save those that demonstrate biologically produced 

toxins and inflammagens.

CDs are excellent at defining an illness; Meeting these criteria ensures one has CIRS to a very 

high degree of likelihood, approximating 100% (almost nothing in medicine is absolute). However, 

the CDs suffer from the drawback of the third criterion – establishing improvement with appropri-

ate therapy. The first step toward healing requires moving out of or remediating the offending space. 

Sometimes, this step is not possible. Further, in day-to-day medical practice, diagnoses are rarely 

made after successful treatment. While evaluating the response to therapy is an important part of 

the differential diagnosis process, and therapeutic trials may be used for diagnostic purposes, few 

illnesses actually require a therapeutic trial to make the diagnosis. For this reason, an alternate 

means of making the diagnosis of CIRS was developed.

The third diagnostic approach10 requires demonstrating ≥6 symptom clusters and ≥4 abnor-

mal results of the 10 diagnostic lab tests in children <11 years. The method uses highly sensitive 

symptom clusters with highly specific abnormal laboratory tests to create a very effective tool for 

differentiating CIRS from other illnesses. These two criteria are combined, yielding the diagnosis 

of CIRS with an alpha error rate of 1.10 in 1,000,000 for small kids. Children ≥11 years, and adults, 

are diagnosed with at least 8 symptom clusters and at least 5 abnormal diagnostic labs with an alpha 

error rate of just under 1 in 5000 (p = 1.94 × 10−4).

There are other symptoms, in other body systems, that appear associated with CIRS but are not 

considered diagnostic. For instance, orthostatic hypotension is commonly found. A history of cold 

hands and/or feet is often elicited. Sleep issues such as difficulty falling off to slumber, frequent 

episodes of waking each night and non-restorative sleep are typical. Episodes of tachycardia, palpi-

tations, anxiety and even panic attacks are common. In women, irregular menses, severe cramping 

pain with menses (so bad the patient does not want to get out of bed) and extremely large flow (meno-

metrorrhagia, >10 pads a day) are often experienced. Other symptoms are noted but are not tracked. 

Anosmia, loss of taste and tinnitus are such symptoms of the special senses, whose frequency has 

not been calculated but which appear frequently. These “complete” the abnormalities of all five 

sensual senses, which include the diagnostic symptoms of skin sensitivity, neuropathic (unusual, 

burning) pains, metallic taste and photophobia/blurry vision. Diseases such as hypothyroidism and 
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Hashimoto’s thyroiditis appear more frequently than in the general population. Symptoms related 

to histamine release are also commonly described.

Most diagnostic symptoms are more frequent in older age groups. A reporting bias exists in the 

very young, as they are unable to articulate some experiences. The frequency of most symptoms 

should increase due to the progressive nature of the illness. In other words, when one is born, there 

are likely no symptoms and no systems involved. (One might have symptoms as a newborn, as 

intrauterine involvement is a possibility, but this has yet to be documented.) Teens with CIRS will 

typically have problems in at least six body systems with at least eight symptom clusters. Adults 

have more symptoms and on average, more systems involved. Looking at the age groups of 0–4.9 

years, 5–10.9 years, 11–18.9 years and ≥19 years, the average number of symptoms in untreated 

CIRS patients is 13.9, 17.9, 22.0 and 26.2, respectively.3 Clearly, there is an increase in abnormalities 

with time, demonstrating the progressive nature of CIRS. The most probable reason is persisting 

and recurring exposure chronically affecting the innate immune system.

Diagnostic symptoms by age group are shown in Table 4.1.

4.4  PATHOPHYSIOLOGY

Before continuing the discussion of CIRS differences between adults and kids, it would be useful to 

survey the most likely pathophysiology. First, note CIRS can be triggered by several different expo-

sures, including WDB,11 Lyme disease,12 cyanobacteria,13 Pfiesteria14 and Ciguatera.15 The common 

cold is caused by numerous viruses, all acutely activating the immune system with the “side effects” 

of overproduced cytokines causing the common cold symptoms. Likewise, toxins, inflammagens 

and microbes from WDB, and the other CIRS-causing microbes listed above, elicit the symptoms of 

CIRS through chronically overproduced innate immune system cytokines and their actions.

The properly functioning immune system includes adaptive and innate components. The former 

consist primarily of antibodies with which one is born, like isohemagglutinins, and antibodies that 

are created after birth. The latter are fashioned after an exposure with complex interactions between 

T- and B-lymphocytes, antigen presentation cells and more. This system evolves and is called the 

adaptive, or acquired, immune system. Humans are born with their innate immune system, which 

includes physical barriers to invasion (skin, mucous membranes and more), cells (neutrophils, mac-

rophages, lymphocytes, mast cells and natural killer cells, for example), chemicals (cytokines, che-

mokines, defensins and others) and receptors (pattern recognition receptors, or PRRs, of various 

types). The innate immune system serves to block infection, detect invasion of foreign particles 

once it occurs, eliminate invading organisms and activate the adaptive immune system. Effector 

mechanisms like phagocytosis, pinocytosis, antigen presentation, Complement, lysosomes, opso-

nization and more can be used by the innate and adaptive immune systems.

Should someone, with an active novel COVID-19 infection, cough or sneeze on someone who 

had never been exposed or immunized, hundreds or even thousands of viral particles could invade 

the latter’s body through the mouth and nose. Defensive units on the mucosa of the entire respiratory 

tract monitor each landing particle, evaluating markers on each particle’s surface indicating whether 

the particle is “self” or “foreign.” Particles identified as self are not harassed. Some foreign par-

ticles may have already worked out a peace treaty, or so-called “tolerance,” with the innate immune 

system and are tolerated. Candida albicans is an example. Other particles are deemed pathogenic. 

Markers are then placed on their surfaces indicating the need for destruction.

Since COVID-19 is a novel virus, scientists believe nobody, or very few people, has native anti-

body protection against it. As such, the innate immune system handles the fight alone using a 

variety of immunologic techniques. At the same time, the virus is replicating and trying to have its 

way. A figurative battle ensues, and it may take the human host several days, or several weeks, to get 

the upper hand. During this time, overproduction of pro-inflammatory cytokines and chemokines 

leads to various reactions of immune cells, and the results are the side effects of such interactions. 

Headaches, fevers, myalgias, chills, arthralgias and more are common. Communication between 
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TABLE 4.1

Average Percentage, by Age Group, of Each Symptom

Symptom 0–4.9 years 5–10.9 years 11–18.9 years ≥19 years

Fatigue 60.7 73.3 87.9 97.0

Weakness 39.3 49.2 76.4 93.5

Aches (Myalgias) 64.3 60.0 65.0 85.9

Cramps 10.7 25.0 56.1 68.4

Unusual pains 10.7 32.5 35.0 63.2

Ice pick pains  7.1 27.5 45.2 54.6

Lightning bolt pains 14.3 20.8 41.4 54.3

Headaches 60.7 71.7 84.1 80.4

Light sensitivity 60.7 63.3 70.7 84.2

Red eyes 42.9 38.3 40.8 54.3

Blurry vision 25.0 51.7 75.2 81.3

Tearing 14.3 41.7 62.4 60.7

Sinus problems 71.4 56.7 66.2 69.0

Cough 60.7 50.0 55.4 62.9

Shortness of breath 28.6 38.3 59.2 76.4

Abdominal pains 67.9 76.7 65.6 68.2

Diarrhea 50.0 33.3 29.9 45.4

Joint pains 35.7 37.5 57.3 81.5

Morning stiffness 17.9 20.8 39.5 67.0

Numbness  7.1 35.8 49.0 71.4

Tingling  7.1 29.2 51.6 71.4

Metallic taste  3.6 27.5 31.2 50.7

Vertigo  7.1 21.7 39.5 58.6

Memory loss 14.3 50.0 73.9 87.8

Focus/concentration issues 50.0 72.5 79.0 83.2

Easily confused 28.6 60.8 75.2 71.7

Difficult assimilation of new knowledge 17.9 52.5 54.8 67.7

Loss of word finding 50.0 62.5 81.5 89.4

Disorientation  3.6 18.3 39.5 48.0

Skin sensitivity 39.3 40.8 46.5 63.4

Excessive drinking 71.4 71.7 74.5 76.0

Excessive urination 75.0 65.0 57.3 84.1

Static shocking 25.0 40.0 41.0 58.3

Excessive sweating 57.1 50.8 54.8 68.3

Mood swings 67.9 85.8 84.1 82.3

Temperature dysregulation 57.1 56.7 70.1 83.7

Appetite swings 78.6 74.2 78.8 63.1

Tremors  0.0 30.0 62.6 62.5

Source:  McMahon SW, Experience with the first six years, Oral presentation at: State of the Art CIRS III; 

October, 2016; Irvine CA.

Note:  The average percentage of persons in each CIRS age group experiencing the indicated symptom 

before treatment.
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T-lymphocytes and B-lymphocytes, via antigen presentation, leads to eventual antibody produc-

tion, but it will be far too late for this fight. As the innate immune system wins the war, and viral 

particles are cleared, anti-inflammatory substances such as VIP (vasoactive intestinal polypeptide) 

and MSH (α-melanocyte stimulating hormone) are released to bring the state of the immune system 

out of “battle mode” and back into more of a “surveillance mode.” Even after the infection has been 

defeated, the development of novel antibody continues for a season, then starts to wane, as all new 

antibodies do, at around 3 months out.

Should the same person be coughed or sneezed upon again, with the same COVID strain, 4 

months later, the same process begins again. Invading viral particles are detected, markers are 

placed and the innate immune system revs up its war machine. However, circulating monoclonal 

antibodies specific for this virus’s antigen(s), like snipers, take out the threat in a matter of hours 

instead of days or weeks. Additionally, as antigen is detected by the innate immune system and pre-

sented to B-cells, additional specific antibody is produced. If it has been a very long time since the 

initial infection, there may need to be a short period of ramping up of specific antibody production 

first, as natural immunity wanes significantly after about 3 months.

Five important concepts arise from this scenario. 1) These systems as described employ numer-

ous cascades. Cascades, by definition, do not respond linearly, but geometrically. 2) The innate 

immune system is looking at markers with its PRRs, like TLRs (Toll-like receptors) and CLRs 

(C-type lectin receptors). TLRs sense a number of different microbial types by identifying PAMPs 

or the host’s DAMPs (pattern-associated molecular patterns and danger-associated molecular 

patterns); CLRs sense sugar moieties commonly found on either bacteria or fungi. PRRs detect 

molecular patterns;16 they do not determine whether the possessor of such a pattern is a living 

microbe bent on propagating or a chemical in the fragment of an old, dead microbe’s cell wall. 3) 

If a PRR detects the molecular pattern (PAMP) of an offending organism, or a DAMP, the PRR 

activates the innate immune system regardless of whether the offender is an active microbe or 

the fragment of a microbe. 4) If there is no antigen presentation, if antigen presentation is defec-

tive or if the result of antigen presentation creates a subpar antibody (a permissive epitope), then 

the adaptive immune system’s cavalry (antibody snipers) will not ride in and save the day. When 

this happens, and invasion of fragments or live microbes occurs, the innate immune system must 

handle the situation by itself. 5) Initial and prolonged activation of the innate immune system 

releases cytokines and triggers inflammation. If antibodies quell a response in hours, generated 

inflammation will be significantly less than if the innate immune system stops a perceived threat 

over days to weeks.

This background serves as a series of building blocks for understanding how CIRS is initiated. 

The countdown to CIRS begins in most people with a predisposition toward the illness found in the 

HLA DR region of chromosome 6. Looking specifically at the alleles found in HLA DRB1, HLA 

DQ and the presence or not of HLA DRB3, B4 or B5, a few haplotypes emerge as being found in 

>88% of persons17 diagnosed with CIRS. In fact, these haplotypes are so frequent that they describe 

a relative risk >2.0 for developing CIRS over persons with “good” haplotypes. Three other allele 

combinations provide a lower, but still substantial, relative risk, such that only 1.2% of persons 

developing full-blown CIRS do not have at least one of these highest- or higher-risk haplotypes. 

Additionally, only around 25% of the normal population carries a high-risk haplotype. Put another 

way, 75% of the population carry two low-risk haplotypes and only 1.2% of CIRS patients carry two 

low-risk haplotypes. The undesirable haplotypes lead to faulty antigen presentation (no antibody) or 

production of permissive epitopes of the key antibody. Faulty antigen presentation, by itself, is not 

sufficient to develop CIRS.

Without exposure, no one acquires CIRS. Neither the presence nor absence of a predispos-

ing haplotype confers CIRS. There MUST be one or more exposures. With Lyme, cyanobacteria, 

Pfiesteria and Ciguatera, the exposure can be one-time, or perhaps some portion of the expos-

ing antigen persists in the host. With WDB, chronic exposure is the rule, with massive one-time 

exposures the exception. It is not yet clear whether the major offender comes from molds, bacteria, 
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Actinomycetes or some combination of two or three. Initial transcriptomics data suggests that bacte-

rial endotoxin and Actinomycetes are involved in ~80% of CIRS cases and mycotoxins in around 

7%. Further study and improved analytics in air and body fluids will eventually narrow down the 

specific culprits. Regardless of the microbe, the source is the WDB.

Most chronic exposures occur in the home, in the workplace or at school. Imagine spending 

6–12 hours in a place, 4–7 days a week, where one has a sensitivity to a particular offending particle 

in the air. With every breath, this substance, or these substances, is (are) inhaled. The offending 

particles are much more common in WDB because water, along with the microbial food found in 

cellulose-containing building materials, allows amplification of numerous microbial strains. Molds, 

previously sporulated because of minimal access to the resources required to produce energy, now 

become metabolically active and thus reproduce by a factor of thousands and make secondary 

metabolic products, a.k.a., toxins. Bacteria and Actinomycetes undergo similar processes. As the 

offending substance is inhaled, antigenic particles will reach respiratory mucous membranes and 

trigger innate immune recognition. If the host has previously arranged tolerance conditions with 

this type of particle, all will be well. If the host has developed effective antibody against the invader, 

all will be well. However, if the host is one of the 25% of the population with a predisposing HLA 

haplotype, and is relegated to constantly respiring offending toxic and/or antigenic material, the 

innate immune system will kick in. Since defective antigen presentation insists on little, no or inef-

fective antibody, the innate immune system will handle the burden … every day of exposure … as 

long as exposures exist. In addition, some people will have multiple chronic exposures, such as a 

WDB home and workplace.

It was long thought that the innate immune system lacked a discernible memory. The Medical 

Arts now know that memory T cells exist, though their contribution, or potential lack thereof, in 

CIRS is unknown. Regardless, constant repeated exposures of antigenic material found in WDB 

in HLA-predisposed persons cause continual immune response. Across all age groups, over 68% 

of untreated CIRS patients have depressed levels of VIP, and ~93% have low MSH levels. These 

peptides work to suppress an overactive innate immune system, counterbalancing a chronic over-

production of cytokines. It is possible these values are low at birth, but unpublished data suggests 

they become elevated early in CIRS illness and then fall off later, likely coinciding with an increase 

in symptom number.

The low VIP and/or MSH levels in almost all CIRS patients also explain why removal from an 

offending environment does not effectively reverse the syndrome as, say, removal from exposure to 

cats in a feline allergic person might. VIP and MSH provide major down-regulatory influences on 

numerous pro-inflammatory cytokines. Lack of sufficient VIP and MSH means the immune system 

is not only “broken” but unable to adequately regulate itself. As such, proper treatment for CIRS 

patients requires more than simple removal, because the immune system damage has been done and 

leads to secondary damage. It is under these conditions, chronic exposure and inadequate circulat-

ing VIP and/or MSH, that CIRS cytokine storms prevail. More on these to follow.

In sum, a genetic predisposition sidelines adaptive immune response to chronic inhaled expo-

sure to one or more amplified amounts of toxins, inflammagens and microbes found in WDB. 

Since exposure is daily, or nearly daily, and often occurs for many hours on each exposed day, 

the onslaught of antigen leads to near-constant activation of innate immune effector systems and 

chronic overproduction of cytokines, creating chronic low-level systemic inflammation by defini-

tion. Initially, VIP and MSH levels are sufficient to counter this inflammation; however, subsequent 

loss of circulating levels of these anti-inflammatory neuroimmunoregulatory peptides reduces the 

host’s ability to suppress inflammation. The result is chronic low-level systemic inflammation even 

when removed from the offending WDB. Rheumatologic illnesses are commonly developed by pro-

duction of autoantibodies. CRP (C-reactive protein) and ESR (erythrocyte sedimentation rate) are 

usually reliable markers of these inflammatory diseases. However, in CIRS patients, the inflamma-

tion stems from innate immune dysregulation, and elevations in CRP and ESR occur in only about 

10% of patients. This is consistent with what is found in many viral infections.



56  Nutrition and Integrative Medicine for Clinicians

Chronic, low-level inflammation causes symptoms over time and through a few known mecha-

nisms. First, capillary hypoperfusion, due to cytokine effects or vascular congestion from WBC 

demargination, causes decreased perfusion at the capillary beds, especially in peripheral aspects. 

As such, cold hands and/or feet are seen frequently, with associated pains and even discolor-

ation/cyanosis in some (which resolves with CIRS treatment). In presented but unpublished data, 

Shoemaker used magnetic resonance spectroscopy18 to demonstrate capillary hypoperfusion in 

the CIRS patients’ brains via increased lactic acid levels and altered glutamine/glutamate ratios. 

Reduced perfusion means less oxygen delivery, at any given time, and cells suffer from decreased 

ATP production via the Krebs cycle and the electron transport chain (ETC). Brain and other cells 

with insufficient energy are likely to underperform, leading to symptoms of “brain fog,” hand pains, 

cramping, chronic fatigue and more. Capillary hypoperfusion may occur in the lungs too, limiting 

oxygen–CO2 exchange, but a more likely explanation for the shortness of breath and dyspnea on 

exertion, seen even in children, is found with transient exercise-related rises of PASP (pulmonary 

artery systolic pressure), suggesting pulmonary hypertension, treatable with intranasal VIP.

In addition, transcriptomics studies and a recent metabolism publication19 show “molecular hypo-

metabolism” (MHM), first discovered by Dr. Jimmy Ryan and taught by Dr. Shoemaker. MHM is 

found in untreated CIRS patients and refers to a proliferative physiology where even in the presence 

of oxygen, aerobic glycolysis (the Warburg effect) is primarily used to generate cellular ATP. Per 

Shoemaker 2020,

MHM is characterized by the suppression of ribosomal mRNA for both large and small subunits; sup-

pression of mitoribosomal mRNA in both large and small subunits; and suppression of mRNA from 

nuclear-encoded mitochondrial genes including ATP synthases, electron transport chain genes (ETC), 

and translocases.

Each of these levels of down-regulation works to shunt cellular energy production to aerobic gly-

colysis rather than using the much more efficient Krebs cycle and ETC.

The effect is magnified when VDAC (voltage-dependent anion-selective channels) of the mito-

chondrial outer membrane are closed. Closure does not allow pyruvate to enter the mitochondria 

for use in the Krebs cycle and ETC. Some azoles, such as itraconazole, are known to close VDAC. 

Indiscriminate treatment with systemic antifungals, treating fungal colonization, worsens (or 

causes) proliferative physiology through this mechanism. Fungal nasal colonization has been dem-

onstrated in nearly 98% of the general population. As such, systemic azoles should only be used in 

CIRS patients with documented infection and not merely with colonization.

Ryan hypothesized the reason for the shunt to MHM in untreated CIRS patients is likely due to 

the innate immune system sensing foreign antigenic particles and presuming an infecting invasion 

is occurring. Viral infections, in particular, take over cellular mechanisms and highjack them to 

produce viral products, allowing mass viral reproduction, lysis of the human cell and subsequent 

invasion of many other human cells with the new virions. The host’s advantage when creating a met-

abolic slowdown is that minimizing available energy might eventually sacrifice the already doomed 

cell but would limit the virus’s reproductive efforts, theoretically slowing the spread of new virions 

to many other cells. This delay tactic could allow the innate immune system adequate time to get 

the upper hand in the war by allowing the orchestrated process of apoptosis instead of unplanned 

cellular lysis and the release of newly produced virions. However, in CIRS, there is not an infection 

but rather, the presumption of attack (detection of toxic and/or antigenic material from microbial 

fragments) due to the presence of inhaled antigen. The immune system does not know the differ-

ence. If inhalation of antigen is chronic, this could be interpreted as an ongoing war (infection), and 

ongoing energy reduction could be a valuable strategy. If energy production reduction occurred in a 

large number of cells, this surely would have consequences for the host.

Another mechanism of host injury may come directly from toxic effects of mycotoxins. Some 

mycotoxins, such as T-2 toxin, macrocyclic trichothecenes, fumonisin B1 and ochratoxin A, are 
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known to be neuropathic20 in rodents. Direct exposure to peripheral nerve cells could cause the host 

to suffer neuropathic pains and altered peripheral nervous symptoms such as numbness, tingling, 

abnormal skin sensations and other neurologic conditions. Neural autoantibodies and neurophysi-

ologic abnormalities21 have also been documented in persons exposed to WDB. Mycotoxins, bacte-

rial endotoxins and other secondary metabolic products of amplified microbes found in WDB may 

have additional detrimental effects.

Blood–brain barrier (BBB) integrity is affected by numerous cytokines and inflammatory condi-

tions.22 These can cause disruptive BBB changes, where permeability is directly affected by creating 

BBB breaches, and non-disruptive changes, where the structural integrity of the BBB remains intact 

but permeabilities to some substances are altered, allowing access to the brain parenchyma for cyto-

kines, toxins, cells and more.20 Systemic inflammation, caused by overproduction of cytokines, can 

then spread to the parenchyma, conceivably triggering cognitive deficits and central nervous system 

symptoms such as vertigo and metallic taste. In addition, some areas of the brain are not covered 

by the BBB. These include the median eminence of the hypothalamus, the pineal gland, the area 

postrema and the posterior portion of the pituitary.23 Systemic cytokine overproduction could affect 

these areas directly and without BBB deficiencies. Published NeuroQuant® (NQ) volumetric brain 

magnetic resonance imaging (MRI) data24 show a pattern of structural brain damage that occurs in 

untreated CIRS patients. Forebrain parenchyma and cortical gray volumes are typically enlarged 

(probable microinterstitial edema), and caudate nucleus volumes are decreased (probable atrophy 

due to neuronal death or dendritic pruning). Treatment with the Shoemaker Protocol, not including 

intranasal VIP, has demonstrated a return to control values for the enlarged volumes.25 Use of VIP, 

the final protocol step, has demonstrated improvement not only of depleted caudate volumes but of 

other gray matter nuclei26 that were also atrophic on previous NQ.

Preliminary evaluation of teenaged NQ results shows enlarged caudates, even before other struc-

tures are affected, in unpublished and non-presented data. One possibility is that early inflamma-

tion, and microinterstitial edema, is more caudate specific. Subsequent damage leads to the same 

changes in the forebrain parenchyma and cortical gray. By this time, the caudate may be experienc-

ing cell death or pruning from continued stresses of chronic inflammation, yielding the common 

pattern seen in untreated CIRS patients. As more time passes, caudate loss becomes greater, and 

cortical gray matter can atrophy. This hypothesis needs research support, preferably from biopsy 

samples and serial NQ studies. As a side note, the caudate nucleus is involved in mood, language 

acquisition, attention, motor planning and execution, romance, emotion, motivation and reward 

operations. Each of these functions can be impaired in CIRS.

Late-onset cortical gray atrophy is commonly noted in conjunction with enlargement of the 

superior lateral ventricles. Shoemaker has proposed “the vascular hypothesis of CIRS” based on 

the eminent work of Sidney Strickland. Abnormalities of von Willebrand’s factor (vWF) profile and 

transcriptomic coagulation values are frequently seen in CIRS. In fact, CIRS patients are 300 times 

more likely to develop acquired vWF disease, or low levels of these factors, than the normal popula-

tion. This author has seen three ~14-year-old girls with CIRS have menses lasting 30 days or longer. 

The first two did not come to medical attention until after 30 days of bleeding, and both required 

a blood transfusion. Menstruation in the third was stopped with progesterone. Abnormalities in 

vWF go in both directions, however, also setting the stage for clotting abnormalities. The vascular 

hypothesis of CIRS suggests that microemboli form as a result of clotting irregularities, and these 

occlude capillaries feeding small areas of brain parenchyma. Over time, these occlusions accumu-

late and lead to the atrophy seen in cortical gray, caudate and other gray matter nuclei. More sup-

porting data are needed.

Tight junctions in the gut are MSH dependent, and most CIRS sufferers have depleted MSH 

levels. Elevated amounts of the cytokines transforming growth factor (TGF)-β1, matrix metal-

loproteinase (MMP)-9 and C4a, in concert with low levels of MSH, likely allow damage to these 

tight junctions. Multiple food sensitivities and allergies, bloating, pains and frequent diarrhea are 

often seen.

A L G r a w a n y
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Finally, multiple hypothalamic-pituitary-end organ axis dysregulations are seen in CIRS. The 

brain takes inputs from around the body, and the hypothalamus takes inputs from around the brain. 

It also samples the blood to determine levels of cortisol, osmolality and other hormone measures. 

The hypothalamus integrates all this information and determines what the body needs in response. 

It is the primary organ of regulation. It monitors and modifies global settings like hunger/appe-

tite, sleep cycles, body temperature and temperature perception. The hypothalamus sets the tone 

between the sympathetic and parasympathetic nervous systems affecting heart rate, stroke volume, 

blood pressure, vasoconstriction or dilation, respiratory rate, depth of respiration, pupillary diam-

eter and every autonomic function in the body.

The hypothalamus also gives marching orders to the pituitary, which in turn, dictates the function 

of much of the endocrine system. Abnormalities of ADH (antidiuretic hormone) and osmolality are 

seen in >85% of untreated CIRS sufferers, leading to polyuria causing polydipsia, fluid imbalance, 

excessive thirst, static shocking, orthostatic hypotension and likely POTS (postural orthostatic tachy-

cardia syndrome) in conjunction with dysautonomia. Just over half of untreated CIRS patients have 

abnormal ACTH/cortisol (adrenocorticotropic hormone) regulation leading to fatigue. Nearly 60% 

of adult women, and 80% of teens having passed menarche >18 months prior, have at least one of 

irregular menses, severe cramping with menses or menometrorrhagia, suggesting possible luteinizing 

hormone/follicle stimulating hormone (LH/FSH) dysfunction. MSH is low in 93.2% of adult patients 

(92.8% across all age groups) and is involved in multiple regulatory efforts including sleep, appetite 

and pituitary function. In unpublished data, hypothyroidism and Hashimoto’s thyroiditis are signifi-

cantly more common in CIRS patients than those without CIRS. No data have been gathered or pre-

sented regarding prolactin, growth hormone or oxytocin. The hypothalamus and/or pituitary appear to 

be under attack, most likely from neuroinflammation damaging hypothalamic structures or the portal 

system, which connects the hypothalamus to the pituitary. The median eminence (not protected by the 

BBB) is the central depot from which portal system trains depart. The posterior pituitary is also unpro-

tected by the BBB. Brain biopsy information or other supporting data is needed to confirm this theory.

Every CIRS patient will have immune system dysfunction, evidenced by multiple immune sys-

tem abnormal laboratory tests. Over 90% of CIRS patients will demonstrate endocrine system dys-

function, also documented by discrepant laboratory testing. Neurological damage, demonstrated by 

toxic encephalopathy, cognitive decline, cognitive changes and/or reproducible NQ abnormalities, 

also occurs in >90% of CIRS sufferers. These mechanisms of injury, taken as a whole, account for 

all of the CIRS diagnostic symptoms and many other non-diagnostic ones. These processes also 

explain the multisystem aspect and seemingly global effect of CIRS. However, cytokine storms also 

need to be discussed.

4.5  CYTOKINE STORMS AND CIRS OVERLAPS

The prototypical cytokine storm comes from sepsis. An overwhelming bacterial infection causes 

the innate immune system to throw everything it has at the source in an attempt to save the host. 

Acute and massive cytokine overproduction with concomitant side effects accompanies sepsis. 

Tremendous increases in vascular permeability, decreased perfusion, blood shunting, end organ 

failures, third spacing and paradoxical reactions like disseminated intravascular coagulation are 

frequent in septic shock. More people die from sepsis each year than from prostate cancer, breast 

cancer and HIV/AIDS combined.27 One in three hospital deaths is caused by sepsis each year.28 In 

the analogy to be presented, the cytokine storm of sepsis is like a Category 5 hurricane.

COVID-19 is the new player. In severe COVID disease, there is also an acute cytokine storm where 

floods of cytokines are released to overcome the infection. Side effects from the release are also appar-

ent. Acute, but less potent, the cytokine storm of COVID-19 would be akin to an F5 tornado.

SIRS (systemic inflammatory response syndrome) is typically a non-infectious illness but other-

wise phenotypically identical to sepsis. SIRS also causes a cytokine storm. Sepsis always is insti-

gated by infection, which is most commonly bacterial but can be of fungal, viral or amoebic origin; 
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for example, SIRS can be set in motion by trauma, burns, pancreatitis and other etiologies.29 The 

fact that sepsis and SIRS look the same suggests that the same, or similar, pathways are triggered.25

CIRS has long been compared to SIRS and is considered a chronic, rather than acute, form of 

SIRS. CIRS is a more plodding, non-infectious, dysregulation of the immune system that leads to 

chronic overproduction and release of cytokines. By definition, CIRS is a more chronic and less 

severe cytokine storm than SIRS. CIRS is like constant 60 MPH winds, 24 hours a day, 7 days a week.

A Category 5 hurricane is devastating with extremely high-velocity winds. An F5 tornado also 

destroys most everything in its path, though its wind speed may be considerably lower than that 

of the hurricane. CIRS, with its continuous gale force winds, does not cause immediate damage. 

However, the constant pelting of and stresses upon a structure will eventually cause some wear and 

tear, like a few roof shingles being torn off here and there. If the roof is not repaired (or the inflam-

mation is not quelled), from that relatively minor injury comes secondary impairment, and given 

enough time, the structure will no longer be usable. This is an important concept to understand.

A recent understanding is that severe sepsis survivors also have sequelae. PSS,30 or post-sepsis 

syndrome, affects up to half of survivors with sleep problems, cognitive difficulties, anxiety and 

panic issues, debilitating muscle and joint pains, concentration problems, depression and post-trau-

matic stress disorder. Many mechanisms are proposed, including increases in MMPs (like MMP-9) 

and BBB disruption.

Novel COVID-19 has been around for a couple of years, and reports about post-COVID syndrome 

(PCS) are flourishing. Symptoms include fatigue, dyspnea, chest pain, cough, arthralgias, myalgias, 

headache, chest pains and palpitations.31 Considered more serious are also cognitive issues, rashes, 

olfactory and gustatory dysfunction, depression, anxiety and sleep impairments. Chronic renal, 

pulmonary and cardiac damage has also been noted.

The overlaps between symptoms of PSS and CIRS, and between PCS and CIRS, are astounding 

and should catch the readers’ attention. Could these all be phenotypic variants of the same pathways 

triggered, albeit hyperacutely in severe sepsis, acutely in COVID and chronically in CIRS? No one 

will know for sure until this is studied, but … one pediatric survivor, known to this author, of H1N1 

influenza severe sepsis has suffered fatigue, cognitive deficits, behavioral issues, lack of motivation, 

myalgias and stomach problems for years after illness. Another teen survivor of HSV severe sepsis 

had similar symptoms. Both were tested for CIRS biomarkers roughly 2 years after their recoveries 

and had sufficient abnormal tests to be diagnosed with CIRS. Intriguing. When comparing post-

COVID survivors who developed PCS with those who did not develop PCS, the long-haulers were 

shown by transcriptomics to have molecular hypometabolism and exposure to Actinomycetes32 (as 

seen in untreated CIRS patients), while the non-PCS group had neither. Post-viral illness typically 

involves proliferative physiology too.

Pediatric CIRS also overlaps with other illnesses. In 2009, Shoemaker et al. published a retro-

spective case control33 looking at 163 children who met the diagnostic criteria of chronic fatigue 

syndrome (CFS/ME, now called SEID or systemic exertion intolerance disease) and 55 controls. 

The CFS diagnosis had no biomarker that could distinguish this diagnosis from controls, though 

symptoms clearly separated cases from controls. Shoemaker performed a CIRS symptom and bio-

marker analysis on each case and control and found that the 163 cases had CIRS laboratory test 

positive results and the 55 controls did not. The children who met the CFS diagnostic criteria also 

met the CIRS diagnostic criteria. The caveat was that the CIRS diagnosis has biomarkers and the 

CFS diagnosis did not. Hence, these children should have originally been diagnosed with CIRS.

In a study by McMahon et al., pending publication, 33 children meeting the strict diagnostic 

criteria of PANS (pediatric acute-onset neuropsychiatric syndrome) or the closely related PANDAS 

(pediatric autoimmune neuropsychiatric disorder associated with Streptococcal infections) were 

retrospectively evaluated by symptoms and CIRS laboratory biomarkers. All 33 children met the 

symptom and laboratory test diagnostic criteria of CIRS. Twelve had NQ brain MRIs showing the 

classic changes of CIRS and enlarged hippocampi typically found in PANS/PANDAS patients.34 

CIRS treatment was offered, demonstrating improvement in 94% of CIRS symptoms, 94% of overall 
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PANS/PANDAS symptoms and 75% of PANS/PANDAS neuropsychiatric symptoms. Again, the 

overlap is stunning and suggests that common pathways are involved. Other illnesses, and patients 

with most medically unexplained symptoms, also demonstrate CIRS abnormal biomarkers or out-

right qualify for a CIRS diagnosis.

4.6  DIFFERENCES BETWEEN CIRS IN ADULTS AND CHILDREN

Now that the foundation of pathophysiology has been laid, offering the reader a framework to digest, 

it is time to discuss differences between pediatric CIRS and adult CIRS cases. Symptoms were dis-

cussed earlier and tend to be fewer and less severe in younger patients. Seven physical exam findings 

are often seen in CIRS patients.35 These include tremors, facial pallor, red sclerae, erythematous 

cheeks (similar to rosacea), weakness in the antigravity shoulder muscles in the dominant arm, 

cold hands and/or feet, and flexibility bordering on hyperflexibility. The exam can be difficult with 

young children as cooperation is often lacking. It may be impossible to perceive tremors, test for 

shoulder weakness and measure flexibility. In young and cooperative children, flexibility may be 

exaggerated, because of age, compared with adults.

Table 4.2 describes diagnostic laboratory testing variances by age group. Adults with CIRS aver-

age more abnormal laboratory tests than youngsters. VCS (visual contrast sensitivity) testing can 

be performed on children as young as 7 years, but significant cooperation is required. Nearly all 

9-year-olds are up to the task. A prospective study measured pediatric norms in healthy children 

using the APT VCS tester.36 These norms were found to be the same for children aged 7–18 years 

as for adults (the latter determined by the manufacturer).

Table 4.3 demonstrates treatment improvements by symptom in three different cohorts. VIP and 

MSH levels can still be low in children but are also frequently elevated, a finding rarely seen in 

adults and teens.

TABLE 4.2

Average Percentage Abnormal, by Age Group of CIRS Patients, 

of Each Test

Laboratory testb 0–4.9 years 5–10.9 years 11–18.9 years ≥19 years

HLA abnormalsc 96.2 76.3 86.7 92.2

VIP 66.7 60.6 66.7 71.5

MSH 87.0 92.4 93.2 93.2

TGF-β1 65.2 69.0 73.2 79.8

MMP-9 31.8 26.3 38.0 68.1

C4a 50.0 57.6 63.9 73.5

ADH/osmolalityd 57.1 54.4 80.1 87.9

ACTH/cortisole 48.2 47.8 62.5 46.4

MARCoNS 66.7 68.8 67.7 73.1

b Average percentage of each listed abnormal diagnostic lab in untreated patients by 

age group and test.
c “Dreaded” (multisusceptible) or “Mold.”
d Absolute high or low ADH or osmolality and dysregulated ADH with respect to 

simultaneously drawn osmolality.
e Absolute high or low ACTH or cortisol and dysregulated ACTH with respect to 

simultaneously drawn cortisol.

Source:  McMahon SW, Experience with the first six years, Oral presentation at: State 

of the Art CIRS III; October, 2016; Irvine CA.
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TABLE 4.3

Average Percentage Symptom Improvement, Three Cohorts, by Symptom

Symptom Improvementa Shoemaker McMahon3 2016 McMahon4 2020

Fatigue 50 80.6 68.0

Weakness 86 89.7 76.8

Aches 87 89.5 78.4

Cramps 91 90.2 84.5

Unusual pains 100 89.9 86.6

Ice pick pains 94 73.5 84.5

Lightning bolt pains 100 87.0 73.2

Headaches 56 81.6 77.3

Light sensitivity 90 85.3 88.7

Red eyes 100 87.6 76.3

Blurry vision 93 88.5 75.3

Tearing 100 87.5 76.3

Sinus problems 86 77.9 82.5

Cough 88 88.2 83.5

Shortness of breath 81 80.6

Abdominal pain 100 88.3 80.4

Diarrhea 87 87.5 84.5

Joint pains 75 87.8 81.4

Morning stiffness 100 88.9 70.1

Numbness 85 86.0 76.3

Tingling 86 83.2 76.3

Metallic taste  - 65.5 74.2

Vertigo 67 86.0 70.1

Memory loss 64 80.7 81.4

Focus/concentration issues 91 82.0 85.6

Easily confused 94 83.7 87.6

Difficult assimilation of new knowledge 94 80.0 87.6

Loss of word finding 94 85.2 77.3

Disorientation 100 82.1 59.8

Skin sensitivity 100 90.6 74.2

Excessive thirst 88 80.3 78.4

Excessive urination 100 62.3 81.4

Static shocking 100 86.5 90.7

Excessive sweating – 53.4 79.4

Mood swings 79 81.6 96.9

Temperature dysregulation 72 83.0 89.6

Appetite swings 83 82.6 69.0

a Average percentage of symptom improvement after the first two steps of the Shoemaker Protocol 

in three data sets, listed by symptoms. One data set is from Dr. Shoemaker and the other two from 

different cohorts by Dr. McMahon.

Source:  McMahon SW, Experience with the first six years, Oral presentation at: State of the Art 

CIRS III; October, 2016; Irvine CA.
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As stated earlier, younger patients tend to have fewer symptoms and better, faster recovery. 

Management of the protocol can differ with children also. For instance, very young patients cannot 

tolerate the large blood draws needed for diagnostic tests all at one sitting. For children 2 years and 

younger, the blood testing may need to be broken into two separate draws at least a week apart. A 

phlebotomist with great skill is required to obtain pediatric samples. Also, since adults are more 

likely to develop “adult diseases,” which could potentially confound, a much larger array of tests is 

usually performed on older patients. Children often have just the basic diagnostic labs drawn.

MARCoNS (multiply antibiotic resistant coagulase negative Staphylococci) are common in CIRS 

adults (>80% in some studies)17 but far less common in children. MARCoNS testing is obtained by a 

deep nasal swab, much deeper than that performed for COVID testing, and is really quite obnoxious 

for patients even in skilled hands. This diagnostic test is not usually obtained at the initial visit in chil-

dren aged <15 years but will be obtained later if the youth is not responding adequately to treatment.

Very young children may only possess symptoms in a single system, such as only headaches, only 

myalgias, only chronic fatigue or only recurring abdominal pains. If the standard pediatric evaluation 

and workup for these symptoms is negative, screening for CIRS should be the next step. This is accom-

plished with an HLA test, VIP and MSH levels, ADH/osmolality and ACTH/cortisol. If all tests are 

negative, CIRS is an unlikely diagnosis. If two or three tests are abnormal, CIRS is usually the correct 

diagnostic choice, and the rest of testing should be completed (TGF-β1, MMP-9, C3a and C4a, and 

anti-cardiolipin [ACLA]/anti-gliadin [AGA] antibodies). VEGF (vascular endothelial growth factor) 

levels are likely more useful in diagnosis than ACLA/AGA, as abnormalities occur much more often 

with VEGF, but VEGF as a diagnostic test has not been evaluated in the literature yet.

While the treatment protocols for both adult and pediatric CIRS center on the Shoemaker pro-

tocol,37 implementation may vary because of age. The protocol hinges on removal from or proper 

correction of the offending WDB and use of a binder medication, such as CSM or colesevelam, 

for one to several months. The protocol then pivots based on presence or absence of MARCoNS 

and which biomarkers are still abnormal. A specific step in a specific order38 is indicated for each 

persistently abnormal laboratory test. The final step, offered to some based on clinical indicators, 

is VIP intranasal spray. Some of the intermediate therapies include allopathic medicines typically 

used in adult populations, such as losartan. These medicines may have untoward side effects in 

small children. Monitoring of abnormal labs may be instituted, in lieu of medication, unless the 

particular laboratory abnormality is so excessive it demands a response. Careful dosing is used in 

these circumstances, with risks versus benefits detailed to parents. Written informed consent and 

assent documents are used if VIP dosing in children is considered.

4.7  PREVALENCE

CIRS prevalence has been determined in two pediatric studies but not yet in adults. One study9 

looked at all previously identified CIRS patients in a pediatric practice and divided by the total 

number of peds patients in the practice. The result was a prevalence of 7.01%. This is likely low, as 

the numerator included only patients already identified with CIRS. A second study36 looked at 157 

consecutive children presenting for well checks or sports physicals. A screen was given looking for 

multisystem illness. Five of the 157 had already been diagnosed with CIRS. Another 15 failed the 

multisystem illness screen, indicating symptoms in at least 3 systems. At the time of publication, 

7 of the 15 had been worked up for CIRS, and all 7 had positive histories and sufficient abnormal 

diagnostic lab tests to achieve CIRS diagnosis. If the other eight were all negative for CIRS, the 

prevalence would have been 7.6%. If all of the other eight were diagnosed with CIRS, the prevalence 

of pediatric CIRS would have been 12.7%. A prevalence of at least 7.6% was reported. It is pre-

sumed that the true pediatric prevalence is higher, based on the methods by which these prevalences 

were determined. It is also likely that the adult prevalence is even higher, based on the progressive 

nature of CIRS. The ceiling for prevalence would lie around 25% – the frequency of abnormal hap-

lotypes in the general population.
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4.8  DOUBLES

Over 88% of CIRS patients have one or two predisposing haplotypes and all have exposure. Patients 

with “bad” haplotypes from both parents are referred to as “doubles.” Doubles do not necessarily have 

worse disease, but they do tend to present at an earlier age. Unpublished data show 37.8% of CIRS 

adults are doubles, while 50.0% of CIRS children aged <5 years have two predisposing haplotypes.

4.9  CIRS IN UTERO

Taking this concept to the earliest of days, some consideration should be given to what happens 

in utero. Assume a stay-at-home mother is a double with a gestating baby, also a double, living 

in a WDB – what protections are available to the child? The placenta likely filters most mycotox-

ins, microbial fragments, cytokines and inflammatory cells. However, aflatoxins, fumonisin and 

deoxynivalenol are mycotoxins all known to cross39 the placenta. Ochratoxin A also crosses40 the 

human placenta. Fumonisin B1 and Ochratoxin A are known to be neurotoxic in rodents. Are stan-

dard half-lives of mycotoxin activity and LD50 doses the same in a developing fetus as in older 

humans? Would infiltration of these toxins cause an immune response in the fetus? Could prenatal 

exposure to neuropathic mycotoxins cause developmental problems or predispose to autism spec-

trum disorders? The answer to these questions are as yet unknown.

Interleukin-6 (IL-6) crosses the placenta,41 whereas IL-1α and tumor necrosis factor-alpha 

(TNF-α) do not. TGFβ-1, MMP-9 and C4a all have roles in maintaining pregnancy, but it is not clear 

what happens with excess levels of these cytokines or if they cross the placenta. Elevated TGFβ-1 

levels, especially in association with increased IL-6, cause naïve CD4+ cells to differentiate into 

Th17 (autoimmune promoter) cells instead of Tregs (autoimmune suppressors) in adults. Could the 

same process be occurring in the fetus? If so, would this interfere with normal fetal development? 

Intelligence? Behavior? Miscarriage, premature birth or pre-eclampsia? Inflammatory cells,42 such 

as neutrophils, T- and B-lymphocytes, macrophages, mast cells and to some degree, natural killer 

cells, aggregate in the placenta, guarding the interface between the chorion and the decidua basalis, 

but it is not clear that these cells infiltrate into the fetus. When one factors in consideration of dif-

ferential gene activation of the fetus induced by cytokine exposure, the likelihood of inflammatory 

illness occurring before birth is even more likely. These answers are also not known, and more 

research is needed.

Levels of Treg cells, also known as CD4+CD25+ lymphocytes, are elevated in early (and through-

out) pregnancy,43 are low in women with recurrent miscarriages44 and decrease around the time of 

delivery.45 It is thought Treg cells promote tolerance of the developing fetus. A decrease in Tregs may 

be a stimulus to facilitate labor. Untreated CIRS patients are known to have low levels of Treg cells. 

This appears to be a mechanism whereby maternal CIRS may lead to miscarriage, premature birth, 

pre-eclampsia46 and/or placental insufficiency. ACLA IgM antibodies also are more common in 

CIRS women with miscarriages (unpublished). More study is needed.

4.10  AUTISM AND SEVERE COGNITIVE DEFICITS

Severe cognitive delays can be seen in children with CIRS. In one case, a 4-year-old with average 

intelligence and behavior endured water damage and mold growth in her apartment in post-hurri-

cane flooding. Within 6 months, she had significantly regressed in behavior and speech. She was 

diagnosed by a neuropsychologist as autistic and started in special education classes at her school. 

The child’s mother reached out to this author, who after CIRS evaluation, started the child on CSM. 

Within 2 months, the young girl showed a marked change and near full return to her previous cog-

nitive and behavioral state. She was re-examined by a neuropsychologist and declared autism free 

with only a mild speech delay. She was placed in mainstream classes and has continued there for 

the last 8 years.
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Another case, contributed by Dr. Jodie Dashore (personal communication, November 5, 2020), 

creator of the BioNexus Approach, highlights cognitive and other improvements in a 4-year-old 

girl diagnosed with CIRS, autism, global developmental delays and other ailments. This clini-

cal vignette demonstrates how complicated a pediatric presentation might be, and yet significant 

improvement is still possible.

Four year old patient diagnosed with Autism Spectrum Disorder (ASD), Task Specific Seizure Disorder, 

Primary Ciliary Dyskinesia, Microduplication of Chromosome 15 and Chronic Inflammatory Response 

Syndrome (CIRS) demonstrated significant cognitive, behavioral, gastro-intestinal, fine motor, gross 

motor, receptive and expressive language and academic progress using compounded herbal formula-

tions, camel milk therapy, detoxification therapy, and other dietary supplements.

Betsy was born full term via C section to 37-year-old Erica (names changed for confidentiality) with 

a history of two miscarriages. According to her parents, around 2 years of age, Betsy had one episode 

of myoclonic seizure related to a fever spike after vaccination and soon after started exhibiting behav-

ioral challenges like head banging and aggression, moderate delay in developmental milestones, severe 

eczema, numerousfood sensitivities, moderate constipation, gastro-intestinal distress, poor socializa-

tion, poor expressive and receptive language, and regression in her gross and fine motor skills. Betsy 

was diagnosed with ASD at 2.4 years of age. Betsy’s parents obtained a religious exemption and she has 

not been vaccinated since then. Additionally, for a year they diligently adhered to the treatment regimen 

suggested by the neurodevelopmental physician which consisted of speech and language therapy along 

with sensory integration therapy and ABA sessions 3 to 4 times a week. Betsy’s progress was minimal.

Erica also mentioned Betsy having had chronic sinus distress and “this constant little sniffle and 

cough that never seems to go away. It’s like she’s had a cold since she was 3 months old”. At age 3 

Betsy started mouth breathing that affected her sleep patterns with waking up every 3-4 hours. She 

was referred to a pulmonologist at Stanford Children’s hospital and diagnosed with Primary Ciliary 

Dyskinesia. She was prescribed airway clearance therapy and nebulizer treatments with Acetylcysteine 

(1ml,10% solution) and levalbuterol (3ml) twice a day for 30 minutes each. Betsy also underwent a 

tonsillectomy along with adenoidectomy which was a traumatic experience for the whole family. They 

found a local naturopathic MAPS (Medical Academy of Pediatric Special Needs) practitioner and 

started with a gluten free, casein free diet. The practitioner also recommended a DAN protocol which 

consisted of Fish oil, GAPS diet, and vitamins. The parents saw some gastro-intestinal benefit but no 

other progress.

At age 3.5 years, still minimally verbal, Betsy had two episodes of petit mal seizures during sleep 

and was diagnosed with Task Specific Epilepsy. Her pediatrician ordered chromosome microarray test 

and Betsy was found to have microduplication of 15th chromosome which is related to autism. At that 

time Betsy had started displaying severe anxiety with previously well tolerated activities and on a 

daily basis for presumably no reason along with frequency of urination. The pediatrician suggested 

psychotropic medication and the family refused. Erica recalled that Betsy’s anxiety had started a few 

weeks after a bathtub leak and having had mold issues with their basement in the past they proceeded 

with in-depth online research. They came across Dr Ritchie Shoemaker’s body of work and Dr Jodie A. 

Dashore’s various conference lectures about the CIRS and autism connection. Finally convinced they 

may have found the missing link, they decided to invest their time, effort and resources into a natural 

approach and contacted BioNexus Health and Dr. Jodie A. Dashore soon after. The family is Asian-

American and Erica has a strong background in traditional Chinese medicine. Additionally, the parents 

felt a plant-based natural approach would be a gentler and better fit due to Betsy’s persistent leaky gut, 

and other gastro-intestinal complaints. Betsy’s pediatrician was brought into the loop and an initial 

consult with Dr Dashore was scheduled.

In January 2019, the initial appointment was a virtual consult via Zoom video conferencing. The 

appointment lasted approximately for 2.5 hours wherein a detailed medical, social, academic and envi-

ronmental history was obtained. In collaboration with the pediatrician, additional testing was done 

that included urine, stool, and blood tests. Urine tests revealed high levels of Glyphosate (75th per-

centile), moderately high levels of industrial toxins like phthalates and organophosphates, (50th- to 60th 

percentile). The stool test revealed imbalanced flora Gamma streptococcus, Klebsiella pneumoniae 

and Citrobacter fruendii along with high levels of Lysozyme and secretory IgA. A hair minerals and 

toxic metals analysis revealed mercury at 65th percentile, arsenic at 45th percentile and low levels of 

magnesium.
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The parents requested all four family members be tested for MARCoNS with microbiology labs 

deep nasal swab test. They all tested positive. Betsy tested positive for MARCoNS, large amount, 

resistant to four antibiotics.

All family members failed the VCS on the website www .survivingmold .com. Betsy was unable to 

perform the test.

Blood tests including the Shoemaker panel were attempted but due to Betsy’s severe sensory chal-

lenges only a limited amount of blood was obtained for a few prioritized tests. Betsy’s HLA-DR hap-

lotype is 7-3-53 (Mold susceptible), VEGF 12 (low), TGF-beta-1 was 1059, ADH 1.2, osmolality 289, 

MSH 12 (low), MMP-9 was 774 (high), IgG subclasses 1-4 were all lower end of the reference ranges, 

Mycoplasma pneumoniae IgM 1178 (high), MTHFR – compound heterozygous for C677 and A1298 

variants. Additionally, the Cunningham panel test for anti-neuronal antibodies for the diagnosis of 

PANS (pediatric autoimmune neuropsychiatric syndrome) revealed high levels of CaM kinase II, Anti-

dopamine D2 antibodies and anti-lysoganglioside antibodies.

HERTSMI analyses [mold DNA PCR testing] scores for the two levels of the house were 10 [upper 

limit of normal] for the upper level and 18 [elevated] for the basement. The finished basement had a history 

of water damage and frank mold growth on a section of the wall from a refrigerator leak which was appar-

ently “remediated” 7 years ago. The Berber carpet was not replaced and the basement has served as a play 

area for Betsy and her younger sister. The HVAC is located in the basement and the heating and cooling 

is one zone, central with gas heated forced hot air and regular central air conditioning. The laundry was 

also in the basement with a front-loading washer. Additionally, the girls’ bedroom was a dormer extension. 

The double windows were located directly below the roofline without an overhang and no gutter had been 

installed. The window capping was rotted outside and the windowsill discolored on the inside.

A CIRS diagnosis was secured through history and several abnormal laboratory tests including a 

predisposing HLA. Treatment ensued, and the results, as follows, were nothing short of inspiring. 

Dr. Dashore continued:

Progress at 4 months follow up: Betsy’s parents report all head banging, anger, and GI distress has been 

eliminated with regular well-formed bowel movements 1-2 times a day. Betsy’s food sensitivities have 

greatly reduced and she sleeps well for 8 hours at a stretch. Her teachers report zero meltdowns, improved 

participation in group activities, improved receptive language and following directions, reduced tactile 

and auditory sensory challenges and much improved gross motor skills. Upon retesting, her MARCoNS 

have cleared as have her sister’s and her parents’ as well. They all passed the VCS test upon retesting.

Progress at 8 months follow up: Betsy’s is talking in small sentences, she imitates television char-

acters but uses the phrases appropriately, her anxiety and aggression have greatly reduced, she is 

affectionate towards her family members, plays with her sister, is able to complete her homework unas-

sisted. Her school is considering mainstream classes for Betsy for gym, music and math. Her appetite 

is improved and she has gained 4 lbs in weight and half an inch in height. She is no longer a mouth 

breather and her frequency of urination is greatly reduced.

It is necessary to point out that “Betsy’s” improvement in cognition, behavior, bowel function, 

development, anxiety and sensory challenges did not occur as a function of the child growing older. 

It was her treatment for CIRS, coordinated by Dr. Dashore, lifting the fog off Betsy’s brain, that 

made all the difference. These two cases, many more of which could have been presented, highlight 

the extent to which CIRS can affect cognition in children already born. What can it do to a develop-

ing fetus’s brain?

4.11  HEADACHES

The prevalence of chronic headaches in U.S. children from 4 to 18 years old is reported47 at an 

astounding 17%. Assuming roughly 4 million American children are born per year leads to a stag-

gering 10 million children with chronic headaches of all types. This includes migraines, tension 

headaches, cluster headaches (older children) and chronic daily headaches. While numerous phar-

macologic agents are prescribed to treat, little is known about the cause of these headaches. Stress 

http://www.survivingmold.com
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is often offered as an etiology. Unpublished data looking at 400 children with CIRS revealed that 

around 90% of pediatric patients with chronic headaches had sufficient symptoms and abnormal 

biomarkers to be diagnosed with CIRS. Prevalence in CIRS patients varied by age group, with 

56.0% of children aged <5 years, 75.7% of kids aged 5–10.9 years and 80.8% of youth aged 11–18.9 

years having chronic headaches. Appropriate CIRS therapy led to the eradication or significant 

diminution of severity and/or frequency of headaches in 92.1% of all CIRS children and 100% of 

children <11 years old. While more study and prospective trials are needed, this represents a poten-

tial breakthrough in the understanding of pediatric chronic headaches literally affecting millions.

4.12  FUNCTIONAL ABDOMINAL PAINS

One of the most common reasons for pediatric (and adult) visits to the primary care practitioner is 

recurrent abdominal discomfort. This presents with numerous faces, including frank pains, frequent 

nausea, recurring bloating, gas and distention, and the ever so common “I’m not hungry, Mom, my 

stomach hurts.” After a month or so of these symptoms, an extensive workup at the pediatric office 

awaits. A thorough history excludes constipation, chronic diarrhea, travel, overeating, reflux, food 

allergies and more. A complete blood count (CBC) is performed to rule out anemia, leukemia and 

possible infection. ESR, CRP and even ANA (antinuclear antibody) are tested to eliminate potential 

inflammatory and rheumatologic causes. CMP (complete metabolic profile) screens the abdominal 

viscera. AGA tests for possible celiac disease. A normal Helicobacter pylori assay jettisons the 

diagnosis of peptic ulcer disease, and occasionally, upper gastrointestinal tract imaging will be per-

formed. A negative UA (urinalysis) and culture reject possible urinary tract abnormalities.

When right upper quadrant pain made worse with eating fatty foods occurs, an abdominal ultra-

sound can remove gall bladder disease from the differential. Persistent left upper quadrant pain, 

pain that radiates to the back or splenomegaly may warrant amylase, lipase and Monospot assays. 

Food diaries and removal of dairy for a few days occasionally yield results. When all these tests 

are exhausted, all that is left is a visit to the pediatric gastroenterologist for endoscopy. This typi-

cally results in normal studies or the irritating “non-specific gastritis” or “non-specific colitis.” Gut 

inflammation of unknown etiology!

These children (and adults) are commonly told their distress is functional – a nice word for “it’s 

all in your head.” Pediatric residents are taught this pain usually emanates from a primary gain 

or secondary gain the child desires. As such, there is no abdominal pathology (as indicated by all 

the normal tests), and while the children actually feel the pain, it is no more than a projection of 

the mind. This is the case for roughly 90% of children complaining of chronic abdominal pains. 

Indeed, 13.5%, or ~10 million U.S. children48 0–18 years old, suffer from chronic abdominal issues.

Enter the CIRS knowledgeable physician. Clearly, 90% of these 90% of children with so-called 

functional abdominal pain will have several abnormal CIRS biomarkers and qualify for the diag-

nosis. The prevalence of chronic abdominal issues in CIRS children is 63.2%. Treatment with 1–2 

months of CSM (or even 2 weeks if <5 years old) will eradicate or significantly decrease abdominal 

discomforts that have lasted for months to years in 85.1% of these CIRS sufferers. Similar data exist 

for adults (90.3%). It is time for allopathic medicine to take another look at “functional” complaints 

and consider innate immune system dysregulation in the differential. Most medically unexplained 

symptoms (MUS)49 are explained by CIRS, but that is of no value to a clinician or patient if the 

physician is not looking for CIRS. Indeed, it was predicted in 1999 that most, if not all, MUS were 

caused by a single illness.50 This author believes CIRS is that illness.

4.13  CONCLUSIONS: THE FUTURE

CIRS is an incredibly common, frequently missed illness, which most physicians see every day in 

their office. It is easy to pick up in the pediatric setting and very easy to treat at younger ages. One 

must be looking for it, however. Additional studies to verify and extend understanding of pathology 
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are needed. More studies should look at MUS, evaluating persons for CIRS as a possible cause. 

Medical education needs to be updated. Every physician needs to be aware of CIRS.

CIRS is also completely, totally, 100% preventable. Newborn screening programs are already 

in effect in every state looking for rare inborn errors of metabolism. Why not screen newborns 

for a much more frequently found illness – CIRS? Only an HLA-DR-DQ haplotype is needed. 

Why not incorporate screening MSH levels in kindergarten or non-invasive and inexpensive 

VCS testing in school on third- or fourth-graders? Then, providers, parents, schools and even-

tually, patients would be aware of the need to avoid WDB. Building science would change, 

maintenance practices could be encouraged, and a tremendous amount of human suffering 

would be eliminated, worldwide.
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5.1  INTRODUCTION

Chronic inflammatory response syndrome (CIRS) impacts multiple systems, causing multiple 

symptoms, and the central nervous system (CNS) demonstrates this dramatically. There are a host 

of diverse symptoms, which can imitate or contribute to several neurologic diseases. Because CIRS 

is both exceedingly common and vastly underdiagnosed, it is essential to describe and define its 

impact on the nervous system.

If 8 or more clusters out of 13 are present, there is a 95% certainty of CIRS. The accuracy jumps 

to 98.5% if the Visual Contrast Sensitivity test (VCS) screen is also positive.1 The cluster categories 

are: General, musculoskeletal, eye, respiratory, gastrointestinal, cognitive, hypothalamic and neuro-

logic. Many symptoms originate in the CNS.1 It is imperative to be aware of neurologic manifesta-

tions in order to adequately screen and treat CIRS patients.

5.1.1  IMMUNE PRIVILEGE OF THE BRAIN

Historically, scientists thought the brain was “immune privileged” and not subject to inflammation 

in the way the rest of the body is. Recent advancements in the understanding and mechanisms of 

neuroinflammation have changed this paradigm. We now know the brain responds to inflamma-

tion and can promote inflammation. The brain shows inflammation by releasing proinflammatory 

cytokines, complement and prostaglandins, amyloid β(Aβ) formation, glial activation, edema and 

increased expression of adhesion molecules.

These issues are amplified with an insult to the blood–brain barrier (BBB).Interleukin (IL)-1 is 

released from activated glia and shows a decrease in glutamate release, upregulation of inducible 

nitric synthase (iNOS), modulated neuron response to glycine and mitochondrial DNA (MDNA), 

and enhanced gamma-aminobutyric acid (GABA) effects. There are notable effects on neuroendo-

crine, cardiovascular and sympathetic nervous systems.2

5.2  PHYSICAL FINDINGS

5.2.1  CIRS AND THE CRANIAL NERVES

Cranial nerves are technically part of the peripheral nervous system, but it is essential to discuss 

them to be complete. All cranial nerves, 1–12, can be affected by CIRS. CN9 and 11 have the weak-

est associations, primarily from case reports. There has been conjecture from research at Michigan 

State whether biotoxin exposure damages the olfactory nerve itself. Certainly, inhalation of biotox-

ins is a rapid and direct route to the olfactory nerve. It is unknown precisely how multiple chemical 

sensitivity relates to the olfactory nerve.3 Olfactory dysfunction is also very common in patients 

with cognitive decline and dementia.4 CN2 is directly affected, as evidenced by impaired VCS and 

blurred vision. Blurred vision is a common symptom on the CIRS roster. Common complaints are 

floaters, tearing issues, visual disturbances and dry eye symptoms. Lacrimal duct problems, which 

cause underproduction or overproduction of tears, can involve CN7.5, 6 CN3, 4 and 6 can be associ-

ated with double vision, since they control extraocular movement.7
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CN5 can be affected by multiple antibiotic-resistant coagulase-negative staphylococci 

(MARCoNS) and may lead to facial pain. Trigeminal neuralgia is rare in CIRS. Yearly tests for 

MARCoNS and looking for cavitations in root canals are necessary for CIRS patients. Ozone 

treatment and surgery can be beneficial for those with dental MARCoNS.3 MARCoNS can also 

release polycyclic ethers through CN1 and further sicken the patient.5 CN7 palsies are well known 

with Lyme but can occur in many CIRS patients. The author noticed facial nerve abnormalities in 

patients with mold exposure, which can wax and wane. One was so dramatic that the patient went 

to the emergency room, and a negative computed tomography (CT) ruled out a cerebrovascular 

accident (CVA).1, 7

A metallic taste is present in some patients with CIRS.3 It can occur in all types of CIRS patients 

and has a basis in multiple cranial nerves. The metallic taste may be absent in cold drinks but 

become present as the beverage approaches room temperature.5 Abnormalities in CN8 can produce 

acute vestibular neuronitis and unilateral sensorineural hearing loss.5

5.2.2  SEIZURES, TICS, TREMORS AND FASCICULATIONS

Movement disorders can be harbingers of dreaded neurodegenerative illnesses and may be alarm-

ing. Tremors and fasciculations will frequently lead to extensive testing and neurology consults. 

However, it is unlikely the neurologist will look to increased transforming growth factor β-1 (TGFβ-

1) as a factor in the presentation, even after ruling out more sinister causes. Seizures and unusual 

seizure-like presentations can occur with high TGFβ-1 and low vascular endothelial growth factor 

(VEGF), biomarkers associated with a leaky BBB. These seizures are less likely to be classic tonic-

clonic seizures.3, 8

Tics, commonly seen in the face, are more common in CIRS patients than in controls.3, 8, 9 

Caudate abnormalities may correlate with tics.3 Twitching can take the form of fine fibrillations or 

coarse fasciculations.9, 10, 11 Resting tremors can also occur, but take care to distinguish a pill-rolling 

tremor, which should point the clinician to Parkinson’s disease.5

5.2.3  UNIQUE NEUROLOGICAL MANIFESTATIONS OF CIGUATERA

Interestingly, the symptoms for all causes of CIRS are just about the same, no matter the cause of 

CIRS or geographic location. Notably, Ciguatera has some unique neurological characteristics in 

presentation, as it reverses the perception of hot and cold and causes paresthesias. Circumoral par-

esthesia is one such presentation.1 The discomfort from the altered perception of hot and cold was 

also termed “cold allodynia.”12 Ciguatera, a low-molecular-weight ionophore, is typically bound to 

sodium channels on neural axons instead of circulating in the blood. Sodium floods the neuron, and 

potassium exits. Ciguatera has a low dissociation constant, which will lead to a more protracted 

course of excretion using cholestyramine (CSM) binding.13

5.2.4  NEUROQUANT® FINDINGS IN CIRS

Dr. Scott McMahon’s work with teenage patients with WDB-CIRS (CIRS from water-damaged 

buildings) typically demonstrates caudate enlargement early on, followed by atrophy. He believes 

the caudate nucleus is the first structure damaged by CIRS.14 Enlargement in microscopic inter-

stitial edema in the forebrain parenchyma and cortical grey areas occurs in CIRS patients with 

age-matched parameters. Post-Lyme syndrome shows putamen atrophy. Antifungals pose a threat 

in the form of grey matter atrophy seen on NeuroQuant® via disruption of microtubules.5 Tubulin 

elevation on GENIE (Gene Expression: Inflammation Explained) can correlate with the dangers of 

azoles. Changes in platelet conformation further compromise blood flow to the brain.15 Concomitant 

use of GENIE demonstrated that actinomycetes and endotoxins had a tremendous impact on tran-

scriptomics and brain injury via metabolic and inflammatory bases. Coagulation markers on GENIE 
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can show an increased risk of vascular dementia and microclots. Oxidation stress, tau phosphory-

lation and formation of amyloid β can occur and compound neuronal damage.15 Once again, this 

points to evidence of proliferative physiology in the brain and the damage from this intersection of 

physiology.5, 8, 11 Transcriptomics has been pivotal in identifying the source of illness, personalizing 

treatment and demonstrating recovery. VIP (vasoactive intestinal polypeptide) has been the only 

medication shown to reduce multinuclear atrophy of grey matter.

In the case of enlarged superior lateral ventricles, one must consider normal pressure hydroceph-

alus (NPH) and look at Evan’s Index. A ratio of greater than 0.31 maximum width of both horns of 

the lateral ventricle to the inner table of the cranium indicates possible NPH.16 Dr. Shoemaker has 

found post-traumatic stress disorder (PTSD) on NeuroQuant to be associated with a small amyg-

dala. PTSD is an inflammatory condition that responds poorly to treatment with standard psychiat-

ric interventions. On the other hand, PTSD can improve dramatically with VIP.1, 17

5.3  HYPOTHALAMIC ISSUES

5.3.1  HEADACHES

Headaches are a frequent complaint in both CIRS patients and the general population. Some patients 

no longer require daily medications from the neurologist when they implement the Shoemaker 

Protocol. All factors that produce musculoskeletal aches and pain in CIRS patients may also be 

present with headaches. These factors include capillary hypoperfusion and muscle cramping, which 

contribute to tension headaches. Patients may also describe “migraines” that last for days and 

result from dehydration and hypovolemia from antidiuretic hormone (ADH) dysregulation.1 Falling 

melanocyte stimulating hormone (MSH) may also contribute to headaches.1, 6 Additionally, CIRS 

patients may have increased sensitivity to bright lights and loud noises, which mimics migraines.11, 
18 Sinus problems may be a contributor as well, but a good history is essential, because “sinus” 

issues often tend to be overstated. Remarkably, Dr. Scott McMahon has found CIRS to be the most 

common cause of pediatric headaches.5 Lyme meningitis could be an unusual cause of headaches. 

Facial palsy may also accompany these headaches.1

5.3.2  ADH DYSREGULATION

ADH is a hormone secreted from the hypothalamus. Falling ADH is frequently seen in CIRS 

patients and causes increased thirst, increased urination, increased sweating (especially in night 

sweats), neurally mediated hypotension, hypovolemia and increased static shocks. ADH and osmo-

lality must be measured simultaneously to evaluate their relationship. ADH dysfunction occurs 

in over 60% of CIRS patients.1 In addition, MSH, another hormone made in the hypothalamus, 

impacts ADH regulation.6, 10

5.3.3  POTS, PRE-SYNCOPE AND THE DANGERS OF STEROID USE IN 

CIRS PATIENTS AS IT RELATES TO THE HPA AXIS

Anyone who has spent time in an emergency room can say the complaints of pre-syncope, syncope 

and dizziness are incredibly common, and the etiology is frequently unknown. Keeping CIRS in 

the differential diagnosis is essential. Dehydration and ADH dysregulation occur in patients with 

misdiagnosed postural orthostatic tachycardia syndrome (POTS). Damage to the hypothalamus can 

cause neurally mediated hypotension (NMH), a form of dysautonomia, which can produce light-

headedness and fatigue.11 These patients become lightheaded when they stand up due to dehydration 

and increased pulmonary artery systolic pressure (PASP). Requesting a PASP on every stress echo-

cardiogram is critical in diagnosing pulmonary hypertension. A rise of PASP following exercise by 

8 mmHg or more is diagnostic for pulmonary hypertension, which may normalize with VIP. CIRS 
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patients may experience dizziness or vertigo. The source of this dysregulation can be central, and 

certainly, hypovolemia can induce tachycardia and decreased blood pressure. Calling this phenom-

enon “POTS” fails to acknowledge the mechanism of reduced volume from ADH dysfunction, 

hypothalamic damage or the accompanying PASP. Patients may describe having “low blood sugar,” 

which is actually low blood pressure. In these cases, patients should measure orthostatic blood pres-

sures with an automated cuff and blood glucose levels when symptomatic. It is essential to look for 

hypermobility and increased TGFβ-1 because these patients frequently have the 11-3-52B HLA.3, 5

CIRS can cause lightheadedness, syncope and even head injuries from falls. When patients 

describe daily headaches or long-standing headaches and lightheadedness, it is crucial to take a 

good history of falls, syncope and concussions. Syncope is a diagnosis that prompts neurology and 

cardiology consults, and the patient may have a positive tilt-table test and receive a prescription for 

fludrocortisone.5

Fifty percent of CIRS patients with low MSH have adrenocorticotropic hormone (ACTH) and 

cortisol dysregulation. Hypothalamic-pituitary-adrenal (HPA) axis dysfunction from CIRS affects 

cortisol, ACTH and also androgens.19 ACTH is released from the anterior pituitary and stimulates 

the production of cortisol from the adrenal cortex. ACTH is a melanocortin like MSH, and they both 

come from proopiomelanocortin.3 ACTH can rise early in CIRS and then fall.20 If there is an actual 

reduction of inflammation, cortisol should drop, and ACTH should be stable. A falling ACTH with 

unchanged cortisol levels signifies the need to taper the steroid because the steroid is causing further 

hormonal dysregulation. Consequently, failure to diagnose CIRS will result in a lack of improvement 

and failure to self-heal, and a potential worsening of the condition. Low cortisol and simultaneously 

suppressed ACTH are strong predictors of poor outcomes.20 Consequently, one must first test for 

MSH and closely monitor cortisol and ACTH levels while the patient is on steroids.

5.3.4  VERTIGO

Vertigo is a common complaint for both a primary care provider and a neurologist. One must be 

specific in defining the term, as many lightheaded people will report feeling “dizzy.” Vertigo is 

either objective or subjective, with the room spinning or the patient spinning. CIRS patients can 

have unilateral neuronitis or vestibular neuronitis. Cranial nerves should also receive a good exami-

nation.5 Checking ADH with osmolality and orthostatic blood pressures is in order.

5.3.5  LEPTIN DYSREGULATION AND WEIGHT GAIN

Leptin is produced in the adipocytes and acts as a hormone and cytokine. As MSH falls, damage 

to leptin receptors causes leptin resistance and disruption at the gp-130 cytokine receptor. IL-6, 

IL-11 and IL-12 are some cytokines that compete for the leptin receptor due to similar confor-

mation.19 Leptin acts to create tumor necrosis factor-α (TNF-α), IL-1 and IL-6. Leptin receptors 

are in the arcuate nucleus of the hypothalamus. Leptin binding to healthy receptors causes the 

prohormone proopiomelanocortin (POMC) to stimulate the formation of endorphins, MSH and 

ACTH. Consequently, these crucial hormones are not released at normal levels when leptin resis-

tance occurs, and leptin levels rise. Cytokines can obstruct leptin receptors, and the result is weight 

gain that is resistant to traditional methods of weight loss. The patient experiences fatigue, and 

the mitochondria starve for oxygen. Sugar is metabolized in the cytoplasm, producing 2 ATP and 

lactate and pyruvate, which are shunted to the mitochondria. Due to capillary hypoperfusion in the 

absence of oxygen, the cells cannot create the theoretical 36 ATP that should be present. Instead, 

the body burns glucose and glycogen stores, and it takes 2 days to replenish glycogen reserves. CIRS 

patients also frequently have appetite swings with low MSH, as outlined on the symptom roster. 

Measure baseline leptin levels at intake. One important reason to measure leptin is that rapid leptin 

reduction (by pioglitazone, for example) can reduce MSH dramatically. MSH must be monitored 

on pioglitazone.3
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If the patient surpasses the anaerobic threshold and has leptin resistance from cytokine response, 

protein stores will be tapped in the form of alanine and glutamine instead of burning fatty stores. 

So, the patient can rapidly gain weight and burn through protein stores, which drive basal metabo-

lism down. Lack of adiponectin contributes to this vicious cycle.21 As a result of these changes in the 

CNS, the patient may have significant, otherwise unexplained weight gain with far-reaching impli-

cations for health.1 In this way, the direct CNS assault can affect the rest of the body and feedback 

to further CNS damage.6 Daily, timed, graded exercises help to increase adiponectin and increase 

oxygen delivery to patients with capillary hypoperfusion.22

Weight loss and muscle wasting is also a frequent occurrence. Male patients may report an inabil-

ity to build muscle or suffer a weight loss that coincides with muscle atrophy. Physicians should rule 

out malignancies with unexplained or unintentional weight loss and address depression, too.

Interestingly, C-reactive protein, monocyte chemoattractant protein-1 (MCP-1), TNF-α and 

IL-1β were all elevated in obese Type 2 diabetics. Vascular injury, platelet dysfunction and a greater 

predisposition for clotting exist in this hyperglycemic state.19 Obesity may increase the risk factor 

for clotting and contribute to cognitive decline. This is another example of how CIRS can damage 

the CNS in profound and complex ways. Recent insights from Dr. Shoemaker and Dr. Ryan have 

provided even more understanding of these coagulation and metabolic processes.

5.3.6  ANDROGEN DYSREGULATION

MSH regulates androgens, and its decline directly affects androgen levels.10 Physicians see andro-

gen dysregulation in 40% of patients with low MSH, and erectile dysfunction may occur. In yet 

another assault on normal physiology, low MSH causes aromatase upregulation, which may result in 

abnormal total testosterone, dehydroepiandrosterone sulfate and estradiol levels. One of the impli-

cations of altered androgens is the risk of atrophic or Type 2 Alzheimer’s disease. A deficit in andro-

gens is a risk factor for cognitive decline, as defined by Dr. Bredesen.

5.3.7  THE IMPORTANCE OF VIP AND THE ROLE OF VIP INTRANASAL SPRAY

VIP is another hormone produced in the hypothalamus that is frequently very low because it is 

severely affected by CIRS. Replacement VIP via nasal spray crosses the BBB. VIP is safe and 

effective in treating CIRS patients and has been vitally helpful for their recovery. VIP has neuro-

modulatory and immunomodulatory effects; it works by increasing cyclic AMP and endorphins. 

VIP decreases cytokines, C4a, matrix metallopeptidase 9 (MMP-9), TGFβ-1, mannan-associated 

serine protease (MASP2), aromatase (which in turn normalizes androgens) and PASP.23 VIP also 

normalizes VEGF and vitamin D levels.

Intranasal VIP has been incredibly important for patients with pulmonary hypertension. Low 

VIP causes shortness of breath and pulmonary hypertension, contributing to decreased quality of 

life and deconditioning. Low VEGF can also contribute to shortness of breath and fatigue. VIP can 

improve low VEGF.5

VIP normalizes disturbances in clotting and bleeding, as in the correction of acquired von 

Willebrand’s disease. VIP can normalize ADH and osmolality as well as ACTH and cortisol. 

VIP has also corrected eIF2. eIF2 abnormalities occur in patients with rheumatoid arthritis, 

systemic lupus erythematosus (SLE) and colonization of MARCoNS. The benefits of VIP are 

numerous and impressive. However, the need for the patient to avoid water-damaged buildings 

continues for life.23

Intranasal VIP is the only means to date to demonstrate an improvement of multinuclear atrophy. 

The Shoemaker Protocol prior to VIP demonstrated normalization in the forebrain parenchyma and 

cortical grey areas. The addition of VIP and reversal of multinuclear atrophy is a medical milestone. 

Significant improvements occur in the hippocampus, caudate, putamen, pallidum, thalamus and 

cerebellum. High-dose VIP increased hippocampal size by a remarkable 61.5%.24 The implications 
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for Alzheimer’s disease are particularly promising.24 Low-dose VIP improved amygdala volume 

especially well.24

VIP also appears to help normalize MASP2 inflammation through an unknown mechanism.25 In 

some patients, ficolin-binding protein MASP2 creates a greater response to less and less exposure, 

a phenomenon Dr. Shoemaker calls “sicker, quicker.” C4a will rise quickly and stay elevated until 

treatment.9 VIP blunts C4a elevations and reduces symptoms from baseline.

VIP may even prevent joint damage and reduce pain. TGFβ-1 appears to have an important role 

in osteoarthritis, and VIP may have a direct benefit in this common and debilitating condition. Also, 

the normalization of TGFβ-1, VEGF and MMP-9 contributes to improved tendon healing.12

5.4  IMPLICATIONS FOR PAIN

MSH dysregulation happens in about 95% of patients with CIRS. MSH contributes to thermal 

dysregulation, sweats, muscle aches and difficulty with concentration.1, 5, 19 MSH regulation also 

impacts the tight junctions of the gut and can result in food intolerances. MSH is an important hor-

mone that promotes cAMP (cyclic adenosine monophosphate) and blocks nuclear factor κ β. MSH 

inhibits a number of cytokines: TNF-α, IL-1β, IL-6 and interferon (IFN)-γ. Injured intervertebral 

discs will release some of the same compounds observed in CIRS, namely IL-1β, IL-6 and TNF, 

which are all proinflammatory.12 TNF-α may further interfere with perfusion via vasoconstriction 

or cytokine effect on blood vessels.5 Falling MSH levels contribute to unusual pain in the CIRS 

patient, as endorphins also fall.6 Some of these pains may be described as “icepick” or unusual skin 

sensitivity. TNF-α may contribute to capillary hypoperfusion via the recruitment of leukocytes.10 

With low MSH, MARCoNS colonization can be acquired, which may cause facial pain, as outlined 

by Drs. Roberts and Butts.3 MARCoNS further degrade MSH by the production of exotoxins A and 

B. MARCoNS secrete hemolysins, produce biofilms and alter transcriptomics, and one must moni-

tor for re-acquisition of MARCoNS.5, 6

MMP-9 is generated from macrophages and endothelial cells, contributing to a leaky BBB, 

inflammation and pain. The inflammation can occur in the brain, lungs, muscles, nerves and joints.1, 
6, 19, 26 No single marker causes any single symptom, but MMP-9 contributes to chronic pain and 

fatigue as muscles, joints and nerves are affected. We know MMP-9 rises after exposures, as VCS 

scores fall in rows D and E. Low VEGF can contribute to muscle cramps and cytokine release. 

MMP-9 may correlate with T1 imbalances.27 High C4a levels also contribute to musculoskeletal 

issues, fatigue, capillary hypoperfusion and muscle cramps.

Peripheral neuropathy is a common symptom of CIRS, and patients frequently report numbness 

and tingling in the extremities, particularly fingers and toes, as listed in the symptom roster for 

CIRS. GENIE may demonstrate upregulation of the vanilloid series in patients with peripheral neu-

ropathy and chronic pain.5, 12 There is also evidence that thrombin is instrumental in the occurrence 

of diabetic neuropathy of the peripheral nervous system. Rat studies performed by Joab Chapman 

showed increased thrombin activity in the sciatic nerve of diabetic rats compared with controls.28 

This may indicate an interplay between coagulation, metabolism, inflammation and pain.29

Once again, patients with chronic pain may be put on steroids for back pain and headaches by 

those unfamiliar with CIRS without regard for the resulting dysregulation of cortisol production. 

Misdiagnosed CIRS patients with chronic pain may even receive unnecessary prescription pain 

medication.

5.5  PEDIATRIC ISSUES

5.5.1  LEARNING DISABILITY AND ADHD

Anecdotal cases of improvement in learning disability have resolved with an improvement of 

CIRS, but no statistically significant data exists. One such example is the Aiello legal case from 

A L G r a w a n y
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Michigan, which demonstrated in utero exposure, evidence of altered biomarkers and resolution 

of illness by treatment with CSM alone. It stands to reason that optimizing health and reducing 

dysfunctional inflammation is a good goal for these patients and anyone wishing to focus on brain 

health.3 A small study in Poland correlated 6-year-old children living in homes with visible mold 

and a loss of 10 IQ points.30

Attention deficit hyperactivity disorder (ADHD) is a clinical diagnosis, and Dr. McMahon has 

noted that many children with ADHD will have their symptoms resolve as the inflammation of 

CIRS normalizes.14 Once again, this organic dysregulation should be evaluated and treated before a 

psychiatric diagnosis.3 Patients with ADHD and manic patients can demonstrate high glutamate to 

glutamine ratios on magnetic resonance (MR) spectroscopy.31

Before prescribing a controlled medication, screening children with learning difficulties with 

VCS, inflammatory biomarkers and environmental studies makes sense. It can be detrimental to 

send children to playrooms in “finished basements” or a basement nursery at church. How many chil-

dren with treatable psychological conditions are adversely impacted by water-damaged buildings?

5.5.2  PANS/PANDAS AND OCD

Dr. Scott McMahon recounts an exceptional case where a child with seizures was diagnosed with 

pediatric acute-onset neuropsychiatric syndrome (PANS) and CIRS in The Art and Science of 

CIRS. PANS can manifest as serious behavioral changes which exhibit sudden and acute symptoms 

of the following: Obsessive-compulsive disorder (OCD), rage, psychotic reactions, mood and behav-

ior changes, eating avoidance, facial tics and others. The symptoms may recur irregularly. These 

behaviors may lessen in intensity but do not disappear permanently and may exacerbate within only 

2–3 days after the onset of another acute illness.5

PANS can occur after any illness, and pediatric autoimmune neuropsychiatric disorder associ-

ated with streptococcal infections (PANDAS) describes only Group A beta-hemolytic streptococ-

cal infections. Dr. McMahon certainly sheds a different light on the ubiquitous pediatric illnesses 

like colds and strep throat, because some of these changes can be permanent and life-altering. Dr. 

McMahon references his exciting work in The Art and Science of CIRS Medicine, which describes 

33 out of 33 children with PANS/PANDAS who each met the criteria for CIRS. CSM alone reduced 

75% of neuropsychiatric symptoms and 94% of CIRS symptoms. The connection between CIRS 

and PANS/PANDAS and the resolution of symptoms is nothing less than revolutionary.5

In addition, Dr. McMahon has found that abdominal pain, headaches and growing pains are fre-

quently caused by CIRS. He suggests screening for CIRS if a child has chronic fatigue, inattention 

after 6 years of age, or failure to “potty train” by 6 years.14 The scope of CIRS continues to grow, 

and one can look forward to the day when every physician will readily recognize it, because these 

are treatable common complaints.5

5.6  MENTAL HEALTH CONSIDERATIONS

5.6.1  AUTOIMMUNE DISEASE AND MENTAL HEALTH

A study conducted in Denmark showed a 45% increase in mood disorders after an autoimmune diag-

nosis. Recent hospitalization for an infectious disease also conveyed a 62% increase in mood disor-

ders. An autoimmune diagnosis and a recent hospitalization more than doubled the mood disorder 

risk.32 This study is thought-provoking. Infections were associated with both unipolar depression 

and bipolar disorder.33 We know severe illnesses like sepsis can produce lingering dysregulation in 

the innate immune system, coagulation and T-regulatory dysfunction (with Th1, Th2 and Th17) in 

the form of systemic inflammatory response syndrome (SIRS). As TGFβ-1 increases, CD4+CD25+ 

falls. IL-6 augments the decrease. As this occurs, naive T4 cells favor producing Th17 instead 

of T-regulatory cells.14 Autoimmune disease, namely SLE, Type I diabetes and celiac disease, is 
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more strongly associated with unipolar depression. Although not necessarily causal, the correlation 

between autoimmune disease and mood disorder raises questions regarding the connection between 

illness and mental health, particularly the T-regulatory dysfunction in CIRS that patients can corre-

late with autoimmunity. Interestingly, patients with schizophrenia have shown increased C4a.34 It is 

standard of care to always look for organic illness before making a psychiatric diagnosis. Screening 

all patients with new-onset psychiatric disorders for CIRS would be a fascinating way to see what 

physiology we are missing.18

5.6.2  SLEEP DISTURBANCES

Sleep difficulties are a frequent complaint among CIRS patients, and the sleep they do get is typi-

cally non-restorative. In CIRS, MSH and melatonin levels fall, and the circadian rhythm is dis-

rupted, which may lead to poor sleep quality.5, 6, 10 Patients may complain of waking with “clawing” 

of the feet, “charley horses,” night sweats, roving aches, and increased thirst and nocturia from ADH 

dysregulation.1, 10 VIP dysregulation leads to a disturbance in the circadian rhythm. Additionally, 

as previously stated, cortisol is frequently dysregulated, and sleep quality deteriorates further: The 

combination of symptoms plus the stresses that accompany CIRS add up to poor sleep quality. 

Anecdotally, the author has noted that CIRS patients may not recall their dreams well and report 

violent or oppressive nightmares.

5.6.3  MOOD

Mood swings are also common and listed on the symptom roster. The combination of cognitive 

symptoms and fatigue with emotional dysregulation creates a very challenging situation for CIRS 

patients. They may have to change homes and jobs, alter their social lives drastically and part with 

many of their belongings. Dealing with CIRS calls for a high degree of order, organization and 

learning a great deal of challenging and expansive new information when the patient may feel least 

capable of it.10 MSH has implications for mood disorders and mood swings. MMP-9 and TGFβ-1 

can also contribute to increased BBB permeability and depression.18 TGFβ-1 and C4a levels can rise 

minutes after exposure.35 VEGF dysregulation may occur during periods of stress and depression.36

5.6.4  ANXIETY

Anxiety is an incredibly common, although non-specific, symptom that many face, and it is not 

part of the symptom roster. Many CIRS patients report anxiety and depression, which can be quite 

severe. Data from Dr. McMahon’s 2016 CIRS lecture in Irvine cited that 32.9% of adults with CIRS 

had issues with anxiety.14 There has been conjecture on whether or not caudate size is causative or 

at least, a factor in anxiety.37 Part of increased anxiety may correlate with the excitotoxicity effects 

of inflammation.18 Decreased VIP may contribute to anxiety and depression.18

5.6.5  SUICIDE

Suicide is the 14th largest cause of years of life lost according to the World Health Organization, 

2014.38 Suicide attempts outnumber completed suicide cases 10- to 20-fold. Suicidality is a major 

problem in patients with CIRS. Dr. Shoemaker cited an unpublished chart review that states 95% 

of CIRS patients had contemplated suicide.37 Many CIRS patients are sick for years prior to diag-

nosis and are unaware of how that exposure worsens their illness and mental health. For example, a 

CIRS patient who is told they have fibromyalgia, and continues to live in a moldy home, is unlikely 

to recover. Patients can spend years and significant sums of money on treatments that do not work 

while suffering out-of-control inflammation and remaining undiagnosed. Recovery is no accident 

and requires a proper diagnosis and, step-wise, methodical interventions. Almost half of suicidal 
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patients seek care from a mental health or primary care provider in the month preceding suicide.38 

Most psychiatrists, emergency room doctors and primary care physicians will overlook CIRS as 

a risk factor for suicide. The patients are reaching out but still dying.38 A European study linked 

moldy homes with depression.39 We should also be screening known CIRS patients carefully as a 

secondary prevention measure. Psychiatric treatment could accomplish much more through envi-

ronmental exposure management, and the underlying inflammation decreases.37

Inflammation causes activation of the kynurenine pathway of tryptophan, which degrades tryp-

tophan and creates quinolinic acid.5 Quinolinic acid is an N-methyl-d-aspartate (NMDA) agonist, 

which increases excitatory glutamate uptake. Kynurenic acid is made in the astrocytes and is an 

antagonist at the NMDA receptors. Activated microglia produce quinolinic acid. This is an exci-

totoxin with neurotoxic and gliotoxic effects, has inflammatory properties and is associated with 

neuronal loss. Quinolinic acid may contribute to hippocampal loss seen in depression.40 The cere-

brospinal fluid (CSF) of patients who attempted suicide had quinolinic acid levels 300% higher than 

controls. High levels of quinolinic acid also correlate with the cytokine IL-6 and increased Suicide 

Intent Scale. Postmortem analysis demonstrates microglia activation and increases in IL-6.40 

Quinolinic acid levels in CSF in patients with prior suicide attempts fell in the 6 months following 

the attempt but were still increased by 150% in patients for 2 years following a suicide attempt. 

Quinolinic acid was also higher in violent suicide attempts.

Immunotherapy with cytokines can induce depression.38 This is accepted widely, and psycho-

logical clearance for patients receiving interferon can be a prerequisite for treatment. Patients 

receiving interferon treatment who were previously healthy individuals and without a history of 

depression have had new-onset suicidal ideation within 1 month of interferon treatment. If it is 

established within the scientific community that a flood of cytokines can cause precipitous and 

severe depression, why are physicians overlooking the inflammatory response from CIRS patients 

with depression?41

In completed suicide cases, elevated quinolinic acid occurs in the cortical and subcortical regions 

of the brain, specifically in the subgenual anterior cingulate cortex and anterior midcingulate cor-

tex. Increases in quinolinic acid also occur in Alzheimer’s disease (AD), Parkinson’s disease (PD) 

and Huntington’s disease (HD).18 A challenge of studying quinolinic acid lies in its 20-minute half-

life in blood; hence the need to obtain levels via CSF.38

Small studies have shown decreased suicidality in patients with administration of the NMDA 

antagonist ketamine and may further our understanding of quinolinic acid’s role in depression. 

Interestingly, ketamine has decreased suicidality within 40 minutes, and this may last 10 days.38 This 

helps elucidate the role of the NMDA receptor in suicide. The NMDA antagonist kynurenic acid is 

neuroprotective and has anticonvulsant attributes.42 However, too much kynurenic acid may cause 

cognitive issues and psychosis, as in the case of people with schizophrenia, who have 50–70% more 

kynurenic acid than controls. Low levels of CSF kynurenic acid correlated with more severe depres-

sive symptoms and were reduced by 35% 2 years later in patients following a suicide attempt.38, 42

In a cohort of 51 individuals who attempted suicide, plasma VEGF levels were significantly 

lower than in controls. This study looked at IL1-α, IL 1-β, IL-2, IL-4, IL-6, IL-8, IL-10, IFN-γ, 

TNF-α, MCP-1, epidermal growth factor (EGF) and VEGF. Despite the psychiatric intervention, 

14 of the 51 patients eventually committed suicide. The study lasted 13 years. VEGF levels were 

significantly lower in cases of completed suicide versus cases of attempted suicide. VEGF levels for 

completed suicides were 14.58 ± 6.03 pg/mL. Patients with the lowest VEGF made more suicide 

attempts. VEGF is frequently low in CIRS patients. Dr. Shoemaker cites VEGF levels of 31–86 

pg/mL as normal. VEGF has a neurotrophic factor with roles in neuroprotection and neurogenesis 

that may protect the hippocampus in electroconvulsive treatment. Higher IL-6 correlates with low 

VEGF. Those with suicide attempts had a trend toward decreased IL-2 levels, but it did not corre-

late with suicide planning and intent. High IFN-γ also correlated with higher suicidal intent. Some 

studies suggest corticosteroids may also reduce VEGF, and that may be another reason for a CIRS 

patient to avoid oral steroid use.28, 36
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The issue of having a serious illness that affects neurologic function is compounded by several 

factors, including not getting a timely diagnosis, not being treated appropriately and not recover-

ing in a timely manner, financial difficulties due to treatment and lost productivity, lost homes and 

jobs, executive function difficulties, and the stress of not being understood by friends and family. 

The overall effect is that patients are frequently isolated, unwell and overwhelmed and have little 

social support. Universal screening for CIRS in the general population and all patients presenting 

with depression, anxiety and suicidal ideation would save lives. One can imagine a future where 

depressed patients at the primary care provider’s office receive a VCS and symptom screening 

and instructions to obtain a Health Effects Roster of Type-Specific Formers of Mycotoxins and 

Inflammagens (HERTSMI) of their home and work.

5.7  NEURODEGENERATIVE ILLNESSES

5.7.1  CYANOBACTERIA AND BMAA

Dr. Paul Cox has theorized that β-N-methylamino-L-alanine (BMAA) links to amyotrophic lat-

eral sclerosis (ALS). An earlier hypothesis that fell out of favor was focused on cycad flour in 

the diet of the Chamorro people of Guam, causing neurodegeneration in the form of ALS/PDC 

(Parkinson’s dementia complex).43 The BMAA concentrates in seeds used to create flour.1 This the-

ory was amended to account for the much more concentrated Nostoc from the native diet of flying 

fox meat. The theorized mechanism revolved around the idea that BMAA could damage NADPH 

motor neurons by activating glutamate receptors α-ami no-3- hydro xyl-5 -meth yl-4- isoxa zole- propi 

onate  (AMPA) and NMDA. Dr. Cox further proposed that BMAA was mistaken for L-serine and 

incorporated into proteins, which caused the formation of hyperphosphorylated tau. Dr. Cox has 

promoted L-serine ingestion to counter the BMAA inclusion in proteins. Perhaps more compelling 

is that two replicated experiments with BMAA in vervet monkey feed for 140 days produced hyper-

phosphorylated tau and some (Aβ) deposits that were not present in controls.43 Feeding the monkeys 

L-serine reduced reactive astroglia in the anterior horn of the lumbar spinal cord and neurofibrillary 

tangles in the upper motor neurons of the primary motor cortex.44

5.7.2  ALS AND MMP-9

Dr. Christopher Henderson, professor of pathology at Columbia, said of MMP-9 and ALS at the 

moment of discovery that he was sure that MMP-9 was, at the minimum, the first marker they 

had for the vulnerable motor neurons in the current model of ALS. In a mouse model of ALS, 

MMP-9 in nerves leads to neurodegeneration. In genetically predisposed mice, genetic reduction 

of MMP-9 in MMP-9 knockout mice resulted in a 25% longer life and a delay in neuron loss. 

MMP-9 elevation occurs in AD, HD and PD.45 This is not to say CIRS causes these illnesses, and 

an elevated MMP-9 alone is never diagnostic of CIRS, but one could make a case for targeted 

screening in those with neurological issues. If a patient has both CIRS and serious neurodegenera-

tive illness, correcting the biomarkers and cellular dysfunction associated with CIRS will likely 

benefit the quality of life.

5.7.3  PARKINSON’S DISEASE AND THE ROLE OF THROMBIN

Thrombin acts on protease-activated receptors (PARs) and increases neuroinflammation. Increases 

in PAR1 have been seen in astrocytes in substantia nigra in Parkinson’s patients. PAR1 occurs 

in neurons and astrocytes in the human hippocampus, cerebral cortex and striatum. PAR1 defi-

cient animal studies demonstrate memory and learning issues associated with the hippocampus. 

Thrombin and activated PAR1 may induce seizures in rats.46 Lower levels of thrombin appear to be 

protective in cases of PD.47
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5.7.4  GADOLINIUM AND PARKINSON’S DISEASE

Dr. Shoemaker presented a case study where a patient had magnetic resonance imaging (MRI) with 

gadolinium, resulting in skin thickening and symptoms of PD. The patient also had scleroderma-

like esophageal dysmotility and abnormal lung diffusion capacity but no markers for scleroderma. 

The patient had increased TGFβ-1, which causes epithelial to mesenchymal transformation (EMT). 

Losartan successfully corrected TGFβ-1. The patient's symptoms of PD resolved.48 Of note, anti-

cardiolipin antibodies (ACLA) can be elevated in lupus and scleroderma and also in CIRS patients.5

5.7.5  MULTIPLE SCLEROSIS, THROMBIN AND HYPERCOAGULABILITY

The innate immune system and the presence of thrombin may impact multiple sclerosis (MS). 

MS patients have a higher risk of venous thromboembolism in the form of pulmonary embolism, 

deep vein thrombosis and stroke. Genomic studies found a higher vascular cell adhesion molecule 

(VCAM1) level, which thrombin may mediate. Hypoperfusion, disturbances in the BBB and increases 

in hypoxia-inducible factor (HIF) occur in MS.49 Single-photon emission computerized tomogra-

phy (SPECT), positron emission tomography (PET) and dynamic susceptibility contrast-enhanced 

MRI also demonstrate cerebral hypoperfusion. Dr. Tatiana Koudriavtseva posits that cerebral hypo-

perfusion, slowed blood flow and changes in hypoxia-inducible factors may contribute to hyper-

coagulability. Innate immune system activation and the coagulation system play a role in allergic 

encephalomyelitis (EAE). EAE shows increased brain protease nexin-1 and thrombin-antithrombin 

complexes. Damage to the BBB, fibrin and activated microglia have a role in the demyelination of 

rats with EAE. MS correlates with higher antiphospholipid antibodies, and the mechanism of injury 

may involve thrombotic processes. Neuromyelitis optica (NMO) coincides with greater anti-throm-

bin III activity and D-dimer levels, which confer thrombotic risk.29, 50, 51 It could be fruitful to look 

at transcriptomics in patients with neurodegenerative illness and coagulation abnormalities.29, 50, 51

Increases in TGFβ-1 can be associated with gliosis.9 Gliosis is a form of scarring indicative of 

inflammation; it is a non-specific finding seen more commonly in CIRS patients. Gliosis occurs in 

45% of cases of CIRS and only 5% of controls. Gliosis also occurs in MS, and although we cannot 

point to CIRS as a cause of MS, the commonality of gliosis is interesting to note. Myoinositol is seen 

in MS yet not associated with CIRS cases on MR spectroscopy. A notable finding for CIRS patients 

on MR spectroscopy is a rise in lactate.52, 53

Dr. Strickland says gliosis, or white matter hyperintensities, demonstrates small vessel cerebro-

vascular disease, which includes microbleeds and microinfarcts, lack of BBB integrity, and hypo-

perfusion, and can result in hippocampal atrophy.54

5.7.6  CASE STUDY OF MS AND CIRS FROM DR. SHOEMAKER

Another fascinating case that Dr. Shoemaker presented is that of a teenage girl with a definitive MS 

diagnosis. The patient had oligoclonal bands in CSF and plaques on MRI. The patient started to go 

blind and received steroids. Her TGFβ-1 was over 40,000. The home underwent successful remedia-

tion. The patient improved dramatically on CSM alone, and TGFβ-1 dropped to under 3000. The 

lesions resolved on imaging. The family declined a confirmatory CSF sample.52 High TGFβ-1 can 

contribute to MS-like symptoms.9

5.8  COGNITION AND ALZHEIMER’S DISEASE

5.8.1  EXECUTIVE FUNCTION DIFFICULTIES IN CIRS PATIENTS

One of the most striking and troublesome ways CIRS expresses itself is through cognitive difficul-

ties, especially in executive function. Difficulties with focus and short-term memory, dyscalculia, 

confusion, disorientation and problems with assimilation of new information are all hallmarks. 
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These cognitive issues occur in an astounding 90–95% of CIRS patients.55 For example, patients 

who are normally high-functioning can experience alarming disorientation and difficulty navigat-

ing familiar routes; it is common for a patient history to include getting lost on the way to a doctor’s 

appointment even after visiting the location for years. One common cognitive problem in CIRS 

patients is difficulty with word-finding, including very basic terms for household items and familiar 

terminology in their profession.10 Patients also experience intrusive thoughts and may impulsively 

interrupt conversations as executive function wanes.8 This constellation of executive function issues 

may at times bias a physician unfamiliar with the challenges of CIRS to dismiss the concerns of a 

CIRS patient.

5.8.2  COGNITION, HYPOPERFUSION AND THE BLOOD–BRAIN BARRIER

Frequently, “brain fog” describes the cognitive difficulties accompanying CIRS. The colloquial 

term “brain fog” is too general, innocuous-sounding and vague to convey the condition’s profound, 

progressive and disabling potential. “Brain fog” does not even hint at the association with AD, as 

outlined by Dale Bredesen, MD. On the contrary, we find that “brain fog” is associated with nuclear 

atrophy, mitochondrial underperformance (due to anaerobic respiration) and cytokine release caus-

ing capillary hypoperfusion and reduced oxygen delivery.12, 31 CIRS causes defects in gene regula-

tion in glycolysis, as well as abnormalities in ribosomal and mitochondrial activity.24 Glutamate 

(excitatory) to glutamine (inhibitory) ratios, as seen in MR spectroscopy, are typically depressed in 

patients with CIRS who exhibit cognitive challenges.31 Lactate elevations and glutamate to gluta-

mine ratio abnormalities can even correlate with Environmental Relative Moldiness Index (ERMI) 

scores and C4a levels in patients with low MSH.31 Dr. Shoemaker states that elevated lactate and 

change of glutamate to glutamine ratios are more evidence of proliferative physiology and meta-

bolic disturbance at work.5 Dr. James Ryan has discovered molecular hypometabolism (MHM) in 

80% of CIRS cases.

A dysfunctional BBB with high TGFβ-1, low VEGF and high MMP-9 leads to capillary hypo-

perfusion, disturbances in glycolysis, reactive microglia, reactive astrogliosis and worsening cogni-

tion.8, 10, 11 Additionally, failure to eradicate MARCoNS will further reduce MSH and increase risk 

of brain atrophy.6 MMP-9 and plasminogen activator inhibitor-1 (PAI-1) increase clot formation and 

arterial blockage, leading to atherosclerotic plaques and potential for rupture.3

TGFβ-1 may also cause pathologic hardening of arterial vessels, resulting in blockage.56 Some of 

the inflammatory cytokines implicated in BBB permeability are IL-1, IL-6 and TNF.18 Higher levels 

of TGFβ-1 occur in the CSF of Alzheimer’s patients compared with controls. In a meta-analysis of 

40 studies, higher levels of IL-6, TNF-α, IL-1β, IL-12, IL-18 and TGF-β may occur in the peripheral 

blood of patients with AD.57

High C4a and low VEGF are also associated with cognitive dysfunction and reduced oxygen 

delivery to the capillary beds, as verified on MR spectroscopy.9, 58, 59 VEGF is frequently dysregu-

lated in CIRS.59 As HIF increases, VEGF and TGFβ-1 are released. VEGF promotes new vessel 

growth and vasodilation to increase perfusion. The resulting oxygen increase attempts to compen-

sate for capillary hypoperfusion from cytokine release. The increase in VEGF is short-lived; it rises 

on day one and then falls by day three following a rise in TGFβ-1. Loss of VEGF may weaken the 

BBB and worsen cognition, because VEGF has neuroprotective properties.1, 60, 61

In Dr. Shoemaker’s landmark paper in Trends in Diabetes and Metabolism, he ties together the 

genomic effects of CIRS, proliferative physiology (aerobic glycolysis) and disturbances in coagu-

lation by noting that there is a commonality of complexity and an almost universal response of 

inflammation and coagulation genes, including the relationship of suppression of ribosomal mRNA 

production and nuclear-encoded mitochondrial genes to multiple characteristics of glucose metabo-

lism (especially aerobic glycolysis).56 Increased PASP happens in over 80% of patients with molec-

ular hypometabolism and IRS (insulin receptor substrate) elevations. Closed voltage-dependent 

anion channels (VDAC) lead to increased lactic acid and metabolic acidosis. There is T-regulatory 
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cell suppression. Common changes in the brain on NeuroQuant® include increased superior lateral 

ventricle size, grey matter nuclear atrophy and suppression of cortical grey, which result in cognitive 

impairment.15

This constellation of abnormalities caused by CIRS resembles those found following an acute, 

severe illness in the form of SIRS. Both SIRS and CIRS cause widespread damage in the forms of 

the immune response, coagulation and inflammation. The disruption of cellular function is more 

far-reaching and complexly intertwined than most could have imagined. Dr. Shoemaker and Dr. 

Ryan’s visionary work made these unifying connections.

5.8.3  DR. HEYMAN’S NEURODEGENERATIVE MODEL OF HYPERCORTISOLISM

Dr. Andy Heyman states that the hippocampus has the greatest density of cortisol receptors in the 

brain. He observes that at first, there is swelling of the hippocampus due to increased (and chronic) 

cortisol activity, a condition common in the early stages of CIRS. The hippocampus and hypothala-

mus are adjacent and functionally connected, and we recognize frequent hypothalamic dysregula-

tion in CIRS. Catabolic activity from increased cortisol inside the hippocampus eventually causes 

atrophy. Impaired HPA axis feedback results in further dysregulation of inflammation.27 Cortisol 

levels may subsequently plummet, which is common as CIRS progresses.27

5.8.4  BREDESEN CLASSIFICATION

AD affects more than 5 million Americans right now. Forty-five million Americans currently alive, 

or 15% of the population, will develop AD during their lives, and the frequency is increasing. AD 

costs the US economy $300 billion per year and causes untold human suffering. AD is cruel and 

relentless. The work of Dr. Bredesen and Dr. Shoemaker has been instrumental in providing a 

framework of hope for this population.62 Dr. Bredesen states that amyloid β (Aβ) is part of the innate 

immune system, and the role of the innate immune system is crucial in the treatment of AD.

Dr. Bredesen cites AD as the third largest cause of death in America, and Type 3 Toxic (mold 

is the most common cause) accounts for 20% of Alzheimer’s cases as the primary subtype. Even 

more startlingly, Dr. Bredesen has found Toxic contributors such as mold to be a factor in 60% of 

AD cases.62 Subjective cognitive decline can occur a decade or more before AD is diagnosed. It is 

alarming that susceptible individuals exposed to water-damaged buildings for years or decades may 

be dismissing this preventable progressive decline as “brain fog.” Implementing Dr. Shoemaker’s 

work in every doctor’s office and hospital in America may prevent illness progression.

Dr. Bredesen finds his average Type 3 Toxic subtype patients are typically younger than 65. On 

average, these patients are about 52\years old (it can occur in people as young as in their 40s), are 

more likely to be ApoE4 negative and typically have a negative family history of AD. He has found 

this subtype to be more difficult to treat than other Alzheimer’s subtypes. Dr. Bredesen supports Dr. 

Shoemaker’s idea that executive function is severely affected by CIRS. Dyscalculia, word-finding 

issues, tangential speech and poor fluency, co-morbid depression, low triglycerides and low zinc 

are typically present, according to Dr. Bredesen. He says the poor organization is a hallmark, as 

opposed to amnesia. Dr. Bredesen says he can often predict which patients are Type 3 from the 

quality of the phone conversations. For example, the physician might notice frequent interruptions, 

word-recollection issues and loss of focus in Type 3 patients with CIRS. When a family member 

with shared genetics and/or environment calls on behalf of a loved one, the conversation often leads 

to a screening and eventual discovery of CIRS in the “healthy” relative. Dr. Bredesen also remarks 

that Type 3 patients cope poorly with stress and travel, and have a non-restorative sleep, common 

in CIRS patients. These frontal lobe abnormalities resemble Lewy body disease more closely than 

other forms of dementia.62

Interestingly, CIRS itself can contribute to every type of AD outlined by Dr. Bredesen. AD cor-

relates with atherosclerosis, hypertension, dyslipidemia, diabetes mellitus, CVAs, atrial fibrillation, 
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factor V Leiden mutation, elevated D-dimer and increased homocysteine.48, 63 Type 1 is Inflammatory, 

and there can be increases in IL-6, IL-8 and TNF-α. Type 1.5 is Glycotoxic, and CIRS may exacer-

bate leptin resistance, low adiponectin levels and protein wasting (which affects basal metabolic rate). 

The result is aberrations in weight and metabolism.22, 64 Falling cortisol, androgens and hormonal 

dysregulation could correlate with Type 2 or Atrophic AD. Type 3, or Toxic Alzheimer’s, is the sub-

type most associated with CIRS, and rigorous application of the Shoemaker Protocol is essential for 

recovery. Type 4 is Vascular and dovetails nicely with Dr. Strickland’s work on the vascular theory 

of dementia. There is even a link to Type 5 or Traumatic cases through ADH dysregulation and low 

blood pressure, which may lead to falls and subsequent head trauma. Concussions are a hidden dan-

ger in CIRS that may contribute to future cognitive issues, as described by Dr. Bredesen as a Type 

5 subtype of AD. They do not all apply to every patient, but the diagnosis and scope of CIRS, as it 

relates to the Bredesen Protocol, should be considered in each patient treated for cognitive decline.

5.8.5  DR. STRICKLAND’S VASCULAR THEORY OF DEMENTIA

The potential role of CIRS in AD is a fascinating one. Treatment of CIRS may unlock part of this 

complex and dreaded disease. Pathological changes in AD include amyloid β(Aβ) peptide plaques, 

tau tangles, neuroinflammation, cerebral amyloid angiopathy (Α β deposition on vessel wall), ves-

sel lumen narrowing, damage to the microvasculature, white matter lesions, ischemia, subcortical 

infarcts and neural loss resulting in gross atrophy.17, 65, 66 Early on, microglial activation, which 

may help clear plaques, eventually becomes counter-productive with increased inflammation.65 

PAI-1 may increase in AD patients.65 Coagulation factor XIIIa cross-linking may cause Aβ peptide 

deposits in the vascular lumen and contribute to clotting and cerebral amyloid angiopathy (CAA) 

(Figure 5.1).67

FIGURE 5.1 Coagulation cascade.
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A mechanism that may be causing dementia is hypoxia in the form of increased tau hyper-

phosphorylation. Postmortem brains of AD patients with subcortical ischemic disease demonstrate 

reduced hippocampal volumes and cortical shrinking. These findings parallel neuronal death in rats 

with salt-induced hypertension. The rats demonstrate disruption of BBB, narrowed lumen walls, 

microglial activation, CAA, white matter damage and hippocampal atrophy.68 Alteration of micro-

tubules is a proposed mechanism of injury in the tau hyperphosphorylation model. These changes 

should warrant caution against indiscriminate azole use.

Over 2000 postmortem cases of AD strongly correlate with vascular abnormalities.69 CAA is 

found in between 80% and 95% of patients with AD and can cause vessel occlusion, ischemia, 

microbleeds and inflammation.54 Postmortem human brains from patients with AD also had more 

fibrinogen in the parenchymal vessels than controls.47

A proposed mechanism of cognitive decline in Alzheimer’s patients is from the interaction of Aβ 

and fibrinogen and factor XII. Fibrinogen could mechanistically connect both the vascular hypoth-

esis and amyloid hypotheses of AD. Aβ forms when amyloid-β precursor protein (APP) is cleaved 

by β and γ secretases. Aβ accumulates in the plasma and CSF. Fibrinogen is cleaved by thrombin to 

form fibrin. Fibrinogen activates platelets to form microinfarcts that obstruct capillaries and reduce 

blood flow. Fibrinogen forms with higher levels of IL-2.46 A proposed mechanism of injury is the 

presence of amyloid angiopathy damaging the vessels and increasing vascular dysfunction by cere-

bral microbleeds and infarction. Dr. Strickland theorizes that fibrin’s role in neuronal degeneration 

may be due to a mechanical occlusion and chronic inflammation.54 This may beget more hypoperfu-

sion, clotting, inflammation and BBB degradation, and the cycle of neuronal damage continues.70, 71

Aβ-fibrinogen clots are denser and resist degeneration. Aβ decreases fibrinolysis through three 

proposed mechanisms:71, 72

 1. Aβ-fibrinogen creates thinner and tighter fibrin fibers, resulting in a dense structure.

 2. Aβ-fibrinogen mechanically reduces plasminogen interaction in the form of steric 

interference.

 3. Aβ-fibrinogen blocks plasmin from cleaving fibrin.

Aβ-fibrinogen clots also deposit in the brain parenchyma itself. This process could precipitate 

microinfarcts, leading to hemorrhage, inflammation and BBB disruption, all of which regularly 

occur in AD.71 Dr. Shoemaker recommends using a 9 Tesla Coil MRI to diagnose transient ischemic 

attacks (TIAs) or microclots. Microclots can then transform into microbleeds. Microbleeds can, in 

turn, create hypoxia and tau protein.15

Aβ42 (the 42-residue isoform) in plasma increases thrombin generation. Aβ42 not only induces 

clot formation but can also form over preformed clots. The more Aβ42, the more thrombin it gener-

ates. Aβ42 works via the factor XII(FXII) intrinsic pathway and will not initiate thrombin genera-

tion in FXII-deficient plasma. Longitudinal studies show that higher levels of Aβ42 are found in 

early AD cases and even before symptoms occur.73, 74, 75 The Aβ42 decreases as Alzheimer’s pro-

gresses. Aβ42 may be the first marker, up to 15 years before the onset of first symptoms.76

Aβ-fibrinogen clots are resistant to tissue plasminogen activator (tPA) degradation. Also, PAI-1 

blocks tPA and urokinase-type plasminogen activator (uPA) from breaking down clots via plasmin-

ogen and plasmin.6 AD patients also have decreased plasmin and increased levels of plasminogen 

activation inhibitors. Activation of complement proteins also decreases the ability to clot. Aβ also 

promotes coagulation through interaction with factor XII and increased inflammation in the form of 

bradykinin release. Increased high-molecular-weight kininogen cleavage, kallikrein and activated 

factor XIIa may occur.

Rat studies demonstrated that fibrinogen injections in the hippocampus caused neuronal death, 

increased BBB permeability and microgliosis.63 To establish a possible mechanism, mice were 

treated with an antisense oligonucleotide to reduce high-molecular-weight kininogen. Removing 

the fibrinogen in mice reduced cerebral amyloid angiopathy, BBB permeability, amyloid deposition 
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and microglial activation. The mice displayed improved cognitive function as the inflammation and 

fibrin decreased. Mice with AD had a higher risk of thrombosis.63, 77 Lipopolysaccharides (LPS) 

also induced fibrin. Coagulation induces the amyloid formation and further defines the connection 

between coagulation, inflammation and AD.78

Vascular disease correlates strongly with the cognitive decline seen on Mini-Mental State Exam 

(MMSE). Patients with AD form more than twice the number of spontaneous clots by transcranial 

Doppler versus age-matched controls. Patients with AD who are clot formers are more likely to 

have rapid cognitive decline 6 months after the study. Interestingly, 20–30% of AD patients suffer 

from cerebral microbleeds. CIRS patients also experience a predisposition both to clot and to bleed 

in numbers greater than control. Universal screening for CIRS and performing GENIE in a large 

cohort of AD patients would be fascinating.65

A study in China examined patients with and without cerebral microbleeds in the form of lacunar 

infarcts and found greater cognitive impairment in patients with the microbleeds. These patients 

had greater cognitive impairment in executive function, memory, and spatial and abstract think-

ing. All patients had MRIs and Montreal Cognitive Assessment (MOCA) testing, and there was a 

positive correlation between the severity of cerebral microbleeds and decreasing MOCA scores. It 

is worth noting that patients with cerebral microbleeds had more endothelial dysfunction and BBB 

damage.79

Anticoagulants may have a role in the treatment of AD. AD mice were treated with enoxaparin 

and showed improved spatial memory. Human studies show that AD patients do better on warfarin 

than controls. Patients with atrial fibrillation on warfarin have a lower risk of AD. Studies suggested 

that Dabigatran may be a possible therapeutic medication for AD. It conveys a lower risk of cranial 

bleeding and has fewer drug interactions than warfarin. Dabigatran was able to aid memory, reduce 

Aβ burden, reduce fibrin deposition and increase cerebral perfusion in AD mice (TgCRND8). Of 

course, these medications come with serious risks, and they could exacerbate those more prone to 

bleeding, especially given the tendency for microbleeds in AD patients.63 This benefit of anticoagu-

lants is, of course, tempered by the threat of bleeding.63 Could transcriptomics identify patients who 

are prone to microbleeds? Could decreasing innate immune system dysfunction be the better and 

more proximal route for some of these patients who tend to bleed or clot?

Thrombin works via protease-activated receptors or PARs. Thrombin may also lead to increased 

platelet secretion.46 With a high dose of thrombin, the astrocytes and microglia become reactive. 

The glutamate function is lost, and there is an increase in reactive oxygen species or ROS. Inducible 

nitric oxide (iNOS), inflammatory cytokines IL-1β and TNF-α increase. There is increased neuritis 

reaction, increased Ca++ and cell death. The BBB is compromised, and MMP-9 damages the extra-

cellular matrix. Increased thrombin contributes to the pathways of dysfunction that lead to neuronal 

death. Thrombin plays a role in ALS in activation of PAR1, which leads to increased glutamate 

metabolism and motor neuron damage by an unknown mechanism. Aβ increases MMP-9, which 

may have a role in spontaneous intracerebral hemorrhage or cerebral amyloid antipathy. Factor 

XIIIa and thrombin occur in Aβ deposits in CAA.46

Plasma protein factor XII leads to kallikrein-mediated cleaving of high-molecular-weight kinin-

ogen and releases bradykinin. Aβ plaques may contain factor XII, and more kallikrein activity 

occurs in the parenchyma of AD brains.76 Plasma kallikrein cleaves intact high-molecular-weight 

kininogen (HKi) into cleaved high-molecular-weight kininogen (HKc) and bradykinin. Increased 

HKc in AD plasma correlates with cognitive dysfunction and plaques on autopsy. HKc plasma lev-

els correlate with Aβ42 and may be a helpful biomarker for early detection of AD.80 Bradykinin is 

associated with increased inflammation, BBB permeability, edema and cytokines. In mice models, 

decreases in bradykinin reduce AD and neuroinflammation.76

Dr. Shoemaker has postulated that VIP can benefit cognitive decline by normalizing the coagu-

lation genes responsible for neuronal loss. Dr. Shoemaker’s and Dr. Ryan’s work fits beautifully 

with the work of Dr. Strickland and his vascular theory of dementia. Dr. Shoemaker has found 

that 66% of CIRS patients have clotting abnormalities, with 60% of those patients being at risk 
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for excessive clotting and 40% at risk for excessive bleeding. In contrast, only 5% of controls have 

clotting/bleeding abnormalities. There is a predisposition for CIRS patients to have abnormalities 

with D-dimer, PAI-1 and von Willebrand’s, factor VIII, and a clinical predisposition to clotting and 

bleeding abnormalities.1, 81

Dr. Strickland notes both increased clotting and bleeding in AD patients as well. Microbleeds 

and microclots may have a role not only in worsening dementia but also in the promotion of dys-

regulation of coagulation and the promotion of ever-increasing inflammation and injury.77, 81 Dr. 

Strickland theorizes that patients with mild cognitive impairment and BBB damage could allow 

fibrinogen to enter brain parenchyma and perpetuate neuronal injury. He also states that hypoxia-

inducible factor HIF-1α may be increasing Aβ. The overlap with CIRS is striking.

5.9  SUMMARY

The recent work by Dr. Shoemaker and Dr. Ryan has profound implications for entire fields in 

medicine. Some of the effects of CIRS on the CNS come from issues with BBB, hypothalamic 

dysfunction and hormonal dysfunction. There are far-reaching consequences of CIRS on the CNS 

that have implications for illnesses with social implications such as chronic pain, dementia, obesity 

and mental health. The intersection of inflammation, coagulation and metabolism is on the cutting 

edge of understanding many of these issues. Certainly, CIRS can worsen many seemingly unrelated 

issues and be essential in improving others.
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6.1  REVIEW

Metabolism is the group of biochemical processes needed to maintain cellular life.1 This broad 

term classifies all metabolic processes into a single over-arching, process-interacting system. Such 

an all-encompassing term does not define the distinct bases of metabolism or their interplay with 

other systems, including inflammation. Specific elements of the definition of metabolism support an 

enhanced understanding of unique metabolic functions, but lost is the cohesive consideration of all 

metabolic processes acting in concert to maintain life and health.1 New data on the interaction of 

metabolism with inflammation, combined with transcriptomic findings in syndromes characterized 

by chronic inflammation, are uncommon.

An indirect understanding of research foci in metabolism comes from the prevalence of search 

words on PubMed. Citations assessed on February 15, 2020 included 7,914,000 that were devoted 

just to [metabolism], with over half of those citations (4,819,000) indexed to [metabolism, protein]. 

[Disorders of protein metabolism] brought up nearly 1,000,000 hits. [Metabolism, glucose] brought 

435,000 matches, but [disorders of glucose metabolism] had only 177,000 matches. So, here is a 

massive scientific database on metabolism and disorders of metabolism of proteins and sugars, but 

there is a discrepancy between general and specific topics in metabolism.

Against this dense background of the discussion of the essential elements of metabolism, we 

have the new transcriptomic findings of “molecular hypometabolism” (MHM), coined by Dr. James 

Ryan in 2016. The findings describe the simultaneous reduction in the number of copies of ribo-

somal mRNA and mitoribosomal mRNA made by individuals with a chronic, multisystem, multi-

symptom illness. Chronic fatigue2–4 of a particular type called chronic inflammatory response 

syndrome (CIRS) is a hallmark of MHM. Of note is the increased production of inflammatory 

compounds that accompanies the suppression of the production of ribosomal mRNA.4

Nearly all CIRS cases also meet the case definition for Chronic Fatigue Syndrome (CFS)5 and Severe 

Exercise Intolerance Disease (SEID), though CFS and SEID have no specific biomarkers.6 CIRS has 

at least 15 biomarkers.7 For these individuals, compromise of metabolism may be adaptive, providing 

the potential for cell survival in an inflammatory or ribotoxin-mediated attack on protein synthesis at 

the sarcin-ricin loop (SRL),8 an evolutionarily conserved structure located between the large and small 

subunits of ribosomes. As it is found in all living organisms and directly involved with initiation, elon-

gation and termination of amino acid chains, one may speculate as to the source of the paucity of papers 

on the incredibly important role in the metabolism of ribosomal protein production played by the SRL 

(number of papers on [metabolism, SRL] = 177) compared with [metabolism, ribosomes] (= 44,400).

The severe cellular impairment created by the simultaneous suppression of nuclear-encoded 

mitochondrial genes adds to decreased protein production and innate immune inflammation in 

MHM. While putative mitochondrial dysfunction in CFS and CIRS has many proponents, we must 

account for differential gene activity for mitochondrial genes that have migrated to the nucleus over 

several billion years. Nuclear-encoded mitochondrial genes number in the hundreds, but only 37 

genes remain in the mitochondrial genome.9

Specifically, genes for electron transport chain (ETC) and ATP synthases were noted by Dr. 

Ryan to be suppressed, as were translocases. Translocases move nuclear gene–encoded products 

out of the cytosol, across the outer mitochondrial membrane, in conjunction with porins, small 

electrically charged channels (voltage-dependent anion channels, VDAC) that permit entry of ions, 

solutes, ADP and pyruvate against a gradient into the intermembranous space.10–12 Specific carriers 

will complete delivery across the inner mitochondrial membrane to the matrix.

Failure to enter pyruvate into the mitochondrial matrix compartment from the cytosol has very 

important consequences for metabolism. However, survival adaptations using MHM are maintained at a 

cost, as organisms with MHM are alive but might not be vigorous in two main cellular energy processes:

 1. Proliferation.

 2. Conservation.
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The literature is relatively silent on survival with MHM. Indeed, with mitochondrial gene sup-

pression, as shown by measurable abnormalities in the amount of mRNA produced by nuclear-

encoded mitochondrial genes, little is published on energy production in patients with CIRS or 

SEID. They have a deficiency of translocases. For perspective, while [metabolism, mitochondria] 

yields 167,000 papers, nuclear-encoded mitochondrial genes are only referenced by 1471 papers 

under [metabolism, nuclear-encoded mitochondrial genes] and only 4 for [metabolism, fatigue, and 

voltage-dependent anion channels (VDAC)]. Given that the estimates of the prevalence of chronic 

fatiguing illnesses in the United States alone exceed 50,000,000 cases, with that number increasing 

yearly, it was disturbing to find the dearth of papers on [metabolism, CIRS] (=1334) and [metabo-

lism, ribotoxins], the source of SRL injury (= 72). Fortunately, a diagnostic and treatment protocol 

that identifies and corrects the transcriptomic abnormalities of MHM has been in wide use2, 4 since 

2010, with correction of MHM noted in over 90% of cases.

This chapter will review the impact of MHM on metabolism as those pathways interact with 

inflammation seen in CIRS, with particular attention to aerobic glycolysis and VDAC effects on 

metabolic acidosis, grey matter nuclear atrophy and pulmonary hypertension in CIRS. We follow 

that thread with study data on 112 patients with CIRS.

6.2  SEVERE EXERCISE INTOLERANCE DISEASE (SEID), CHRONIC 
INFLAMMATORY RESPONSE SYNDROME (CIRS) AND METABOLISM

The recent addition of transcriptomic testing as an approach to patients with chronic fatiguing ill-

nesses, defined as multisystem, multi-symptom illnesses, including SEID, fibromyalgia, post-Lyme 

disease, and CIRS, is demonstrated by the following:

 1. A commonality of the complexity and near universality of responses of genes of inflamma-

tion and coagulation.

 2. The relationship of suppression of production of ribosomal mRNA and nuclear-encoded 

mitochondrial genes to multiple facets of glucose metabolism, especially aerobic glycoly-

sis,13, 14 resulting in neuronal injury, including cognitive impairment,15–19 and pulmonary 

hypertension.

These findings in chronic illnesses parallel the findings of acute sepsis (systemic inflammatory 

response syndrome, SIRS), with excessive inflammation, coagulation and immunosuppression per-

sisting beyond the treatment of infection.20

Each of these elements is consistent with the classic observations of Lewis Thomas that the host 

immune response, once initiated, can become the disease. When combined with disturbances in gly-

colysis and pyruvate uptake into mitochondria through VDAC, it is clear that ongoing maladaptive 

responses to immune and metabolic initiators underlie multiple sources of SEID (excluding CIRS). 

The absence of objective diagnostic parameters, without which there are no guides to physiology-

based therapies, typifies SEID. Transcriptomics helps with a better understanding of the role of VDAC.

A chronic illness called persistent inflammation and catabolism syndrome (PICS)20 often devel-

ops in patients who survive sepsis. While we have chosen the term CIRS to describe “chronic PICS” 

and other associated illnesses related to chronic inflammation, the illness concepts are the same. 

The difference is that CIRS literature has data on many recognized biomarkers and a published 

treatment protocol,7 but PICS does not.

These biomarkers include symptom clusters for CIRS acquired following environmental expo-

sures to biotoxins and inflammagens in water-damaged buildings (WDB), finding at least 8 of 13 

clusters present. Proteomic biomarkers compared with controls4 include:

 1. The increased relative risk for specific HLA haplotypes.

 2. Presence of a distinctive deficit seen in visual contrast sensitivity (VCS).
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 3. Reduction of mean levels of melanocyte-stimulating hormone (MSH).

 4. Dysregulation of ACTH to cortisol.

 5. Dysregulation of ADH to osmolality.

 6. Elevated C4a.

 7. Transforming growth factor β-1 (TGFβ-1).

 8. Matrix metallopeptidase 9 (MMP-9).

 9. Suppression of vascular endothelial growth factor (VEGF).

 10. Increased incidence of antigliadin antibodies.

 11. Increased incidence of anticardiolipin antibodies.7

Functional CIRS-WDB biomarkers include:

 1. A distinctive “fingerprint” of volumetric abnormalities21–23 seen on NeuroQuant®.

 2. Reduction of VO2 max shown by pulmonary stress testing.

 3. Reduction of anaerobic threshold shown by pulmonary stress testing.

 4. Elevated pulmonary artery pressures at rest on echocardiogram.

 5. Elevated pulmonary artery pressures after exercise on echocardiogram.

 6. Transcriptomics.

6.3  MOLECULAR HYPOMETABOLISM

The advances in understanding the physiology associated with MHM are brought to light by tran-

scriptomics. These advances highlight the application of differential gene activation, stratified by 

age, comparing cases with controls for ribosomal mRNA genes for the small ribosomal subunit and 

differentiating those mRNA findings from the large ribosomal subunit. Further, transcriptomics 

allows us to understand mRNA findings on large and small subunits of mitoribosomes. These find-

ings are important when evaluating NeuroQuant®, looking at the role of commensal multiple anti-

biotic resistant coagulase negative staphylococci (MARCoNS), now found to make unidentified 

polycyclic ether toxins (unpublished). The role of mitochondrial gene suppression in association 

with MARCoNS is fertile ground for continued research.

When taken as a whole, with a correction for the high and the low number of mRNA copies, 

combined with an adjustment for age, we have seen that transcriptomics will accurately identify 

molecular hypometabolism in patients with CIRS and SEID. For example, we also see these funda-

mental abnormalities in less commonly represented illnesses in our data set, including multiple scle-

rosis and cancer. Disorders of inflammation, metabolism and loss of regulation of differential gene 

activation, commonly seen in CIRS, SEID and other chronic fatiguing illnesses, hold importance by 

defining pathological abnormalities in metabolism that may apply to other chronic illnesses.

Changes in MHM with therapy also provide a window on the treatment of CIRS, as the use of 

a peer-reviewed protocol4 shows the correction of suppression of ribosomal and nuclear-encoded 

mitochondrial genes, especially translocases. The completion of initial treatment is marked by an 

overshoot of the number of copies of targeted genes compared with controls, with a return to control 

levels using intranasal vasoactive intestinal polypeptide (VIP). The changes in individual mRNA 

counts seen in each MHM entity are parallel in shape when graphed, describing the “CIRS curve.”24

6.4  METABOLIC ACIDOSIS

6.4.1  SPECIFICS OF GLYCOLYSIS AND PYRUVATE

Once glucose enters the cell, often by the facilitated transport from a family of solute carriers called 

GLUT-1 (SLC2A1) and GLUT-4 (SLC2A4), it enters into a cytosolic pathway called glycolysis 

(also called the Embden–Meyerhof pathway). This series of enzymatic steps can generate needed 
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precursors used for other metabolic pathways, small amounts of ATP and pyruvate. Glycolysis is an 

evolutionarily conserved process used by all living organisms. As seen with the SRL, evolutionary 

conservation means that all the possible mutations and nucleotide polymorphisms that occurred 

over three billion years yielded no replacement of the glycolysis genes or pathway.

Glycolysis is a ten-step pathway of intracytoplasmic conversion of a six-carbon ring, glucose, 

to create two copies of a three-carbon fragment, pyruvate. There are two phases in glycolysis. The 

first is called the “preparatory phase,” and the second is the “payoff phase.” The preparatory phase 

consumes two ATP to place phosphate moieties strategically on metabolites, with the return of a 

total of four ATP in the payoff phase. Diversion of metabolic precursors to other pathways subtracts 

from the net four generated ATP.25, 26

The conversion of glucose to the first metabolite, glucose 6-phosphate, is accomplished at the 

cost of one ATP to fuel an important enzyme, hexokinase. As an aside, hexokinase has recently 

become the focus of much attention in degenerative central nervous system diseases, especially 

Alzheimer’s, as ApoE2 patients will rarely have Alzheimer’s and have a rich endowment of hexo-

kinase, but ApoE4 is associated with central nervous system (CNS) deterioration, with reduced 

hexokinase.27–29

Once hexokinase’s first change of glucose occurs, the first diversion of glucose from its ultimate 

goal of producing pyruvate can occur. Here, glucose 6-phosphate can shunt to participate in syn-

thesizing a storage compound, glycogen, a complex carbohydrate. A second diversion occurs when 

glucose-6-phosphate dehydrogenase (G6PD) is activated to convert G-6-P to ribose-5-P, the first 

step of the pentose phosphate shunt, a significant source of metabolites, especially nucleotides, 

needed for added cell division. This shunt is a crucial diversion used in proliferative physiology.

If glycolysis continues, the next step is to make fructose 6-phosphate by the enzyme phospho-

hexose isomerase. The new stereochemistry primes fructose 6-phosphate, and at the cost of one 

additional ATP, the enzyme phospho-fructokinase-1 will add a phosphate group, making fructose 

1,6-bisphosphate. The six-carbon ring can now be cleaved into two pieces. Note that fructose-

6-phosphate can lead to the hexosamine biosynthetic shunt, part of the cell’s metabolic response to 

stressors such as infection, ischemia or trauma.

This cleavage is accomplished by the enzyme aldolase, known for its role in muscular diseases, to 

make glyceraldehyde 3-phosphate and dihydroxyacetone phosphate. The latter is then converted by 

triose phosphate isomerase, thus making two molecules of glyceraldehyde 3-phosphate. If the word 

glycerol seems similar to glyceraldehyde, it is because there can be a diversion of glyceraldehyde 

to make glycerol. Alternatively, dihydroxyacetone phosphate can participate in synthesizing lipids.

This step marks the crossover from the preparatory phase to the payoff phase. The two mol-

ecules of glyceraldehyde 3-phosphate can be converted by oxidation and phosphorylation using 

the enzyme glyceraldehyde 3-phosphate dehydrogenase (GAPDH) to make two molecules of 1,3 

biphosphoglycerate. GAPDH is a vitally important enzyme that serves as a rate-controlling regula-

tor of pyruvate production, which in turn, serves as a vital component of gamma interferon activated 

inhibitor of translation (GAIT), as will be discussed. GAIT provides a mechanism for cellular feed-

back control to downregulate inflammatory cytokine responses and maintain metabolism. GAPDH 

has other important roles as well.

GAPDH will also generate reduced NADH in this pathway in the next step, facilitating the pro-

duction of two additional ATP. Step 7 uses phosphoglycerate kinase to make two copies of a single 

phosphate molecule, 3-phosphoglycerate. Cleaving a phosphate group from each permits conver-

sion of ADP to make a total of two ATP for each pyruvate. Remember, the preparatory phase saw 

the consumption of two ATP; now, two sets of two ATP are returned, making a net yield of positive 

two molecules of ATP. Conversion of 3-phosphoglycerate into the amino acid serine fuels the pro-

duction of other amino acids needed for protein synthesis.

Next, moving one phosphate is a necessary step to manufacture two copies of 2-phosphoglycer-

ate by phosphoglycerate mutase. Enolase converts each 2-phosphoglycerate into phosphoenolpyru-

vate. Pyruvate kinase further converts this compound to make pyruvate.

A L G r a w a n y
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If pyruvate can traverse the outer mitochondrial membrane and reach the mitochondrial matrix, 

it feeds into the Krebs cycle (tricarboxylic acid pathway, TCA), where it can be converted to acetyl-

CoA by pyruvate dehydrogenase (PDH), leading to lipid synthesis. Pyruvate kinase (PDK1) can 

block PDH. Hypoxia-inducible factor 1 alpha (HIF-1α) induces PDK1, a compound that also activates 

the conversion of pyruvate to lactate. Further, HIF-1α can increase glucose uptake through GLUT-1 

and 4 and activate hexokinase, setting off glycolysis. HIF-1α is important in aerobic glycolysis (see 

the section on PAH later). There is interest in using PDK1 as a possible chemotherapy agent, as the 

use of aerobic glycolysis typifies many cancers. HIF-1α also has a significant role in suppressing the 

production of T-regulatory (reg) cells by activating the production of T-effector cells.

As complex as the glycolysis pathway is with its multiple diversions, a basic tenet of metabolism is 

that the activation of one pathway will change the activity of competing pathways.30 Metabolism adapts 

to environmental change, which creates a stimulus for differential gene activation, controlling discrete 

elements of metabolic pathways and inflammation. These changes create a cellular environment where 

two consecutive measurements of gene activity and metabolism are rarely similar unless the initiat-

ing stressor (exposure to ribotoxins, for example) is constant. Here is the generally considered role for 

inflammation controlling gene activation, with metabolic changes driven by gene activation regulated 

by inflammation. An exciting finding is that medications associated with salutary health effects2, 4, 23 

that change gene activation and inflammation will restore regulation of abnormalities of metabolism.

A prime example of gene activation, inflammation and metabolic control comes from a review of 

the effect of the Randle cycle on glycolysis. As each pathway is mutually reciprocal, an increase in 

the Randle cycle decreases glycolysis in favor of fatty acid oxidation with its enriched source of ATP 

production. Increasing fatty acid oxidation, as follows a rise in insulin receptor substrate 2 (IRS 2), 

activating GLUT-1 and GLUT-4, will suppress glucose catabolism, but at the cost of increasing oxy-

gen consumption: Burning fatty acids costs oxygen. Citrate, part of the Krebs cycle, will suppress 

phosphofructokinase, increasing glucose-6-phosphate, shunting the glycolysis pathway to increase 

glycogen storage. This part of the Randle cycle creates the “second wind,” as well-trained athletes 

know, as increased energy (9.3 calories/gram) comes from fatty acid oxidation, compared with 3.4 

calories/gram from glucose oxidation.

Simply stated, direct fat-burn stores glycogen. Fatty acid oxidation, in turn, generates acetyl-

CoA, which blocks pyruvate dehydrogenase, preventing pyruvate from being converted into ace-

tyl-CoA. This step leads to aerobic glycolysis and production of lactate, especially if pyruvate is 

also blocked from entering mitochondria across the VDAC by inflammation-induced reduction of 

translocases. The combination of the development of hypoxemia (from fatty acid oxidation [FAO]) 

and aerobic glycolysis is the development of pulmonary hypertension.31 Blocking FAO in isolated 

myocytes of the right ventricle leads to increased pyruvate burn and lower oxygen consumption.31 

Meanwhile, the Krebs cycle is the site of the conversion of glutamine to glutamate, making avail-

able a free amino group crucial to glycosylation, discussed later.

Finding these ten metabolic steps conserved by evolution seems surprising at first glance, yet 

nature works in predictable ways. The amount of enzymatic work to make just two net ATP seems 

excessive, but the production of so many building blocks has two important additional benefits:

 1. The manufacture of a reservoir of compounds needed for cell proliferation.

 2. The speed of ATP production.

A theme in metabolism, both in health and in disease, is the dual role of glucose in

 1. Energy conservation.

 2. Energy expenditure to support cell proliferation.

Glucose remains the coin of the metabolic realm, as it leads to the production of pyruvate, which can 

be further processed by an enzyme, lactate dehydrogenase (LDH), to generate lactic acid (lactate). 
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In turn, transport molecules move lactate out of the cell. We may suspect excessive amounts of lac-

tate production by seeing a widened anion gap in peripheral blood. However, even this seemingly 

simple calculation can be complicated by further metabolism of lactate in capillary beds adjacent to 

where it was produced, with reconversion to pyruvate, reducing the anion gap.

Pyruvate is the cellular metabolic treasure; it plays a dominant role in cell proliferation ver-

sus cellular conservation of energy, primarily based on where pyruvate is further metabolized. 

Mitochondrial production of ATP depends on the delivery of pyruvate into the mitochondrial matrix. 

If delivery is compromised, cytosolic metabolism will be the default site for pyruvate metabolism. 

If there is too much pyruvate in the cytosol, or too little gets consumed, look for suppression of 

GAPDH gene(s) to reduce pyruvate production, possibly contributing to insulin resistance.

Some rapidly dividing cells will use the conversion of pyruvate to lactate as their primary source 

of ATP through “aerobic glycolysis,” also called the Warburg Effect.32, 33 At first glance, this low-

yield conversion of pyruvate to make ATP, compared with what Krebs cycle and ETC pathways in 

the mitochondrial matrix would bring, seems dysfunctional. What benefit does a rapidly dividing 

cell glean from “wasting” the ability to create molecules used for energy? Cancer cells commonly 

use this so-called “Warburg physiology” to produce lactate and export it from the dividing cell, 

creating an adverse microclimate that serves as a defense to prevent T-cells from attacking growing 

cancer cells. Cells at the surface of the developing tumor use the reverse of cellular fermentation by 

reconverting lactate back to pyruvate as a source of ATP.33

In CIRS, we worry about the Warburg Effect, because it underlies the pathologic development of 

clinically significant metabolic acidosis and pulmonary hypertension;34 it underlies abnormalities, 

including metabolism in branched chain glycans, that will lead to insulin resistance. Further, we also 

see multiple examples of injury to neuronal tissue associated with the Warburg Effect, both peripher-

ally, creating peripheral neuropathy, and centrally, possibly contributing to dementing illnesses.

The marker for the Warburg Effect that can harm CIRS patients, the anion gap, which is read-

ily calculated but not so readily confirmed, is due to the fermentation of pyruvate to make lactate. 

Excess lactic acid adds to or widens the normal anion gap. To calculate the anion gap, add values of 

sodium (Na+) to those of potassium (K+), and from that sum, subtract the sum of CO2 and chloride 

(Cl−). If the number is 10-12, that is a normal anion gap. However, beyond a gap of 14 or 15, we 

become concerned regarding the excessive presence of anionic compounds that contribute to the 

widened anion gap. The body uses lactic acid and bicarbonate to help regulate pH tightly; metabolic 

acidosis is common in multiple disease states, including PICS and CIRS, diabetes and renal failure.

6.4.2  VOLTAGE-DEPENDENT ANION CHANNELS (VDAC) AND PYRUVATE

If pyruvate is not converted to lactate, we expect pyruvate to cross into the mitochondrial matrix for 

fuel purposes. Unfortunately, there is a channel, 2–3 nm in diameter,35 which creates a pore in the 

outer membrane of the mitochondria that is dependent upon the normal presence of translocases to 

function. As the term36 suggests, translocases have a role in moving protein compounds from one 

cellular environment to another. In this case, for mitochondrial concerns, the pore will permit the 

entry of solutes, ions, ADP and pyruvate through the outer membrane to reach the intermembranous 

space. ATP will exit the pore after the ETC produces it, and possibly reactive oxygen species (ROS), 

in the matrix of the mitochondria. This pore, however, is closed by

 1. The absence of translocases, commonly seen in MHM, as discussed earlier.

 2. The activity of products made by Streptomyces and other actinomycetes,37 especially val-

inomycin; it is unknown if another actinomycetes product, piericidin A, an irreversible 

inhibitor of Complex I, also uses the VDAC.

Other factors closing the VDAC are tubulins,38 hexokinase39 and itraconazole.40, 41 Actinomycetes’ 

metabolites can shut down flow in both directions across the pore, discharging the electrical gradient 



100  Nutrition and Integrative Medicine for Clinicians

that maintains the opening.41 Azole antifungal medications, unfortunately, are widely used by some 

involved in the management of illness acquired following exposure to the interior environment of 

WDB. This inappropriate use of azoles creates proliferative physiology; we must recognize it for 

its significant contribution to adverse metabolic outcomes, especially grey matter nuclear atrophy. 

Elevated amounts of beta-tubulin are also associated with excessive and premature grey matter 

nuclear atrophy and the loss of cortical grey in CIRS patients.42

If pyruvate can cross the outer membrane of the mitochondria, there is a mitochondrial pyru-

vate transporter that will move it across the inner mitochondrial membrane into the matrix. There, 

pyruvate has several possible fates. First, pyruvate is converted by pyruvate dehydrogenase (PDH) 

to make acetyl-CoA. Acetyl-CoA is also produced from stored fatty acids to make oxaloacetic acid 

(OAA). In the Krebs cycle, OAA will join acetyl-CoA to make citrate. Citrate and OAA are major 

components of the cycle that operate in the mitochondrial matrix to regulate energy metabolism. 

Citrate also has a “shuttle” in which it can be shunted back through the VDAC to be hydrolyzed 

to remake acetyl-CoA in the cytosol compartment, leading to fatty acid production in the cytosol. 

Conversely, citrate can be further metabolized in the matrix to make alpha-ketoglutarate in com-

bination with glutamine after an amino acid is split off from glutamine by glutaminolysis. Alpha-

ketoglutarate can be metabolized to make succinate, regenerating OAA, repeating the cycle.

Alternatively, alpha-ketoglutarate can enter the ETC for further metabolism. Here, the role of 

NADH and FADH2 is vitally important. As NADH breaks down into NAD, it releases a hydrogen 

ion, a proton, which helps balance the electrons transported in the chain to make ATP. Ideally, gly-

colysis will generate two molecules of pyruvate, which are then shunted through the Krebs cycle to 

the ETC to generate 36 ATPs.

This process is rarely entirely successful, as the free electrons in the ETC can divert into making 

superoxides (ROS) that can damage mitochondria by a variant of apoptosis called ferroptosis.43 It 

makes sense that the mitochondria “want” to avoid programmed death from ROS. One mechanism 

mitochondria possibly use to stay functional is not to let pyruvate cross the outer membrane initially 

and to focus energy production by aerobic glycolysis, thereby avoiding ROS formation.

Multiple complexes function to generate ATP, CO2 and water in the ETC. Two of these com-

plexes have areas for which interaction with actinomycete metabolites can be disruptive. This is 

particularly true for Complex III, in which oligomycin can irreversibly bind to ATP synthases, stop-

ping ETC production of ATP. If there is suppression of ATP synthases in MHM, oligomycin could 

be less toxic to Complex III. As mentioned, piericidin A will bind irreversibly to Complex I.

The interaction of cytosol compartments and the mitochondria with each of their two membranes 

is extraordinarily complex. Glucose metabolism products in the cytosol versus the mitochondrial 

matrix are simply one example of compartmental complexity. The difficulty in assessing metabolic 

needs for each of these interactions is measuring mitochondrial activity within a living cell, under-

standing that there are thousands of mitochondria functioning in each cell at a given time. Some, 

but not all, may be affected by other metabolic pathways.

Pyruvate is vitally important in cell proliferation in which the Warburg Effect is active, com-

pared with cell conservation of energy where ETC is involved. The distinct differences in the results 

of pyruvate metabolism from either cytosol or mitochondrial matrix compartments underlie prolif-

erative versus energy conservation physiology.

6.5  FOCUS ON THE WARBURG EFFECT

Otto Warburg gets less recognition than the theme of this chapter suggests he deserves. Perhaps, if 

we had made broader advances in the treatment of cancers, Warburg would be better known, since 

his work defining aerobic glycolysis, as used by many malignant cells, was indeed a seminal event.13

The concept that pyruvate is converted to lactate in the presence of oxygen, called aerobic gly-

colysis, not in the absence of oxygen (anaerobic glycolysis), was a radical idea 100 years ago. The 

fact that cancer cells used aerobic glycolysis made Warburg’s observations even more dramatic. 
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Warburg did not know enough about the role of mitochondria and oxidative phosphorylation, as 

Hans Krebs published his work on the eponymous Krebs cycle in 1937. He also did not explain 

the increased ammonia observed in his tissue preparations, now recognized as a marker for active 

amino acid metabolism, including glutaminolysis. Warburg felt that mitochondria in cancer cells 

were dysfunctional. Perhaps if he had known about VDAC, he would have recognized that the dys-

function was an indicator of the closure of that pore in the outer mitochondrial membrane and that 

nothing was wrong with the mitochondria.

Not all cancers use aerobic glycolysis, but this does not detract from the importance of Warburg’s 

discovery. While aerobic glycolysis and oxidative phosphorylation can coexist in a given tumor, 

we speculate that slower-growing tumors use aerobic glycolysis less than faster-growing tumors. 

To summarize, rapidly dividing tissue needs more cellular building blocks than energy conserva-

tion–driven cells in tissues with normal growth rates. These building blocks include nucleotides 

(influenced by G6PD) and lipids (influenced by TPI, triose phosphate isomerase) made during the 

first three steps of glycolysis.

Understanding that CIRS cases comprise the majority of those studied with transcriptomics to 

date, the finding of upregulation of CD14 and TLR4 correlates with exposure to WDB with elevated 

levels of endotoxins. Tentative markers of exposure to WDBs with increased species abundance of 

actinomycetes are ribosomal stress responses, including mitogen-activated protein (MAP) kinases 

(MAPKs),44, 45 with normal levels of a version of a building health index called Health Effects Roster 

of Type-Specific Formers of Mycotoxins and Inflammagens, version 2 (HERTSMI-2).46 Exposure to 

mycotoxins also can involve upregulation of MAPKs, among other genes, though greater in number 

than seen with exposure to actinomycetes.

6.6  TRANSCRIPTOMICS AND METABOLISM

The approach to metabolism in CIRS as a unique entity is complex, with multiple interacting sys-

tems of feedback regulation. While that source of complexity is daunting, further complications 

occur in understanding metabolism in CIRS because of the paucity of papers in the metabolism 

literature on the inflammatory gene database interacting with MHM. Novel discoveries like MHM 

form the basis for possible advances in science, but the expansion of the application of new ideas can 

be a slow, step-by-step journey. The metabolism literature has a paucity of proteomic testing results 

(TGFβ-1, MMP-9, MSH, and VEGF).

A proprietary transcriptomic assay, GENIE, has shown us the in-depth importance of MHM 

and its multiple implications for cell physiology and metabolism. With MHM, one will first see 

issues regarding impairment of protein synthesis by disruption of messenger RNA (mRNA) for 

ribosomal genes that will impact variously on initiation, elongation and termination of the RNA 

signal at the SRL wedged between the large and small ribosomal subunits. The second issue is 

compromised energy production by impairing the synthesis of mitochondrial genes found in the 

nucleus. Such nuclear-encoded mitochondrial RNA is produced following disrupted signals by tran-

scription factors, epigenetic factors, microRNA and regulatory factors such as ribonuclear proteins. 

The metabolic importance of regulating nuclear-encoded mitochondrial RNA production parallels 

the importance of protein interactions and modification of proteins seen in metabolic pathways with 

such modifications following glycosylation.

Similarly, when ATP synthases are also affected, mitochondrial function is impaired. There is little 

wrong with the mitochondria in these situations. The energy metabolism is subject to such a diverse 

series of dysregulations found in MHM that attempting to tease out individual aspects is difficult.

6.7  INSULIN RECEPTOR SUBSTRATE 2 (IRS2)

GENIE shows that patients with MHM may have either up- or downregulated responses to IRS2 acti-

vation. IRS2 is part of a group of cytoplasmic proteins that are anabolic, preventing the development 
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of Type 2 diabetes, in part by activating glucose transport channels GLUT-1 and GLUT-4, as well 

as activating pathways that gear towards protein synthesis, cell proliferation and cell survival.47 If 

GLUT-1 and 4 are open, but there are reduced translocases, there will be an increased cytosolic 

glucose load in the face of reduced pyruvate delivery to the mitochondrial matrix. Aerobic glycoly-

sis and proliferative physiology will follow. IRS2 also helps coordinate extracellular signals via 

transmembrane receptors that regulate downstream pathways, including FAO, P13K/Akt/mTOR 

and MAPK.48

IRS2 is one of the major mediators that respond to insulin and insulin-like growth factor (IGF1). 

If IRS2 is upregulated with hypometabolism, creating a “mismatch,” one of the mechanisms to 

control cellular survival during MHM is to downregulate the production of pyruvate by suppress-

ing glycolysis. If IRS2 is upregulated in MHM, activation of Akt and MAPK proceed unchecked, 

wasting energy and cellular building blocks. This mismatch can be disastrous for the MHM cell 

metabolism, as it becomes a prescription for enhanced Warburg Effect.

Conversely, if MHM is absent and IRS2 is downregulated, normal cell survival and protein 

synthesis will again be compromised, as the cell will have compromised delivery of glucose to an 

intact system of

 1. Pyruvate production by glycolysis.

 2. Pyruvate delivery into the mitochondrial matrix.

When IRS2 is downregulated, GLUT-1 and GLUT-4 transports are impaired.49 With such 

impairment, a major source of glucose delivery becomes an endosome, containing an insulin 

receptor bound to insulin and bound to glucose, and moving from the cell membrane inside 

the cell.50 This endosome, functioning like an insulin bubble surrounded by a membrane, is 

held intact in the cytoplasm until it becomes acidified. If hydrogen ion enters the endosome, 

there will be a release or recycling of insulin and insulin receptors back to the cell membrane 

and glucose delivery for glycolysis.51 In the presence of polycyclic acid ether toxins made by 

actinomycetes species, primarily Streptomyces, including monensin and nigericin, there will 

be impairment of acidification of the endosome and absent or reduced release of glucose, with 

little recycling of insulin and insulin receptors.52 There is no dearth of insulin, no dearth of 

insulin receptors, but functionally, insulin resistance is created. This mechanism of enhanced 

storage of insulin, insulin receptors and glucose inside the cell may be a form of “intracellular 

insulin resistance”52 as opposed to the “extracellular” insulin resistance created by glycosyl-

ation of proteins in adipose tissue.

6.8  METABOLIC COMPLICATIONS: PULMONARY HYPERTENSION (PAH)

Pulmonary hypertension (PAH), an increase of pressure between the right ventricle and the lung 

in the pulmonary artery, remains underdiagnosed. The methods used to diagnose pulmonary 

hypertension are either a static measurement at heart catheterization or a potentially dynamic 

measurement of baseline echocardiogram measurements that indirectly permit pulmonary artery 

pressure calculation. Performed as an echocardiogram exam, with the potential to do a stress 

echocardiogram looking at the rise of pulmonary artery pressure in exercise, confirmation of ele-

vated pulmonary artery pressure is common in CIRS.7 Rarely is heart catheterization performed 

to diagnose pulmonary hypertension; measurement of elevated systolic pressure in the pulmonary 

artery (PASP) is regarded as an ancillary exam when concerns about left ventricular function are 

dominant. The difficulty of obtaining a stress echo to diagnose acquired pulmonary hyperten-

sion is amplified because most cardiology stress test protocols focus on left ventricular ischemia. 

Coronary artery disease and left ventricle function, especially ischemia in coronary disease and 

ejection fraction in heart failure, are normally of much greater clinical concern to cardiologists 

than evaluation for PAH.
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During a baseline echocardiogram, the flow velocity moving backward across the tricuspid valve, 

called the tricuspid jet, is used to calculate pulmonary artery pressure (PASP). Taking the square of 

the tricuspid regurgitant velocity and multiplying that number by 4 gives us a definable idea of PAH.

 PASP V APRTR= ( ) +4
22

 

Adding the baseline pressure in the right atrium completes the calculated PASP. For adults, any 

calculation of PASP, measured in four different ways during echocardiography, was found in a 2013 

study4 in nearly 50% of adults with CIRS. In the 2013 study, VIP was provided at four sprays a 

day (50 μg/dose). At the end of 1 month, if PASP had not returned to normal, the dose of VIP was 

increased to eight sprays a day. After 2 months, the dose was re-titrated to the lowest dose needed 

for correction.

Since that study was published, there has been a surge of scholarly publications, notably those 

from Dr. John Ryan at the University of Utah Medical Center. We now know that aerobic glycolysis 

remains a fundamental cellular mechanism that results in PAH. In PAH, normal PASP is increased 

by the proliferation of endothelial tissue both lining blood vessels and in the middle of blood ves-

sels, as well as by vascular stiffening, clotting in small arterials and the presence of an inflamma-

tory lymphocytic infiltrate. If the condition continues undetected, possibly in concert with elevated 

TGFβ-1, there will be endothelial to mesenchymal remodeling that stiffens small arterial vessels 

and narrows them to the point of blockage. The complications of pulmonary hypertension include 

right ventricular failure with a 5-year survival rate of less than 50%.53

While PAH relates to toxin exposure, the role of exposure to WDB, especially actinomycetes, is 

evolving. We must rule out thrombotic sources of PAH, typically pulmonary emboli, when consid-

ering PAH due to proliferative physiology.

Now that we know proliferative changes resulting from aerobic glycolysis are common in CIRS, 

there will be demand for data on the etiology of PAH beyond interstitial lung disease, thrombosis 

and inflammation. Compared with the evaluation of the Warburg Effect in cancer cells, where pro-

liferation follows increased glucose uptake, in PAH, there are more influences, especially hypoxia 

and inflammation, all leading to metabolic stress. The role of mitochondrial inputs, while possibly 

reduced due to closure of VDAC, still includes dysregulation of ETC, leading to ferroptosis.

Oxidative stress, inflammation and hypoxia are threefold stimuli that induce abnormalities of 

gene pathways involving hypoxia-induced factor 1α. However, the metabolic complexity includes 

the pentose phosphate shunt, glycolytic programming and mitochondrial-induced apoptosis.54 

These pathways include the pentose phosphate pathway, glutaminolysis, iron, hemostasis and frag-

mentation of mitochondria themselves. Also, abnormalities of fatty acid metabolism, stimulated in 

part by IRS2, as discussed previously, can be recognized by increased circulation of free fatty acids 

and accumulating elements that create lipotoxicity. The interaction of FAO and glucose oxidation is 

inversely proportional, as evidenced by the function of the Randle cycle, in which oxidation of fatty 

acids impairs glucose oxidation and vice versa.

CIRS produces excessive use of aerobic glycolysis. The first is in pulmonary hypertension, pos-

sibly due to toxic exposure; the second is due to deficient production of T-reg cells in a rapidly 

expanding pool of immune lymphocytes (see later).

In pulmonary hypertension, HIF-1-dependent upregulation of pyruvate dehydrogenase kinase 

(PDK1 and PDK2) blocks pyruvate dehydrogenase. This blockade prevents the conversion of pyru-

vate to acetyl-CoA in the mitochondria, which leads to the failure of the mitochondrial ETC pro-

duction of ATP. The findings in pulmonary hypertension may well involve pathways focusing on 

glutaminolysis, including the hexokinase and hexosaminidase pathways.55–57

Another central question in pulmonary hypertension and to a lesser extent, T-regulatory cell 

depletion is the role of hypometabolism. In hypometabolism, with IRS2 suppression genes, there 

will be reduced stimulus for glycolysis, reduced GLUT-1 and GLUT-4 activity, reduced activation 

of the Akt pathways, reduced FAO and reduced MAP kinase pathways. When these factors combine 
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with the activation of platelet beta-tubulin genes, either TUBB1 or TUBA4A, especially if com-

bined with the upregulation of multiple coagulant genes, we are looking at a microvascular flood of 

glucose shunted toward proliferative physiology. Proliferative physiology reduces the Krebs cycle, 

NADH production, oxidative phosphorylation, and hexokinase and hexosaminidase pathways.

Unlike the classic Warburg Effect, which activates glutaminolysis to initiate the Krebs cycle, 

molecular hypometabolism suppresses ribosomal and mitochondrial functions and includes 

enhanced and reduced coagulant gene activity. The difference between Warburg Effect findings and 

current findings in PAH in CIRS patients is that we now know that treatment of the inflammatory 

response will reactivate the metabolic pathways and return the patient to normal with a reduction 

of PAH. With the suppression of HIF-1 pathways, combined with the suppression of Akt and MAP 

kinase pathways, we have a prescription for the three elements needed to stimulate the production of 

T-regulatory cells.57 In the face of stimulation of constant bombardment of innate immune receptors 

with inflammagens in CIRS, an upregulation of metabolic pathways accompanies a widened anion 

gap, usually due to increased capillary levels of lactic acid that must be corrected in order for PAH 

itself to be corrected.

A common path of physiologic features includes endothelial dysfunction, excessive proliferation, 

impaired apoptosis of vascular cells and mitochondrial fragmentation. The proliferation/apopto-

sis imbalance relates to the activation of transcription factors, hypoxia-inducible factor-1α, nuclear 

factor of activated T-cells (NFAT) and apoptosis. Pulmonary hypertension also occurs due to the 

peripheral inflammatory disruption of adventitial connective tissue and a glycolytic metabolic shift 

in vascular cells and right ventricular myocytes. These are also seen in target tissue in the right ven-

tricle and skeletal muscle, reflecting the systemic nature of not just glycolysis but the entire meta-

bolic shift driven by nuclear transcription factors. PAH is an obstructive pulmonary vasculopathy 

characterized by excessive proliferation and apoptosis-resistant inflammation.58

Fortunately, the treatment protocol discussed earlier with each of the 12 steps effectively cor-

rects hypometabolism, stops the Warburg Effect, permits correction of PAH, permits restoration of 

T-cell populations, blocks metabolic acidosis and begins the process of neuronal healing. All these 

benefits happen from using a measurement of molecular hypometabolism in gene activation by 

applying transcriptomic testing.

6.8.1  GAMMA INTERFERON ACTIVATED INHIBITOR OF TRANSLATION COMPLEX 

(GAIT) IS ONE OF MANY BIOLOGIC CONTROLS ON INFLAMMATION

The gamma interferon activated inhibitor of translation complex (GAIT) consists of four elements: 

Glutamyl-prolyl-tRNA synthase, NS1-associated protein 1 (NSAP1), ribosomal protein L13a and 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH).59 Perhaps no other feedback system exem-

plifies the tightly regulated interactions between inflammation and metabolism more than GAIT. 

This grouping can bind to translation regions of given inflammation genes, including VEGF, to 

inhibit their translation. While there are differences in the inflammatory response between mice and 

humans, the well-described regulatory GAIT system in mice is similar to the less well-described 

human GAIT system.60

GAIT is an extraordinary complex negative feedback regulation system that helps slow down the 

over-translation of inflammatory genes. Moreover, it acts as an additional mechanism to slow down 

glycolysis by removing GAPDH from the pathway of conversion of glucose to pyruvate. By block-

ing pyruvate production, the cell can avoid producing lactic acid when problems with molecular 

hypometabolism affect mitochondrial pathways, including the Krebs cycle and ETC. Specifically, 

in the absence of normal production of mitochondrial membrane translocases, it teleologically 

serves the cell well to “hibernate,” reducing inflammation and reducing the creation of pyruvate 

until the hypometabolism resolves.

The GAIT proteins are metabolically expensive to produce and operate. Gamma interferon acti-

vates kinases in multiple discrete steps by which a phosphate group is placed on specific amino 
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acids (usually serine or threonine) to change protein structure and function. By linking interferon, 

produced as a result of inflammation, which controls glycolysis, together with a mechanism to con-

trol the initiation of protein synthesis, the cell obtains the ability to handle the potential for multiple 

adverse effects caused by inflammation.60

It is instructive to note that levels of plasma VEGF in CIRS cases fall into three groups: 

Suppressed, over-expressed and no different from controls.4 Each result is approximately 33% in 

prevalence for VEGF in CIRS cases. VEGF increases following interferon-gamma treatment within 

8 hours but by 24 hours, has returned to basal levels. We see this phenomenon in the repetitive 

exposure protocol called SAIIE (sequential activation of innate immune elements). On day 1 of 

re-exposure, VEGF levels rise rapidly, only to fall by day 3 to nadir. The mechanism here is trans-

lational silencing by the GAIT system of VEGF.

There are GAIT effects on other genes of uncertain influence on the progression of CIRS, includ-

ing ZIPK, CDK5 and ceruloplasmin. DIPK and ZIPK are similar to housekeeping genes in that they 

mediate phosphorylation of the protein L13a, therefore functioning as GAIT internal regulatory 

elements.61

6.8.2  MYELOID CELLS

In CIRS, we see the diverse metabolic effects of myeloid cells during innate immune responses.62 

First studied in a Toll 4, CD14 system looking at the programming of myeloid cells following 

endotoxin exposure, thought to be replicated in other toxin exposures initially, is now showing the 

remarkable diversity of “rewiring” that takes place after a diversity of exposures.62 This emerg-

ing field, called immunometabolism, is now a problem in innate immune responses, specifically 

increasing the availability of small molecules that can manipulate a diverse array of metabolic roots.

Cellular metabolic pathways may serve three major functions:

 1. Generation of energy.

 2. Production of building blocks necessary for cellular maintenance.

 3. Proliferation and modulation of cellular signaling.

Immune cells in forced stimulation are not activated to either proliferate or increase uptake of nutri-

ents. Following antigen presentation to myeloid cells, there is a need to rapidly expand the myeloid 

cell population. Building blocks, including nucleotides and lipids, are generated by repurposing 

metabolic pathways. As the immune cell population selectively expands, new signaling molecules 

organize the inflammatory response.62

As expected, aerobic glycolysis coincides with the rapid expansion of cell lines. In the presence 

of pyruvate dehydrogenase kinase, there will be suppression of the Krebs cycle, reducing the pro-

duction of acetyl-CoA (and therefore, lipids from citrate). Much of the evidence involved with the 

metabolism of myeloid cell activation comes from stimulation of Toll receptor 4 (TLR4) by bacterial 

endotoxin, lipopolysaccharide (LPS).

As discussed previously in this chapter on aerobic glycolysis, this is the function of the rapidly 

expanding cell lines. New data suggests that in addition to increasing the rate of glycolysis, there 

are additional metabolic signatures in myeloid cells separate from the Warburg Effect. The diversity 

of metabolic responses in myeloid cells is remarkably conserved. One of the mechanisms for long-

term reduction of innate immune memory involves epigenetic changes involving methylation and 

demethylation, or acetylation of histones or deacetylation of histones. These epigenetic findings can 

impact Krebs cycle physiology and differential gene activation.62

The presence of chronic inflammatory environmental conditions can not only alter the microen-

vironment but also alter transcriptomic responses. Both elements can contribute to the migration of 

macrophages into tissue and T-regulatory cells. While perhaps better studied in tumor cells, lactate 

can initiate pro-inflammatory effects and prompt tumor angiogenesis. Thus, metabolic changes in 
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immune cells accumulate in blood vessel walls, as in margination, or in joint capsules promoting 

inflammation as the disease progresses, possibly including atherosclerosis.63

Of interest are the associated findings with the pentose phosphate shunt in which accumulation of 

succinate, brought about by the Krebs cycle’s disruption, leads to the stabilization of HIF-1α, which 

as a transcription factor will induce the production of an inflammatory cytokine, interleukin-1β (IL-

1β). Suppose the mitochondrial mechanisms, including translocases, are not adversely impacted, 

as seen in hypometabolism. In that case, LPS stimulation will cause remodeling of the ETC itself, 

promoting the generation of mitochondrial ROS, which assists in killing microbes.64

Similarly, another element of this Krebs cycle, citrate, can be exported from mitochondria to the 

cytoplasm following LPS stimulation. The expansion of the endoplasmic reticulum and Golgi bodies, 

in turn, supports cytokine release from dendritic cells.62 We see metabolic networks to regulate inflam-

matory processes throughout the cell, including nuclear transcription and mitochondrial function.

As discussed, IRS2 activation will stimulate the activation of the mammalian target of rapamy-

cin (mTOR), which is an important stimulator of the metabolic response of the cell, affecting nutri-

ent availability and energy demands, together with P13K/Akt. This combination drives aerobic 

glycolysis to meet the demands of actively dividing cells. The regulatory counter-balance is the 

activation of 5' AMP-activated protein kinase (AMPK), which enhances the regulation of oxidative 

phosphorylation, promoting both ATP production and inflammatory properties.65

6.8.3  HEXOSAMINE BIOSYNTHETIC PATHWAY (HBP)

The layers of regulatory interaction of the transcriptome, inflammation and glucose metabolism 

are well exemplified by an important metabolic pathway for glucose (but only affecting 3–6% of 

intracellular glucose), the HBP. This pathway provides another “side street” for glucose entering 

glycolysis. Remember that when glucose is converted into glucose-6-phosphate, the body uses the 

compound to

 1. Make glycogen.

 2. Enter into the pentose phosphate shunt.

 3. Be converted into fructose-6-phosphate.

If 3 applies, glycolysis can continue, or fructose-6-phosphate can enter the HBP, especially in 

GAPDH suppression. This pathway is intimately involved with the response to stressors, particu-

larly inflammation, ischemia, trauma or oxidative stress from ROS. The HBP is called the survival 

pathway.66 It maintains serum glucose higher than normal and leads to insulin resistance. In addi-

tion to providing extra nucleotides needed for cell proliferation, HBP provides the needed building 

block, UDP-GlcNAc, required to produce glycans (O-linked-N-acetyl glucosamines, O-GlcNAc), 

which in turn, regulate countless proteins and transcription factors.67, 68

In the necessary presence of glutamine, we see that the regulatory control that impacts HBP 

begins at the second step in glycolysis, where fructose-6-phosphate is changed by glutamine-fruc-

tose-phosphate amidotransferase (GFAT), especially in the concomitant presence of hypoxia, by 

adding glutamine to make glucosamine-6-phosphate. Adding an acetyl-CoA makes glucosamine-

N-acetyl-6-phosphate, followed by rearrangement of the location of the phosphate. Then, the 

nucleotide uridine phosphate is added from nucleotide pools to make uridine diphosphate N-acetyl-

glucosamine (UDP-GlcNAc).

Posttranslational protein modification to membrane-bound or secreted proteins on serine or thre-

onine moieties on hundreds of nuclear and cytoplasmic proteins via a modulatory process called 

O-glycosylation involving the enzyme O-GlcNAc transferase (OGT) forms UDP-GlcNAc. OGT is 

evolutionarily conserved and is the only enzyme that does the actual glycosylation. Acute cellular 

stress increases UDP-GlcNAc; increasing levels increases cell survival,66 and feedback suppresses 

GFAT.67 O-glycosylation is involved in many feedback control systems. The survival pathway also 
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stimulates O-glycosylation to make defensins, non-specific acute phase neutrophilic peptides used 

in host defense against bacteria and viruses.

Opposing UDP-GlcNAc and OGT is N-acetylglucosaminidase (O-GlcNAcase; OGA), also evolu-

tionarily conserved, the only enzyme that removes the glucosamine from previously O-glycosylated 

proteins, acting primarily in the cytosol. The flux through the HBP that excessively favors OGT 

over OGA contributes to the development of insulin resistance. Work on adipocytes shows impair-

ment of insulin-stimulated glucose uptake, caused in part by

 1. Increasing glucose toxicity.

 2. Decreasing GLUT-4.

 3. Increasing glycosylation of IRS-1 and AKT.69

 4. Blockade by inhibition of GFAT.67

A known biological antagonist of OGA is O-(2- aceta mido- 2-deo xy-D- gluco pyran osyli dene)  amino-

N-phenyl carbamate (PUGNAc).66, 68, 69 PUGNAc blocks the removal of glycans placed by OGT by 

inhibiting OGA. The presence of PUGNAc impairs glucose utilization; phosphorylation of IRS and 

Akt was impaired, and insulin resistance markedly increased. Theoretically, downregulating gene 

activation for PUGNAc could have salutary health effects on insulin resistance and inflammation 

decrease via OGA activation.

Understanding that the sources of insulin resistance are multifactorial, and returning to the role 

of capillary hypoperfusion in CIRS, we can speculate to what extent prevention of hypoxia activates 

HBP, which

 1. Reduces metabolic acidosis.

 2. Prevents proliferative physiology.

 3. Enhances VDAC.

 4. Thereby enhances energy conservation from mitochondrial matrix function.

HBP provides salutary benefits in protection from decreased glucose uptake and protection from 

O-glycan-induced insulin resistance.

6.8.3.1  Inside Insulin Resistance

Using a T3-L1 cell line that expresses the GLUT-4 transporter, a well-characterized model of the 

study of insulin resistance, Vosseller and Wells show the effect of excessive glycosylation by OTG. 

A reduction of OTA, or blockade of OTA, by PUGNAc reduces the activation of downstream effec-

tors of insulin receptors.70 By identifying the glycosylation status of individual members of the 

insulin signaling cascade, including IRS and B-catenin, insulin resistance was recognized. The 

study shows that metabolism incorporates posttranslational regulatory modification of proteins, 

accentuated by the glucose flux through the HBP.

The role of glycosylation extends beyond insulin resistance. Glycosylation is catalyzed by only one 

enzyme, OGT. Removal of O-GlcNAc from proteins is catalyzed by only one enzyme, OGA. The balance 

of OGT versus OGA alters the activity of PUGNAc, which preferentially blocks OGA.68 Abnormalities 

of proteins, including transcription factors, are linked by glycosylation, which can influence

 1. Transcription activity.

 2. DNA.

 3. Localization.

 4. Stability in interaction with cofactors.

The role of regulation of glycosylation affecting transcription factors shows excellent potential for 

new approaches for the treatment of diabetes and obesity.
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Despite the promise of new insights, awareness of O-glycosylation is not new. Indeed, in 2003, 

Kamemura discussed the balance of glycosylation versus phosphorylation of nucleocytoplasmic 

proteins as having a role in the metabolic control of signaling and transcription.71 The role of OGT 

back then was identified as necessary for stem cell viability, making GlcNAc essential for life in mul-

ticellular creatures. The gene encoding OGA maps to a locus important to late-onset Alzheimer’s 

disease. This link of the blockade of glycosylation to neuronal injury underscores the importance 

of the combination of inflammation, increasing coagulation elements bound to beta-amyloid, with 

metabolism. The interaction of glycosylation and phosphorylation is important for regulatory pro-

teins, variously including estrogen receptors, Sp1, endothelial nitric oxide synthase and B-catenin. 

This chapter emphasizes the interaction of protein modifications in metabolism, to which we add 

the additional role of interactions with known confounders and inflammatory responses.

In 2005,69 Park extended the cell culture basis of insulin resistance to glycosylation and modifi-

cation of IRS2 and Akt2 by PUGNAc. PUGNAc does not affect GLUT-4; it has an increased effect 

on glycosylation of insulin signaling intermediates, reducing the insulin-stimulated phosphoryla-

tion on IRS2 and Akt, leading to insulin resistance in adipocytes.

By 2010, additional studies of insulin resistance, focusing on the main tissues involved with glu-

cose clearance, i.e., adipose tissue and striated muscle, added to the understanding of the important 

role of the hexosamine biosynthesis pathway.67 Once again, we see protein modifications by gly-

cosylation, which modulates insulin sensitivity in fat cells. Here, we see the interaction of adipose 

tissue for the disposal of glucose, interacting with leptin as a central element in energy homeostasis. 

The conclusion is that animal studies show adipose tissue factors are key regulators in maintaining 

glucose homeostasis. Metabolism focusing on glucose extends to fat cell hormones and adipocy-

tokines. The recurrent theme is that the HBP in glycosylation controls the endocrine function of 

adipocytes, mediating insulin resistance.

A tantalizing approach to the treatment of insulin resistance has to do with the blockade of the 

crucial enzyme GFAT. The use of azaserine or 6-diazo-5-oxonorleucine prevented glucose-insulin 

resistance in fat cells. On the other hand, the treatment of cells with glucosamine showed a reduc-

tion in insulin-mediated glucose uptake. Azaserine does not block this effect.

Additional work from Wells and Teo, published in 2014, underscores that while glycosylation 

is involved in the regulation of adipose cytokine secretion upon induction of insulin resistance in 

human fat cells, the investigators identified secretion of 190 proteins, as well as 20 upregulated 

proteins and 6 down-regulated in insulin resistance.72 Glycosylation can be mediated by more than 

oxygen; nitrogen and sulfur can contribute to the creation of glycans. Here, 91 glycosylation sites 

were derived by 51 secreted proteins, and 155 and 29 N-O glycans, respectively, were also identi-

fied. Quantification of N-O glycan structures shows how genuinely complex insulin resistance is. 

None of these studies occurred in cell culture or animals controlled for molecular hypometabolism, 

which further confuses the issue of precisely what contributes to insulin resistance.

The HBP generates aminosugars and provides building blocks for glycosyl side chains, proteins 

and lipids. All these effects begin with the regulation of GFAT together with OGT, which cata-

lyzes a reversible, posttranslational protein modification in O-linkage to specific serine/threonine 

residues.73 In this sense, HBP acts as a cellular nutrient sensor and plays a role in developing insu-

lin resistance, not to mention the vascular complications of diabetes. Crucial in this last function, 

complications of diabetes are the induction of TGFβ-1 and plasminogen activator inhibitor-1 in 

vascular smooth muscle cells, renal cells and aortic endothelial cells. In this era of implantable 

insulin pumps, there is speculation about titrating inhibitors and activators of GFAT. Still, there are 

no published studies to confirm a “magic bullet” for the treatment of diabetes and obesity.

6.8.4  T-REGULATORY CELLS AND PROLIFERATIVE PHYSIOLOGY

The fourth element of CIRS, in which proliferative physiology plays a crucial role, is the balance 

of production of T-regulatory cells versus T-effector cells. Acquired T-regs were CD4+CD25++. 
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Thymus-derived T-regs were CD4+CD25++CD127−/lo. The CD25 indicates a binding site for IL2; 

the CD127 is a binding site for IL7. Having these two types of T-reg cells enumerated by flow cytom-

etry provided a rapid determination of whether CIRS patients had deficiencies of T-regulatory cells 

or not. It also became clear that treatment with VIP corrected the deficiency of T-regs.

T-regs will interact with retinoic acid orphan receptors (ROR) in tissue to suppress tissue-based 

inflammation and reduce autoimmunity. If ROR are not present in normal amounts, the T-reg cells 

are plasticized and made into T-effector cells. These cells make more TGFβ-1, setting up a positive 

feedback loop leading to a deficiency of T-regs.

For years, the feedback loop idea provided a working hypothesis to explain why low levels of 

T-regs link to putative deficiencies of ROR. Still, there were no assays to demonstrate ROR without 

obtaining tissue by biopsy. The unconfirmed idea of assigning causation by ROR had little support. 

Impairment of normal production of T-reg cells in favor of T-effector cells accrues when lympho-

cytes proliferate in response to a metabolic or inflammatory stressor.

Indeed, this mechanism has been known for years. Unfortunately, the link between metabolism 

and inflammation and T-reg suppression is attracting reduced attention in current literature. We find 

in T-regulatory cells that repression of Akt/mTOR, hypoxia-inducible factor-1 alpha and aerobic 

glycolysis are important for the suppression of efficient generation of T-reg cells. Those same path-

ways suppress T-reg cell development and mature T-reg cells.74

As discussed in metabolic acidosis and pulmonary hypertension, the link between IRS2 and Akt/

mTOR, glycogen, HIF-1α and aerobic glycolysis follows the same pathways in lymphocytes. The 

net result is a varied effect of the same molecular basis in metabolism that affects human health.

Toll-like receptor signaling will promote T-reg cell differentiation. We also see increases in Akt/

mTOR, HIF-1α and aerobic glycolysis. If we add in an additional confounder, a transcription fac-

tor, FoxP3 blocks this activation of Akt/mTOR, so that the reduction of glycolysis that follows can 

increase oxidative metabolism and increase T-regs.

6.8.5  BRAIN ATROPHY

Given the commonality of aerobic glycolysis in proliferative physiology seen in the systemic ill-

ness of those with chronic fatigue, a search was extended to the literature looking for evidence for 

proliferative physiology in the brain. The following observations are consistent with what we would 

expect to see if there were adverse effects of proliferative physiology in the brain:

 1. Grey matter nuclear atrophy.

 2. Atrophy of cortical grey.

 3. Superior lateral ventricle enlargement, as seen on NeuroQuant®.

Finding such evidence would complete the unifying thread that encircles CIRS as a metabolic dis-

order causing the end-organ injury seen in chronic fatiguing illnesses.

Work from the lab of Yellen, including Diaz-Garcia, has provided evidence of the extrapolation 

of systemic proliferative physiology to the brain.75 Neuronal stimulation triggers neuronal glycolysis, 

which is not surprising, since normal brain function requires 20% of whole-body energy. Neurons 

will preferentially use aerobic glycolysis during brain stimulation instead of oxidative phosphoryla-

tion and ETC activation in mitochondria. It is unclear whether proliferative physiology is confined 

to neurons or generalized to other brain cells. The authors used hippocampal slices of mice to show 

that neuronal metabolic response to stimulation does not depend on astrocytic contribution, nor 

does it require neuronal uptake of lactate.

This paper from Yellen’s laboratory looks for aerobic glycolysis in the brain’s transient response 

to activation.76 It also addresses possible cellular mechanisms for metabolic resupply of energy and 

neurons. Unfortunately, without consideration of VDAC, we are left with an open question regard-

ing the continuation of proliferative physiology following stimulation.
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An additional question regarding neuronal consumption of oxygen and glucose has to do with 

the plasticity of activity given a different set of activity patterns. The speculation was that different 

gene expression programs would be involved. The authors note the crucial role of MAPK/ERK but 

again, do not discuss MAPK activation following IRS2 activation.77 Based on MAPK activation of 

other tissues, one would expect to find IRS2 activation as a precursor. Changes in gene activation 

will be subject to translocase function and VDAC opening.

From Yellen’s laboratory,78 metabolism will increase during stimulation, but not all energy 

metabolism is equally affected. An increase in local cerebral blood flow with increased glucose 

uptake, not matched by a similar increase in oxygen consumption, suggests that glycolysis becomes 

a dominant metabolic pathway producing energy. These changes in the brain correspond to a tem-

porary increase in lactate production not well measured at the bedside except with magnetic reso-

nance spectroscopy. This paper provides evidence that stimulated neurons become exporters of 

lactate, suggesting proliferative physiology.

As the preceding review suggests, if proliferative physiology is present, can we extrapolate to adverse 

effects of proliferative physiology with neurodegeneration, particularly Alzheimer’s disease? Here, a 

variety of central nervous system injuries, including the presence of beta-amyloid, and reactive astroglio-

sis (which can disrupt normal glycolysis), weakens astrocytes’ relationship to neurons in the purported 

astrocyte shuttle of lactate to neurons. This cascade impairs normal brain homeostasis, impairs clearance 

of beta-amyloid, promotes cytokine release and inexorably leads to neurodegeneration.79

Microglial cell metabolic physiology is similarly at risk for proliferative physiology. Microglial 

cells routinely use glucose, FAO and glutamine, with glucose transporters expressed, to supply suf-

ficient glucose intake.80 Microglial-fueled metabolism may be associated with glial reactivity, with 

a fuel switch contributing to an underlying cause of hypothalamic dysregulation associated with 

obesity. There is no comment on proliferative physiology.3

Supportive cells, including astrocytes and microglial cells, aside, neurons also have cellular meta-

bolic demands at nerve terminals. Neurotransmission requires ATP to support energetic demanding 

steps, including maintaining ionic gradients or sodium/potassium pumps and reversing changes in 

intracellular calcium that arise from opening voltage-gated calcium channels.81 Energy demands in the 

brain are met by glycolysis and oxidative phosphorylation, with glycolysis dominating the early stages 

of recovery of synaptic function and dysregulation of glycolysis contributing to neurodegeneration.

Finally, glycogen availability comes into play during the intense activity of the nervous system 

when energy demand exceeds supply. Glycogen in astrocytes converts to lactate, some of which 

is transported to neurons, thereby protecting hypoglycemia and preserving neuronal function.82 If 

there is impairment of conversion of lactate to pyruvate during cerebral metabolic stress, the protec-

tive effect of lactate is lost.

Taken together, we have supportive data on the adverse effects of proliferative physiology in the 

brain involving neurons, astrocytes, glial cells and synapses. Given the role of molecular hypome-

tabolism in proliferative physiology, the next steps support brain research on metabolic abnormali-

ties found in aerobic glycolysis in SEID and CIRS.

6.9  THE STUDY

Using a retrospective waiver for transcriptomic studies from Copernicus Group IRB, Cary, NC, a 

collation of clinical charts reviewed 112 consecutive de-identified patients who had transcriptomics 

testing done, including MHM. Most of the patients also had an anion gap, pulmonary artery pres-

sures and NeuroQuant® testing. Not all cases with transcriptomics had an ancillary study. Control 

groups were from a single medical clinic.

6.9.1  METHODS

We have permission to present molecular methods used for transcriptomic testing.
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RNA collection, extraction and labeling PAXgene RNA blood collection tubes (www .pre-

analytix .com /product -catalog /blood /rna /products /paxgene -blood -rna -tube/) were filled with 

venous blood, incubated for 4 hours at room temperature and then frozen at −80 °C until RNA 

extraction. According to the manufacturer's protocol, the total RNA underwent extraction with 

the Qiagen PAXgene Blood miRNA System kit. The total RNA was analyzed using an Agilent 

2100 bioanalyzer (Agilent Technologies, United States) for RNA integrity and quantified using 

a NanoDrop ND-2000 (Wilmington, DE). Only samples with Agilent RIN scores ≥8 were 

sequenced.

6.9.2  SEQUENCING

Sequencing libraries were made from 1 μg of total RNA starting material with the Kapa Biosystems 

stranded mRNA-Seq kit (www .kapabiosystems .com) according to the manufacturer’s instructions 

for the Illumina platform. The amplified library fragments were purified and checked for quality 

and concentration using an Advanced Analytical Fragment Analyzer™ to check the size and quality 

of the individual libraries and a Qubit for concentration. Equimolar amounts of individual libraries 

formed eight groups with a final round of quantification using an Agilent 2100 Bioanalyzer with 

a High Sensitivity DNA chip (Agilent Technologies, United States). The pooled samples of eight8 

were sequenced on an Illumina NextSeq 500 DNA sequencer using a Version 2, high output, 75-bp 

single-end sequencing reagent kit (Illumina, United States) with a target depth of 60 million reads 

per sample. The raw data files were streamed to the BaseSpace data warehouse (basespace .illumina 

. com) and de-multiplexed by sample into FASTQ files.

6.9.3  SEQUENCING ANALYSIS

FASTQ sequencing data in CLC Biomedical Genomics Workbench (BGW) analysis software ver-

sion 4.0 mapped to gene regions of the human genome using the USC hgb37 build. Samples were 

divided into patient and control classes and subjected to Empirical analysis of DGE, as available 

in the EdgeR Bioconductor package (Robinson et al., 2010). Empirical analysis of DGE was run 

using all raw data, as suggested in the user guide, but also after using different quality filters on the 

data. Data filtering consisted of removing hemoglobin alpha and beta reads and scaling remaining 

entities into reads per million. Scaled data were then quantile normalized and filtered at four differ-

ent, increasing expression levels, using genes present in either class at >0.3, 0.5, 0.75 and 1 reads/

million. The study selected for significantly expressed genes for gene ontology (GO) and molecu-

lar pathway analysis for possible enrichment of genes compared with specific biological themes 

using Elsevier’s Pathway Studio and the Database for Annotation, Visualization, and Integrated 

Discovery, v6.8 (DAVID).

6.9.4  NANOSTRING

Twenty-four total RNA samples (12 controls and 12 patients) were analyzed using the NanoString 

platform for direct, multiplexed analysis of mRNA to validate RNA Seq data (www .nanostring 

.com). This platform captures and detects probes on purified RNA with no enzymatic sample 

manipulation. The comparison used 100ng of total RNA against a panel of 185 genes. According to 

the manufacturer’s recommendation, NanoString proof of principle laboratory in Seattle, WA, ran 

the samples.

6.9.5  RESULTS

We identified 4 groups in our total cohort of 112 Stage 1 patients. In Group 1, molecular hypometabo-

lism was present with IRS2 upregulation in this cohort of 62 patients. The combination of metabolic 

http://www.preanalytix.com
http://www.preanalytix.com
http://www.kapabiosystems.com
http://www.basespace.illumina.com
http://www.basespace.illumina.com
http://www.nanostring.com
http://www.nanostring.com
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hypometabolism and IRS2 upregulation suggests a mechanism for enhanced grey matter nuclear 

atrophy in our cases (see Table 6.1). The mean number of atrophic nuclei seen on NeuroQuant® 

(NQ) was 4.1. The mean IRS2 was 1.78, with 16.1% of patients exhibiting an increased size of a 

superior lateral ventricle, an untoward finding consistent with one of the following:

 1. Obstruction of the flow of cerebral spinal fluid contributing to hydrocephalus (NPH).

 2. Loss of substance of cortical grey.

No patients showed an increased Evan’s Index, ruling out NPH. Eighty percent of cases had pulmo-

nary hypertension (>30 mm Hg), with widened anion gap seen in 85% of cases.

In group 2, 26 patients had MHM present but IRS2 was negative. Mean atrophic grey matter 

nuclei were 3.0, suggesting that the enhanced glucose delivery for glycolysis seen in IRS2 positive 

has an increased incidence of atrophy of grey matter nuclei compared with those with MHM but 

with IRS2 negative. Mean IRS2 in cohort 2 was −0.97. Superior lateral ventricle enlargement was 

less common; 7.6% of patients had this abnormality. PAH occurred in 8%, and a widened anion gap 

occurred in 20%.

Group 3 had 16 patients, MHM negative and IRS2 negative. Mean atrophic nuclei was 2.8, with a 

mean IRS2 value of −1.67. Only one patient had superior lateral ventricle enlargement (6.1%). PAH 

was seen in no patients, while the anion gap widened in 33%.

Group 4 only had eight cases with MHM negative and IRS2 positive. Atrophic nuclei were 1.16, 

the lowest of all measured groups, with a mean IRS2 of 1.14. No superior lateral ventricle enlarge-

ment, PAH or widened anion gap was noted.

6.9.6  DISCUSSION

As we have discussed in detail, the MHM patients will have suppression of translocases and/or 

closed VDAC, as shown by elevated tubulins, use of itraconazole or reactive exposure to actinomy-

cetes. An open VDAC is required to deliver pyruvate across the outer mitochondrial membrane. If 

pyruvate cannot get into the mitochondria, there will be no additional ATP. If enhanced glycolysis 

due to IRS2 positivity is present, an additional influx of glucose enters the cell for conversion by 

cytosolic aerobic glycolysis to lactic acid. Lactic acid is then exported outside the cell, contributing 

to metabolic acidosis.

The combination of metabolic hypometabolism and IRS2+ results suggests a proliferative 

mechanism for enhanced grey matter nuclear atrophy in our cases. However, we see that in the 

absence of translocases due to molecular hypometabolism, there is the effect of an increase in 

glucose delivery, flooding the cytosol without any transport of breakdown products of glycoly-

sis into mitochondria. When converted to lactic acid, this excessive pyruvate will contribute 

to systemic metabolic acidosis and neuronal injury to grey matter nuclei and cortical grey and 

fomenting underlying PAH.

Note that PAH was defined by finding elevated levels of tricuspid regurgitation on baseline echo-

cardiogram with a value for tricuspid regurgitation exceeding 2.5 meters per second and assuming 

right atrial pressure was 5 mm Hg. As noted previously, the measurement of tricuspid regurgitation 

was not a requirement for the performance of GENIE, and not all cases had echocardiogram testing 

done. Validation will need a larger trial.

Interestingly, measurement of anion gap was not required for the performance of transcriptomic 

testing but was frequently submitted with additional clinical materials by physicians.

Only upon reviewing Group 4 do we see that the absence of MHM and the presence of IRS2 

positivity result in essentially an ablation of metabolic complications related to the interaction of 

inflammatory genes, ribosomal genes and nuclear-coded mitochondrial genes with metabolism.

If we do not have excessive glucose inputs due to IRS2 negativity, but MHM is present, the meta-

bolic complications of metabolic acidosis and PAH are less severe.
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6.10  CONCLUSIONS

The complexity of cellular use of glucose includes diverting metabolites from glycolysis, interaction 

with inflammatory mediators, aerobic glycolysis and biosynthetic pathways used to make needed 

nucleotides, lipids, amino acids and intermediates. Differential gene activation/suppression influ-

ences the metabolic stress response elements. Both metabolic and inflammatory systems interact to 

maintain cell viability, energy conservation and cell proliferation.

When systems go awry, for example when an imbalance of glycosylation genes OGT and OGA 

persists beyond recovery from stressors such as trauma, ischemia or infection, an acute response can 

be converted into a chronic disease, such as insulin resistance.

MHM is such a process. When chronic fatigue, as part of a multisystem, multi-symptom illness, 

becomes entrenched, possibly after exposure to ribotoxins, especially those made by actinomycetes, 

we now know to look for adaptive, survival-based abnormalities in ribosomal genes, translocases 

and ATP synthases, among others.

Compared with control data sets, we see a group of patients here showing a correlation of 

MHM+/IRS2 (+) with worsening end-organ injury in untreated Stage 1 CIRS patients. There is a 

widened anion gap, consistent with metabolic acidosis. There is an increased percentage of cases 

in this group with atrophic grey matter nuclei or enlarged superior lateral ventricle enlargement, as 

shown by NeuroQuant®. PAH is far more common in this group compared with MHM + / (−) IRS2; 

MHM (−) / (−) IRS2; and MHM (−) / IRS2 (+).

When evaluated by published metabolic literature, these data are consistent with the adverse 

effects of proliferative physiology, which has its roots in aerobic glycolysis. In turn, aerobic gly-

colysis requires compartmentalization of glucose metabolism. A closed VDAC hastens the pro-

cess. Patients found by transcriptomic testing showing MHM+/IRS2 (+) may well benefit from 

additional testing by NeuroQuant®, a comprehensive metabolic panel to determine anion gap, and 

echocardiogram. If available, flow cytometry for CD4+CD25++ cells and CD4+CD25++CD127−/

lo is recommended.

While proliferative physiology, a systemic process, is required for acute host defenses, persistent 

proliferative states are manifestly not healthy when the host has MHM. The host response once 

again becomes the enemy. As long as standard CIRS treatment protocols are followed carefully 

and in order, without omissions, salutary benefits, including repair of CNS injury, can reasonably 

be expected.

Weaknesses of this study include missing data, as not all transcriptomic patients had echocardio-

grams, NeuroQuant® and comprehensive metabolic panel performed. As such, a prospective study 

will be necessary. Further, the absence of T-reg assays leaves a hole in analysis, as the proliferative 

model would predict marked T-reg deficiency in Group 1, with steadily increasing numbers through 

Group 4 (Table 6.1).

TABLE 6.1

Stage 1 of Treatment

MHM+IRS2+ MHM+IRS2− MHM−IRS2− MHM−IRS2+ Controls

N 62 26 16 8 15

Atrophic nuclei/6 4.1 3.0 2.8 1.2 1.4

SLV increase 16.1 7.6 6.1 0 0

Mean IRS2 1.78 −0.97 −1.67 1.14 1.33

Anion gap >12 85 20 33a 0 1

PASP increase 80 8 0a 0 0

a N < 4.



114  Nutrition and Integrative Medicine for Clinicians

Potential conflict of interest: Dr. Shoemaker holds an interest in ProgeneDx, a company that 

sells GENIE tests.

BIBLIOGRAPHY

 1.  Lunt, Sophia Y., and Matthew G. Vander Heiden. “Aerobic Glycolysis: Meeting the Metabolic 
Requirements of Cell Proliferation.” Annual Review of Cell and Developmental Biology 27, no. 1 (2011): 
441–64. https://doi .org /10 .1146 /annurev -cellbio -092910 -154237.

 2.  Shoemaker, Ryan. “RNA-Seq on Patients With Chronic Inflammatory Response Syndrome (CIRS) 
Treated With Vasoactive Intestinal Peptide (VIP) Shows a Shift in Metabolic State and Innate Immune 
Functions That Coincide With Healing.” Medical Research Archives 4, no. 7 (2016). https://doi .org /10 
.18103 /mra .v4i7 .862.

 3.  Ryan, James C., Qingzhong Wu, and Ritchie C. Shoemaker. “Transcriptomic Signatures in Whole Blood 
of Patients Who Acquire a Chronic Inflammatory Response Syndrome (CIRS) Following an Exposure 
to the Marine Toxin Ciguatoxin.” BMC Medical Genomics 8, no. 1 (2015): 1–12. https://doi .org /10 .1186 
/s12920 -015 -0089 -x.

 4.  Shoemaker, Ritchie C., Dennis House, and James C. Ryan. “Vasoactive Intestinal Polypeptide (VIP) 
Corrects Chronic Inflammatory Response Syndrome (CIRS) Acquired Following Exposure to Water-
Damaged Buildings.” Health 5, no. 3 (2013): 396–401. https://doi .org /10 .4236 /health .2013 .53053.

 5.  Fukuda, Keiji, Stephen E. Strauss, Ian Hickie, Michael C. Sharpe, James G. Dobbins, and Anthony 
Komaroff. “The Chronic Fatigue Syndrome.” Journal of Chronic Fatigue Syndrome 1, no. 2 (1995): 
67–84. https://doi .org /10 .1300 /j092v01n02 _06.

 6.  Jason, Leonard A., Madison Sunnquist, Abigail Brown, Julia L. Newton, Elin Bolle Strand, and 
Suzanne D. Vernon. “Chronic Fatigue Syndrome Versus Systemic Exertion Intolerance Disease.” 
Fatigue: Biomedicine, Health & Behavior 3, no. 3 (2015): 127–41. https://doi .org /10 .1080 /21641846 
.2015 .1051291.

 7.  Shoemaker, R., S. McMahon, and M. Dooley. “ Diagnostic Process for CIRS: A Consensus Statement 
Report of the Consensus Committee of Surviving Mold.” IMR 4, no. 5 (2018): 1–47.

 8.  Shi, Xinying, Prashant K. Khade, Karissa Y. Sanbonmatsu, and Simpson Joseph. “Functional Role 
of the Sarcin–Ricin Loop of the 23S Rrna in the Elongation Cycle of Protein Synthesis.” Journal of 

Molecular Biology 419, nos. 3–4 (2012): 125–38. https://doi .org /10 .1016 /j .jmb .2012 .03 .016.
 9.  Prasun, Pankaj. “Mitochondrial Genetics.” Mitochondrial Medicine, 2019, 7–9. https://doi .org /10 .1016 /

b978 -0 -12 -817006 -9 .00003 -4.
 10.  Grevel, Alexander, and Thomas Becker. “Porins as Helpers in Mitochondrial Protein Translocation.” 

Biological Chemistry 401, nos. 6–7 (2020): 699–708. https://doi .org /10 .1515 /hsz -2019 -0438.
 11.  Ellenrieder, Lars, Martin P. Dieterle, Kim Nguyen Doan, Christoph U. Mårtensson, Alessia Floerchinger, 

María Luisa Campo, Nikolaus Pfanner, and Thomas Becker. “Dual Role of Mitochondrial Porin in 
Metabolite Transport Across the Outer Membrane and Protein Transfer to the Inner Membrane.” 
Molecular Cell 73, no. 5 (2019): 1056–65. https://doi .org /10 .1016 /j .molcel .2018 .12 .014.

 12.  Krimmer, Thomas, Doron Rapaport, Michael T. Ryan, Chris Meisinger, C. Kenneth Kassenbrock, 
Elizabeth Blachly-Dyson, Michael Forte, M. G. Douglas, W. Neupert, F. E. Nargang, and N. Pfanner. 
“Biogenesis of Porin of the Outer Mitochondrial Membrane Involves an Import Pathway Via Receptors 
and the General Import Pore of the Tom Complex.” Journal of Cell Biology 152, no. 2 (2001): 289–300. 
https://doi .org /10 .1083 /jcb .152 .2 .289.

 13.  Potter, Michelle, Emma Newport, and Karl J. Morten. “The Warburg Effect: 80 Years On.” Biochemical 

Society Transactions 44, no. 5 (2016): 1499–505. https://doi .org /10 .1042 /bst20160094.
 14.  Burns, Jorge, and Gina Manda. “Metabolic Pathways of the Warburg Effect in Health and Disease: 

Perspectives of Choice, Chain or Chance.” International Journal of Molecular Sciences 18, no. 12 
(2017): 2755. https://doi .org /10 .3390 /ijms18122755.

 15.  Shoshan-Barmatz, Varda, Edna Nahon-Crystal, Anna Shteinfer-Kuzmine, and Rajeev Gupta. “VDAC1, 
Mitochondrial Dysfunction, and Alzheimer’s Disease.” Pharmacological Research 131 (2018): 87–101. 
https://doi .org /10 .1016 /j .phrs .2018 .03 .010.

 16.  Manczak, M., and P. H. Reddy. “Abnormal Interaction of VDAC1 With Amyloid Beta and Phosphorylated 
Tau Causes Mitochondrial Dysfunction in Alzheimer’s Disease.” Human Molecular Genetics 21, no. 23 
(2012): 5131–46. https://doi .org /10 .1093 /hmg /dds360.

 17.  Manczak, Maria, and P. Hemachandra Reddy. “RNA Silencing of Genes Involved in Alzheimer’s 
Disease Enhances Mitochondrial Function and Synaptic Activity.”

https://doi.org/10.1146/annurev-cellbio-092910-154237
https://doi.org/10.18103/mra.v4i7.862
https://doi.org/10.18103/mra.v4i7.862
https://doi.org/10.1186/s12920-015-0089-x
https://doi.org/10.1186/s12920-015-0089-x
https://doi.org/10.4236/health.2013.53053
https://doi.org/10.1300/j092v01n02_06
https://doi.org/10.1080/21641846.2015.1051291
https://doi.org/10.1080/21641846.2015.1051291
https://doi.org/10.1016/j.jmb.2012.03.016
https://doi.org/10.1016/b978-0-12-817006-9.00003-4
https://doi.org/10.1016/b978-0-12-817006-9.00003-4
https://doi.org/10.1515/hsz-2019-0438
https://doi.org/10.1016/j.molcel.2018.12.014
https://doi.org/10.1083/jcb.152.2.289
https://doi.org/10.1042/bst20160094
https://doi.org/10.3390/ijms18122755
https://doi.org/10.1016/j.phrs.2018.03.010
https://doi.org/10.1093/hmg/dds360


115Chronic Inflammatory Response Syndrome (CIRS) and Metabolism 

 18.  Reddy, P. Hemachandra. “Is the Mitochondrial Outermembrane Protein VDAC1 Therapeutic Target for 
Alzheimer’s Disease?” Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease 1832, no. 1 
(2013): 67–75. https://doi .org /10 .1016 /j .bbadis .2012 .09 .003.

 19.  Smilansky, Angela, Liron Dangoor, Itay Nakdimon, Danya Ben-Hail, Dario Mizrachi, and Varda 
Shoshan-Barmatz. “The Voltage-Dependent Anion Channel 1 Mediates Amyloid β Toxicity and 
Represents a Potential Target for Alzheimer Disease Therapy.” Journal of Biological Chemistry 290, 
no. 52 (2015): 30670–83. https://doi .org /10 .1074 /jbc .m115 .691493.

 20.  van der Poll, Tom, Frank L. van de Veerdonk, Brendon P. Scicluna, and Mihai G. Netea. “The 
Immunopathology of Sepsis and Potential Therapeutic Targets.” Nature Reviews Immunology 17, no. 7 
(2017): 407–20. https://doi .org /10 .1038 /nri .2017 .36.

 21.  Shoemaker, Ritchie C., Dennis House, and James C. Ryan. “Structural Brain Abnormalities in Patients 
With Inflammatory Illness Acquired Following Exposure to Water-Damaged Buildings: A Volumetric 
MRI Study Using NeuroQuant®.” Neurotoxicology and Teratology 45 (2014): 18–26. https://doi .org /10 
.1016 /j .ntt .2014 .06 .004.

 22.  Shoemaker, R., S. McMahon, and J. Ryan. “Reduction in Forebrain Parenchymal and Cortical Grey 
Matter Swelling Across Treatment Groups in Patients With Inflammatory Illness Acquired Following 
Exposure to Water-Damaged Buildings.” Journal of Neuroscience and Clinical Research 1 (2016): 1–4.

 23.  Shoemaker, Ritchie. “Intranasal VIP Safely Restores Volume to Multiple Grey Matter Nuclei in Patients 
With CIRS.” Internal Medicine Review 3, no. 4 (2017): 1–14. https://doi .org /10 .18103 /imr .v3i4 .412.

 24.  Shoemaker, R., and J. Ryan. A Gene Primer for Health Care Providers: The Genomics of CIRS and 
Associated Molecular Pathways: Interpreting the Transcriptomics Results. Ebook, 2018.

 25.  Vander Heiden, Matthew G., Lewis C. Cantley, and Craig B. Thompson. “Understanding the Warburg 
Effect: The Metabolic Requirements of Cell Proliferation.” Science 324, no. 5930 (2009): 1029–33. 
https://doi .org /10 .1126 /science .1160809.

 26.  van Beek, Hans. “Faculty Opinions Recommendation of Genome-Scale Metabolic Modeling Elucidates 
the Role of Proliferative Adaptation in Causing the Warburg Effect.” Faculty Opinions – Post-Publication 

Peer Review of the Biomedical Literature, 2011. https://doi .org /10 .3410 /f .13357132 .14726450.
 27.  César Rosa, José, and Marcelo de Cerqueira César. “Role of Hexokinase and VDAC in Neurological 

Disorders.” Current Molecular Pharmacology 9, no. 4 (2016): 320–31. https://doi .org /10 .2174 /187 4467 
2096 6616 0112 123036.

 28.  Kuehn, Bridget M. “In Alzheimer Research, Glucose Metabolism Moves to Center Stage.” JAMA 323, 
no. 4 (2020): 297. https://doi .org /10 .1001 /jama .2019 .20939.

 29.  Wu, Long, Xin Zhang, and Liqin Zhao. “Human ApoE Isoforms Differentially Modulate Brain 
Glucose and Ketone Body Metabolism: Implications for Alzheimer’s Disease Risk Reduction and Early 
Intervention.” The Journal of Neuroscience 38, no. 30 (2018): 6665–81. https://doi .org /10 .1523 /jneurosci 
.2262 -17 .2018.

 30.  Ryan, John J., and Stephen L. Archer. “Emerging Concepts in the Molecular Basis of Pulmonary 
Arterial Hypertension.” Circulation 131, no. 19 (2015): 1691–702. https://doi .org /10 .1161 /circulationaha 
.114 .006979.

 31.  Archer, Stephen L., Yong‐Hu Fang, John J. Ryan, and Lin Piao. “Metabolism and Bioenergetics in the 
Right Ventricle and Pulmonary Vasculature in Pulmonary Hypertension.” Pulmonary Circulation 3, no. 
1 (2013): 144–52. https://doi .org /10 .4103 /2045 -8932 .109960.

 32.  Paulin, Roxane, and Evangelos D. Michelakis. “The Metabolic Theory of Pulmonary Arterial Hypertension.” 
Circulation Research 115, no. 1 (2014): 148–64. https://doi .org /10 .1161 /circresaha .115 .301130.

 33.  Dromparis, Peter, Gopinath Sutendra, and Evangelos D. Michelakis. “The Role of Mitochondria in 
Pulmonary Vascular Remodeling.” Journal of Molecular Medicine 88, no. 10 (2010): 1003–10. https://
doi .org /10 .1007 /s00109 -010 -0670 -x.

 34.  Tuder, Rubin M., Laura A. Davis, and Brian B. Graham. “Targeting Energetic Metabolism.” American 

Journal of Respiratory and Critical Care Medicine 185, no. 3 (2012): 260–66. https://doi .org /10 .1164 /
rccm .201108 -1536pp.

 35.  Shoshan-Barmatz, Varda, Nurit Keinan, and Hilal Zaid. “Uncovering the Role of VDAC in the 
Regulation of Cell Life and Death.” Journal of Bioenergetics and Biomembranes 40, no. 3 (2008): 
183–91. https://doi .org /10 .1007 /s10863 -008 -9147 -9.

 36.  Heslop, K. A., A. Rovini, E. G. Hunt, D. Fang, M. E. Morris, C. F. Christie, M. B. Gooz, D. N. DeHart, 
Y. Dang, J. J. Lemasters, and E. N. Maldonado. “JNK Activation and Translocation to Mitochondria 
Mediates Mitochondrial Dysfunction and Cell Death Induced by VDAC Opening and Sorafenib in 
Hepatocarcinoma Cells.” Biochemical Pharmacology 171 (2020): 113728. https://doi .org /10 .1016 /j .bcp 
.2019 .113728.

https://doi.org/10.1016/j.bbadis.2012.09.003
https://doi.org/10.1074/jbc.m115.691493
https://doi.org/10.1038/nri.2017.36
https://doi.org/10.1016/j.ntt.2014.06.004
https://doi.org/10.1016/j.ntt.2014.06.004
https://doi.org/10.18103/imr.v3i4.412
https://doi.org/10.1126/science.1160809
https://doi.org/10.3410/f.13357132.14726450
https://doi.org/10.2174/1874467209666160112123036
https://doi.org/10.2174/1874467209666160112123036
https://doi.org/10.1001/jama.2019.20939
https://doi.org/10.1523/jneurosci.2262-17.2018
https://doi.org/10.1523/jneurosci.2262-17.2018
https://doi.org/10.1161/circulationaha.114.006979
https://doi.org/10.1161/circulationaha.114.006979
https://doi.org/10.4103/2045-8932.109960
https://doi.org/10.1161/circresaha.115.301130
https://doi.org/10.1007/s00109-010-0670-x
https://doi.org/10.1007/s00109-010-0670-x
https://doi.org/10.1164/rccm.201108-1536pp
https://doi.org/10.1164/rccm.201108-1536pp
https://doi.org/10.1007/s10863-008-9147-9
https://doi.org/10.1016/j.bcp.2019.113728
https://doi.org/10.1016/j.bcp.2019.113728


116  Nutrition and Integrative Medicine for Clinicians

 37.  Andersson, M. A., R. Mikkola, R. M. Kroppenstedt, F. A. Rainey, J. Peltola, J. Helin, K. Sivonen, and 
M. S. Salkinoja-Salonen. “The Mitochondrial Toxin Produced by Streptomyces Griseus Strains Isolated 
From an Indoor Environment is Valinomycin.” Applied and Environmental Microbiology 64, no. 12 
(1998): 4767–73. https://doi .org /10 .1128 /aem .64 .12 .4767 -4773 .1998.

 38.  DeHart, David N., John J. Lemasters, and Eduardo N. Maldonado. “Erastin-Like Anti-Warburg Agents 
Prevent Mitochondrial Depolarization Induced by Free Tubulin and Decrease Lactate Formation in 
Cancer Cells.” Slas Discovery: Advancing the Science of Drug Discovery 23, no. 1 (2017): 23–33. 
https://doi .org /10 .1177 /2472555217731556.

 39.  Azoulay-Zohar, Heftsi, Adrian Israelson, Salah Abu-Hamad, and Varda Shoshan-Barmatz. “In Self-
Defence: Hexokinase Promotes Voltage-Dependent Anion Channel Closure and Prevents Mitochondria-
Mediated Apoptotic Cell Death.” Biochemical Journal 377, no. 2 (2004): 347–55. https://doi .org /10 .1042 
/bj20031465.

 40.  “Simultaneous Targeting of NPC1 and VDAC1 by Itraconazole Leads to Synergistic Inhibition of Mtor 
Signaling and Angiogenesis.” n.d. https://doi .org /10 .1021 /acschembio .6b00849 .s003.

 41.  Head, Sarah A., Wei Shi, Liang Zhao, Kirill Gorshkov, Kalyan Pasunooti, Yue Chen, Zhiyou Deng, R. J. 
Li, J. S. Shim, W. Tan, and T. Hartung. “Antifungal Drug Itraconazole Targets VDAC1 to Modulate the 
AMPK/Mtor Signaling Axis in Endothelial Cells.” Proceedings of the National Academy of Sciences 
112, no. 52 (2015): E7276–85. https://doi .org /10 .1073 /pnas .1512867112.

 42.  Puurand, Marju, Kersti Tepp, Natalja Timohhina, Jekaterina Aid, Igor Shevchuk, Vladimir Chekulayev, 
and Tuuli Kaambre. “Tubulin ΒII and ΒIII Isoforms as the Regulators of VDAC Channel Permeability 
in Health and Disease.” Cells 8, no. 3 (2019): 239. https://doi .org /10 .3390 /cells8030239.

 43.  Wang, Hai, Can Liu, Yongxin Zhao, and Ge Gao. “Mitochondria Regulation in Ferroptosis.” European 

Journal of Cell Biology 99, no. 1 (2020): 151058. https://doi .org /10 .1016 /j .ejcb .2019 .151058.
 44.  Zhou, Hui-Ren, Kaiyu He, Jeff Landgraf, Xiao Pan, and James Pestka. “Direct Activation of Ribosome-

Associated Double-Stranded RNA-Dependent Protein Kinase (PKR) by Deoxynivalenol, Anisomycin 
and Ricin: A New Model for Ribotoxic Stress Response Induction.” Toxins 6, no. 12 (2014): 3406–25. 
https://doi .org /10 .3390 /toxins6123406.

 45.  Cargnello, Marie, and Philippe P. Roux. “Activation and Function of the Mapks and Their Substrates, 
the MAPK-Activated Protein Kinases.” Microbiology and Molecular Biology Reviews 76, no. 2 (2012): 
496–96. https://doi .org /10 .1128 /mmbr .00013 -12.

 46.  Shoemaker, R., and D. Lark. “HERTSMI-2 and ERMI: “Correlating Human Health Risk with Mold 
Specific QPCR in Water-Damaged Buildings”.” In #658 Proceedings of the 14th International 

Conference on Indoor Air Quality and Climate, International Society for Indoor Air Quality and 

Climate, Ghent, 2016.
 47.  Oliveira, Joana Moitinho, Sandra A. Rebuffat, Rosa Gasa, and Ramon Gomis. “Targeting Type 2 

Diabetes: Lessons From a Knockout Model of Insulin Receptor Substrate 2.” Canadian Journal of 

Physiology and Pharmacology 92, no. 8 (2014): 613–20. https://doi .org /10 .1139 /cjpp -2014 -0114.
 48.  Long, Yun Chau, Zhiyong Cheng, Kyle D. Copps, and Morris F. White. “Insulin Receptor Substrates 

IRS1 and IRS2 Coordinate Skeletal Muscle Growth and Metabolism Via the AKT and AMPK Pathways.” 
Molecular and Cellular Biology 31, no. 3 (2011): 430–41. https://doi .org /10 .1128 /mcb .00983 -10.

 49.  Schmitz-Peiffer, Carsten, and Jonathan Whitehead. “IRS-1 Regulation in Health and Disease.” IUBMB 

Life (International Union of Biochemistry and Molecular Biology: Life) 55, no. 7 (2003): 367–74. https://
doi .org /10 .1080 /1521654031000138569.

 50.  Benzi, L., P. Cecchetti, A. M. Ciccarone, A. Nardone, A. Nardone, E. Merola, R. Maggiorelli, F. 
Campi, G. Di Cianni, and R. Navalesi. “Inhibition of Endosomal Acidification in Normal Cells Mimics 
the Derangements of Cellular Insulin and Insulin-Receptor Metabolism Observed in Non-Insulin-
Dependent Diabetes Mellitus.” Metabolism 46, no. 11 (1997): 1259–65. https://doi .org /10 .1016 /s0026 
-0495(97)90227-4.

 51.  Desbuguois, B. “Role of Acidic Subcellular Compartments in the Degradation of Internalized Insulin 
and in the Recycling of the Internalized Insulin Receptor in Liver Cells: In Vivo and In Vitro Studies.” 
Diabetes Metab 18 (1992): 104–12.

 52.   Benzi, L., A. M. Ciccarone, P. Cecchetti, G. DiCianni, F. Caricato, L. Trincavelli, L. Volpe, and R. 
Navalesi. “Intracellular Hyperinsulinism: A Metabolic Characteristic of Obesity With and Without 
Type 2 Diabetes.” Diabetes Research and Clinical Practice 46, no. 3 (1999): 231–37. https://doi .org /10 
.1016 /s0168 -8227(99)00100-x.

 53.  Culley, Miranda K., and Stephen Y. Chan. “Mitochondrial Metabolism in Pulmonary Hypertension: 
Beyond Mountains There Are Mountains.” Journal of Clinical Investigation 128, no. 9 (2018): 3704–15. 
https://doi .org /10 .1172 /jci120847.

https://doi.org/10.1128/aem.64.12.4767-4773.1998
https://doi.org/10.1177/2472555217731556
https://doi.org/10.1042/bj20031465
https://doi.org/10.1042/bj20031465
https://doi.org/10.1021/acschembio.6b00849.s003
https://doi.org/10.1073/pnas.1512867112
https://doi.org/10.3390/cells8030239
https://doi.org/10.1016/j.ejcb.2019.151058
https://doi.org/10.3390/toxins6123406
https://doi.org/10.1128/mmbr.00013-12
https://doi.org/10.1139/cjpp-2014-0114
https://doi.org/10.1128/mcb.00983-10
https://doi.org/10.1080/1521654031000138569
https://doi.org/10.1080/1521654031000138569
https://doi.org/10.1016/s0026-0495(97)90227-4
https://doi.org/10.1016/s0026-0495(97)90227-4
https://doi.org/10.1016/s0168-8227(99)00100-x
https://doi.org/10.1016/s0168-8227(99)00100-x
https://doi.org/10.1172/jci120847


117Chronic Inflammatory Response Syndrome (CIRS) and Metabolism 

 54.  Liu, Pengfei, Yue Gu, Jie Luo, Peng Ye, Yaguo Zheng, Wande Yu, and Shaoliang Chen. “Inhibition 
of SRC Activation Reverses Pulmonary Vascular Remodeling in Experimental Pulmonary Arterial 
Hypertension Via AKT/MTOR/HIF-1 Signaling Pathway.” Experimental Cell Research 380, no. 1 
(2019): 36–46. https://doi .org /10 .1016 /j .yexcr .2019 .02 .022.

 55.  Ryan, John J., and Stephen L. Archer. “The Right Ventricle in Pulmonary Arterial Hypertension.” 
Circulation Research 115, no. 1 (2014): 176–88. https://doi .org /10 .1161 /circresaha .113 .301129.

 56.  Gomez-Arroyo, Jose, Shiro Mizuno, Karol Szczepanek, Benjamin Van Tassell, Ramesh Natarajan, 
Cristobal G. dos Remedios, Jennifer I. Drake, et al. “Metabolic Gene Remodeling and Mitochondrial 
Dysfunction in Failing Right Ventricular Hypertrophy Secondary to Pulmonary Arterial Hypertension.” 
Circulation: Heart Failure 6, no. 1 (2013): 136–44. https://doi .org /10 .1161 /circheartfailure .111 .966127.

 57.  Gabriel, Sarah Sharon, and Axel Kallies. “Sugars and Fat - A Healthy Way to Generate Functional 
Regulatory T Cells.” European Journal of Immunology 46, no. 12 (2016): 2705–9. https://doi .org /10 
.1002 /eji .201646663.

 58.  Thenappan, Thenappan, Mark L. Ormiston, John J. Ryan, and Stephen L. Archer. “Pulmonary Arterial 
Hypertension: Pathogenesis and Clinical Management.” BMJ, 2018. https://doi .org /10 .1136 /bmj .j5492.

 59.  Mukhopadhyay, Rupak, Jie Jia, Abul Arif, Partho Sarothi Ray, and Paul L. Fox. “The Gait System: 
A Gatekeeper of Inflammatory Gene Expression.” Trends in Biochemical Sciences 34, no. 7 (2009): 
324–31. https://doi .org /10 .1016 /j .tibs .2009 .03 .004.

 60.  Arif, Abul, Peng Yao, Fulvia Terenzi, Jie Jia, Partho Sarothi Ray, and Paul L. Fox. “The Gait Translational 
Control System.” WIREs RNA 9, no. 2 (2017): e1441. https://doi .org /10 .1002 /wrna .1441.

 61.  Arif, Abul, Piyali Chatterjee, Robyn A. Moodt, and Paul L. Fox. “Heterotrimeric Gait Complex Drives 
Transcript-Selective Translation Inhibition in Murine Macrophages.” Molecular and Cellular Biology 
32, no. 24 (2012): 5046–55. https://doi .org /10 .1128 /mcb .01168 -12.

 62.  Stienstra, Rinke, Romana T. Netea-Maier, Niels P. Riksen, Leo A. B. Joosten, and Mihai G. Netea. 
“Specific and Complex Reprogramming of Cellular Metabolism in Myeloid Cells During Innate 
Immune Responses.” Cell Metabolism 26, no. 1 (2017): 142–56. https://doi .org /10 .1016 /j .cmet .2017 .06 
.001.

 63.  Chang, Chih-Hao, Jonathan D. Curtis, Leonard B. Maggi, Brandon Faubert, Alejandro V. Villarino, 
David O’Sullivan, Stanley Ching-Cheng Huang, G. J. Van Der Windt, J. Blagih, J. Qiu, and J. D. Weber. 
“Posttranscriptional Control of T Cell Effector Function by Aerobic Glycolysis.” Cell 153, no. 6 (2013): 
1239–51. https://doi .org /10 .1016 /j .cell .2013 .05 .016.

 64.  Gumaa, K. A., and Patricia McLean. “The Pentose Phosphate Pathway of Glucose Metabolism. Enzyme 
Profiles and Transient and Steady-State Content of Intermediates of Alternative Pathways of Glucose 
Metabolism in Krebs Ascites Cells.” Biochemical Journal 115, no. 5 (1969): 1009–29. https://doi .org /10 
.1042 /bj1151009.

 65.  Araujo, Lindsey, Phillip Khim, Haik Mkhikian, Christie-Lynn Mortales, and Michael Demetriou. 
“Glycolysis and Glutaminolysis Cooperatively Control T Cell Function by Limiting Metabolite Supply 
to N-Glycosylation.” eLife 6 (2017). https://doi .org /10 .7554 /elife .21330.

 66.  Chatham, John C., Laszlo G. Nöt, Norbert Fülöp, and Richard B. Marchase. “Hexosamine 
Biosynthesis and Protein O-Glycosylation.” Shock 29, no. 4 (2008): 431–40. https://doi .org /10 .1097 /shk 
.0b013e3181598bad.

 67.  Teo, Chin Fen, Edith E. Wollaston-Hayden, and Lance Wells. “Hexosamine Flux, the O-Glcnac 
Modification, and the Development of Insulin Resistance in Adipocytes.” Molecular and Cellular 

Endocrinology 318, nos. 1–2 (2010): 44–53. https://doi .org /10 .1016 /j .mce .2009 .09 .022.
 68.  Özcan, Sabire, Sreenath S. Andrali, and Jamie E. L. Cantrell. “Modulation of Transcription Factor 

Function by O-Glcnac Modification.” Biochimica et Biophysica Acta (BBA) - Gene Regulatory 

Mechanisms 1799, nos. 5–6 (2010): 353–64. https://doi .org /10 .1016 /j .bbagrm .2010 .02 .005.
 69.  Park, Seung Yoon, Jiwon Ryu, and Wan Lee. “O-Glcnac Modification on IRS-1 and AKT2 by 

Pugnac Inhibits Their Phosphorylation and Induces Insulin Resistance in Rat Primary Adipocytes.” 
Experimental & Molecular Medicine 37, no. 3 (2005): 220–29. https://doi .org /10 .1038 /emm .2005 .30.

 70.  Vosseller, Keith, Lance Wells, M. Daniel Lane, and Gerald W. Hart. “Elevated Nucleocytoplasmic 
Glycosylation by O-Glcnac Results in Insulin Resistance Associated with Defects in Akt Activation 
in 3T3-L1 Adipocytes.” Proceedings of the National Academy of Sciences 99, no. 8 (2002): 5313–18. 
https://doi .org /10 .1073 /pnas .072072399.

 71.  Kamemura, Kazuo, and Gerald W. Hart. “Dynamic Interplay Between O-Glycosylation and 
O-Phosphorylation of Nucleocytoplasmic Proteins: A New Paradigm for Metabolic Control of Signal 
Transduction and Transcription.” Progress in Nucleic Acid Research and Molecular Biology, 2003, 
107–36. https://doi .org /10 .1016 /s0079 -6603(03)01004-3.

https://doi.org/10.1016/j.yexcr.2019.02.022
https://doi.org/10.1161/circresaha.113.301129
https://doi.org/10.1161/circheartfailure.111.966127
https://doi.org/10.1002/eji.201646663
https://doi.org/10.1002/eji.201646663
https://doi.org/10.1136/bmj.j5492
https://doi.org/10.1016/j.tibs.2009.03.004
https://doi.org/10.1002/wrna.1441
https://doi.org/10.1128/mcb.01168-12
https://doi.org/10.1016/j.cmet.2017.06.001
https://doi.org/10.1016/j.cmet.2017.06.001
https://doi.org/10.1016/j.cell.2013.05.016
https://doi.org/10.1042/bj1151009
https://doi.org/10.1042/bj1151009
https://doi.org/10.7554/elife.21330
https://doi.org/10.1097/shk.0b013e3181598bad
https://doi.org/10.1097/shk.0b013e3181598bad
https://doi.org/10.1016/j.mce.2009.09.022
https://doi.org/10.1016/j.bbagrm.2010.02.005
https://doi.org/10.1038/emm.2005.30
https://doi.org/10.1073/pnas.072072399
https://doi.org/10.1016/s0079-6603(03)01004-3


118  Nutrition and Integrative Medicine for Clinicians

 72.  Lim, Jae-Min, Edith E. Wollaston-Hayden, Chin Fen Teo, Dorothy Hausman, and Lance Wells. 
“Quantitative Secretome and Glycome of Primary Human Adipocytes During Insulin Resistance.” 
Clinical Proteomics 11, no. 1 (2014): 1–23. https://doi .org /10 .1186 /1559 -0275 -11 -20.

 73.  Buse, Maria G. “Hexosamines, Insulin Resistance, and the Complications of Diabetes: Current Status.” 
American Journal of Physiology-Endocrinology and Metabolism 290, no. 1 (2006). https://doi .org /10 
.1152 /ajpendo .00329 .2005.

 74.  Charbonnier, Louis-Marie, Ye Cui, Emmanuel Stephen-Victor, Hani Harb, David Lopez, Jack J. Bleesing, 
Maria I. Garcia-Lloret, K. Chen, A. Ozen, P. Carmeliet, and M. O. Li. “Functional Reprogramming of 
Regulatory T Cells in the Absence of Foxp3.” Nature Immunology 20, no. 9 (2019): 1208–19. https://doi 
.org /10 .1038 /s41590 -019 -0442 -x.

 75.  Díaz-García, Carlos Manlio, Rebecca Mongeon, Carolina Lahmann, Dorothy Koveal, Hannah Zucker, 
and Gary Yellen. “Neuronal Stimulation Triggers Neuronal Glycolysis and Not Lactate Uptake.” Cell 

Metabolism 26, no. 2 (2017): 361–74. https://doi .org /10 .1016 /j .cmet .2017 .06 .021.
 76.  Yellen, Gary. “Fueling Thought: Management of Glycolysis and Oxidative Phosphorylation in Neuronal 

Metabolism.” Journal of Cell Biology 217, no. 7 (2018): 2235–46. https://doi .org /10 .1083 /jcb .201803152.
 77.  Tyssowski, Kelsey M., Nicholas R. DeStefino, Jin-Hyung Cho, Carissa J. Dunn, Robert G. Poston, Crista 

E. Carty, Richard D. Jones, S. M. Chang, P. Romeo, M. K. Wurzelmann, and J. M. Ward. “Different 
Neuronal Activity Patterns Induce Different Gene Expression Programs.” Neuron 98, no. 3 (2018): 530–
46. https://doi .org /10 .1016 /j .neuron .2018 .04 .001.

 78.  Díaz‐García, Carlos Manlio, and Gary Yellen. “Neurons Rely on Glucose Rather Than Astrocytic 
Lactate During Stimulation.” Journal of Neuroscience Research 97, no. 8 (2018): 883–89. https://doi 
.org /10 .1002 /jnr .24374.

 79.  Fu, Wen, and Jack H. Jhamandas. “Role of Astrocytic Glycolytic Metabolism in Alzheimer’s Disease 
Pathogenesis.” Biogerontology 15, no. 6 (2014): 579–86. https://doi .org /10 .1007 /s10522 -014 -9525 -0.

 80.  Kalsbeek, Martin J. T., Laurie Mulder, and Chun-Xia Yi. “Microglia Energy Metabolism in Metabolic 
Disorder.” Molecular and Cellular Endocrinology 438 (2016): 27–35. https://doi .org /10 .1016 /j .mce .2016 
.09 .028.

 81.  Ashrafi, Ghazaleh, and Timothy A. Ryan. “Glucose Metabolism in Nerve Terminals.” Current Opinion 

in Neurobiology 45 (2017): 156–61. https://doi .org /10 .1016 /j .conb .2017 .03 .007.
 82.  Falkowska, Anna, Izabela Gutowska, Marta Goschorska, Przemysław Nowacki, Dariusz Chlubek, and 

Irena Baranowska-Bosiacka. “Energy Metabolism of the Brain, Including the Cooperation Between 
Astrocytes and Neurons, Especially in the Context of Glycogen Metabolism.” International Journal of 

Molecular Sciences 16, no. 11 (2015): 25959–81. https://doi .org /10 .3390 /ijms161125939.

https://doi.org/10.1186/1559-0275-11-20
https://doi.org/10.1152/ajpendo.00329.2005
https://doi.org/10.1152/ajpendo.00329.2005
https://doi.org/10.1038/s41590-019-0442-x
https://doi.org/10.1038/s41590-019-0442-x
https://doi.org/10.1016/j.cmet.2017.06.021
https://doi.org/10.1083/jcb.201803152
https://doi.org/10.1016/j.neuron.2018.04.001
https://doi.org/10.1002/jnr.24374
https://doi.org/10.1002/jnr.24374
https://doi.org/10.1007/s10522-014-9525-0
https://doi.org/10.1016/j.mce.2016.09.028
https://doi.org/10.1016/j.mce.2016.09.028
https://doi.org/10.1016/j.conb.2017.03.007
https://doi.org/10.3390/ijms161125939


119

7

7

Urinary Mycotoxin Testing
An Understanding of Its Use in 

the Evaluation of Human Health

Ritchie Shoemaker, David Lark and April Vukelic

7.1  INTRODUCTION

There are multiple definitions of mycotoxins. Simple approaches such as “secondary metabolites of 

fungi that can injure humans and other animals” omit potentially pathogenic compounds or fungal 

elements, including beta glucans, hemolysins, mannans and spirocyclic drimanes. Defining myco-

toxins as “toxic substances made by fungi” would include other secondary metabolites like antibiot-

ics and immune suppressants. The main role of mycotoxins is to enhance the efficiency of predation 

on plants,1 not acting as offensive or defensive functions, as is oft pontificated.

These attempts at defining mycotoxins fail to address the problem of including a mechanism 

of injury or toxicity in vivo. Consideration of route of exposure such as ingestion of mycotoxins or 

skin exposure versus inhalation brings about additional confounders. Assessing inhalation expo-

sure injury stemming from exposure to mycotoxins in vitro ignores (i) protective host mechanisms, 

including antigen presentation; (ii) loss of regulatory control of immune responses; and in the case 

of water-damaged buildings (WDB), (iii) eliminates the role of inflammatory responses, which 

taken as a whole, has been called chronic inflammatory response syndrome (CIRS) since 2010. 

CIRS shows innate immune activation following exposure to a diverse series of immunogenic effec-

tors, including over 30 published effectors found inside WDB.

As we have seen,2 omitting consideration of differential gene activation following exposure to 

mycotoxins ignores the main mechanism of mycotoxin injury to people, namely, ribotoxin and 

ribosomal inhibitory protein attack on ribosomal production (including initiation, elongation and 

termination) of protein.3

A more detailed definition of mycotoxins, yet one that is still incomplete, focuses more on the 

role of mycotoxins in plants:4
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Mycotoxins are toxic secondary metabolic products of molds present on almost all agricultural com-

modities worldwide. Unlike primary metabolites (sugars, amino acids, and other substances), secondary 

metabolites are not essential in the normal metabolic function of the fungus. Other known secondary 

metabolites are phytotoxins and antibiotics.

Currently, there are around 400 mycotoxins reported. These compounds occur under natural conditions 

in feed as well as in food. Mycotoxins include aflatoxins, trichothecenes, fumonisins, zearalenone, och-

ratoxin, and ergot alkaloids. Different strains of fungi produce mycotoxins, and each strain can produce 

more than one mycotoxin.

Each plant can be affected by more than one fungus, and each fungus can produce more than one myco-

toxin. Consequently, there is a high probability that many mycotoxins are present in one feed ingredi-

ent, thus increasing the chances of interaction between mycotoxins and synergistic effects, which are of 

great concern in livestock health and productivity. Synergistic effects occur when the combined effects 

of two mycotoxins (even at low levels) are greater than individual effects of each toxin alone.

Given that mycotoxins in feed and food are metabolized (in stomach, gut and liver) to make new 

metabolites, we must expand our consideration of the adverse effects of ingestion to include con-

sumption of and endogenous production of metabolites from parent mycotoxins. These compounds 

can stay in the blood for variable amounts of time before appearing in the urine, as enterohepatic 

recirculation can greatly reduce fecal excretion.5 Urinary excretion of mycotoxins and metabolites 

has become the main source of information regarding dietary exposure and metabolism, with robust 

literature on findings of mycotoxins in the urine of cases and controls.

We will review pertinent literature regarding mycotoxins in food and mycotoxins found in the 

urine in control populations to understand the firm stance of the Centers for Disease Control and 

Prevention (CDC) against the use of urinary mycotoxin testing as an indication for use of anti-

fungals.6 The CDC acknowledges that healthy controls can have urinary mycotoxins and their 

metabolites.

Consider a functional definition of mycotoxins as different from the preceding one:

Mycotoxins are products of fungal metabolism in which secondary metabolites are manufactured in 

response to environmental stimuli that turn on mycotoxin synthetic gene clusters in the fungi, so they 

can make products that can be directly injurious to animals and people, and indirectly by adversely 

affecting protein production by impairing the function of the sarcin-ricin loop in ribosomes and mitori-

bosomes, and mitochondrial function by interfering with nuclear-encoded mitochondrial gene function.

We cannot limit our discussion to naturally occurring mycotoxins as the main source of adverse 

human health effects. Fungi live in ecosystems where many bacteria and actinobacteria co-exist.7 

Actinobacteria (“actinos”) are adept at making toxic compounds and manufacturing ribotoxins that 

co-occur with mycotoxins. Actinobacteria are richly endowed with gene sequences to make a host 

of bioactive compounds,8 including antibiotics, anti-virals, anti-parasites and immune suppressants.

We need to separate toxins made by actinobacteria from endotoxins and fungal mycotoxins if 

we are going to impute adverse human health effects to mycotoxins when we think about biological 

exposures.

7.2  DIETARY MYCOTOXINS

For our discussion herein, we will be looking at three main categories of mycotoxins commonly 

ingested. Trichothecenes include some of the “dreaded” toxins made by some Stachybotrys spp. 

However, trichothecenes also come from Aspergillus species.9 Trichothecenes are widely known, 

with type A and B toxins described. These compounds share unique structures, which in turn, cre-

ate a lack of specificity when measured using enzyme-linked immunosorbent analysis (ELISA). 

Deoxynivalenol (DON) is a by-product of fungal gene activation in that DON will induce the 

production of peroxidases that block the generation of hydrogen peroxide by a plant when the 
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Aspergillus species eat the plant.1 The idea that fungi make mycotoxins as a defensive mechanism 

or as an offensive weapon to kill other fungi is not well supported.

The second category of mycotoxins of concern is ochratoxins. Ochratoxins have notoriety in the 

medical literature for their ability to cause renal injury, called Balkan nephropathy. The scientists 

named the condition after the geographic region of its discovery, but renal injury from ochratoxin 

is rare in the United States.

The third group of mycotoxins of focus is aflatoxins. Several species of Aspergillus, especially 

A. flavus, make aflatoxins. Aflatoxins have a reputation for causing human health effects, includ-

ing liver damage and possibly cancer. However, when we discuss mycotoxins and prevention of 

mycotoxin injury following ingestion, it appears, at least in pigs, that supplementation of protein in 

the diet, to include glutamic acid in small amounts (possibly as low as 5 mg daily) every week, can 

prevent mycotoxin injury.

Trichothecenes are associated with satratoxins and roridins. Also, Wallemia sp. (and Aspergillus 

sp.) is associated with sterigmatocystin (STC) production. Chaetomium spp. has its own toxins, 

including chaetoglobosins.

7.3  CIRS IS NOT AN ALLERGY

Before it became known that “mold illness” was caused by inflammation, some defense consultants 

suggested that the WDB-illness was simply an allergy. Indeed, some people have allergies to mold, 

and hypersensitivity pneumonitis can occur following exposure to thermophilic actinobacteria.

Allergy comes from excessive antibody responses to exposure. Removing the patient from the 

allergen will resolve allergy symptoms. CIRS symptoms do not resolve with mere removal from 

exposure. High levels of IgE are typically found in an allergy, but seldom do we see high IgE in 

CIRS. Defective antigen presentation occurs in CIRS. Proteomic findings seen in CIRS but not in 

an allergy include excessive levels of cytokines, split products of complement activation, transform-

ing growth factor (TGF)β-1, and an increased relative risk for a limited number of HLA haplotypes.

However, as the inexorable march of science has shown, we now know that ribotoxins commonly 

initiate genomic injuries in CIRS. These are compounds made by one-celled microbes, includ-

ing fungi, bacteria and actinobacteria, that stop or reduce normal protein synthesis by disrupting 

an evolutionarily conserved structural element on ribosomes called the sarcin-ricin loop (SRL). 

Ribotoxins initiate the cascades of inflammatory events seen in CIRS. The fact that the differential 

gene activation seen in CIRS comes from biowarfare among one-celled creatures that began four 

billion years ago is stunning.10

Negligent maintenance or construction defects do not cause allergy, but they do cause chronic 

inflammatory response syndrome from water-damaged buildings (CIRS-WDB). Landlords might 

have to pay for causing injury to a tenant if they were negligent in providing a safe indoor environ-

ment if the problem is CIRS. Convincing a jury that the problem was just allergy can shield the 

landlord from paying for their negligence.

Additional insight into CIRS-WDB comes from multiple published, peer-reviewed case/control 

studies involving over 5000 patients. Four of these elements (not including visual contrast sensitiv-

ity testing) form the accepted case definition of “mold illness” promulgated by the US Government 

Accountability Office (US GAO) in 2008.11 There is no mention of urinary mycotoxins in that fed-

eral publication. Prospective, double-blinded, placebo-controlled clinical trials were also published 

to confirm that the causation of CIRS and treatment benefit are not random.5, 12

Additional biomarkers come from NeuroQuant®, a Food and Drug Administration (FDA)-

cleared software program added to brain magnetic resonance imaging (MRI), which shows a dis-

tinctive fingerprint in CIRS-WDB patients.13 Correction of the inflammation that causes the illness 

can result in correction of NeuroQuant® deficits as symptoms abate, demonstrating that the neuro-

logic and cognitive abnormalities seen in CIRS can be reversed.14 Inflammation causes neurologic 

injury, and reduction of inflammation is the appropriate treatment.
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A subset of patients with CIRS-WDB have an excessive amount of gray matter nuclear atrophy 

shown in published studies to respond to published treatment protocols and the use of vasoactive 

intestinal polypeptide.15 Since this study's publication in 2017, no other subsequent studies using 

other modalities have successfully shown gray matter nuclear atrophy correction. There was no cor-

relation between sequential mycotoxin testing and the improvement of brain volumes.

Other objective biomarkers typified in CIRS patients include pulmonary hypertension at rest, 

but more commonly after exercise. The tricuspid regurgitation (TR) velocity, measured in meters 

per second, is elevated. Four times the square of TR added to right atrial pressure will exceed 30 

as a cutoff separating normal pulmonary artery pressure from acquired pulmonary hypertension.
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In a stress echo, measured by achievement of a pulse rate greater than 90% of predicted, we see a rise 

greater than 8 mm of mercury (Hg) in patients with acquired pulmonary hypertension.16 Sequential 

mycotoxin testing in urine does not correlate with improvement of pulmonary hypertension.

Maximal oxygen consumption exercise, called VO2 max, can be greatly diminished in patients 

with CIRS-WDB. Correction of inflammation results in improvement of VO2 max. Sequential 

mycotoxin testing in urine does not correlate with improvement of VO2 max.

The greatest progress in looking at definable, objective biomarkers for CIRS17 and CIRS-WDB 

comes from transcriptomics.2, 3 Transcriptomics shows differences in gene activity in cases com-

pared with controls and patients observed prospectively. When combined with NeuroQuant® stud-

ies showing resolution of gray matter nuclear atrophy and/or reduction of the enlarged forebrain 

parenchyma and/or cortical gray, these transcriptomics studies give us a new basis for understand-

ing neuronal injury and repair. Sequential mycotoxin testing in urine does not correlate with the 

improvement of transcriptomics.

A disproportionate increase in activation of coagulation genes in CIRS, together with β-tubulin 

genes, demonstrates the marked correlation of a subset of CIRS cases with enhanced gray matter 

nuclear atrophy. These findings support the vascular hypothesis of dementia.18–20 A small number of 

patients with coagulation gene excess activation returned to baseline cognitive state with correction 

of transcriptomics.

7.4  FAULTY GEFFCKEN DEFENSES

There is confirmation of causation of mold-related illness and correction with treatment protocols 

published repeatedly. The Geffcken defense demanded that evidence of mycotoxins in patient tis-

sues be identical to mycotoxins found in a given building to which the affected patient was exposed. 

Unfortunately, identifying mycotoxins accurately in a room is compromised even if mycotoxins 

could be found accurately in tissue. However, that was the legal statute until 2006 in the United 

States. Sequential assessment of urinary mycotoxins could have provided cover for Geffcken-type 

arguments in court had urinary measurements ever been shown in the published literature to cor-

relate with exposure.

When Geffcken and allergy defenses did not win cases very often, new legal arguments from 

defense interests claimed that the illness seen in patients from WDB was simply due to mycotoxin 

ingestion (or skin absorption). The idea of ingestion creating illness was supported largely by a 

study from Russia in 1947 reporting horses dying after eating hay contaminated by Stachybotrys sp. 

The study was inherently flawed, with very little objective data to support it, and had little success.

In the mid-2000s, a new concept arose as advocated by several physicians from the Mayo Clinic 

in Rochester, Minnesota. These physicians believed that fungi growing in sinuses were a marker 

for chronic rhinosinusitis, and that nasal cultures could demonstrate the fungi.20–22 Chronic rhino-

sinusitis is an inflammatory condition in which eosinophilic basic protein actually causes a runny 

nose. An important paper from the German literature showed that fungi are indeed found in nearly 
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everyone’s nose, with cases of chronic rhinosinusitis having 2.3 species of fungi, but controls had 3.1 

species.23 The association of enhanced mycotoxin production with water activity (Aw) bears consid-

eration. While variable water activities are associated with the growth of fungal species, production 

of mycotoxins commonly occurs at the higher Aw of 0.98 for ochratoxins, 0.93 for fumonisins and 

0.90 for DON.24 These values of Aw are not found on mucous membranes in humans, especially in 

the nose. These data rule out the possibility of intranasal production of mycotoxins.

In 2009, a pathologist named Dennis Hooper published a paper25 showing that patients exposed 

to WDB had putative evidence of mycotoxin carriage that could be detected using an ELISA tech-

nique in urine. Notwithstanding the lack of precision of ELISA analyses, as they are non-specific, 

laboratories started selling tests for mycotoxins found in urine.

The paper referred to a control group but omitted specific (i) control group demographics and (ii) 

building testing that confirmed microbial amplification. The absence of reliable control data from 

Hooper’s laboratory and other urinary mycotoxin vendors remains a problem. If one claims causation 

of illness, there need to be prospective studies demonstrating acquisition of illness. If one relies on 

only a case/control study, there must be a transparent association in which abnormalities of exposed 

patients are different from abnormalities in non-exposed patients derived following transparent and 

thorough differential diagnosis. The scientific concept is simple: No controls, no conclusions.

An explanation for finding mycotoxins in urine was that fungi growing in the nose made tox-

ins. The use of antifungal nasal sprays began to rise in 2014 and 2015. By 2016, it was found that 

extensive acquisition of antifungal resistance occurred in fungi and bacteria, apparently through the 

mechanism of horizontal gene transfer (personal communication, MicrobiologyDx, 8/2016).

The alarming feature of the new-found antibiotic resistance in bacteria was resistance to (i) 

vancomycin, an antibiotic necessary for dangerously ill septic patients, as well as (ii) gentami-

cin, an aminoglycoside, emerged in a group of organisms called coagulase negative staphylococci. 

Multiply antibiotic resistant coagulase negative staphylococci (MARCoNS) let us trace the devel-

opment of vancomycin and gentamicin resistance back to physicians who used antifungals. Now 

that the antifungal resistance has spread (likely through plasmid exchange and free DNA transfer), 

the genes for fungal resistance are not just found in antifungal users but have spread rapidly in the 

MARCoNS population. MARCoNS are prolific exchangers of DNA and antibiotic resistance fac-

tors with other one-celled creatures. We need to look at the experience with Staphylococcus aureus, 

a coagulase positive staphylococcus, in the 1970s to 1980s to suspect that the reservoir of resistance 

to penicillin was in MARCoNS.

7.5  MYCOTOXINS IN FOOD PRODUCTION

Fungi are ubiquitous in nature and food. Moist food, especially starches, will support fungal growth 

in a few days. Dry foods will take longer to spoil, but fungal presence in foods of all types creates 

human and animal health problems. Predictably, toxigenic fungi are also found routinely in food 

supplies worldwide. The absence of massive numbers of cases of mycotoxicosis suggests that the 

role of foods is minimal. Nevertheless, when we hear experts telling us to avoid coffee, mushrooms, 

wine, cheeses, bread and more because of the toxicity of fungi found in these foods, as shown by 

finding mycotoxins in urine, we do not see epidemiologic confirmation of such advice.

The source of mycotoxins in food comes from three categories of pre-harvest, post-harvest and 

warehouse-based growth. The foods involved are diverse, but colonization of foods is primarily due 

to only several genera of fungi. These are Aspergillus, Fusarium and Penicillium, with Stachybotrys 

less common but still an important contaminant. Fusarium species come from corn products. In 

food manufacturing, from warehouse to table, attempts to destroy mycotoxins by food processing 

are an ongoing challenge. Mycotoxins are resistant to most physical methods of destruction. The 

sheer volume of foodstuffs complicates detection.26

The concerns about health effects caused by ingestion of mycotoxin-contaminated food have 

weighed into in vitro studies, but confirmation of the same abnormalities is rare in vivo. These 
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problems can include autoimmunity, allergy, congenital disabilities, cancers and mutagenesis.27 

The most important mycotoxins for consideration are aflatoxins, ochratoxins, zearalenone, patulin 

and trichothecenes. This latter group includes DON, metabolites of DON, T2 toxin and satratoxin. 

Zearalenone is important for estrogenic effects. Additional human health concerns include renal 

dysfunction due to ochratoxin A exposure and the largely uninvestigated field of chronic low-level, 

long-term exposure to not just a single group of mycotoxins but multiple mycotoxins.28

There are Aspergillus species that make ochratoxin found in food and WDB, but none of those 

fungi commonly are seen in the top ten species associated with adverse human health effects. 

Similarly, Stachybotrys, one of the top five species most pathogenic for human hosts, is associated 

with the significant appearance of parent trichothecenes and their metabolites in the urine of healthy 

patients. Interestingly, aflatoxin (which derives its name from Aspergillus flavus) rarely appears in 

the top ten fungi most commonly associated with human illness. The only thing one can tell from 

urinary mycotoxin testing is whether the patient has eaten warehoused foods in the last 60 days.6

Patulin is an interesting toxin found in fruit juices, especially in apple and grape juice, and stone 

fruits, including apricots, peaches and plums. Patulin rarely is found in intact fruit, but any fruit 

with a damaged surface is susceptible to fungal infestation. Patulin is in almost all apple juice. 

There is no convincing evidence that patulin from apple juice ingestion causes illness. Perhaps, 

clues to the relative absence of adverse human health effects from ingested mycotoxins come from 

the findings that patulin, for example, is rapidly destroyed before leaving the stomach, resulting in 

a residual of less than 3%.27

Much of the concern about food contamination with mycotoxins has given rise to odd dietary 

alterations and claims of enhanced safety of mycotoxin-free foods. As much as 50% of human daily 

intake of ochratoxin and its metabolites is due to its direct consumption in cereals or grains, but the 

remainder will be due to the consumption of animals after they eat contaminated feed. The list of 

common food sources of ochratoxins includes corn, rice, wheat, barley, oats, rye, sorghum, millet, 

wine, beer, raisins, wine, wine vinegar, coffee and pork. Ochratoxin A (OTA) occurs in cheese and 

meat products, dried and smoked fish, soybeans, garbanzo beans, nuts and dried fruits.

The analysis problem for ochratoxin is complex, usually requiring high-performance liquid 

chromatography (HPLC) and mass spectrometry (MS) to separate the molecule of ochratoxin A 

from its 18 known congeners, which have a variable half-life in blood, ranging up to 60 days.27 With 

so many metabolites of ochratoxin A, with some lasting for several months in blood, where are the 

billions of people suffering worldwide from ochratoxin A-associated nephropathy? The risks of 

OTA appear to be over-stated.

Concerning cancer causation, aflatoxin (AFB1), especially when associated with hepatitis B 

virus, is widely reported to be associated with hepatic cell carcinoma. The marker for the break-

down product of aflatoxin is AFB1-N7-guanine adduct, which enters the urine.26 Laboratories con-

sidered to be expert in analyzing urine for mycotoxins should look for this one marker of cancer 

causation from aflatoxins.

7.6  FARM-BASED PREVENTION

The detoxification of aflatoxins is accomplished internally by an enzyme, glutathione S-transferase 

(GST), which will bind to an ingested metabolite of aflatoxin and then combine with glutathione, 

detoxifying the compound. GST is ancient and evolutionarily conserved, with a complex genome in 

plants.9 T2 toxin and DON will induce activation of groups of the GST genome. Of interest is the 

existence of gene super-families for GST in honeybees and Drosophila29 and human GST polymor-

phisms that can increase sporadic colorectal cancer risk in Caucasians.30

Regarding sources of T-2 toxins globally, the natural occurrence of host genera Fusarium or 

Sporotrichioides has been reported in Asia, Africa, South America, Europe and North America. 

Predominant genera that make other trichothecenes include Stachybotrys, Trichoderma and 

Trichothecium. All these sources of T-2 will be detected similarly using an ELISA assay.27 We note 
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that the main production of mycotoxins is associated with the greatest water content before and 

immediately after harvest. Once food materials dry out, mycotoxin production declines in step with 

reduction of Aw.

DON and its metabolites are the most prevalent trichothecenes found in food. DON exists with 

its metabolites together with T-2 toxin and nivalenol. DON is easily separated from other trichot-

hecenes in urine. However, only a few commercial laboratories will perform this standard assay. 

Given the disparity of known effects of trichothecenes compared with the known ribotoxin effect, 

there is an absence of the fundamental mechanism of molecular hypometabolism with a poly-ribo-

somal breakdown in mammalian cell lines following exposure delineation of trichothecene.

A problem faced by microbiologists is how to separate direct ribosomal injury from DON ver-

sus indirect injury from ribotoxins or ribosomal inhibitory proteins. The ribotoxic stress response 

manifests by immunotoxicity, causing enhanced activation of mitogen-activated protein kinases 

(MAPK), which can be a marker for exposure to trichothecenes.

Three papers from the Scientific Observing and Experimental Station of Animal Nutrition and 

Feed Science in South Central China31–33 bear significant weight in assessing host factors protect-

ing piglets from ingested mycotoxin injury. DON damage in groups of piglets by measurements of 

oxidative parameters occurred in the first study,31 including catalase, malic dialdehyde, nitric oxide, 

peroxide levels in the blood; total antioxidant capacity; d-lactate, and amino acids. Glutamic acid 

prevented harm from DON in terms of catalase, peroxide, dialdehyde, lactate (NB: a marker for 

molecular hypometabolism) and nitric acid.

DON diminished villus height in jejunum and ileum, but the villus height increased in glutamic 

acid–fed piglets. Glutamic acid also blocked increased lymphocytes caused by DON and protected 

goblet cells. Interestingly, the DON-induced ribotoxic stress response indicator genes were activated 

in DON-fed pigs and reduced protein synthesis. Protein reduction did not occur in pigs fed with the 

combination of DON and 2% glutamic acid.

The second study32 used the same control and experimental designs. This time, glutamic acid 

prevented decreased weight gain caused by mycotoxins.

The final study33 used nuclear magnetic resonance to show additional benefits of glutamic acid in 

DON-challenged piglets. Here, the authors showed additional manifestations of protection; namely, 

glutamic acid treatment corrected DON-driven high levels of low-density lipoprotein (LDL) choles-

terol and lowered high-density lipoprotein (HDL) and corrected elevated levels of alanine, arginine, 

acetate, glycoprotein, trimethylamine-N-oxide, glycine, lactate, urea and glutamate/creatinine ratio. 

Further, glutamic acid increased superoxide dismutase and glutathione peroxidase. The authors 

conclude that glutamic acid can repair injuries associated with oxidative stress and disturbances of 

energy and amino acid metabolism induced by DON.

Remember that glutamate consists of two forms. One is L-glutamate, and the other is D-glutamate 

or MSG. We are not speaking of MSG. Glutamate occurs in proteins and peptides, and virtually 

every food contains some glutamate. Superimposing aflatoxicosis on areas of protein-calorie mal-

nutrition, we see an association between adequate food ingestion and dramatically reduced myco-

toxicosis from food. This association suggests that something found in food has much to do with 

protection from mycotoxin injury. Protein-rich foods, including meat, eggs, poultry, milk, cheese 

and fish, are major components of glutamate in the diet.

Of interest is the three-dimensional structure of glutamate, because it has an amino group in the 

middle of the chain of five carbons with a carbocyclic acid moiety found on either end. At acid pH, 

one hydrogen lost from a hydroxyl group balances as a zwitterion with an NH3 replacing an NH2. 

At the pH in the stomach, there can be production of a single positive charge, with the amino group 

becoming an ammonium group and with each hydroxyl group losing an electron. This molecular 

dipole could create a mechanism for binding the anion rings of mycotoxins by the cation found in 

glutamate at gastric pH. This is how cholestyramine binds a variety of mycotoxins.41,42

Given that at least 25% of foods are contaminated with mycotoxins worldwide, we would expect 

anywhere between one and a half and two billion individuals to be sickened if this were a simple 
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linear expression of causation with exposure resulting in illness. The absence of two billion sick 

people suggests strongly that the model used for excessive mycotoxin pathogenicity is flawed.

Host factor analysis is potentially flawed, as rarely mentioned fungi may be confounders. Such is 

the case with sterigmatocystin (STC) in foodstuffs. STC from Wallemia sebi occurs in grains, corn, 

bread, cheese, spices, beans, soybeans, pistachios, animal feed and silage.34

We can use urine levels to implicate ochratoxin A in cancer. In a Turkish population,35 hydroxy-

deoxyguanosine and malondialdehyde correlated with ochratoxin A. The advantage of finding spe-

cific urinary markers with MS is that there are 18 different metabolites known for ochratoxin A.

7.7  DIETARY PROTECTION FACTORS

The patulin degradation showed 94% disappearance from the blood within 2 minutes of ingestion.35 

Further confirmation of the disintegration of patulin comes from studies in rats.36 Isolated rat stomachs 

had a luminal application of patulin with the rapid emergence of mycotoxin into the stomach itself. 

Concentrations of 350 mg per liter and 3.5 mg per liter were tested, with mycotoxins appearing almost 

instantly with both the high and low doses. The residual toxin was 3% and 0.06% in gastric tissue, 

respectively. This disintegration of 8400 μg and 700 μg, respectively, was partly due to intracellular 

glutathione (GHS). The massive dose of patulin did reduce the GHS content by 87% in controls.

Dietary supplementation of animal feed with organic activated bentonite, a clay product, and 

humic acid polymer has shown benefit in vitro,37 confirmed by binding of ochratoxin and zearale-

none by both bentonite and humic acids, with binding exceeding 96% of the total burden. These 

products did not demonstrate benefit from the reduction in inflammatory biomarkers acquired fol-

lowing exposure to the interior environment of WDB. The ability of these compounds to adsorb tox-

ins but not to prevent disease suggested that ingestion and gastrointestinal exposure to mycotoxins 

is not the relevant causative feature of CIRS-WDB.

Other dietary strategies38 tested for the ability to prevent toxic effects of ingested mycotoxins 

include antioxidants (selenium, vitamins, pro-vitamins), bacteria and yeast, and food components 

including fructose, aspartame, chlorophyll and phenols, together with biological binding agents, 

hydrated sodium, calcium, aluminosilicate, bentonites, zeolites and activated carbons. While these 

dietary strategies provide promise, the discrepancy between in vitro and in vivo studies is difficult 

to reconcile. These additional dietary compounds just do not work to prevent CIRS-WDB, so once 

again, the problem is not mycotoxin ingestion.

Additional efforts to use microbiologicals for deactivating mycotoxins show some initial prom-

ise. A Eubacterium sp. (BBSH 797), isolated from a cow's rumen, showed the ability to deactivate 

trichothecenes. Also, a novel yeast strain, Trichosporon mycotoxinivorans, was isolated and charac-

terized as degrading ochratoxin A and zearalenone.39

In a study showing promise,40 32 separate strains of Rhodococcus were degraded to aflatoxin 

B-1, zearalenone, fumonisins B-1, T-2 toxin and ochratoxin A. In addition, Rhodococcus species 

could protect against injury from multi-mycotoxin exposure. While this was a promising study 

in 2013, no Rhodococcus strains are available as commercially available probiotics. The effects 

of biotransformation include acetylation, glycosylation, ring cleavage, hydrolysis, deamination and 

decarboxylation. These promising solutions have not been tested in humans yet.

Trichosporon, a yeast isolated from the hindgut of the termite41 Mastotermes darwiniensis, 

shows promise to detoxify ochratoxin A.41 Trichosporon may be used in clinical trials to deactivate 

mycotoxins in animal feeds.

In tests performed in lambs, injected aflatoxin localized in the liver, nasal olfactory mucosa, 

nasopharynx, esophagus, larynx, trachea, bronchi and conjunctiva. The nasal mucosa was the most 

active in forming DNA-bound aflatoxin metabolites. When incubated with reduced glutathione, a 

drastic decrease in active DNA binding occurred without adding glutathione transferase (GST).42

Experiments on chickens fed ochratoxin A43 provided an additional approach to preventing myco-

toxin-induced injury in animals. There was a marked reduction of the relative weight of immune 
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organs (bursa of Fabricius and spleen) when chickens consumed ochratoxin-contaminated diets of 

up to 1.5 mg/kg for 3 weeks. In a follow-up experiment on phagocytic function and lymphoprolif-

erative response,44 silymarin, vitamin E and antioxidants in chicken feed prevented ochratoxin-

induced immunotoxicity. There is no indication of benefit in humans.

The mechanism of DON-induced proinflammatory gene expression45 appears in humans 

and animals to involve activation of constitutive protein kinases on the damaged ribosome and 

autophagy of the endoplasmic reticulum stress response. DON induced activation of MAPKs in the 

known ribotoxic stress response. Pathological abnormalities in chronic low-dose exposure included 

anorexia, impaired weight gain, growth hormone dysregulation, high-dose exposure-evoked gas-

troenteritis, vomiting and a shock-like syndrome. DON evokes a ribotoxin stress response in mono-

nuclear phagocytes, contributing to acute and chronic toxic effects in vivo.

Early work in this field from Pestka46 has shown that the mechanism of ribotoxic stress response 

involves double-stranded RNA activated protein kinase (PKR) as well as hematopoietic cell kinases 

(Hck). Inhibitors in gene silencing studies have revealed that PKR plays a role in DON-induced 

gene expression and apoptosis. Continuing his studies, Pestka has investigated the role of trichot-

hecenes47 in white blood cells. His laboratory has found that monocytes, macrophages, and T- and 

B-lymphocytes are cellular targets of DON and trichothecenes. Even at low dose concentrations, 

exposure reflected upregulation, both transcriptionally and post-transcriptionally, of cytokines, 

chemokines, and inflammatory genes. High concentrations of exposure bring about apoptosis of 

leukocytes. Again, Pestka discusses the ribotoxic stress response, binding to ribosomes and rapidly 

activating MAPKs. The immune events in CIRS-WDB are unrelated to ingestion but are genomic 

and transcriptomic abnormalities induced by toxin and/or ribotoxin exposure.

Experience with DON inoculation46 showed a whole series of gene activation in the MAPK fam-

ily. For example, tyrosine phosphorylation of hematopoietic cell kinase (Hck) was detected within 1 

to 5 minutes after addition of toxin, with this gene activation suppressed by incubation with inhibi-

tors of the family of tyrosine kinase.

Investigating the source of apoptosis has shown that BAK, a pro-apoptotic Bcl-2 family protein, 

is expressed in many tissues.48 Bcl-2 proteins regulate apoptosis as well as autophagy. When acti-

vation of apoptosis occurred following treatment with nigericin, a ribosomal toxin, both transient 

and stable overexpression of various forms of BAK exerted a protective role, but it did not inhibit 

the extent of nigericin-mediated activation of caspase-3. This study strengthens the link between 

exposure to ribotoxins and induction of apoptosis.

7.8  MYCOTOXIN ANALYSIS

Mycotoxins are toxic fungal secondary metabolites that frequently contaminate food and animal 

feed worldwide and represent a major safety hazard. To estimate human exposure arising from con-

taminated food, so-called biomarker approaches developed as a complementary biomonitoring tool 

besides traditional food analysis.49–59 The first methods are radio-immunoassays, ELISA and liquid 

chromatography (LC), developed in the late 1980s and early 1990s to detect carcinogenic aflatoxins.

Since 2010, there has been a clear trend towards developing and applying multianalyte methods 

based on LC/electrospray ionization/tandem MS. With these advanced methods, traces of myco-

toxins and the relevant breakdown and conjugation products can be quantified simultaneously in 

human urine as so-called biomarkers and can be used to precisely describe the real exposure, toxi-

cokinetics and bioavailability of the toxins present.

Special attention is paid to the main challenges when analyzing these toxic food contaminants 

in urine, i.e., very low analyte concentrations, appropriate sample preparation, matrix effects and a 

lack of authentic, nuclear magnetic resonance (NMR)-confirmed calibrants and reference materi-

als. Traditionally, mycotoxin testing used ELISA technology, which relies on antibodies, some-

times monoclonal but more often polyclonal. Among all published immunological-based methods, 

these ELISAs were the most commonly used for mycotoxin determination. ELISA provides rapid 

A L G r a w a n y
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screening, with many kits commercially available for detecting and quantifying major mycotoxins, 

including aflatoxins (AFs), AFM1, OTA, ZEA (zearalenone), DON, fumonisins and T-2 toxin.

ELISA methods have been validated in various food matrices by urine only in a few instances. 

The principle of ELISA is based on the competitive interactions between mycotoxins (acting as an 

antigen) and assigned antibodies labeled with toxin–enzyme conjugate for many binding sites. The 

amount of antibody-bound toxin–enzyme conjugate will determine the level of color development. 

This technique provides a rapid, specific and relatively simple method for analyzing mycotoxins.

However, ELISA has certain disadvantages, including potential cross-reactivity, dependent on 

antibody specificity. In addition, the kit detects only a single mycotoxin for one-time use; thus, it 

can be costly and impracticable if one needs to test samples contaminated with multiple mycotox-

ins. Moreover, the manufacturer specifies each test kit for a set matrix. While some third-party 

validations, e.g., by AOAC, have been done for some mycotoxin ELISA kits, the validations used 

specific toxins at specific contamination levels. Therefore, the kit is not valid for all food matrices 

and contamination levels, let alone human samples like blood and urine. Even when used in their 

appropriate settings, the manufacturers of these kits recommend that positive ELISA results be 

confirmed by a suitable chromatographic method, especially when used in a matrix not specified 

by the manufacturer.

Alternatively, lateral flow devices (LFD) are a single-step test that includes a negative control 

line and the sample lines on the same strip. A lateral flow test can provide semi-quantitative results 

in less than 10 min and requires no specialized equipment. A lateral flow test consists of a conjugate 

pad, a porous membrane and an absorbent pad, and a competitive immunoassay that uses labeled 

antibody acts as a signal reagent. This device has also recently been coupled with spectrometric 

readers to provide quantitative results. LFDs are commercially available for detecting AFs, DON, 

T-2 toxin, OTA and ZEA. However, their applications in the field are limited. There are numerous 

problems associated with the sensitivity, reliability of different matrices and costs.

Another simplified system comprises flow-through membranes, which utilize the same basic 

principle as LFD but may not yield accurate results near the detection limit. Flow-through immuno-

assays screen OTA in green and roasted coffee, AFB1 in nuts, and ZEA in cereals and feed samples. 

Although many different rapid strip tests detect major mycotoxins in different food commodities, 

they are not common due to sensitivity, cost and accuracy issues.

Chromatography is the most commonly used method for mycotoxin analysis in food and feed. 

The earliest chromatographic method was thin layer chromatography (TLC), which is still used as 

a rapid screening method for certain mycotoxins by visual assessment or instrumental densitom-

etry. However, current trends in mycotoxin analysis in food focus on applying robust, fast, easy 

to use, and cheap technologies that can detect and quantify various mycotoxins with high sen-

sitivity and selectivity in a single run. Many chromatographic methods were developed, such as 

HPLC coupled with ultraviolet (UV), diode array (DAD), fluorescence (FLD) or MS detectors, and 

ultra high-performance chromatography (UHPLC or UPLC) with reduced column packing mate-

rial. Additionally, gas chromatography (GC) coupled with electron capture (ECD), flame ionization 

(FID) or MS detectors identified and quantitated volatile mycotoxins. Due to most mycotoxins’ low 

volatility and high polarity, GC analysis often requires a derivatization step. Therefore, this method 

is rare in mycotoxin analysis with the advance of coupling liquid chromatography techniques to MS 

(e.g., LC-MS; LC-MS/MS).

Apart from the advantages of the conventional HPLC methods mentioned earlier, MS offers 

several distinct advantages over all-LC methods for mycotoxin analysis in food. The mass spec-

trometer works by ionizing the molecules and sorting and identifying them based on their mass-to-

charge ratio (m/z). MS offers higher sensitivity, selectivity and chemical structural information by 

the molecular identity of the analyte based on m/z, providing the mass spectrum as an ideal confir-

matory technique. MS detection reduces time by eliminating error-prone sample derivatization and 

clean-up steps needed for fluorescence enhancement. Different MS interfaces and analyzers have 

been used, such as atmospheric pressure chemical ionization (APCI), electrospray ionization (ESI) 
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and atmospheric pressure photoionization (APPI). In addition, there are many types of mass ana-

lyzers, such as quadrupole, time-of-flight (TOF), ion-trap and Fourier transform-ion cyclotron reso-

nance (FT-ICR). ESI, triple quadrupole and TOF have been used extensively for mycotoxin analysis. 

Although the early applications of MS were for the analysis of single mycotoxins, the technique can 

now simultaneously quantify many hundreds of mycotoxins and their metabolites in a single run, 

making it the current method of choice for detecting multiple mycotoxins in a wide variety of foods.

Since the arrival of modern HPLC-MS/MS (liquid chromatography-tandem mass spectroscopy) 

and GC-MS/MS (gas chromatography-tandem mass spectroscopy) instruments, multi-analyte meth-

ods for mycotoxin determination have become available. However, these are not without substantial 

cost, with most mycotoxin determination in urine performed recently by LC-MS/MS. However, a 

major challenge in urine mycotoxin analysis is the extremely low analyte concentrations present 

following dietary exposure.

Thus, effective, specific, sensitive and accurate methods for mycotoxin detection in urine require 

appropriate sample preparation protocols to accomplish the desired sensitivity while obtaining 

acceptable limits of detection (LODs) and quantitation (LOQs). Most of the methods available in 

the literature come from traditional extraction techniques such as liquid/liquid extraction (LLE) or 

solid/liquid extraction (SLE), which have several disadvantages, mainly the high solvent volumes, 

high amounts of sample and the long times required for the analysis. In recent years, method sim-

plification and miniaturization have been the most important trend in sample preparation, allowing 

low sample and solvent volume, fast analysis and greater efficiency.

Method validation by laboratories undertaking mycotoxin analysis should follow the guidelines 

established by the EU and other regulatory bodies, including the determination of linearity, matrix 

effect (ME), LODs, LOQs, recoveries, repeatability (intra-day precision) and reproducibility (inter-

day precision).

Of utmost importance are calibration curves for all mycotoxins analyzed. They must be con-

structed from standard solutions (external calibrators) and in the matrix (matrix-matched cali-

brations). Matrix-matched calibration curves use blank urine samples spiked with standardized 

mycotoxins before and after extraction if used. There are limits to the range of these standard 

curves, and LOQ should also be validated.

A final cautionary note about validating analytical methods for mycotoxins is that reliance on 

avoidance of foods likely to contain mycotoxins or their metabolites is no guarantee that the urine 

obtained from “control” subjects will be a genuine baseline. Therefore, screening and analysis of 

the analytes of interest are prudent, because mycotoxin-producing molds may contaminate numer-

ous agricultural commodities before harvest or in storage. Naturally occurring mycotoxins appear 

to cause a wide array of adverse health effects. Measuring urinary mycotoxin levels is a means of 

assessing an individual’s exposure, but developing sensitive and accurate analytical methods for 

detecting mycotoxins and their metabolites in urine samples is challenging. Urinary mycotoxins are 

present in low pg/ml concentrations, and other endogenous metabolites can obscure the chromato-

graphic identification of their metabolites.

As a result of the advent of the latest generation of high-performance LC-MS/MS instruments, 

there is a clear trend towards developing and applying multianalyte methods in mycotoxin biomark-

ers. Sophisticated sample clean-up approaches with subsequent separation by LC and detection 

using triple-quadrupole analyzers coupled via an ESI interface purify analytes. However, the latest 

studies have also successfully applied the so-called “dilute and shoot” approach by omitting any 

clean-up step.

A major challenge in mycotoxin biomarker research is the extremely low analyte concentra-

tions present in biological fluids following dietary exposure. Hence, appropriate sample prepara-

tion protocols are crucial to obtain acceptable LODs. Detection is hampered by the great chemical 

diversity of analytes typically included in multi-biomarker methods. This issue becomes even more 

complex once polar conjugate inclusions such as glucuronides disappear during common clean-up 

approaches like solid-phase extraction (SPE) or immunoaffinity chromatography (IAC) procedures.
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7.9  MYCOTOXIN TESTING FROM THE LITERATURE

MS is the state-of-the-art method54 for testing mycotoxins, including aflatoxin, ochratoxin and 

trichothecenes. GC and LC liquid mechanisms, while regarded as accurate and precise, may show 

extreme and variable sensitivity due to different biological characteristics of mycotoxins, matrices 

and instruments. LC-MS response can be different depending on ionization techniques used. If fluo-

rescence or UV absorbance makes quantitative measurements, LC-MS is a confirmatory technique.

If toxins are not volatile, LC-MS is uniquely able to render quantitative and qualitative results 

accurately. These problems are multiplied by attempts at determining mycotoxins in food, given 

the extreme variability of food matrices. Specific ionization interfaces are needed to reduce matrix 

effects and ion suppression.

Given the concerns about the health effects of mycotoxins in food and feed, risk assessment of 

mycotoxin contamination for both humans and animals requires clear identification and reliable 

quantitation in diversified matrices.60 With MS emerging in the 1970s, we now are seeing a variety 

of hyphenated techniques that combine chromatography with MS. Indeed, LC-MS, or better still, 

LC-MS/MS, has become a routine technique.

The challenge of detecting multiple mycotoxins, as are commonly seen in the same sample, 

requires advanced techniques for each diagnostic run. LC-MS/MS can measure different levels of 

mycotoxins and their metabolites, both free and masked. Newer techniques will likely emerge as 

multi-dimensional chromatography-MS, capillary electrophoresis-MS and surface plasmon reso-

nance array-MS have become available. The cost of the new advanced techniques will continue to 

be a factor.

With the enhanced multi-class mycotoxin analysis in food, environmental and biological matri-

ces, and LC-MS/MS, detecting mycotoxins has become increasingly precise. However, this technical 

advance raises a curious condition, in that the presence or absence of molds is less frequently identi-

fied and correlated with mycotoxin presence.61 Mycotoxins seldom develop alone. Co-occurrence of 

mycotoxins creates a real problem for assessing dose–response relationships, not to mention genetic 

susceptibility such that the mere presence of multiple mycotoxins should be considered a risk factor. 

However, the risk itself is not adequate to conclude the causation of illness.

A simple question for governing bodies regarding food safety is how one device can provide 

results that will be sensitive and specific for the wide variety of chemical structures in mycotoxin 

analysis.62 An additional challenge remains that the heterogeneity of foods demands multiple ana-

lytical methods simultaneously, permitting rapid and inexpensive analysis. Ongoing problems 

include a proper collection of representative samples, avoiding secondary contamination after col-

lection, the performance of emerging analytical methods, including immunochemical techniques, 

with validation of methods for those involved with enforcement of standards in regulatory affairs, 

and finally, limitations of current methods.

Gerding performed a study in Germany to confirm the precision of increasingly sophisticated 

MS techniques.63 The study recorded food surveys with the food frequencies questionnaire fol-

lowed by LC-MS/MS assessment of urinary biomarkers. The authors looked for 23 different uri-

nary biomarkers, including trichothecenes (especially DON and its metabolites), T-2 toxin, HT-2 

toxin, aflatoxins and aflatoxin metabolites, ochratoxin A, ochratoxin alpha and others. In 87% of 

samples, one or more in a group of six mycotoxins and urinary metabolites was detected in a single 

occurrence. Only DON and its metabolites were detectable in quantifiable amounts. There was no 

statistical significance in correlating staple food intake with urinary biomarker concentration. This 

important study supports the commonality of daily exposure of healthy patients to mycotoxins, with 

such mycotoxins being identifiable in urine. The study could not control for a variety of metabolic 

modifications together with metabolites to provide statistical surety of exposure.

A longer-term trial of measurement of urinary biomarkers for aflatoxins in Brazil confirmed 

these findings.64 Sixteen volunteers, 14–55 years old, collected first-morning urine four times every 

3 months from June 2011 to March 2012. Of these samples, 61% showed aflatoxin M-1. None of the 
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urine samples indicated residues of aflatoxin metabolites. There was no GST evaluation. There were 

no differences in aflatoxin measurement over the four seasons of the study. Sophisticated measure-

ment of urinary biomarkers shows little or no relationship to the development of adverse human 

health effects.

In a study from Spain,65 human urine samples received an analysis for 15 mycotoxins and metab-

olites using a new multi-mycotoxin GC-MS/MS method following salting-out LLE. Fifty-four urine 

samples from healthy children and adults in Valencia were analyzed for mycotoxins and normalized 

by simultaneous creatinine measurement. Thirty-seven of the 54 samples showed quantifiable val-

ues of mycotoxins, finding H-2 toxin, nivalenol and DON. The co-occurrence of these contaminates 

happened in 20.4% of samples. Two of nine exposed children had levels of DON in urine exceeding 

international levels without adverse health effects.

7.10  URINARY MYCOTOXINS IN HUMAN HEALTH

In one of the few studies performed looking at occupational exposure of mill workers, an experi-

mental design was adequate to sort out occupational exposure to mycotoxins from diet from three 

different grain mills in Germany, with matched controls having parallel analysis.66 Mycotoxins 

tested by urinary measurements were citrinin, DON, ochratoxin A and zearalenone. Immunoaffinity 

columns and LLE (ochratoxin) were employed for urine sample clean-up prior to liquid chroma-

tography with tandem mass spectrometry (LC-MS/MS) or by HPLC. Mycotoxin metabolites ana-

lyzed included DON-1, ochratoxin alpha, dihydrocitrinone, and alpha- and beta-zearalenone. Urine 

samples were positive in both groups for citrinin, DON, ochratoxin and zearalenone. DON had the 

highest concentration in both groups, followed by ochratoxin. Mean biomarker levels in urine from 

mill workers’ controls were not significantly different, so levels of mycotoxins in urine reflected 

dietary exposure.

An ongoing problem in measuring urinary mycotoxins is the possible confounder created by 

exposure to multiple mycotoxins. In a study in South Africa of food and first-morning urine, sophis-

ticated LC-MS evaluation67 was able to show a correlation of food consumption with presence in 

morning urine of fumonisins, DON, zearalenone and ochratoxin A. This paper demonstrates the 

value of multi-biomarker measurements in detecting exposures in populations exposed to multiple 

mycotoxins.

This study assessed sample preparation procedures for evaluating mycotoxins in foods and urine, 

comparing dispersive liquid-liquid microextraction and salting-out LLE of ten fumonisins; myco-

toxins and metabolites in urine were compared.55, 68 Under optimal extraction techniques, salting-

out LLEs showed better accuracy in precision than dispersive liquid-liquid microextraction. Based 

on these preliminary results, a multi-biomarker method was initiated based on salting-out LLE fol-

lowed by GC and tandem MS. The method resulted in low detection limits and quantitation down 

to 0.12 and 0.25 μg per liter, respectively.

A follow-up paper55 from the same group looked at quantitative LC-MS/MS measurement of 

11 mycotoxins (aflatoxin, ochratoxin and others in human urine). Using dispersive liquid-liquid 

microextraction methods on ten urine samples from healthy volunteers showed the presence of 

mycotoxins in low concentration.

Ongoing enhancements of LC-MS/MS technology are reported in this study from China, looking 

at zearalenone and its metabolites in urine. Researchers collected 301 urine samples from healthy 

volunteers of all ages in China, with 71% of all samples positive for zearalenone and metabolites.69

Another study, one of the few that still use ELISA kits to assay for aflatoxins70, compared urinary 

aflatoxin measurements in 84 individuals in Nigeria’s rural and semi-urban community. Ninety-nine 

percent of urine samples had detectable aflatoxin. Levels were higher in the semi-urban population 

than in the rural population. Still, there was no significant difference in mean urinary aflatoxin 

levels in males and females compared among children, adolescents and adults.
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One of the few studies comparing mycotoxins found in urine with those in dust had 21 cases who 

worked in a bread dough factory compared with 19 individuals who were controls. There were no 

reports of illness in either group.71

In workers, DON and ochratoxin were the most prevalent biomarkers, found in 66% and 90% 

of participants. In controls, researchers found ochratoxin in 68%, with DON in 58%. DON was 

the mycotoxin measured in the highest amounts in settled dust samples. Workers in both groups 

were exposed to several mycotoxins simultaneously, but there was no difference in urine findings 

between cases and controls. There was no evidence that exposure in the workplace contributed to 

adverse health effects. However, the workers did have higher contact with flour dust, which revealed 

higher exposure to DON. It becomes problematic to institute risk management when the selected 

biomarker of mycotoxins in urine has no relationship to illness in studies performed with control 

groups and exposed workers alike.

The BIOMYCO study from Belgium was a human biomonitoring study of multiple mycotoxins 

in urine.71 A metabolite of DON, deoxynivalenol-15-glucuronide, was the main DON biomarker 

found in every sample. Researchers detected DON itself in 70% of children and 30% of adults. They 

found ochratoxin in 51% of children and 35% of adults. No symptoms were presented that correlate 

with those amounts.

An interesting study from the UK assessment of DON in an elderly cohort72 had 20 patients over 

65 reporting urine findings on two consecutive days. The authors detected levels in 90% of elderly 

men and women on both days. Dietary assessment of DON suggested only 10% of the elderly 

exceeded the maximum provisional tolerated daily intake for DON. There was no data on health or 

illness in these patients.

A study without human health assessments looked at the occupational exposure of forklift driv-

ers at waste management facilities and the toxicity of dust collected from filters mounted inside 

forklifts.73 Mycotoxin analyses were performed using LC-MS/MS methods. For cytotoxicity, a filter 

extract was analyzed using MTT cell culture. Aspergillus species were the predominant organism 

detected, but no mycotoxins were detected in aqueous filter extracts, although those same extracts 

were either highly toxic or moderately toxic in cell culture. What in this mixture of dust material, 

besides mycotoxins, created the cellular injury? Did the forklift drivers have evidence of illness? 

Those questions remain unanswered.

In an approach to gliotoxin, the authors74 discuss gliotoxin isolated from Trichoderma species as 

an antibiotic substance involved in the biological control of plant pathogenic fungi. Gliotoxin may 

be a defense molecule thought to have a role in aspergillosis and is used in Trichoderma-based bio-

fungicides. Gliotoxin has medicinal properties as a potential diagnostic marker and is important in 

biological crop protection. Gliotoxin has a critical role in pathobiology for Aspergillus fumigatus. It 

modulates the immune response and induces apoptosis in different cell types.75.

With the focus on the gene clusters of Aspergillus fumigatus for gliotoxin biosynthesis, sev-

eral important metabolites produced by the gliotoxin biosynthetic pathway were identified.76 These 

metabolites influence either gliotoxin or specific reactions within the pathway. The activity of glio-

toxin against animal cells and fungi is mediated via interference with redox hemostasis. Glutamic 

acid could oppose gliotoxins in animals.

One study77 from Germany specifically focuses on citrinin, looking at urine samples from a 

group of 50 healthy adults (27 females, 23 males). Citrinin and its metabolite occurred in over 80% 

of all urine samples of healthy people.

An important study78 looked at piglets fed with Fusarium toxin–contaminated maize. The pres-

ence of mycotoxins found in blood, liquor and urine was assessed with LC-MS/MS, and a variety 

of levels of dietary contamination were tested during 29 days of treatment. Concentrations of zeara-

lenone and DON and their metabolites were analyzed. Researchers detected all analytes in urine in 

significantly higher concentrations than in serum and liquor. The toxin intake for bodyweight 3–4 

hours before slaughter correlated with the sum of DON metabolites and zearalenone in all three 

specimens.
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Finding ochratoxin in the blood of healthy human patients is not unusual. In a patient study in 

Tunisia,79 107 blood samples from healthy subjects underwent analysis using HPLC measurements. The 

healthy patients had evidence of ochratoxin. The highest ochratoxin plasma levels were found mostly 

in summer. Ochratoxin levels in populations showed variations from year to year, but intra-individual 

repetition showed no specific trend. Health status did not correlate with ochratoxin in human plasma.

In a study in the Balkans,80 researchers identified variations of ochratoxin A in healthy popula-

tions. Ochratoxin was measured in 983 samples using the HPLC technique with fluorescent detec-

tion. Samples containing ochratoxin above the detection level were found in populations from all 

Croatian cities at all collecting periods. The highest levels of ochratoxin were in June. While the lev-

els of ochratoxin found in Croatia were lower than in other European countries, the study shows that 

healthy populations of Croatia received exposure to low but seasonally/regionally variable amounts 

of ochratoxin. Nine hundred and eighty-three samples are the largest study seen in the preparation 

of this review. The study showed no evidence of adverse effects from elevated ochratoxin in blood.

7.10.1  CONTROL STUDIES

Twenty-one studies covered 2756 controls, from children to adults, from North and South America, 

Europe, Asia and Africa. One study showed positive urine mycotoxins in 60% of 15 patients; one 

showed 66% of 19 patients, with the rest showing 80–100% positive.

Of specialized groups, there were 11 studies covering 421 controls. The lowest percentage posi-

tive was 38% in Egyptian children, 48% each for nursing mothers and infants, with the rest being 

>75% to 100%.

7.11  THE URINARY MYCOTOXIN HYPOTHESIS AND JUNK SCIENCE

A fundamental question for those health care providers who feel that (i) the presence of urinary 

mycotoxins define a new illness and (ii) the use of antifungals will treat the illness is, “What does 

exposure to mycotoxins mean?” If one breathes in mycotoxins, an immune response is adequate to 

generate the potential inflammatory responses in 24% of the population. All, however, are at risk for 

a positive urine mycotoxin test.25 How does one assign the weight of causation to a biomarker that 

does not separate cases from controls? Or, are we simply looking at dietary sources of mycotoxins? 

If so, what is the value of doing urinary testing to diagnose sick people?

As discussed in the preceding section, a high percentage of control patients show mycotoxins 

in urine. We saw that not only will trichothecenes, aflatoxin and ochratoxin routinely appear in the 

urine of controls, but their metabolites will as well. Newer techniques like MS readily determine 

these metabolites. However, ELISA testing is fundamentally flawed in that there will be a variety 

of compounds with similar but not identical structures, called epitopes, to the quested mycotoxins 

found in urine. Testing for metabolites of mycotoxins, which one would expect to be mandatory 

under standard uses of ELISA, would skew, as these epitopes would give the false appearance of 

significance in the urine. Since metabolites are not reported by two commercial urine mycotoxin 

test labs in the United States, what criteria assist us in ruling out a positive test by the presence of 

a benign metabolite?

An even greater challenge is: What did mycotoxins do on the way through the human body, per-

haps through the gastrointestinal tract or the respiratory tract, to get to the urine? Did they set off 

an immune response, creating CIRS, or did they break down into benign metabolites and undergo 

elimination?

The peer-reviewed literature supporting the use of antifungals and urinary mycotoxins is not 

non-existent but certainly is far less robust than what we would expect over the past 10 years from 

proponents of the idea trying to establish its validity.

We look for a distinct method section in any published paper. The first paper advocating ELISA 

methods for mycotoxins in urine was published in 2009 by Dennis Hooper and David Straus. This 
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paper appeared in the International Journal of Molecular Sciences with a PubMed citation.25 We 

see an abstract introduction, results (methods are not in a specific section), and a conclusion with-

out a stand-alone discussion (there is a section called “preparation and evaluation of specimens for 

mycotoxin detection”). The paper presents urinary findings for ochratoxin, aflatoxin and trichot-

hecenes without discussing metabolites. There is no discussion of any of the known congeners for 

ochratoxins or discussion of epitopes confounding ELISA results found in cases.

The author notes that the experimental design allows them to derive qualitative results but 

not quantitative results. The results claimed that spiked samples confirmed the antibody proce-

dure’s ability to detect increasing amounts of toxin. How was this possible if the method was not 

quantitative?

Of vital importance in any test considered for public use is to compare (i) known cases with (ii) 

defined controls. Hooper and Straus use no case or control definition and do not attempt to present 

a transparent differential diagnosis. The only control is a “negative control group,” determined by 

absent or low mycotoxin levels. One wonders if controls were named simply due to a negative test, 

because the world’s literature we looked at had no control groups less than 38% positive, with most 

over 80–90%. The paper is silent regarding this concern.

Since people exposed to WDB must fulfill four layers of case definition to be called a case, we 

would expect some algorithm on how controls were shown not to be exposed. Specimens from 

patients with no known toxic mold exposures received testing to develop a reference data set for a 

control group. There is no table presenting methods used to show the absence of microbial amplifi-

cation in buildings for each control or the presence of amplification for each case.

The author omits human health data regarding the case samples other than “symptoms acknowl-

edged by physicians as being related to mycotoxin mold exposure in and out.” The lack of a clear 

case definition is an egregious error. Symptoms alone are never adequate to make a diagnosis with-

out (i) differential diagnosis and (ii) satisfaction of a case definition. It is clear from 25 years of work 

in the chronic inflammatory response world that the symptoms cited, including asthma, memory 

loss, fatigue, headache, muscle pain and weakness, are not specific to WDB exposure. Indeed, these 

are a small portion of the 37 symptoms found in over 30% of CIRS cases, as evidenced by published 

literature beginning in 1997. There is no discussion of the validity of symptoms selected by authors 

for applicability to case definition.

There is no discussion of known biomarkers, well established in peer-reviewed literature, includ-

ing the US Government Accountability Office (GAO) study of 2008, but more importantly, published 

in thousands of cases compared with hundreds of controls beginning in 1998. These publications 

failed to cite this important paper. Bias, as shown by deliberate omission, has no basis in science.

The author has acknowledged that the ELISA mycotoxin detection antibodies employed were not 

monoclonal. Mycotoxin detection used “specific polyclonal antibodies” for aflatoxins, monoclonal 

antibodies ochratoxin A (congener not specified), and roridin antibodies for trichothecenes. We can-

not ignore metabolites as possible confounders. The size of the study is inadequate to compare with 

MS and LC. There is inadequate information on the control group. Based on the data presented in 

the prior section, the likelihood of finding 55 consecutive control patients in Texas without myco-

toxins in urine approaches the number of (1/2) to the 55th power. We may conclude that the likeli-

hood that this control group is reliable is not supported.

The next paper, by Joseph Brewer and Dennis Hooper, again with a PubMed citation in 2013,81 

reported the detection of mycotoxins in patients with chronic fatigue syndrome (CFS). Ten of 104 

cases had building samples with no results reported. This published paper presents a case/control 

study involving hundreds of patients, in which biomarkers for CIRS-WDB were presented.15.A pre-

viously published diagnostic and treatment protocol added vasoactive intestinal polypeptide (VIP) 

to enhance patient recovery. As seen in the first paper, there are no published data references. The 

authors use a published case definition of CFS from Fukuda but provide no objective biomarkers.

As previously reported, urinary mycotoxin testing falsely claimed to compare cases with healthy 

controls. Dr. Brewer identified these controls for the first time as 28 males and 27 females, aged 
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18–72 years. These were from diverse geographical areas and resided in various areas of the United 

States. Researchers asked control subjects about complaints and/or symptoms related to “mold 

exposure,” but none appeared in a standard data table. One assumes that the controls had exposure 

to foods, and airborne mold spores could occur in their daily activity. As referenced earlier, these 

groups, who nearly always have mycotoxins in urine, are found to have trivial levels at best.

There was no delineation of any environmental sampling used to confirm the potential for expo-

sure as required by the US GAO Report of 2008. They do not discuss cases or controls for expo-

sure to WDB with musty smells, visible mold, or DNA sampling to delineate species in genus or 

fungi present. Without documenting the potential or absence of potential for cases and controls, 

respectively, one cannot draw conclusions about exposure. Once again, the testing was for the urine 

mycotoxins aflatoxin, ochratoxin and macrocyclic trichothecene. Note that the antibodies used in 

Hooper’s 2009 paper were the antibodies satratoxin and roridin. Extrapolation from these two to 

DON and others cannot be justified, even though there is possible cross-reactivity from zearalenone 

and DON confounding diagnosis for satratoxins

Urine was sent in a non-refrigerated container and analyzed at some time after receipt. There is 

no documentation on the stability of clinical samples by whatever delivery method (not sent on dry 

ice, not sent on wet ice, not sent overnight).

The statistics presented ignore metabolites and ignore other types of macrocyclic trichothecenes. 

The only documentation of qualitative results is in cases published by Hooper in 2009, and yet in 

2013, the authors now claim ELISA data to be both quantitative and specific. Methods do not dis-

close the source of conversion of the ELISA from qualitative to quantitative. We find the controls 

used are the same 55 patients without mycotoxins in urine. The same argument of lack of credibility 

for this finding applies.

Brewer states, “The environmental histories of these patients for positive exposure to WDB 

many with visible mold and over 90% of these illnesses tested included residential and workplace.” 

This data was not in the paper.

Additionally, this paper quotes the Mitochondrial Disease Foundation as a significant reference. 

“Mitochondrial deficiency” is claimed to be the underlying factor causing manifestations including 

autoimmune disorders, chronic fatigue, neurodegenerative disorders including amyotrophic lateral 

sclerosis, multiple sclerosis, Parkinson’s disease, depression, psychiatric disorders and glycogen 

disorders. There is no basis presented for these claims.

Of CFS patients, “a majority had prior exposure to WDB,” when data on 10 out of 104 were 

alluded to, and fewer than 5 had any data. Even with impeccable lab results from ELISA and stan-

dard differential diagnosis, there is no basis to ascribe significance to urine mycotoxin testing.
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Euthyroid Sick Syndrome, 

CIRS and Glyphosate Toxicity

Stephanie Seneff

8.1  INTRODUCTION

Nonthyroidal illness syndrome (NTIS), also known as euthyroid sick syndrome, is a medical 

condition often associated with chronically ill patients. In this syndrome, thyroid hormone 

activity is deficient despite the fact that the thyroid appears to be functioning normally. A case 

study published in 2017 was based on nine patients in Finland with a history of mold exposure 

from water-damaged buildings who suffered from symptoms of chronic fatigue and cognitive 

impairment as a consequence. These patients were not responsive to thyroxine (T4) therapy, 

but all of them were successfully treated with triiodothyronine (T3)-based thyroid hormone, 

along with adrenal support with hydrocortisone and dehydroepiandrosterone (DHEA), nutri-

tional supplementation and elimination of gluten-containing foods likely to be a source of 

mycotoxin.1 The authors proposed that exposure to metabolites produced by toxigenic fungi 

can lead to an imbalance of many hormones, but particularly leading to symptoms of thyroid 

hormone deficiency, despite a healthy thyroid gland.

The system that regulates tissue levels of thyroid hormone is complex. T4 (L-thyroxine) is con-

verted to T3 (triiodothyronine) by an enzyme named deiodinase 2 (DIO2) through removal of an 

outer ring iodide from T4. The enzyme DIO3, on the other hand, removes an inner ring iodide from 

T4, yielding reverse T3 (rT3), and it can also convert T3 to T2 (diiodothyronine) through the removal 

of an inner ring iodide from T3. Both rT3 and T2 are inactive. In fact, rT3 actually blocks the T3 

receptors, preventing access by T3, an effect that actively suppresses thyroid signaling. The patients 

in the cited study all had a very low ratio of T3 to rT3, likely the primary cause of their hypothyroid 

symptoms. T3 is a potent stimulator of mitochondrial activity, both increasing the production of 

ATP and inducing mitochondrial biogenesis.2 Therefore, it is not surprising that suppression of T3 

leads to extreme fatigue and cognitive dysfunction. NTIS is a common phenomenon observed in 

critically ill patients in the intensive care unit. Low levels of free T3 are a strong predictor of poor 
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outcome, along with elevated levels of rT3.3 But, it is also a feature of many chronic diseases, espe-

cially when linked to mold exposures.

Chronic Inflammatory Response Syndrome (CIRS), also referred to as biotoxin illness or mold 

illness, is a term coined originally by Dr. Ritchie Shoemaker in the late 1990s.4 It characterizes a 

syndrome that can become chronic following exposure to toxins produced by mold and other organ-

isms present in a water-damaged building. It is in many ways similar to chronic fatigue syndrome 

and Lyme disease. It is characterized by persistent fatigue, weakness, flu-like symptoms, exhaus-

tion and insomnia. There is often a diverse array of other symptoms such as joint pain, shortness of 

breath, a metallic taste in the mouth, headaches, dizziness, sensitivity to cold, blurred vision, etc. 

People suffering from CIRS are often overly sensitive to exposure to multiple environmental toxins.

In this chapter, an argument will be presented to show how glyphosate, the active ingredient in 

the pervasive herbicide Roundup, may be playing a critical role in promoting an increased risk to 

exposure to mycotoxins while at the same time inducing mitochondrial dysfunction that predisposes 

the patient to sensitivity to mold. It is proposed that mitochondrial dysfunction leads directly to 

CIRS and associated euthyroid sick syndrome, specifically through impairment of clathrin-based 

endocytosis of DIO3 in the liver. This results in excessive conversion of T4 to rT3 and of T3 to T2, 

maintaining low thyroid signaling despite a healthy thyroid gland.

8.2  MUCH OF THE ACTION IS IN THE LIVER

The word “aflatoxin” is an acronym formed from Aspergillus FLAvus TOXIN, and it characterizes 

a large class of toxic heterocyclic compounds produced by the mold species A. flavus. The liver 

is the primary detoxification organ in the body, and therefore, it carries the primary burden for 

clearance of aflatoxins and other toxic mycotoxins, which are common contaminants in nuts and 

grains. Cytochrome P450 (CYP) enzymes play a crucial role in detoxifying mycotoxins.5 However, 

glyphosate suppresses the activity of liver CYP enzymes.6 With CYP enzyme deficiency, aflatox-

ins are preferentially oxidized by epoxygenases to produce highly reactive aflatoxin epoxides that 

can cause DNA mutations leading to hepatic carcinoma.7 These toxic epoxides are conjugated to 

reduced glutathione in the liver by glutathione-S-transferase, and this is a critical phase II detoxifi-

cation mechanism.5 Here too, glyphosate can be expected to interfere, because as we will see later, 

it induces oxidative stress in the liver, causing glutathione to be mainly in its oxidized (unavail-

able) form as glutathione disulfide (GSSG). Glyphosate also causes an upregulation of the enzyme 

gamma glutamyl transpeptidase (GGT), which breaks glutathione apart into its component amino 

acids.8 Therefore, with insufficient supply of reduced glutathione and defective CYP enzyme activ-

ity, aflatoxins and other mycotoxins cause much more liver damage than would be the case without 

chronic glyphosate exposure.

Both glyphosate and aflatoxins are linked to liver fibrosis and hepatocellular carcinoma. A study 

on humans suffering from fatty liver disease found significantly higher levels of glyphosate in the 

urine of patients compared with controls, as well as significantly higher levels of urinary glyphosate 

in more advanced cases with extensive liver fibrosis compared with less advanced cases.9 A rat 

study that involved exposing rats to doses of Roundup that were below regulatory limits also dem-

onstrated evidence of fatty liver disease in exposed rats compared with controls.10

A meta-analysis found that a significant increase in the risk of liver cirrhosis is associated with 

aflatoxin exposure (unadjusted odds ratio of 3.35).11 A study focused on carriers of hepatitis B virus 

found a much shorter time interval to a diagnosis of cirrhosis and hepatocarcinoma in participants 

with high serum levels of aflatoxin B (p < 0.0001).

The liver is the primary organ involved in the peripheral conversion of T4 into its metabolites, 

T3, rT3 and T2. Patients with liver cirrhosis typically have low serum levels of T3 and elevated lev-

els of rT3, along with a normal level of thyroid stimulating hormone.12 This likely reflects upregula-

tion of DIO3 in the liver in response to manifest liver disease. As we will show in more detail later in 

this chapter, a likely source of this imbalance is the influx of macrophages into the liver in response 
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to inflammation, and a defective capability of those macrophages to endocytose DIO3. Liver fibrosis 

results in increased stiffness of the extracellular matrix, and this causes a phenomenon called “frus-

trated endocytosis” in the invasive macrophages. Clathrin-mediated endocytosis is the mechanism 

by which DIO3 is removed from the extracellular space. If this process is impeded, DIO3 remains 

exposed in the plasma membrane of cells, where it can freely convert external T4 into rT3 and con-

vert T3 into T2, resulting in the observed serum imbalance in cirrhosis patients.

8.3  GLYPHOSATE AND FUNGI

Not only is glyphosate widely used as an herbicide on crops such as corn, soy, canola and sugar 

beets that have been genetically engineered to resist it, but it is also routinely used on wheat, oats 

and barley crops as a desiccant just before harvest, particularly in northern climates where applica-

tion can induce ripening before frost sets in. Glyphosate has been shown to predispose exposed crop 

plants to damage from multiple pathogens. The mechanisms include disruption of the rhizosphere 

microbial balance, restriction of the availability of minerals to crops through its action as a strong 

chelator, and interfering with innate physiological defenses of the plants due to blockage of the 

shikimate pathway.13 Glyphosate-based herbicides can also enhance the population or the virulence 

of pathogenic species in the soil, especially when these species possess genes for enzymes that can 

fully metabolize glyphosate, giving them a strong advantage over other species.

Many species of fungi can use glyphosate as a source of both nutrients and energy. In particular, 

there are certain fungal strains that are being exploited for their ability to degrade glyphosate for 

applications in soil remediation.14 A study involving two nontoxic strains of Aspergillus oryzae 

demonstrated that these fungi were able to use glyphosate as a sole source of nitrogen or as a sole 

source of phosphorus. More than half of the glyphosate present in a soil microcosm assay was elimi-

nated after just 15 days of incubation with these species. The authors advocated for their potential 

use as bioremediation agents.15, 16 While this is encouraging news for the removal of glyphosate, 

what is likely to happen in reality is that virulent strains of fungus able to metabolize glyphosate 

thrive among glyphosate-exposed crops and produce metabolites that are toxic to humans consum-

ing the foods derived from those crops.

Grains such as corn, wheat and barley are often contaminated with mold, especially Fusarium. 

A disease called Fusarium head blight (FHB) is widespread among cereal crops in the western 

Canadian Prairies. A study examining potential factors increasing risk in wheat and barley crops 

in eastern Saskatchewan found that glyphosate usage, along with reduced tillage, tended to result 

in an increase in the presence of two pathogenic species of Fusarium, Fusarium avenaceum and 

Fusarium graminearum, associated with the disease.17

Among the many genera that produce mycotoxins, Fusarium fungi are the most widespread 

in cereal-growing areas of the planet. Some of the toxic metabolites they produce include zeara-

lenone (ZEA), fumonisins, moniliformin and trichothecenes. ZEA has strong estrogenic activity, 

giving it the potential to stimulate the growth of human breast cancer cells, and fumonisins are also 

cancer-promoting metabolites. Trichothecenes have toxic effects in the gut and the skin, and they 

can destroy red blood cells. The health of livestock depends critically on maintaining low levels of 

mycotoxins in their feed.18

8.4  MYCOTOXINS, GLYPHOSATE AND MITOCHONDRIA

It is widely accepted that a key mechanism of toxicity of mycotoxins is through oxidative stress 

leading to mitochondrial damage. As early as 1970, a study involving isolated liver mitochondria 

obtained from rats demonstrated impairment in oxidative phosphorylation following exposure 

of the mitochondria to ochratoxin A (OTA) or its common metabolite.19 OTA is commonly pro-

duced by multiple species of mold, including Aspergillus ochraceus, A. carbonarius, A. niger and 

Penicillium verrucosum, and it is a widespread contaminant in cereal grains, dried fruits, wine and 
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coffee. Other mycotoxins that cause mitochondrial dysfunction include citrinin, aflatoxin and T-2 

toxin. In fact, it has recently been argued that these mycotoxins might be promising compounds for 

chemotherapy in cancer.20

Aflatoxin B is a common mycotoxin produced by pathogenic Aspergillus species that is espe-

cially damaging to DNA. It can be detoxified in the liver through a hydroxylation step followed by 

glutathionylation, but this depends on adequate supplies of glutathione in the liver.21

Aflatoxin B can cause significant liver damage to exposed individuals. It gets metabolized in 

the liver through epoxidation into a highly reactive molecule that is a well-established carcinogen, 

causing genetic mutations in mitochondrial DNA. However, if there is sufficient glutathione in the 

reduced form in the liver mitochondria, glutathione-S-transferase can be invoked to glutathionylate 

the carcinogen, converting it to a water-soluble molecule that can be excreted through the urine.22 

Ochratoxin A has been found to suppress enzymes that are specifically involved in the de novo 

synthesis of glutathione, and it was suggested that this could be its primary mechanism of toxicity.23

Many plants, including maize, wheat, barley, chickpeas and sugarcane, express glutathione-S-

transferase activity, and so it is possible that they could detoxify aflatoxins through the same process 

that takes place in exposed humans, removing the toxin a priori from food sources. Plants also pro-

duce CYP enzymes that could convert mycotoxins to less toxic forms, but plant CYP enzymes, like 

liver CYPs, are suppressed by glyphosate.24 Even the aflatoxin-producing fungi themselves express 

glutathione-S-transferase, which suggests that an adequate supply of sulfur to maintain high levels 

of glutathione could reduce mycotoxin levels expressed by the fungi.22

Glyphosate has been shown to induce oxidative stress in both plants and animals, which results 

in glutathione oxidation to glutathione disulfide (GSSG), a glutathione dimer that cannot be used for 

glutathionylation. In an experiment involving exposing pea plants to glyphosate, it was demonstrated 

that glyphosate induced an increase in the oxidized form of glutathione (GSSG) relative to the total 

glutathione pool. By 2 days after glyphosate had been applied to the leaves of the plants, oxidized 

glutathione content in the leaves had doubled.25 The authors hypothesized that this was due to oxi-

dative stress induced by glyphosate. A study on rice leaves exposed to glyphosate used a proteomic 

approach to demonstrate clearly that glyphosate caused oxidative stress in the rice leaves. Several 

antioxidant enzymes were upregulated, including ascorbate peroxidase, glutathione-S-transferase, 

peroxiredoxin and superoxide dismutase, among others. Furthermore, there was peroxidation and 

destruction of lipids in the rice leaves through the generation of reactive oxygen species.26

Glyphosate similarly causes oxidative stress in exposed animals. For example, in a study on rats 

exposed to Roundup, a glyphosate-based herbicide, at sublethal concentrations, it was demonstrated 

through increased levels of lipid peroxidation that the liver suffered from oxidative stress, and glu-

tathione levels were depleted as well.27 Glyphosate’s induction of oxidative stress not only depletes 

glutathione but also has the potential to directly cause DNA damage to the mitochondria, leading to 

impaired mitochondrial function. Glyphosate is therefore likely synergistically toxic with mycotox-

ins, both by impairing the detoxification process for mycotoxin clearance in food crops and exposed 

humans, and by itself contributing additional damage to the mitochondria.

Many studies have provided direct evidence of damage to mitochondrial function by glyphosate 

or its formulations. An in vitro study on human semen exposed to a low dose of Roundup (1 mg/

liter) showed that Roundup impaired sperm motility after just 1 hour, and this was associated with 

impaired mitochondrial function.28 Roundup has been shown experimentally to inhibit both succi-

nate dehydrogenase and cytochrome C reductase, two enzymes that play a crucial role in mitochon-

drial oxidative phosphorylation.29 Succinate dehydrogenase is the primary enzyme in Complex II, 

and cytochrome C reductase is crucial in Complex III. Succinate dehydrogenase is the only enzyme 

that is involved in both the citric acid cycle and oxidative phosphorylation. Low levels of glypho-

sate-based formulations have been shown to induce cell death in human umbilical, embryonic and 

placental cells, attributed to suppression of succinate dehydrogenase.30 Exposure of mitochondria in 

vitro to glyphosate demonstrated that glyphosate increased permeability of the membrane to both 

protons and calcium, and this would also disturb mitochondrial function.31
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Multiple studies have shown that glyphosate induces excessive calcium uptake by several differ-

ent cell types, through the accumulation of excess glutamate in the extracellular space, and that this 

induces neuroexcitotoxicity in the hipppocampus.32–34 Glutamate neurotoxicity is triggered by mas-

sive calcium influx following overstimulation of NMDA receptors. Mitochondria sequester excess 

calcium, and this causes mitochondrial depolarization. The reduced membrane potential opens up 

the permeability transition pore, further collapsing the potential. Uncoupling of electron transfer 

from ATP synthesis results in the abundant release of reactive oxygen species, with subsequent 

injury to the mitochondria.35

8.5  AN ESSENTIAL ROLE FOR NEUTROPHILS

Granulocytes are a class of white blood cells, also called polymorphonuclear leukocytes (PMNs), 

that includes neutrophils, eosinophils, basophils and mast cells. The nomenclature reflects their 

content of many large cytoplasmic granules containing antimicrobial proteins, acid hydrolases, 

lysozyme and DIO3. They also have enzymes that produce various reactive oxygen and nitrogen spe-

cies. All of these tools are very effective for controlling invasive species such as fungi. Neutrophils 

in particular play a powerful role in controlling a fungus infection.36

The enzyme complex NADPH oxidase is released by neutrophils following activation, and the 

resulting “respiratory burst” produces an abundance of superoxide. At the same time, iNOS (induc-

ible nitric oxide synthase) releases nitric oxide, and the superoxide reacts with nitric oxide to pro-

duce the extremely reactive molecule peroxynitrite (ONOO−), a powerful agent for clearing the 

invasive fungus.

8.6  INTERLEUKIN-6 DRIVES INFLAMMATION

Increased production of inflammatory cytokines, especially interleukin 6 (IL-6), is a hallmark of 

the acute phase of NTIS.37 In cells grown in culture, exposure to IL-6 suppressed active T3 genera-

tion by DIO1 and DIO2, while increasing activity of DIO3 to inactivate T4 and T3. This effect was 

prevented by the addition of N-acetylcysteine (NAC) to the culture medium.38 It was determined 

that NAC supplementation restored intracellular glutathione concentrations, which prevented the 

inhibitory effect of IL-6. The authors proposed that the response to IL-6 depletes glutathione stores 

through its induction of oxidative stress. It can also be concluded that thyroid hormone homeostasis 

is tightly regulated by glutathione availability in the mitochondria. When glutathione levels are 

depleted, a process ensues that prevents uptake of thyroid hormone, perhaps in order to protect the 

mitochondria from oxidative damage by suppressing their activity. But, this leaves the patient with 

a feeling of extreme fatigue. A schematic of the process by which overproduction of IL-6 due to 

mycotoxins working together with chronic glyphosate exposure leads to euthyroid sick syndrome is 

presented in Figure 8.1.38

8.7  GRANULE RELEASE BY NEUTROPHILS

Systemic candidiasis is most commonly caused by the commensal yeast Candida albicans. It has 

emerged as the leading cause of bloodstream infections in immune-compromised hospital patients 

in the United States.39 Aspergillus infections in the lungs are also a common development among 

immune-compromised people.40 It is increasingly becoming apparent that granulocytes, and most 

especially neutrophils, play a significant role in controlling fungal infections.41, 42 The degranulation 

of their cytoplasmic granules is critical for fighting off the infection.

A G-protein coupled receptor for IL-8, known as CXC chemokine receptor 1 (CXCR1), is highly 

induced in kidneys infected with Candida albicans.41 CXCR1−/− mice were more susceptible to 

kidney failure following Candida exposure due to impaired release of granules by neutrophils. 

Humans with a defective mutant form of CXCR1 also show increased susceptibility to candidiasis. 
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These observations suggest that CXCR1 signaling induces granule release by neutrophils, and that 

granule release is essential for clearing the fungus infection.

Among many other proteins, granulocytes also contain DIO3 within their granules, and it is 

released upon activation by stressors such as an infection.43 Interestingly, it is unclear whether the 

importance of DIO3 expression is due to suppression of thyroid hormone signaling or to the supply 

of iodide to the extracellular milieu after it is detached from thyroid hormones. It is probable that 

the two aspects are closely intertwined.

8.8  CLATHRIN-COATED PITS AND DIO3

Clathrin-mediated endocytosis (CME) is a mechanism by which cells absorb a number of different 

metabolites, hormones and proteins through inward budding of the plasma membrane. Clathrin is 

a specialized protein that forms a mesh along the internal side of the plasma membrane, causing an 

indentation to form. A clathrin-coated pit eventually buds off the membrane and is internalized as 

a vesicle, encased in the clathrin–protein complex. The entire process is mediated by receptors on 

the surface of the cell. Following internalization, the vesicle merges with an early endosome, and 

the receptor then recycles back to the membrane.

ATP is required for the internalization of clathrin-coated pits. When cellular ATP is depleted, 

these pits remain in an open state at the cell surface and cannot be internalized.44 It follows that 

mitochondrial dysfunction, such as that induced by mycotoxins, impairs CME. Depletion of mem-

brane cholesterol also blocks CME.45

The term “frustrated” endocytosis was first coined in the 1970s when investigators found that 

neutrophils or macrophages grown in culture on a glass coverslip were unable to complete the pro-

cess of CME.46 A phagocytic cup would spread out on the glass, but the budding pit could not be 

internalized as a vesicle. Further research determined that the impaired endocytosis could be attrib-

uted to the fact that the glass surface was very stiff. Later, it was found that frustrated endocytosis 

was not limited to cells grown in culture. In fact, a stiff collagen matrix could cause cells to adhere 

to the matrix through integrin binding at sites where clathrin-coated pits are forming. The excessive 

stiffness of the collagen matrix could then, through this mechanism, impede CME.

Frustrated endocytosis may be a mechanism by which DIO3 becomes overactive in converting 

T4 to rT3 and converting T3 to T2. Unlike DIO1 and DIO2, DIO3 is an integral membrane protein.47 

Because it is located extracellularly, DIO3 has ready access to circulating thyroid hormones and can 

therefore rapidly inactivate T4 and T3 while it is in the membrane.48 DIO3 is internalized via CME 

into early endosomes and then continuously recycled back to the membrane. If CME is impaired 

due to frustrated endocytosis, DIO3 will stay for a longer period of time at the membrane, actively 

converting T4 to rT3 and interfering with thyroid hormone signaling.

FIGURE 8.1 Proposed mechanism for the effects of IL-6 and glyphosate, resulting in euthyroid sick 

syndrome.
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8.9  HEPARAN SULFATE AND FIBROSIS

Hepatic stellate cells are the primary cells that produce fibrotic liver. Stellate cells become activated 

following liver injury, and in the activated state, they proliferate and evolve into myofibroblasts that 

produce and deposit abundant collagen fibers, eventually leading to the scar tissue defining liver 

fibrosis.49 The signaling that controls their behavior in the activated state depends on growth factors 

such as fibroblast growth factor (FGF) that adhere to heparan sulfate proteoglycans via integrins.50

Perlecan is a basement membrane–type heparan sulfate proteoglycan that is highly expressed 

in necrotic areas of damaged liver by both activated stellate cells and endothelial cells.51 Under 

stress conditions, both the enzymes that synthesize heparan sulfate and the enzymes that degrade 

it (e.g., heparinase) are sharply upregulated. My hypothesis is that the heparan sulfate fragments 

that are dislodged from the matrix by heparinase are taken up by stellate cells, macrophages, 

endothelial cells and other cell types via endocytosis, along with any signaling molecules such 

as growth factors that adhere to the heparan sulfate. Heparan sulfate chains are taken up into 

the lysosomes, where they are completely degraded in a process that involves at least seven dif-

ferent enzymes.52 This releases free sulfate to support ionic buffering of the acidic environment 

of the lysosome, essential for breaking down and recycling cellular debris. The debris includes 

damaged mitochondria. The importance of heparan sulfate metabolism for mitochondrial health 

becomes apparent by considering the severely disturbed mitochondria associated with the group 

of devastating genetic diseases called lysosomal storage disorders.53 There are six different lyso-

somal sulfatases that detach sulfate from heparan sulfate, and deficiencies in these lead to severe 

lysosomal storage disease, with impaired lysosomal function and a pathological cascade outside 

the lysosomes.54

The signaling molecules originally trapped by the heparan sulfate in the membrane emerge at 

the endosomal stage and migrate to the nucleus of the cell to influence metabolic policy, promoting 

growth, proliferation and build-up of the collagen basement membrane and its attached perlecan 

heparan sulfate proteoglycans.

Frustrated endocytosis occurs when the cells adhere to a basement membrane that is too stiff. 

A major controlling factor in stiffness is the amount of heparan sulfate adhering to the collagen 

matrix.55 When there is an abundance of cellular debris from dead and dying hepatic cells, the mac-

rophages need to endocytose excessive amounts of heparan sulfate to support lysosomal clearance 

of the debris. If synthesis can’t keep up with the loss, the matrix becomes too stiff, and large clathrin 

plaques accumulate on the adherent cells. This impedes CME in stellate cells and immune cells, 

resulting in high activity of DIO3, with quantities of rT3 being released into circulation and causing 

systemic thyroid hormone deficiency. Interestingly, T3 inhibits the differentiation of monocytes into 

macrophages.56 Upregulation of DIO3 may therefore also be important for inhibiting T3 in order to 

induce monocyte maturation into macrophages under inflammatory conditions.

8.10  PUTTING IT ALL TOGETHER

We are now prepared to connect the dots to explain how glutathione deficiency combined with 

chronic hepatic exposures to toxins and toxic chemicals drives the excess production of rT3 and 

the resulting condition of hypothyroidism associated with a perfectly functioning thyroid gland in 

NTIS. Glutathione plays a central role in maintaining healthy mitochondria through its role as an 

antioxidant. But, it also plays another not so well recognized role of providing the raw materials to 

sustain massive production of heparan sulfate. In the presence of stressors, hepatocytes release glu-

tathione along with GGT, the enzyme needed to separate it into its component amino acids: Glycine, 

glutamate and cysteine. Elevated GGT is a strong risk factor not only for liver disease but also for 

atherosclerosis, heart failure, arterial stiffness and plaque, and gestational diabetes, among others.57 

Glutathione is most likely a storage form of sulfur that can be used to refurbish heparan sulfate sup-

plies under multiple stress conditions.
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Cysteine plays an essential role as a precursor to hydrogen sulfide gas, which is produced from 

cysteine either enzymatically, via cystathionine gamma lyase and cystathionine beta synthase,58 or 

nonenzymatically in the presence of reactive oxygen species, vitamin B6 and iron.59 Glycine and 

glutamate are the precursors needed to synthesize the pyrrole ring of heme, and heme synthesis 

becomes important both to sequester iron and to serve as a catalyst for the enzymes that oxidize H2S 

to sulfate and thiosulfate. Ultimately, it’s sulfate deficiency that interferes with the ability to main-

tain adequate supplies of heparan sulfate in the face of the upregulation of heparanase in associa-

tion with developing liver fibrosis.60 Fragmented heparan sulfate proteoglycans are taken up by the 

macrophages, because they will use them as a source of sulfate for acid buffering in the lysosomes 

in order to clear cellular debris from dead and dying cells.

It now becomes apparent that the body has developed an elegant solution for blocking CME 

by macrophages when heparan sulfate is deficient. It is the heparan sulfate bound to the mem-

brane-attached proteins in a cell that facilitates signal transfer from multiple signaling molecules 

regulating growth and repair. The main constituents of the fibrotic liver tissue are collagen VI 

and perlecan, a heparan sulfate proteoglycan. Studies have shown that stripping away the perlecan 

results in increased stiffness,55 and as we’ve seen, a stiff matrix interferes with CME in the adhering 

macrophages.

During the process of resolving an inflammatory state associated with healing from injury, 

macrophages transition from an M1 (proinflammatory) to an M2 (anti-inflammatory) type. 

Enzymes involved in synthesizing heparan sulfate are sharply upregulated in the M2 state, and 

M2 macrophages are characterized by a much greater abundance of heparan sulfate in their 

membranes.61 For as long as heparan sulfate supplies are inadequate, the macrophages stay in 

the M1 state, and inflammation continues unabated. Not only does this depend on the oxidation 

of H2S to produce sulfate in the mitochondria, but it also depends on the further step of con-

verting sulfate to the universal sulfate donor PAPS (phosphoadenosine phosphosulfate). PAPS 

synthase consumes one ATP molecule as the substrate for PAPS and another ATP molecule 

to provide energy for the reaction. When ATP is deficient due to mitochondrial dysfunction, 

it becomes difficult to maintain adequate sulfate levels in the glycocalyx. FGF signaling is 

upregulated in the absence of sulfated heparan sulfate proteoglycans, which can be induced by 

inhibiting PAPS synthetase.62

I hypothesize that a shortage of sulfate needed to synthesize heparan sulfate keeps macrophages 

in the M1 state and sustains chronic inflammation. And ultimately, this can be traced back to a 

shortage of glutathione and impaired synthesis of sulfate and PAPS from H2S. It has been argued 

that glyphosate disrupts the supply of sulfate to the glycocalyx, through several mechanisms, and 

that this is a major factor in many diseases.63, 64

Remarkably, T3 suppresses the synthesis of cystathionine gamma lyase in the liver, thus sup-

pressing H2S synthesis.65 This could justify increased synthesis of DIO3 by activated stellate cells. 

When combined with frustrated endocytosis, reflecting heparan sulfate deficiency, decreasing the 

supply of T3 through overproduction of rT3 serves the need to induce H2S synthesis. This makes 

sense, because the H2S can be converted to sulfate by macrophages and by stellate cells. Ultimately, 

heparan sulfate supplied as perlecan by the stellate cells will reduce the stiffness of the matrix and 

allow the macrophages to endocytose cellular debris and begin the recovery process. But, only if the 

enzymes involved have not been disabled by toxic exposures.

8.11  THERAPIES FOR NTIS

Given the premise in this chapter that glyphosate severely disrupts the liver’s ability to detoxify 

mycotoxins, it becomes compelling that one of the most important steps one can take towards heal-

ing from NTIS is to adopt a strictly certified organic diet. This is a natural way to reduce not only 

glyphosate exposure but also mycotoxin exposure, because glyphosate increases the likelihood that 

mycotoxins will be present in the food sources. Obviously, it is also expedient to avoid eating foods 
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such as seeds, nuts and grains that are most likely to be contaminated with mycotoxins. And, it is 

essential to identify any environmental exposures to mold due to a water-damaged building either 

at home or in the office, and to find a way to ameliorate those exposures. Furthermore, a residence 

adjacent to a farm where glyphosate is heavily used is also going to pose major risk – moving to a 

new residence may be the only option in such cases.

Beyond this, glutathione stands out as a major nutrient that plays a central role in the pathology 

of NTIS. Too little liver glutathione or a high ratio of GSSG to GSH is a major driver behind the 

disease process. Studies have found benefit in treatment with either N-acetyl cysteine (NAC) or 

liposomal glutathione. An in vitro study that involved exposing human mononucleocytes to och-

ratoxin A demonstrated oxidative stress and DNA strand breaks following exposure. Importantly, 

they showed that pretreatment with NAC ameliorated the effect.66

Remarkably, NTIS occurs in 30% to 90% of patients with acute myocardial infarction. A ran-

domized prospective multi-center study based in Brazil involved 67 consecutive patients admitted 

into a hospital following a myocardial infarction.67 The patients were randomized to receive a NAC 

supplement or a placebo. The baseline serum rT3 levels in both treatment and placebo groups were 

elevated three- to fourfold compared with healthy subjects. However, the serum levels of rT3 fell 

over time in the treatment group but remained high in the placebo group. The mean serum level 

after 5 days of rT3 was 29 ng/dL in the treatment group compared with 50 ng/dL in the placebo 

group (p = 0.003). Serum antioxidant defenses were also restored almost to the level of controls in 

the treated group compared with the placebo group.

As I mentioned earlier, some mycotoxins can suppress the enzymes that synthesize glutathione. 

In this case, cysteine supplementation may not be sufficient. Glutathione is synthesized in the liver 

from its amino acid precursors, but if the enzymes that synthesize it are defective, it might be nec-

essary to provide a supplement that contains the entire glutathione molecule rather than its indi-

vidual components. Glutathione can be a very useful supplement for people suffering from mold 

exposure. However, it needs to be given in such a way so as to prevent the breakdown of orally 

delivered glutathione into its component amino acids by the digestive system. Some options are to 

administer reduced glutathione (GSH) in an intravenous, nebulized, transdermal, oral liposomal, 

or nasal form.23

There are other steps that can be taken to improve dietary choices by selecting foods that are 

rich in sulfur as well as foods that are rich in polyphenols, flavonoids and terpenoids – complex 

organic molecules produced by colorful fruits and vegetables that act as antioxidants. Vegetable-

based sources of sulfur include onions, garlic and cruciferous vegetables. Seafood, cheese, eggs and 

meats are all good animal-based sources of sulfur. Animal-based foods are better sources in general 

of the sulfur-containing amino acids compared with plants.

8.12  CHAPTER SUMMARY

In summary, this chapter has proposed that there is synergistic toxicity between glyphosate and 

mycotoxins, specifically with respect to the development of euthyroid sick syndrome, also known as 

nonthyroidal illness syndrome (NTIS). Mycotoxins and glyphosate are both known to cause mito-

chondrial dysfunction through oxidative stress, DNA damage and depletion of glutathione supplies, 

especially in the liver. In NTIS, DIO3 is sharply upregulated in the liver, and this leads to the over-

production of rT3, which enters the circulation and blocks the receptor response to T3 systemically, 

leading to symptoms of extreme fatigue due to a suppression of mitochondrial activity. Glutathione 

deficiency in the liver plays a central role in the disease process through two distinct mechanisms 

– impaired antioxidant defenses and impaired supply of heparan sulfate to the matrix proteins in 

the liver. A stiff basement membrane leads to a pathology called frustrated clathrin-based endo-

cytosis, which results in excessive activity of DIO3 and resulting overproduction of rT3. Invasive 

macrophages are unable to mature from an M1 to an M2 state, and this becomes a state of chronic 

inflammation and associated disease symptoms.
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9.1  INTRODUCTION

It is a foregone conclusion that chronic exposure to mold in the interior of water-damaged buildings 

(WDB) is associated with adverse human health effects. About this, there is absolutely no contro-

versy, and literally hundreds of epidemiological articles bear the proof. Where some disagree is 

whether chronic exposure to the interior of WDB can cause multisystem illness. Is inhalation a pri-

mary route of exposure? Can such inhaled exposures trigger illness outside the domains of allergy, 

infection and direct toxicities? Some say mold can only cause illness in these three realms. Others 

believe exposure to indoor mold and dampness causes non-allergic (innate) immune responses. 

What answers does the medical literature provide?

The short, and overwhelmingly supported, answer is YES; exposure in WDB is causative of sev-

eral respiratory/immunological issues and associated with a wide variety of human health effects, 

including a whole host of multisystem health issues. Inhalation is the primary route of exposure. 

Most of the accompanying symptoms appear to be triggered, in whole or in part, by abnormalities 

seen in innate immune system functioning.

This chapter will examine the literature in two epochs. The first deals with publications up 

through 2010, while the second discusses later works, including the findings of a systematic review 

of all peer-reviewed epidemiological articles published between 2011 and 2018 referencing chronic 

indoor microbial growth/dampness exposure and human health effects.

9.2  EARLY LITERATURE

Peer-reviewed reports linking indoor mold, dampness and other amplified microbial growth 

with adverse human health effects have been accumulating for over 50 years.1 Localized skin 

growth/infections, allergic manifestations, exacerbation of attacks and causation of asthma are 

well supported. IgE-mediated allergies (Type I hypersensitivity reactions) have been clearly 

documented. Invasive infection, primarily in the immune-compromised, has been proven 

beyond all doubt.
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During this same time period, research was undertaken studying non-allergic-mediated immune 

responses, gastrointestinal distresses, neurological changes, cognitive losses, pulmonary hemor-

rhages, ophthalmologic issues, difficult-to-diagnose dermatologic lesions, generalized symptoms 

such as headaches, fatigue and sleep problems, and more. Some evidence was found supporting 

each of these system abnormalities and symptom constellations. The sheer number of studies per-

formed was lower than with asthma and allergy patients. Less was known during this period about 

the innate immune system and its global immunologic functions.

The medical literature during this time period falls roughly into three categories. The first group 

has been called “naysayer” literature and is written to declare the position that exposure to inhaled 

mycotoxins from indoor sources is unlikely to cause significant human illness. The second listing, 

dubbed “summary” literature, comes from systematic reviews, meta-analyses and other articles 

objectively attempting to summarize the literature. The third portion could be called “yaysayer” 

literature supporting the idea that chronic exposure to inhaled air from WDB causes illness via 

infection, allergy, direct toxicity and other mechanisms too.

9.3  NAYSAYER LITERATURE BEFORE 2011

Looking first at the naysayer work, there is a stunning paucity in the medical literature of peer-

reviewed articles that show no associations between the aforementioned exposures and adverse 

human health effects. Presumably, there is so little data because one is attempting to demonstrate 

that multisystem mold-based illness does not exist or cannot exist. What little literature has been 

published generally falls into two categories. The first attempts to diminish or neutralize previously 

published epidemiological articles by discrediting one or more studies’ methodologies. The second 

approach is the use of a negative argument. This refers to stating than an outcome is impossible, 

or very unlikely to happen, under less than extraordinary circumstances. An example of a negative 

argument would be to say that a human without a spaceship could not live in the outer space existing 

between the earth and the moon. It is seemingly and logically very difficult to generate data about 

an event that purportedly does not exist. Hence, these articles add no new human data, and this 

makes proving the negative argument very difficult.

Those who posit that chronic exposure to indoor mold cannot, or is very unlikely to, cause mul-

tisystem illness, or illness beyond traditional allergies, infection and direct toxicity, have a difficult 

time proving their argument. The very nature of a negative argument, the attempt to show that an 

entity cannot exist, is very challenging to substantiate. How does one prove that something cannot 

exist when finding even one positive example invalidates the entire negative argument? Literally 

tens of thousands of patients with multisystem illness after WDB exposure have been described 

in this early literature. Since one could not ethically prove experimentally that such an outcome 

could not exist, alternate methods were undertaken. While difficult to achieve, endeavors to prove 

the negative argument have been undertaken. The initial attempt to confirm the negative argument 

regarding mold is discussed in great detail in Chapter 12, Legal and Ethical Considerations in Mold, 

Mycotoxins, CIRS and Building Biology.

The thrust of that article,2 published in 2002 by the American College of Occupational 

and Environmental Medicine (ACOEM 2002), was a mathematical proof developed using 

rodent data to show it was very unlikely that sufficient mycotoxin could accumulate in a room 

with amplified mold growth to cause a human to have multisystem illness from direct toxic-

ity. Though this proof only discussed direct toxicity, non-critical thinkers may automatically 

assume that chronic indoor mold exposure cannot cause multisystem illness. As noted later, 

this conclusion is contrary to a near consensus of the literature. As we all learned in high school 

Geometry or other critical thinking classes, a mathematical proof must 1) identify its assump-

tions and 2) contain no mathematical errors. A single faulty assumption or a single math error 

would invalidate the entire proof, all its conclusions and any other articles that based their 

conclusions on that proof.
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While the logical approach taken in this proof appeared sound, the constants employed were 

repeatedly low estimates (by several magnitudes of order), and at least nine assumptions were 

incorrect. An example of a low estimate occurred when evaluating half-lives of mycotoxins in the 

human body. Estimates were used suggesting hours or days before toxins would be metabolized 

or eliminated. In 2005, published data showed half-lives of mycotoxins of3 up to 26 years in mice 

brains! Another faulty constant was obtained by using spore trap testing to estimate the number 

of Stachybotrys chartarum spores in a water-damaged room when it was known industry-wide 

by mold testers that spore trap sampling often completely missed Stachybotrys spores even when 

large amounts of Stachybotrys were found by other testing methods in the same room. The effect 

of fragments4, 5 was also ignored using this sampling technique. One faulty assumption required 

that ingestion, not inhalation, of mycotoxins was the primary source of toxin entry, while the proof 

also evaluated direct toxicity from mycotoxins alone as the only potential cause of illness. Yaysayer 

and summary literature documented that inhalation is the primary portal for damage, which can be 

caused by mycotoxins, bacterial endotoxins and numerous other inflammagenic classes of substances 

found in excess as a result of microbial amplification in a WDB. Berndston (2016)6 provided a table 

of 30 classes of such substances, and mycotoxins occupy only one class. These same documents also 

demonstrate non-allergy-mediated immune system responses, and more specifically, innate immune 

system derangements, occurring as a result of chronic inhalation of air from the interior of WDB.

Much, if not all, of the naysayer literature is built upon the chassis of the ACOEM 2002 flawed 

mathematical proof and former position statement. Two examples would be the American Academy 

of Allergy, Asthma, and Immunology’s (AAAAI 2006) former position statement7 and the position 

statement of the American College of Medical Toxicology.8

The other strategy employed was to nullify the literature that supported the positive argument: 

That chronic exposure to the interior of WDB with their obligatorily amplified microbial growth 

caused multisystem illness and illness outside of allergy, infection and direct toxicity. These neg-

ative articles looked at the methods of peer-reviewed published works that defined associations 

between chronic inhaled mold exposure and various symptoms, then leveled criticisms at the meth-

odology in an attempt to discredit the article and hence, its conclusions.

One example9 would be Terr (2009), which claimed as non-controversial that “The evidence 

from such [case and epidemiologic] reports and studies is overwhelmingly that human mycotoxicity 

arises almost exclusively through ingestion” and that “There are three well-documented pathogenic 

mechanisms [for human illness from molds] … These are infection, allergy, and toxicity.” Terr 

offered no references for such astounding statements except a single citation for pulmonary myco-

toxicosis and another for organic dust toxic syndrome. Indeed, though published in 2009, there are 

only two citations from 2007 and two from 2006. The 2008 Government Accountability Office 

(GAO) report10 on mold is not cited. This GAO review suggested that inhalation was the most likely 

means of exposure and that non-allergic immune responses appeared to be at play. It criticized the 

AAAAI 2006 position statement, which Terr cited, for ignoring such immune derangements, as Terr 

also did. Terr went on to cite the ACOEM 2002 study saying, “based on experimental data in mice, 

make it extremely unlikely that toxic concentrations would occur within buildings.”

The Terr paper then attempted to discredit four previously peer-reviewed studies,11–14 which 

quantified cognitive losses through neuropsychological testing.

These studies of toxic encephalopathy from exposure to inhaled mould spores lack credible evidence 

for such an association in large part because of patient selection bias. Neuropsychological data are nec-

essarily subjective in nature. Comparison groups lack validity, being based instead on either estimates 

of pre-morbid intelligence or normative data. Most importantly, none of these published studies provide 

measurements of mycotoxin exposure. Thus, there is no credible evidence in these reports that abnor-

mal psychologic testing indicates mycotoxic encephalopathy.

In five sentences, the author twice stated there was no credible evidence linking mycotoxins to 

cognitive loss, described objective neuropsychological testing as “necessarily subjective,” criticized 
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pre-morbid estimates of intelligence (based on pre-morbid academic and career achievement), criti-

cized comparing scores with widely accepted and published norms, and criticized studies without 

publication of mycotoxin exposure levels, all without a single study cited. Ironically, the ACOEM 

2002 report, upon which Terr relied heavily, as the backbone of its data, cited rodent studies, five 

acute toxicity and one chronic toxicity, most of which did not report mycotoxin exposure levels.

Another example of such an article15 was written by Chang and Gershwin (2005). Titled “Mold hys-

teria: Origin of the hoax,” this article discussed the authors’ opinions about Sick Building Syndrome 

(SBS) and indoor mold exposure as its possible causation. Without a supporting reference, the authors 

described “environmentally induced adverse effects fall into several broad categories, including aller-

gic, infectious, toxic and psychogenic.” The article discussed SBS briefly and segued into a pejorative 

discussion of “toxic mold syndrome,” a term used by legal professionals, laypersons and the press. The 

article is then subtitled “The truth about mold” and states regarding visible mold that:

Just because something in the environment looks “bad” does not mean that it is necessarily bad for 

one’s health. The reason this point must be addressed is because many of the judgments in mold related 

litigation cases are rendered based on appearances and emotion, with no consideration of the scientific 

evidence available.

Contrary to this “unscientific” (and unsupported) statement, The Centers for Disease Control and 

Prevention (CDC) in guidance documents16 has declared that if mold is visible or can be smelled, it 

should be remediated without the need for commercial testing, and the Environmental Protection 

Agency (EPA) stated in its guidance documents that remediators should wear personal protective 

equipment similar to a full body Hazmat suit. The GAO 2008 report10 also stated that the presence 

of visible mold OR musty odors has been used as evidence of abnormal amounts of mold growth in 

many scientific papers.

One other unifying theme of the naysayer articles is that they typically fail to present any new 

data. For instance, the ACOEM 2002 article presents a mathematical model. It is, for all intents and 

purposes, a hypothesis, and without any new data to validate it. The Scientific Method demands that 

predictions should be made from such a hypothesis, and those predictions need to be tested, in order 

to test the hypothesis’ veracity. To date, to this author’s understanding, such testing has never been 

performed, and such data does not exist. Therefore, it would be scientifically inappropriate to hang 

one’s proverbial hat upon the hypothesis presented in the ACOEM 2002 report.

The goal of outlining a few of the naysayer studies is to highlight that it is very difficult to prove 

a negative argument. That negative, which naysayer literature has attempted to prove, is that chronic 

exposure to the interior of WDB and the amplified microbes (molds, bacteria and Actinomycetes), as 

well as the toxic and immunogenic particles they create, are very unlikely to cause adverse human 

health effects. Without performing direct experimentation with humans, which would be considered 

unethical, both the naysayers and the yaysayers must rely on epidemiological studies in humans and 

controlled experiments in animals with the hope of extrapolating the latter results to humans. There 

are comparatively few naysayer reports; they tend to cite each other, creating a circular argument, 

and they use, as a central dogma, the ACOEM 2002 flawed and untested mathematical hypothesis.

9.4  SUMMARY LITERATURE BEFORE 2011

Since the vast majority of the epidemiological mold literature before 2011 supported mold causing 

adverse human health effects, it should be no surprise that the systematic reviews and meta-analyses 

of the day also supported the same. The literature then was mostly focused on respiratory system 

issues such as bronchitis, asthma, manifestation of allergies, etc. Occasional studies evaluated other 

systems and while mostly supportive, did not generate systematic reviews or meta-analyses for these 

other systems. One paper17 published by Fisk (2007) performed a quantitative meta-analysis of damp-

ness or mold and a number of respiratory symptoms. Antova (2008) reported a pooling of data18 from 
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12 cross-sectional studies representing over 58,000 children aged 6–12 years. “Positive associations 

between exposure to mould and children's respiratory health were seen with considerable consistency 

across studies and across outcomes.” Fisk (2010) evaluated for the first time a quantitative meta-

analysis of dampness or mold and respiratory infections,19 also yielding positive associations.

In 2004, the Institute of Medicine of the National Academy of Science (IOM) published its 

review of the literature.20. It “found sufficient evidence to document an association between quali-

tatively assessed indoor dampness or mold and upper respiratory tract symptoms, cough, wheeze, 

and asthma symptoms in sensitized persons.” In 2008, the United States GAO published its report 

on indoor mold,10 reviewing governmental grants, guidance documents and 20 review articles in the 

peer-reviewed literature. This report discussed non-allergy mediated immune responses, offered a 

three-tiered algorithm, or case definition, for determining whether mold exposure was causative of 

a person’s illness and directly criticized one review article7 for failing to mention non-allergic-medi-

ated immune abnormalities as a potential cause of symptoms. This report recognized the IOM’s 

findings regarding respiratory symptoms, noted there were reports of mold associations with non-

respiratory symptoms and stated more evidence needed to be gathered.

The World Health Organization (WHO) published an updated treatise on indoor mold21 in 2009. 

This report echoed the IOM and GAO reports regarding respiratory symptoms and repeatedly dis-

cussed non-allergic-mediated immune system effects caused by chronic inhalation exposure to 

molds. The following quotes emphasize this paper’s position:

Mechanisms of injury include exposure to B-glucans, toxins, spores, cell fragments and chemicals fol-

lowed by immune stimulation, suppression and autoimmunity as well as neurotoxic effects.

Introduction, page 5.

Fungal (1→3)-β-D-glucans are non-allergenic, water-insoluble structural cell-wall components of most 

fungi … and may account for up to 60% of the dry weight of the cell wall of fungi … (1→3)-β-D-

glucans have immunomodulating properties and may affect respiratory health.

Chapter 2, page 17.

The variety of respiratory symptoms and disease observed in damp and moldy indoor environments 

suggests that the airways are the primary route of entry for agents.

Chapter 4, page 84.d.

In damp buildings, people are exposed to constantly changing concentrations of different microbial 

species, their spores, metabolites and components, and other compounds in indoor air, including chemi-

cal emissions from building materials. This complex mixture of exposures inevitably leads to inter-

actions, which affects outcomes in different situations. Furthermore, the effects of microorganisms, 

microbial substances or dampness – related chemical compounds seen in experimental animals, or cells 

often result from exposures that are orders of magnitude higher than the average doses that reach the 

human lungs under normal conditions in indoor air. Nevertheless, the surface doses within the lungs of 

patients with respiratory conditions can vary a thousand-fold, due to uneven particle deposition (Phalen 

et al., 2006),22 thus resulting in even larger maximal surface doses in human lungs than in those used in 

experimental toxicological studies. Moreover, many other factors, such as exercise, can result in larger-

than-average doses in the human lung.

Chapter 4, page 85.a.

Many of the health effects may result from recurrent activation of immune defense, leading to exag-

gerated immune responses and prolonged production of inflammatory mediators. Over production of 

these compounds damages the surrounding tissue and may manifest itself as chronic inflammation and 

inflammation-related diseases.

Chapter 4, page 85.b
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In 2010, the Policyholders of America (POA) commissioned a panel of chronic inflammatory 

response syndrome (CIRS) expert physicians, an expert industrial hygienist and an expert mycolo-

gist to review the literature and produce a position paper.23. This peer-reviewed report cited over 

600 unique references, represented over 40,000 patients in the peer-reviewed literature from 14 

countries and strongly supported the connection between CIRS and chronic exposure to the interior 

of WDBs linked to the development or exacerbation of multisystem symptoms.

9.5  YAYSAYER LITERATURE BEFORE 2011

In 1997, Shoemaker published his findings of a multisystem illness caused by exposure to Pfiesteria 

sp.,24 or dinoflagellates, found in overabundance at the time in the Chesapeake Bay. Some Pfiesteria 

made a toxin, fish ate the dinoflagellates and their toxin, people ate the fish and became ill. 

Shoemaker made the serendipitous observation that not only did treating these patients’ secretory 

diarrhea with cholestyramine (CSM) make their loose stools disappear, but most or all of the other 

multisystem symptoms also unexpectedly improved or resolved with only CSM therapy. Over sub-

sequent years, he noted other patients with a similar set of symptoms as a result of Lyme disease,25 

ciguatoxin ingestion,26 inhalation and/or swimming around cyanobacteria blooms and chronic 

exposure to WDB.27

Shoemaker and Hudnell developed the first biomarker for this illness, reporting decreased VCS 

(visual contrast sensitivity).28 Early on, this closely related group of illnesses was thought to be 

solely caused by biologically produced toxins.29. As more biomarkers were established, it became 

clear that an innate immune component30 was also in play. The illness was eventually dubbed CIRS 

or chronic inflammatory response syndrome.31 Regardless of trigger, be it Pfiesteria, Ciguatera, 

Lyme disease, exposure to cyanobacteria or chronic exposure to WDB,32 patients developed a mul-

tisystem, multi-symptom illness with numerous abnormal biomarkers. The underlying pathology 

involved chronic innate immune system activation coupled with an HLA-inherited genetic hole in 

antigen presentation leading to chronic innate immune system dysregulation, noted by decreased 

levels of VIP and MSH (vasoactive intestinal polypeptide and α-melanocyte stimulating hormone) 

and increased levels of pro-inflammatory cytokines TGF-β1, MMP-9 and C4a (human transforming 

growth factor - beta1, matrix metalloproteinase-9 and the split product of complement protein C4, 

respectively).31

Shoemaker also developed a treatment protocol and tested it with two blinded, placebo-controlled 

trials.33, 34 In addition, three studies have been published reviewing NeuroQuant® (NQ), a volumet-

ric advanced technique brain magnetic resonance imaging (MRI),35–37 and another involving the 

transcriptomics32 of CIRS. The GAO proposed a diagnostic algorithm for mold-based illnesses10 in 

2008, which paralleled the case definition proposed by Shoemaker 2 years earlier. Alternative and 

summary diagnostic criteria38, 39 were published in 2017 and 2018, respectively.

Animal studies prior to 2011 demonstrated a host of findings. Numerous studies showed pulmo-

nary damage40–51 as a result of exposure to mycotoxins, bacterial endotoxin and lipopeptides from 

Mycoplasma in mice, rats and fetal rabbits. Brains of mice and rats,52–56 and the blood–brain bar-

rier,57 were also injured.

Study across species of the innate immune system registered responses too. Toll-like receptors 

(TLRs) assisted in identifying foreign particles58 such as fungal fragments. Inhaled bacterial, fungal 

and Actinomycetes fragments and products were inflammagenic.59 In rats, β-glucan exposure led to 

increased lung inflammatory markers.60 C-type lectins responded to fungal exposures.61–63 Dectin-

1and non-Toll-like receptors (PRRs or pattern recognition receptors) were involved with detecting 

fungal exposure.64, 65 Roda (2020) demonstrated that human bone marrow progenitor cells were 

nearly four times more sensitive than their mouse counterparts, affecting CFU-GM (myeloid) and 

BFU-E (erythroid) lineages more than DVU-E colonies.

Synergism between secondary metabolic products of Actinomycetes and mycotoxins was 

demonstrated in mice,66–68 affecting cytokine production, cytotoxicity and macrophage function. 



161Are Water-Damaged Buildings Safe? 

Synergy between products from Actinomycetes and bacterial endotoxin69, 70 has also been estab-

lished, affecting TLRs 2 and 4, cytokine and chemokine production, 4-MyD88-dependent and inde-

pendent signaling, and apoptosis71, 72 (via differential gene induction). Synergy appeared between 

vomitoxin and lipopolysaccharide73 and other bacterial and fungal product combinations74 in mice 

macrophages too. Inflammatory responses to fungi, Actinomycetes and bacteria75–79 were addition-

ally shown.

Nikulin (1997) subjected mice to six repeated courses of low levels of spores over 3 weeks,80 

roughly equivalent to 18 months of human life. Inflammatory responses were noted from mice 

exposed to non-toxin-forming spores and toxin-forming spores alike, though the responses were 

greater with the former exposure. Rand et al. showed in numerous studies42, 45, 47, 48, 50, 79, 154 patho-

genicity of exposure to at least nine different mycotoxins and also non-toxin-forming spores.81 This 

was a crucial understanding documented by Nikulin, Rand and Flemming81. Both toxins and non-

toxic substances from inhaled fungi caused inflammatory responses.

Human health studies before 2011 also built a framework for understanding multisystem ill-

ness resulting from chronic inhalation of substances produced in WDB. Immune system studies 

suggested the pathophysiology of non-allergic, innate-mediated immune-related illness. The out-

line of innate immune responses was postulated by Janeway82 in 1989. Foreign antigen enters the 

body and its PAMPs (pattern-associated molecular patterns) or the host’s DAMPS (either danger- or 

damage-associated molecular patterns) are detected either in cells (MHC-I, MHC-II) or extracellu-

larly (PRRs). Foreign particles are marked for destruction via innate immune pathways, and antigen 

presentation occurs to initiate antibody release or preparation of new antibody creation.

Jiang et al. (2006) gave an overview of cellular immunity.83 Gonzalez-Rey (2007) provided a 

summary of immune tolerance and highlighted the central roles of the anti-inflammatory neuroim-

munoregulatory peptides VIP and MSH.84 MSH worked in part through regulation of auto-immune 

regulating Treg cells and also had inhibitory action on synthesis and release of pro-inflammatory 

cytokines.85, 86. Mannose-based molecular patterns (fungal origin) trigger the arachidonic acid path-

way of inflammation.87 TGF-β1, PRRs, antigen presentation cells (APCs), inflammatory and other 

aspects of innate immunity were all functioning in the lung,88 where microbial fragments and fine 

and ultrafine particulates often end their journey. MyD88 signaling in lungs helped define early 

immune responses to Aspergillus89, 90 with Toll receptors and through MAPK (mitogen-activated 

protein kinases) pathways. TLR 9 detects A. fumigatus intracellularly.91 Dectin-1 receptors on neu-

trophils, dendritic cells, eosinophils and macrophages detected β-glucans.92 Complement factors 

were involved in the development of asthma93, 94 and chronic obstructive pulmonary disease in 

some cases. Complement activation with increased cytokines led to MMP-9 release95 in neutrophils 

and eosinophils.96 Complement C3a receptors existed in the pituitary and could modulate hormone 

release involved in inflammation control.97 Pestka et al. (2008) reviewed compounds causing bio-

logical effects from WDB.98 Trichothecenes could interfere with dendritic cell maturation and func-

tion.99 T-2 toxin affected differentiation of monocytes.100 Each of these activated innate immune 

pathways is independent of antibody production.

The pathophysiology of CIRS is explained in greater detail in Chapter 4, “Pediatric Chronic 

Inflammatory Response Syndrome.” The central understanding is that patients have an HLA-

predicated genetic hole in antigen presentation, which disables the adaptive immune system from 

entering the fight for certain antigens obtained through inspiring air chronically in WDB. As such, 

chronic inhalation of inflammagenic and toxic substances (microbially created toxins are inflam-

magenic too) leads to chronic activation of the earlier described and other innate immune pathways 

with little help from the adaptive immune system. Chronic innate activation likely causes elevated 

levels of VIP and MSH initially, then decreased levels as the body’s compensations cannot keep 

up with the continual challenges to the innate immune pathways. As the VIP and/or MSH lev-

els decrease, so does the body’s ability to counterbalance the chronic innate immune activation, 

there is chronic pro-inflammatory cytokine overproduction, and chronic systemic innate inflamma-

tion reigns. Measuring erythrocyte sedimentation rates (ESR) and C-reactive protein (CRP) levels 
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demonstrates elevation in about 10% of patients, as these tests are better to measure the inflam-

matory response of an engaged adaptive immune system. Markers of the innate immune system, 

such as TGF-β1, MMP-9 and C4a, must be evaluated, as CIRS is an innate immune system in 

dysregulation.

Symptoms come through capillary hypoperfusion39 attack on the hypothalamic–pituitary–end 

organ axes and blood–brain barrier breaches, allowing excess inflammatory cytokines and if pres-

ent, neuropathic mycotoxins., into the protected space of brain parenchyma. Fallout from these 

mechanisms of injury explains nearly every consequence seen in CIRS patients at a macroscopic 

level.

Other studies before 2011 show that chronic exposure to inhaled contents of WDB leads to pul-

monary,14, 93, 94, 101–104 general,105–107 cognitive (with autonomic and growth hormone issues)11, 12, 14, 
108–114 and hypothalamic problems.115 Indeed, mycotoxins have been studied, and used, for military 

purposes (biological warfare).116–119

Shoemaker et al. (2010) cited 17 studies (pages 95–97) from 14 countries, including 40,365 

cases with mold-based illness, showing single and multisystem illness after chronic inhalation 

in WDB. In addition to the IOM, GAO and WHO papers, Shoemaker also cited numerous U.S. 

governmental papers and guidance documents and the same from other governments around the 

world. Examples from the Canadian Ministry of Health,120 the CDC,101, 121–127 the EPA,128 National 

Institute for Occupational Safety and Health (NIOSH)129–134 and the NIEHS135–141 (National Institute 

of Environmental Health Sciences) are cited. The messages sent by these documents varied, but 

major themes were apparent:

 1) Chronic indoor mold exposures are inimical to human health.

 2) Inhalation, not ingestion, is the primary mode of entry.

 3) If one sees mold, or smells mold, there is mold, and one needs to remediate the space or 

move, regardless of mold species.

 4) Proper remediation requires personal protective equipment consistent with Hazmat pro-

tection, eliminating the cause of water intrusion and removal of all affected paper-based 

building materials in a contained fashion.

 5) Chronic indoor mold exposure is related to a number of symptoms, including respiratory 

effects, headaches, sore throat, fatigue and more.

That was the state of the medical literature prior to 2011.

9.6  LITERATURE FROM 2011 TO THE PRESENT

This section of the literature is dominated by epidemiological studies with considerably more 

emphasis on reports evaluating diverse systems beyond the respiratory tract. While Caillaud (2018) 

declared there was both sufficient evidence of a causal relationship for asthma development and 

exacerbation as well as sufficient evidence of an association with allergic rhinitis,142 one system-

atic review examined all peer-reviewed epidemiological articles published between 2011 and 2018 

referencing indoor dampness/microbial growth and adverse human health effects. In all, 114 of 

the 116 articles meeting these criteria were examined. Of these 114 studies, 98.2% (112) of the 

peer-reviewed published epidemiological articles demonstrated findings supporting the concept that 

chronic exposure to the inhaled air of WDB was associated with single and multisystem illness 

in humans.143 Only two studies (1.8%) found no associations or evidence supporting mold caus-

ing human maladies. This review included over 273,000 subjects from over 30 countries and 5 

continents.

Quantifiable associations were found in 99 of the 112 articles. OR (odds ratio) and RR (relative 

risk) were calculated for various indicators of dampness or mold and differing symptoms or ill-

nesses and reported at three different thresholds. The three groups included associations of OR or 
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RR ≥2.0, ≥1.5 and ≥1.25, and all with 95% confidence. In sum, the number of associations with OR 

or RR ≥2.0 was 251, found in 79 articles; there were 384 associations ≥1.5, in 98 studies, and 460 

associations with OR or RR ≥1.25, in 99 articles. The other 13 supportive articles did not include 

sufficient data to calculate OR. Only two reports showed no associations.

The same study gave significant evidence suggesting that chronic inhaled mold exposure could 

cause multisystem illness. The respiratory system was the most frequently studied aspect of human 

health. It was evaluated in 102 studies, with 100 (98.0%) reinforcing chronic exposure to WDB 

causing illness in this system. The immune system, or illness with an immune component, was stud-

ied in 62 articles, with 60 (96.8%) supporting. The general, or constitutional, system was evaluated 

24 times. Symptoms such as fatigue, headaches and sleep disturbances fall into this system. All 24 

reports (100%) endorsed increased general symptoms as a result of chronic exposure to the interior 

of WDB. Cognitive decline was reviewed in 16 articles, with 100% finding supportive evidence. All 

musculoskeletal (7), ophthalmic (16), gastrointestinal (9), neurologic (10), otolaryngology (2), men-

tal health (5) and neonatal/pregnancy related studies (3) demonstrated evidence supporting expo-

sure to dampness and/or mold leading to abnormalities in those systems. Finally, 14 of 15 (93.3%) 

dermatologic studies also found evidence of the same conclusion.

One study144 from this group stands out as exemplary. This NIOSH article compared two high 

schools in different cities. The first was evaluated pre-Katrina in New Orleans, Louisiana. The 

authors’ intent was to evaluate another school in the same vicinity, but Hurricane Katrina hit, and 

no suitable non-water-damaged control school could be found locally. The investigators then chose 

a control school in Cincinnati, Ohio.

Thorough environmental evaluation was undertaken at both schools, including visual inspec-

tion and sampling with spore trap analysis, bulk and swab testing, and ERMI (Environmental 

Relative Moldiness Index). All modalities of evaluation demonstrated that the New Orleans school 

was heavily water-damaged and visibly moldy, while the Cincinnati school had minimal water 

damage.

A medical team evaluated 95 staff of the highly water-damaged school and 110 from the other. 

Symptoms reviewed fell into four systems, namely, dermatologic, general, neurobehavioral and 

respiratory (further subdivided into upper and lower respiratory). VCS testing was also performed, 

gathering objective evidence of visual contrast function. The investigators found a statistically sig-

nificant increase in 18 of 22 health symptoms covering all 4 systems and also discovered statisti-

cally significantly decreased VCS in all 5 columns of the test in the staff of the water-damaged New 

Orleans school. This study validated the previous findings of Shoemaker.

Shifting to imaging, NeuroQuant® (NQ) is an advanced technique for brain MRI, which auto-

matically segments and calculates a volume for individual paired brain structures. NQ performs in 

10 minutes of computer time what a skilled neuroradiologist could do in 100 hours. NQ allows a 

look at what disease does in brains at an earlier and more subtle level.

Three studies have looked at CIRS and NQ. The first35 defined a pattern of subtle but structural 

brain damage occurring in subjects with CIRS due to chronic exposure to WDB. The pattern in 

adults showed increased forebrain parenchyma (FP), cortical gray (CG) and globus pallidum vol-

umes with a decrease in caudate nucleus (CN) volumes. Of note, the FP and CG contribute roughly 

50% of one’s total brain volume. The authors theorized microinterstitial edema (due to inflamma-

tion) as the cause for enlarged volumes and neuronal death or dendritic pruning of the CN resulting 

in atrophy. The second study36 confirmed the pattern (although pallidum involvement was signifi-

cantly weaker and is not used as a marker any more), defined a pattern for subjects with structural 

brain damage due to CIRS caused by Lyme disease (enlarged right thalamus and decreased puta-

men) and documented FP, CG and pallidum volumes returning to control values in subjects who 

underwent therapy using all but the last step of the Shoemaker Protocol. The third article37 provided 

more evidence for the Shoemaker Protocol returning pre-treatment enlarged volumes to control 

values, touched on multi-nuclear atrophy and demonstrated that usage of intranasal VIP may reduce 

(or correct) the degree of CN atrophy and multi-nuclear atrophy too.
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One transcriptomics study32 (Shoemaker 2015) looked at CIRS caused by ciguatoxin poison-

ing. Ciguatera is a toxin-producing dinoflagellate that causes CIRS, typically obtained after eating 

piscivorous reef fish which themselves dieted upon Ciguatera. The syndrome is almost indistin-

guishable from CIRS caused by chronic exposure to WDB, much as the common cold can be 

triggered by numerous different viruses. This report noted abnormal activity at the sarcin-ricin 

loop (SRL), an extremely highly conserved segment in ribosomes.145 Binding at the SRL leads to 

cleavage of the 23S portion (prokaryotes) and the 28S portion (eukaryotes) of the large ribosomal 

subunits. Ricin is produced by castor beans. Sarcin and other rRNA endonucleases (all mycotoxins) 

are noted to bind here too.146–148 This cleavage essentially stops protein production at this ribosome 

and eventually leads to apoptosis.

Transcriptomic data149 revealed a hypometabolic state in the cells of untreated CIRS subjects, 

evidenced by downregulation of ribosomal activity, mitoribosomal protein assembly, nuclear-

encoded protein production affecting mitochondria, and manufacture of transport proteins that 

allow nuclear-encoded proteins, built in the cytosol, to cross the outer and inner mitochondrial 

membranes for use in energy production. These four levels of downregulation lead to decreased 

cellular energy production and global energy deficiency for a human, dubbed “molecular hypome-

tabolism.” Untreated CIRS patients show a predilection for glycolysis, even when adequate oxygen 

is available. This is proliferative physiology, also seen in some cancers. Molecular hypometabolism, 

with or without proliferative physiology, is likely the primary mechanism for chronic fatigue in 

mold-related illness.

One study, from the German Society of Hygiene, Environmental Medicine and Preventative 

Medicine (Hurrass et al., 2017),150 published more conservative findings. The authors evaluated 

individual systems and found little supportive evidence for multisystem illness. There are some 

problems with this study, however. In contrast to Dooley (2020),143 which undertook a comprehen-

sive literature review, in the German study, no fewer than 80 of the 241 citations were published 

in German. The literature used was not all-inclusive but rather, appeared selected. For instance, 

the report stated: “To date, there have been no systematic investigations or case descriptions that 

provide evidence of, or suggest an association between, indoor moisture damage or mould and gas-

trointestinal or renal disease,” whereas Dooley (2020) cited eight different epidemiological articles 

referencing associations between gastrointestinal symptoms and exposure to indoor moisture/mold. 

The German paper reviewed a half dozen articles on cognitive issues. One was the previously dis-

cussed AAAAI 2006 former position statement7 built upon the flawed hypothesis of the ACOEM 

2002 report.2 Three others were papers from before 2006, which offered no new data but merely 

criticized the methods of other studies that showed cognitive decline in objective neuropsychologi-

cal testing after mold exposure.151–153 The authors cited only one of the 10 articles cited in this chap-

ter and published before 2011, and none of the 16 published after 2011, that offered data supporting 

cognitive decline. Just 1 out of 26 of these articles offering evidence in favor of cognitive decline 

after chronic exposure to WDB was cited and summarily dismissed.

It is not clear why the authors of the German Society of Hygiene, Environmental Medicine 

and Preventative Medicine study chose and excluded the articles they did. However, there was one 

quote that might explain: “The specialist literature does not point to a consistent causal relation-

ship between indoor toxin levels and neurotoxic effects.” The key phrase is “relationship between 

indoor toxin levels,” indicating these authors believe cognitive decline might only occur as a result 

of direct toxicity. It is a re-iteration of the false assumption behind the mathematical proof4 in 

ACOEM 2002. Further, this study was clearly an exception compared with the robust data since 

2011, and before, which supported single-system and multisystem illness in humans after exposure 

to amplified indoor microbial growth/dampness. The report did indicate that evidence for non-IgE 

(allergy)-mediated immune responses existed. CIRS is predicated upon non-IgE-mediated immune 

responses.

One final report, discussed in Dooley 2020, was published by Harding et al. in 2019. This study 

repeatedly exposed mice to known doses of toxic and non-toxic mold spores and found activation 
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in both groups of a central neural immune response with concomitant cognitive and emotional 

dysfunction. Their research confirmed the previous work of Rand42, 154 that innate immune system 

activation is a mechanism of chronic exposure to both toxin-forming and non-toxigenic mold spe-

cies. Specifically, Harding showed innate immune system activation in the central nervous system 

with both cognitive and behavioral abnormalities with a non-toxic basis. These are also seen in 

CIRS patients.

9.7  CONCLUSIONS

The listed references of data for this chapter go back to 1985, when Schoental100 evaluated behav-

ioral changes related to mycotoxin exposure. The majority of the cited studies are from 2000 and 

later. Significant questions have been answered by these studies. Can chronic exposure to indoor 

microbial growth/dampness cause single-system illness? Yes, asthma and IgE-mediated allergies 

(type I hypersensitivity) can be caused by exposure to indoor molds. IgE-mediated allergic bron-

chopulmonary Aspergillosis (ABPA) and hypersensitivity pneumonitis (or HP, a non-IgE-mediated 

type III or type IV hypersensitivity reaction) are caused by mold exposures. Can chronic exposure 

to indoor microbial growth/dampness lead to single-system illness? Yes. The amount of evidence is 

not as large as for the respiratory illnesses, but the number of supportive studies continues to mount, 

demonstrating that chronic indoor microbial growth/dampness is associated with cognitive deficits, 

neurological changes, gastrointestinal symptoms, dermatological problems, ophthalmologic irregu-

larities and general system abnormalities such as fatigue, headaches, sleep disturbances, flu-like 

symptoms and more.

Is inhalation, ingestion or dermal contact the primary portal of entry for secondary metabolic 

products? Wannemaker116 showed that inhalation is clearly the most dangerous entry point, with 

LD50 levels 4–20 times lower through inhalation than through other entrance points. Over 80 human 

health studies from before 2011 are cited in this chapter, and another 112 reports from 2011 on 

are cited in the Dooley 2020 systematic review, all demonstrating human illness acquisition from 

chronic exposure to air in WDB. Indeed, every study from the systematic review evaluated inhala-

tion, not ingestion! However, there is a paucity of literature linking human illness to low levels of 

ingested microbial toxins. The ACOEM 2002 report2 insisted ingestion must be primary, but the 

same 196 studies mentioned immediately before argue against ingestion being primary and place 

inhalation as the dominant entry source in humans.

Is there an identifiable multisystem illness that is caused by chronic exposure to indoor microbial 

growth/dampness? Yes, Shoemaker defined this illness and called it CIRS, reflecting the immune 

system’s response to chronic exposure. He has published 37 reproducible symptoms,23,26,27,38,39 recur-

rent physical findings,38,39 10 diagnostic biomarkers,28,29,30,31,33 reproducible structural brain abnor-

malities on NQ,35,36,37and a treatment protocol that has been tested through two double-blinded 

placebo-controlled trials,33,34 and has transcriptomic findings elucidating intracellular causes of 

fatigue149 already published. Incidentally, all CIRS patients show symptom and objective evidence 

of immune system dysfunction, while nearly all demonstrate endocrine system dysfunction and neu-

rological damage in the form of toxic encephalopathy, cognitive decline and/or cognitive changes.

Can chronic inhaled mold exposure cause illness outside of allergies, infection and direct toxic-

ity? Yes, as evidenced by much data and many summary articles declaring that immune mecha-

nisms beyond allergy can be triggered by mold exposure. CIRS is caused by a dysregulation of the 

innate immune system, typically predisposed by an HLA-inherited hole in antigen presentation pre-

cluding adequate adaptive immune response as a result of chronic innate immune challenges. CIRS 

is not an allergic response but is most definitely an illness affecting the innate immune system.

Is illness that develops after chronic exposure primarily toxin based or immune based? The 

ACOEM 20022 attempted to mathematically prove that it was very unlikely that sufficient myco-

toxin could accumulate in an indoor space to cause serious human illness. The proof contained 

several flawed physiologic assumptions and used several constants at inaccurately low levels by 
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several orders of magnitude each. Some of the errors were avoidable, as published information 

regarding constants was available at the time; other constants were found and published by 2005. 

Regardless, even a single error invalidated the proof and its negative conclusions. In addition, other 

reports were built on the chassis of this proof, such as the AAAAI 2006 former position statement7 

and the ACMT position statement,8 invalidating their conclusions also. A considerable number of 

animal and in vitro human studies cited here suggest that direct toxicity of toxins plays a role, but 

the established pathophysiology appears to be primarily immune related, with at least five of the 

diagnostic tests for CIRS reflecting derangements in the innate immune system. The answer for 

now is that chronic exposure to toxins, inflammagens and microbes found in WDB causes a com-

bination of toxic and immune-related damage, and further study will be required to parse out the 

individual contributions. Transcriptomic studies and improving the sensitivity of mycotoxin assays 

from human and air samples may pave the way for more complete understanding.
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10.1  WHAT IS A WATER-DAMAGED BUILDING?

Exposure to damp indoor environments is not healthy for anyone. Furthermore, if one is ill 

with Chronic Inflammatory Response Syndrome (CIRS), removal from exposure is the priority. 

These water-damaged buildings (WDBs) are everywhere. The most neglected expense for the 

health of buildings is maintenance. These buildings are bought, sold and rented to unwitting 

tenants every day. WDBs could be someone’s place of work, grocery store, school, university 

or government building. WDBs may pass inspections, be “up to code” and receive “passable” 

spore counts. However, public policies and standard practices do not protect those genetically 

vulnerable to biotoxins. With sequential gene activation, one can see that these buildings are 

the causation of illness. To people with CIRS, these buildings may be as inaccessible as stairs 

to someone in a wheelchair.
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As many as 50% of our public buildings are water damaged. What makes WDBs unsafe is the 

growth of a group of single-cell microbes. These microbes produce compounds that can cause 

inflammation (called inflammagens). Some of these may be toxins made by bacteria (endotoxins 

or exotoxins), fungi (mycotoxins), mycobacteria (mycolactones) and actinobacteria. In addition, 

tiny cell wall fragments of fungi (beta glucans and mannans) and fungal and bacterial enzymes/

proteins (hemolysins, spirocyclic drimanes, and proteinases) cause inflammation. We have not yet 

adequately defined a pathogenic role for microbial volatile organic compounds (mVOCs), but con-

sensus opinion supports mVOCs having some role in creating adverse human health effects. Each of 

these non-living elements acts synergistically, one with another.

Remember that musty smells, usually stemming from geosmin made by actinobacteria and occa-

sionally by bacteria, are often used to support a diagnosis of a mold problem. The use of accurate mold-

specific quantitative polymerase chain reaction (QPCR) testing is readily and inexpensively available.

Unfortunately, some practitioners still think that air sampling has a role in the medical workup 

of CIRS patients. The use of air samples for diagnosis is nearly worthless because sampling air for 

spores, at least 3 microns in diameter or greater, ignores 99.8% of the total amount of fragments that 

cause inflammatory responses! These fragments are so small that they pass through the spore trap 

devices. Spore trapping, then, cannot possibly be used to look for disease-causing inflammation. 

Do not forget that exposure to small particles, which are merely biochemicals, means that most bad 

actors in WDBs are not alive. Killing spores does not remediate a damp home.

Spore sampling is still widely used, even though it provides flawed information. Even worse than 

wrong-headed data generated by spore traps is the problem that occurs when people believe that 

spore trapping makes sense and that spore count results indicate something real in nature. Of note:

 1. Air samples performed for only 5 or 10 minutes in a single-center location in a room do not 

tell us what happened to bacteria or fungal spores that have settled out before the sampling.

 2. Air samples do not tell us what particulates were missed by sampling in the center of a 

room and not in boundary layers on the bottom and sides of a room.

 3. Air samples do not separate benign species from pathogenic species of Aspergillus and 

Penicillium (spore counts combine these two very large genera as Asp/Pen).

 4. They rarely show the presence of heavier particulates such as those made by Stachybotrys.

 5. They will never show the presence of xerophilic organisms such as Wallemia sebi.

 6. Without repetition of air sampling findings, multiple times per day in a given room for 

multiple days per week, multiple weeks per month and multiple months per year, the World 

Health Organization has declared that air sampling is of no benefit.

One reason for the commonality of microbial findings in WDBs being similar across the states and 

worldwide is that the indoor ecosystem of a wet building is uniquely similar in all climates. There 

rarely is any wind indoors. There certainly is not any rain or frozen precipitation. There is only a 

narrow range of temperature in an occupied building and only limited diversity of visiting or exotic 

organisms. Often, there will be limited movement of fixed objects in a room, setting up areas of 

reduced ventilation (“still air”). Not to mention floors and ceilings, fixed walls create boundary lay-

ers of air and particulates.

MSQPCR (mold-specific QPCR) is a marker of different species of filamentous fungi found 

inside homes, both water-damaged and not. The fungal DNA present tells us much about the water 

activity found inside the building. The Environmental Protection Agency (EPA)-developed ERMI 

(Environmental Relative Moldiness Index) aims to quantify an index of microbial contamination in 

a building from the assessment of MSQPCR measured on dust samples. Initially done on vacuumed 

samples, ERMI uses electrostatic cloth wipe (Swiffer) samplings. Both Swiffer and vacuum meth-

ods bear comparable validity.

Proper ERMI testing demands the proper use of high-quality probes and primers for detection 

and reporting. Laboratories that license the ERMI technology from the EPA must show accurate 
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and ongoing quality control. Never send a sample off to a laboratory that does not have ongoing EPA 

licensing, as errors routinely occur with faulty use of primers or inexpensive, inadequate reagents. 

If an MSQPCR laboratory does not disclose its quality control methods over the phone, do not use 

its services.

The Health Effects Roster of Type Specific (Formers) of Mycotoxins and Inflammagens, Version 

II (HERTSMI-2) is a laboratory test far more useful than ERMI. HERTSMI-2 is more accurate 

than ERMI in measuring the risk of recrudescence with re-exposure of CIRS patients to WDB. 

HERTSMI-2 is now in broader use since its inception in 2011. Its accuracy sorts health abnormali-

ties associated with exposure into five species of fungi in WDB:

 1. These “span the globe” of water activity (Aw) from the driest to the wettest organisms.

 2. The test shows the overwhelming increase in CIRS when these specified organisms exist.

By relying on the correlation of spore equivalents/mg dust with the risk of acquiring adverse human 

health effects, we finally have a measure that predicts degrees of safety for over 95% of CIRS 

patients entering schools, workplaces and residences. One can always calculate a HERTSMI with 

the data from an ERMI. Greg Weatherman states that ERMI may be used in forensic data and pro-

vide critical information about the source of exposure.

The scoring system for HERTSMI-2 weighs the severity of contamination from 0 to 10 points 

for given organisms. When we sort these organisms by Aw, we find that the drier-loving species of 

Wallemia and Aspergillus penicillioides are routinely found at Aw of 0.65–0.8 but are rare in air 

samples. The common Aspergillus versicolor, usually found in higher Aw of 0.8 to 0.9, is reported 

by ERMI but is never reported at the species level by spore traps. Chaetomium and Stachybotrys 

reflect environmental conditions with an Aw of 0.9–1.0 and are detected infrequently in air samples 

using spore traps.

A word regarding dust collection: When using electrostatic cloths (like Swiffer), a single, new 

pad per sample is best. Put a glove on the left hand and wipe in one direction, either left to right or 

right to left. Use one cloth for all the sampling. Sample dust on high, undisturbed areas like curios 

and entertainment centers. Do not use windowsills or “public” areas, like hallways. Avoid shoes 

on closet floors, but closet shelves are fair game. Avoid bathrooms because of the role of water 

saturation following showers or bathing. If there is evidence of obvious microbial growth, resist the 

temptation to wipe it, as sampling the black patch on the bedroom wall, for example, will skew the 

sample to render results less reliable. If there is a crawl space, a sump pump, a basement or an indoor 

spa, or areas in bathrooms that have hampered airflow with inadequate exhaust, be sure to test for 

endotoxins with the same sample used for HERTSMI-2. Testing for the presence of actinobacteria 

species is of tremendous value, especially when Aspergillus penicillioides or Wallemia are pre-

dominant. Actinobacteria may grow in wetter environments but are more common in drier indoor 

spaces. They also prefer alkaline surfaces like concrete that remain chronically damp.

We have seen that the causation of illness from WDBs is multi-factorial. We cannot just rely on 

fungal DNA. The question is, “Can we identify a single source of causation of human illness from 

WDBs?” The answer is no.

Countless different measurements, mostly not available, are needed for 100% certainty. One 

such example is spirocyclic drimanes, known to cause inflammation but for which there is no com-

mercial test available. We are less able to measure beta glucans and mannans. Moreover, microbial 

VOCs show great potential as a biomarker for water damage. However, human health effects data 

associated with mVOC exposure is not confirmed. Please note that transcriptomics is bringing us 

closer to understanding causation. Differential gene activation can tell us if it is likely that reactivity 

to mycotoxins, actinobacteria or endotoxins has occurred.

Not everyone exposed becomes ill. Furthermore, more curiously, people with successful treat-

ment will relapse through re-exposure. What is our protective antibody arm of the immune system 

doing? Could antigen detection and antigen presentation both be defective?
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Inflammation sets off more inflammation, uncontrolled like a runaway freight train without 

brakes. This inflammatory cascade causes changes in gene activation, which are the fundamental 

source of CIRS.

10.2  WATER ACTIVITY

It is a basic tenet of real estate that landlords, building owners/sellers and construction companies 

are responsible for providing a safe indoor environment. When an outdoor deck collapses, for exam-

ple, throwing a group of wedding guests into a creek, an injured guest might claim that negligent 

construction caused a personal loss, pain and suffering. The exchange of money might not make 

a person whole again, but the idea of compensation for caused injury applies. Who is negligent if 

water intrusion gives rise to the growth of one-celled organisms that then cause inflammation and 

a multisystem, multi-symptom illness? Who pays the plaintiff when causation of personal injury 

receives confirmation in court?

When water enters an enclosed space, and that space stays wet for as little as 48 hours, microbial 

growth will occur. While bacteria might be the first colonizers, fungi are not far behind. Precisely 

which microbes grow is entirely dependent on the availability of moisture. We call this availability 

of water or water activity “Aw.” Aw of 1.0 (or 100% relative humidity) is open water compared 

with the water vapor pressure above the water. Bacteria and “wet” fungi, like Chaetomium and 

Stachybotrys, need a minimum Aw of >0.9 (>90% relative humidity) to grow. “Medium-wet” fila-

mentous fungi, like Aspergillus versicolor, need Aw of 0.8–0.9 to grow. “Drier” fungal organisms, 

including Aspergillus penicillioides, need a minimum Aw of 0.58–0.8 to grow. The dry (xerophilic) 

fungi, especially Wallemia sebi, like a range of Aw that can go as low as 0.55 to 0.75 to grow.

The availability of water has relevance for all involved in the WDB field. Consider nasal mucus. 

It is full of water, yet mucus prevents the growth of the vast percentage of potential pathogens that 

land in the nose during breathing. Why does not every germ in the nose cause infection? Because the 

water needed for the growth of bacteria and fungi is not bioavailable. The mucopolysaccharide matrix 

prevents the water from nourishing fungi, for example. In the end, it is irrelevant whether fungi are in 

nasal secretions. They will not make toxins or secondary metabolites without available water.

Cases of fungal sinusitis have 2.4 species of fungi cultured in mucus in their noses, but controls 

have 3.1 species cultured. In a classic German report from 2003, 87% of all cases had positive cul-

tures, but 91.3% of controls also had positive cultures. Because “fungi can be identified in almost 

everybody’s nose … when inhaled, these airborne fungi are only ‘in transit’ through the nose. 

Positive fungal cultures from nasal secretions have to be considered normal findings.”

If we only assay dust found in a WDB for fungal DNA, the presence of indicator fungal DNA 

tells us a lot about the building ecology described by Aw. By looking at indicator DNA, we can get 

a solid idea of what is abnormal in the ecology of a WDB that is making people sick.

Perhaps the most important organisms found in WDB are actinobacteria. Not fungi, not mold, 

black molds and toxic black molds, but these filamentous bacteria in clinical dust samples may be the 

most significant players in adverse human health effects. If we add assays for endotoxins and actino-

bacteria to assays of fungal DNA, we can obtain a robust picture of the harmful microbes in a WDB.

10.3  HOW DOES WATER GET INSIDE? THE VALUE OF VIGILANT 
MAINTENANCE OF THE BUILDING ENVELOPE

10.3.1  ROOFS

How many thousands of nails are required to shingle a 3000 square foot roof (4 nails/shingle in low 

wind areas; 320 nails per 100 square feet)? If 1 in 100 nail heads are exposed, that means 10 exposed 

per 300 square feet. Not much room for error! Remember, it takes fewer than ten exposed nail heads 

to create a significant risk for a leak. Get out the binoculars and look for exposed nail heads peeking 



177Guidelines for Public Policy Considerations in Building Standards 

out from under the shingles, reflecting light on a sunny day. Flat roofs with membranes have a lim-

ited shelf-life because it only takes a pinhole defect and gravity for water to enter a building.

“Boots” woven under shingles around the ventilation pipes take moisture out of bathrooms and 

exhaust to the outside world. The cheap ones might last 10 years until they leak. Newer boots are 

rated at 50 years (with 20 nights of 40 mph winds per year) but cost three times as much as the 

cheaper boots. Take a trip to the attic. Look at the attic side of the boots. Are there any moisture 

stains? Make sure all vent pipes go through the roof deck too.

Look at ventilating soffits inside the attic and outside. Is air flowing as expected through the soffit 

and out the ridge vent? Is there daylight between the edge of the roof and the chimney stack? If day-

light is visible, there will be water coming down the outside of the chimney into the home. Time to 

flash and counter-flash. Or, how about the chimney that is off-center in a gable end of a house? Water 

coming down from the higher-pitched areas will flow against the flashing around the chimney. Use 

a mini-roof (“cricket”) to deflect water away from the pocket created by siding touching flashing.

Snow dogs will help prevent ice dams but will eventually leak. Inspect the snow dogs and the 

attic below where ice dams might form. Look for discolored insulation.

10.3.2  WINDOWS

Windows are complicated to install. It is common in new construction to find moisture from leaking 

windows in wall cavities below windowsills. New construction ends up being far riskier for hidden 

defects than older construction. The reason might not be apparent. It can take a year or two to rec-

ognize construction problems and microbial growth. WDBs usually have moisture intrusion over 

time as various defects become apparent.

10.3.3  DOORS

Improper door installation causes leaks from above and below. Every year, it is necessary to caulk 

inset fanlights over doors. Inspect doors for warps, swelling and leaks.

10.3.4  GUTTERS

Gutter inspection and maintenance are crucial. If an overhanging tree is present, the obstruction 

problem is essentially guaranteed. As the gutter continues to fill with debris, the water has to go 

somewhere. It will usually overflow the front or the back. If there is a slight backward pitch of the 

gutter, water will impact against the fascia board. If this wide flat board is not tight, there is free 

entry for water behind the fascia into the attic or inside the cladding. Once inside the attic, water can 

then run downhill, sometimes going a very long way along a rafter. When water meets a drop-off 

point, maybe just a bow of the wood or a protruding nailhead, gravity will direct the water down-

wards. Homes with blocked gutters can show leaks 40 feet away on the opposite side of the attic.

10.3.5  SIDING (CLADDING)

Any siding materials can leak. Brick, stone, wood, vinyl, concrete, block and stucco are just a bar-

rier. Wind-driven water can track uphill under the edges of siding through nail holes and cracks. 

Inadequate seals around fake stucco often invite water intrusion. If porous oriented strand board 

(OSB) protects the stud walls underneath the cladding inside the house, the water coming from 

seal leaks is an invitation to microbial growth. OSB acts as a nurturing sponge of life for microbes. 

Significantly, mold and bacteria will rapidly grow through the 4' by 8' wood particle-chip-glue 

sheet, leading to microbial growth on both sides of the OSB. If OSB remains wet and fungi digest 

the cellulose, it does not take too long before additional water is dumped into a wall cavity, creating 

potential problems. As particulates from microbial growth go airborne, even in wall cavities, they 



178  Nutrition and Integrative Medicine for Clinicians

can find their way into the home traveling on air flowing around switch plates, receptacles, defective 

drywall joints or even nails used to hang pictures. Actinobacteria get through interior walls more 

often than fungi, but bacteria are the swiftest to penetrate.

The same moisture penetration problem applies to exterior masonry walls because there is a 

space behind bricks or stone in which air circulates. Bricks and stone are both porous, which means 

moisture that hits the outside of the brick can migrate through to the inner surface. Once inside, 

water will drain downward. At the bottom of the exterior wall, there should be an opening called a 

“weep hole” that will let water leave the inner space and not create microbial growth between the 

brick and plywood or OSB.

10.3.6  VINYL SIDING

Vinyl siding is inexpensive, goes up quickly, and comes in many colors. It is no surprise that we have 

so many vinyl-sided homes in the United States. While the vinyl itself is impervious to the inflow 

of outside water, the junctions between pieces of vinyl or areas around vinyl nails create potential 

portals for water intrusion. Wind makes gaps in vinyl walls!

The green material growing on exterior walls is not mold but algae. The algal growth can be so 

profuse that a mat of algae may form in corners. Under the mat, there can be an air space between 

overlapping pieces of siding that lets water wick underneath. Attempts to clean siding can create new 

problems. Power washing will remove algae but may cause water intrusion inside the building envelope.

10.3.7  CRAWL SPACES

Basements and crawl spaces are sources of microbial growth found in 95% of homes with subter-

ranean features. Having a walkout basement is no guarantee of safety, because the inground side of 

a walkout basement is subject to additional water pressure that can create a wet wall. Water pres-

sure will overcome any temporary barrier created by tar solutions or fancy paints designed to be 

waterproof.

Many people with a walkout basement dig trenches on the inground side approximately 3–4 feet 

deep and install perforated pipe covered by pebbles to create a “French drain.” At the corners of the 

building, pipes form a right angle to direct groundwater away from the building. The pipes extend 

beyond the downhill side of the house. When homeowners perform this kind of preventive mainte-

nance, they are surprised by how much water comes out of the drainpipes.

Some people install sump pumps to fix moisture problems created by subterranean structures. 

Using a chiseled notch or trench, cut into the concrete slab of the floor that leads to the sump 

pump, and then, the pump will move the water somewhere, hopefully outside of the basement. This 

approach sounds pretty good, except when we recognize that the water that has just come in and is 

in a trench creates a microclimate of elevated Aw that is perfect for bacterial growth. Sump pumps 

themselves almost guarantee a source of bacterial colonization and endotoxins. A better solution is 

not to have a basement!

In Maryland, basements are uncommon, unlike crawl spaces. Usually three–four cinder blocks 

high, crawls are the standard approach to lower-cost new home construction. A finished crawl space 

will often have several vents installed every 8–12 feet. When the hot moist air hits the cool air over 

the exposed soil in the crawl (usually about 54 degrees), the condensation has nearly the effect of rain. 

The excessive moisture from the earth below provides a continuous source of moisture to nourish 

micro-organisms growing in soil. Do not be confused by the dry appearance of the soil in a crawl 

space: It just means that soil water has evaporated over time. More is on the way from deeper soils.

Condition or seal off the crawl spaces to reduce moisture from soil or the sidewalls from enter-

ing the air in the crawl. By putting 20–28-gauge plastic (pond liners are best) and then folding 

the edges of the liner upwards so that the liner can be attached to the board (sill plate) sitting on 

top of the foundation, we can create a water intrusion barrier that works. Meanwhile, any water 
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coming from the earth remains under plastic. There is no excess moisture on the floor side of the 

liner available to nourish microbes that might be living opportunistically in the crawl space. The 

vents are sealed shut.

This conditioning idea sounds radical. Traditionally, crawl spaces have vents. Newer building 

practices opt for ventless crawl spaces. Nevertheless, the moisture problems continue. Conditioning 

is defeated when heating, ventilation, and air conditioning (HVAC) systems pump warm or cool 

air into the crawlspace and create a temperature gradient. Now, we are creating the opportunity to 

mix indoor moisture with a sealed crawl space, thereby defeating the purpose of a moisture-tight 

chamber.

If there is a basement or a crawl space, use expandable foam to seal any holes in the subfloor. It 

is incredible how much air can come through small openings around pipes. Such spray foams will 

release VOCs, so seal well before occupying the building.

10.3.8  INTERNAL SOURCES

Internal sources of moisture are easy to overlook. Outside humidity is a problem in tropical regions. 

Two choices exist to prevent exposure. The first involves matching the tonnage of HVAC equipment 

to the volume of a building. The second approach is to increase ventilation. In the United States, 

buildings often use HVAC to safeguard homes from tropical fungi (especially A. penicillioides).

10.3.9  COOKING

Cooking creates the most significant source of moisture on the first floor of most homes, with bath-

rooms creating the source of moisture most commonly on the second floor.

Assume, of course, that there are no sliding glass doors that leak, no skylights that leak, no elabo-

rate roof structures with valleys and pitches that are impossible to close off, and no flat roofs that will 

predictably leak. These are all standard practices in the suburban blight of so-called McMansions.

10.3.10  HUMAN SOURCES

Human sources of moisture, such as breathing, also contribute to water availability inside the home. 

Leaking shower pipes are notorious for having small pinhole leaks above the sweat joint where a 

copper supply tube meets a plastic or PVC junction. These pinhole leaks are rarely visible in the 

bathroom side of a wall cavity, but if there is a closet that abuts the back of the wall cavity, that is 

where moisture will accumulate, and mold will grow. If the closet is closed most of the time, expect 

to find A. penicillioides. A. penicillioides does not like to be ventilated. It is present in bathroom 

vanities, behind refrigerators, at the end of hallways with poor ventilation or in closets. Reduced 

ventilation can cause shoes in a closet to grow mold. A. penicillioides is also found on carpets, soft 

furnishings and drapes.

10.3.11  DECKS

Adding decks makes for enjoyable living. However, screwing the deck ribbon board into the foun-

dation board of the home without ensuring adequate flashing can cause water coming off the deck 

understructure to enter the foundation. Consider well-graded patios made from pavers as a durable 

alternative to decks.

10.3.12  STILTS

A unique circumstance applies to coastal living. There is a financial benefit to building homes on 

elevated pilings, usually 8–10 feet off the sand, to avoid flood damage. For some people, this 10-foot 
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high space, the size of the footprint of the building, is too tempting. Just look at this ground-floor 

bonus room! This enclosed area is an outdoor fungal growth chamber sitting outside the entry door. 

Every time one goes in or out, a vortex of unhealthy air enters the living space. Do not make extra 

storage space or living space by sacrificing health.

10.4  SEQUENTIAL ACTIVATION OF INNATE IMMUNE 
EFFECTS (SAIIE): DEFINING CAUSATION

An adaptation of the treatment protocol permits a diagnostic, prospective re-exposure trial. Called 

Sequential Activation of Innate Immune Effects (SAIIE), this protocol demonstrates causation. As 

opposed to a case/control study, which lets us conclude an association of exposure with symptoms, 

VCS deficits, proteomics or transcriptomic abnormalities, a prospective study design can confirm 

the presence of the epidemiologic concept of risk and causation.

Perform an SAIIE trial on a known patient who meets the GAO case definition and use the 

Shoemaker Protocol to correct symptoms, VCS and proteomics. Before starting, we know that the 

building suspected of making the patient ill is contaminated. We will also know that the building 

where the patient is staying is safe (using ERMI or HERTSMI-2).

Obtain informed consent and start the first step after RX 1 (after CSM (AC1), usually beginning on 

Friday). Record symptoms, VCS and selected labs (C4a, MMP-9, leptin, vascular endothelial growth 

factor, and von Willebrand’s profile). Stop all CIRS medications. The patient does not enter the suspect 

building for 3 days after being exposed to “the ubiquitous fungi of the world.” On Monday morning, 

having completed the prospective trial of no known exposure to a WDB, record symptoms, VCS and 

repeat labs. This step, called Home Off CSM (HOC), ends with the blood draws on Monday.

The patient then enters the suspect building each day for 3 days, with study measures performed 

daily. Symptoms, VCS and labs are performed on Tuesday AM, showing us what happened on 

day 1 of re-exposure (Building Off CSM (BOC-1), Tuesday). The patient re-enters the building. 

Symptoms, VCS and labs are performed on Wednesday, telling us what happened on day 2 of expo-

sure (BOC-2). The patient returns to the WDB a third time, with symptoms, VCS and labs done on 

Thursday (BOC-3), showing us what happened on Wednesday, day 3. If the building is causative, 

by BOC-3, VCS will fall, symptoms will increase to approximately 95% of initial levels; labs will 

show distinctive profiles sorted by day of trial. Because the lab changes are stereotyped, according 

to known physiology, apply a scoring system to quantitate recrudescence of symptoms and recru-

descence of objective parameters.

As an aside, this protocol readily shows the absence of validity for alternative hypotheses regard-

ing causation, such as the presence of mycotoxins in urine reflecting fungal infection, for example. 

SAIIE certainly answers an employer’s or school’s question, “How do you know you are getting 

sick here?” The SAIIE is an antidote to the willful ignorance of employers responsible for WDBs.

10.5  PERSPECTIVE ON THE TREATMENT OF WDB

The treatment protocol begins with the one step that has been called hardest of all: removal from 

exposure. Removal from exposure can mean moving away from a school, workplace or residence. 

It can also mean removing particulates from the air and eliminating inflammagen reservoirs. 

Remediation of a building can be expensive. Alternatively, correction of particulate reservoirs can 

be agonizingly obsessive, especially with incomplete remediation. The advantage of clearing the air 

and reservoirs of particulates is that we are not talking about burning a house down or leaving all 

possessions, walking out with the clothes on one’s back. One needs to correct the source of inhala-

tion of particulates and eliminate all potential sources of contamination. However, it may be neces-

sary to abandon the home and virtually all possessions under certain conditions. This decision can 

depend upon the home’s value, remediation cost, genetic susceptibility, expression of biomarkers 

and severity of continued symptoms.
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Here are a few remediation concepts. Follow the ABCs: Abate the water intrusion. Building 

materials that are contaminated must be removed (or be encapsulated if structurally irreplaceable). 

One must Clean reservoirs of contamination from possessions, air, walls, floors and ceilings. Every 

room must be cleaned in a given building if air from one room could get into another. Even though 

many individuals will not be affected by CIRS, cleaning must be performed, assuming that all who 

enter the rooms in the future are CIRS patients. Finally, if a remediator does not use HERTSMI-2, 

one cannot presume the building is safe for a CIRS patient to re-occupy.

By taking another look at the section on WDB definition, we can look at our checklist of what is 

present and not present. In other words, it is a checklist of safe and unsafe features of a house. We 

know that there is no such thing as a safe basement, even though people do all they can to make such 

structures safe. A dedicated air purifier should run continuously in the basement. We look for main-

tenance of ambient humidity to be less than 55%. Sometimes, that will require using a dehumidifier 

with a pump to push the water outside.

To prevent exposure, one can use the “three machines” approach. This approach will employ an 

air sanitizer as the “heavy lifter.” The author has no conflicts of interest to disclose in this regard 

but does use Air Oasis devices as an air sanitizer of choice. A paper from 2019 showed iAdaptAir 

corrected transcriptomic abnormalities in a CIRS case without causing adverse changes in a con-

trol patient.

The second machine is a HEPA filter. HEPA means high-efficiency particulate air. It involves 

passing air in an indoor environment through a filter that is 0.3 microns in diameter. Use HEPA 

filters on each floor of a building. The crawl space or the basement should have a HEPA unit that 

does not move to the main house. Moving the HEPA units about every 12 hours helps deal with the 

boundary layer problem. Finally, with an Air Oasis sanitizer, particulates in the air become heavy 

enough to fall to the floor. We must have a mechanism to vacuum these particulates up and remove 

them from the indoor space. So, the three machines are an air sanitizer, a HEPA filter and a HEPA 

vacuum cleaner.

10.6  TRANSCRIPTOMICS

In the annals of medical history, some advances have changed both the art and the science of 

the practice of medicine. Here are a few we learned about in high school. Edward Jenner worked 

to prevent smallpox by inoculation with cowpox. Sterilization from Joseph Lister also comes to 

mind. There was Louis Pasteur and the germ theory. Robert Koch with his proof of microbio-

logic causation, not to mention Semmelweis with his insights into the prevention of childbed 

fever and maternal/fetal loss, was a revered pioneer. Technical advances included radiation for 

X-ray machines, with computed tomography (CT) and MRI scans in succession. Indeed, auto-

mated blood chemistries, not to mention advances in the development of antibiotics, beginning 

with penicillin and sulfa and extending to the modern armamentarium of effective oral and 

parenteral bacteria-killers, were significant achievements. The new T-cell cancer therapies may 

soon be next.

However, even these revolutionary advances pale compared with work done in the early 2000s 

in the Human Genome Project. While Watson and Crick get credit for discovering DNA, it was the 

ability to identify individual genes that has heralded the advances we now see. Who knew that there 

would only be 50,000 genes: 20,000 protein-coding and 30,000 non-protein-coding? There is much 

complexity in protein interaction and the diversity of diseases, which have roots in genes and gene 

activity. Objectively, 50,000 seems like a small number.

The initial $3–5 billion spent to sequence the human genome seemed like an overwhelming 

hurdle that practitioners would have to clear before manipulation of gene activity came to primary 

care. In just 10 years, however, automated sequencing devices brought next-generation sequencing 

and RNA Seq into practice, resulting in the entire human genome sequencing presently costing 

$5000, not $5 billion. What an achievement!
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10.7  FOR THE FUTURE

There is no limit to the questions raised by the transcriptomic findings accumulated to date. 

Sometimes, the more essential features of a new paradigm are not simply what is true but what was 

incorrect about older ideas. As we return to Aldous Huxley telling us “the key to understanding is 

casting out false knowledge,” it appears we are “casting out” every day. Let us not forget that only a 

few ideas in the sciences survive the passage of time.

Simple acts of “casting out” in the domain of transcriptomics let us see that viral reactivation is 

not likely to be a root cause of chronic fatigue syndrome, despite antibody testing that appears sig-

nificant. Another is the diagnosis of “mycotoxin illness,” already exposed earlier as flawed. With the 

ability to define the expected differential gene activation associated with mycotoxin exposure from 

the literature, we can determine what is likely associated with pathologic changes after mycotoxin 

exposure and what is not. Remember that in CIRS-WDB, we see suspected endotoxin effects in over 

50% of cases, closely followed by suspected incidence due to actinobacteria. Mycotoxin findings 

are a distant third.

We must also consider the role of several compensatory metabolic mechanisms due to hypome-

tabolism. If mitochondrial injury from a ribotoxin attack on mitochondrial ribosomes (mitoribo-

somes) is present, the cell will not shuttle its usual amount of the fuel source pyruvate, created by 

glycolysis, into mitochondria. Excess pyruvate not taken into the mitochondria would otherwise 

convert to lactic acid, an intracellular poison. How does the cell avoid dying from lactic acid? It 

reduces glycolysis. Curiously, in the presence of interferon-gamma, one of the enzymes that do the 

work in glycolysis (GAPDH) also interacts with ribosomal protein L13a and a transfer RNA (EPRS) 

to form a protein complex called GAIT. The GAIT complex will bind to a specific set of messenger 

RNA in the cell to curb inflammation.

We are building a database to show what role the insulin receptor has in hypometabolism. We 

have exciting findings on insulin receptor substrate-2(IRS-2). The data show great promise.

The sustained finding of genes that contribute to defective apoptosis also holds great promise. 

We see one particular gene repeatedly in patients with abnormalities in the caspase-driven mecha-

nism of programmed cell death. If the dying cell, programmed to be lysed by natural killer cells and 

cytotoxic T cells, fails to safely “package” intracellular materials that are intensely inflammogenic 

before lysis, damage will occur. If cellular contents, especially DNA, are released freely into cir-

culation, we will have an endogenous source of inflammatory response. As Pogo told us, “We have 

met the enemy, and he is us.”

Upcoming investigations are focused on the correlation of abnormal NeuroQuant findings with 

early dementia. We hope to bridge the gap between unknown gene activity in brain tissue and 

known activity in blood cells by looking at tau in spinal fluid and simultaneous transcriptomics. We 

cannot use brain tissue for gene expression studies. However, we may have a biomarker in blood to 

correlate with NeuroQuant abnormalities and cognitive decline, as one of the genes on our GENIE 

was overexpressed in CIRS patients and found in beta-amyloid plaques. The commonly found dif-

ferential activation of coagulation genes responsive to vasoactive intestinal peptide (VIP) provides 

another reachable window for intervention.

10.8  SUMMARY

The story of CIRS could fit into Thomas Kuhn’s Structure of a Scientific Revolution. What began 

as an anomaly, an isolated observation of fish kills and human illness from exposure to Pfiesteria, 

a dinoflagellate, has expanded over the past 23 years to an integrated paradigm of an entirely new 

illness concept that for the first time provides a supported, evidence-based explanation for count-

less chronic fatiguing illnesses. There may be no “modern illness” paradigm with more supporting 

biomarkers than CIRS: Beginning with exposure assessments, especially the use of HERTSMI-2 

for CIRS-WDB, cluster analysis of symptoms, and labs ranging to proteomics and transcriptomics. 
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Including volumetric studies of brain injury, stress echocardiogram measurements and VO2 max, 

the diagnosis and treatment have support from association studies, prospective re-exposure trials 

using a published protocol (SAIIE) and randomized clinical trials. Published protocols have cor-

rected proteomics, transcriptomics and grey matter nuclear atrophy.

This density of objective biomarkers confirms diagnosis and treatment, backed by nearly 40 

published papers and clinical use by thousands of physicians. As the research on CIRS continues 

to expand, CIRS may provide the basis to look for new approaches to inflammatory illnesses of our 

era, especially atherosclerosis, obesity, diabetes and chronic pain.

Hope now rests on hard clinical trials that show us how to help those trapped by WDB, among 

other causes of CIRS. The answers to the causes of chronic fatigue are apparent. Effective gene-

based therapies also are apparent. Now that the magic of transcriptomics and differential gene 

activation is available, we no longer have to guess about treatment. In data, we will find our answers 

for today’s hope and tomorrow’s standard of care.

Unfortunately, patients who return to health will need to establish a life outside of all exposure. 

The reality is that their homes, work and school must remain pristine for the rest of their lives to 

maintain health. The social implications are profound but are part of the only known path back to 

the restoration of health. With the significant evidence for CIRS, public policy must catch up with 

cutting-edge medical developments. We must ensure that the 24% of the population susceptible to 

WDB can exercise their right to live, work and go to school in safe buildings.
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11.1  WHAT IS A WATER-DAMAGED BUILDING?

As many as 50% of our public buildings are water damaged.1 Water damage insurance claims are the 

second most frequent in the United States for houses and apartments. According to a recent survey 

by Chubb, internal water damage accounts for 45% of all interior property damage, happening more 

often than fire or burglary. However, fewer than 20% of homeowners say they have implemented 

even one preventative measure.2 Almost 40% of all homeowners said that they had experienced loss 

from water damage. About 93% of all water damage is preventable.3

The July 2019 Townsend Letter, written by Dr. Richie Shoemaker, David Lark, CIEC (Council-

Certified Indoor Environmental Consultant), and James Ryan, PhD, describes a water-damaged 

building and how exposure to it can affect human health. According to the Townsend Letter,

What makes water-damaged buildings unsafe is the growth of a group of single-cell microbes invari-

ably found in water-damaged buildings that make specific compounds that can cause inflammation 

(inflammagens), or toxins made by bacteria (endotoxins or exotoxins), fungi (mycotoxins), mycobac-

teria (mycolactones) and actinobacteria. Add to the rogues’ gallery of en-suite bad actors the very cell 

wall fragments of fungi (beta-glucans and mannans), fungal and bacterial enzymes/proteins (hemoly-

sins, spirocyclic drimanes, and proteinases), not to mention the result of each of these non-living ele-

ments acting synergistically, one with another.4
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Moreover, “when water enters an enclosed space, and that space stays wet for as little as 48 hours, 

there will be microbial growth.”6 While bacteria might be the first colonizers, fungi are not far behind. 

Precisely which microbes grow is completely dependent on the availability of moisture. We call this 

availability of water or water activity (Aw). An Aw of 1.0 (or 100% relative humidity, RH) is open water 

compared with the water vapor pressure above the water. Bacteria and “wet” fungi like Chaetomium 

and Stachybotrys need a minimum Aw of >90% to grow. "Medium-wet" filamentous fungi, like 

Aspergillus versicolor, need an Aw of 0.8–0.9. “Drier” fungal organisms, including Aspergillus peni-

cillioides, need a minimum Aw of 0.58–0.8. The dry (xerophilic) fungi, especially Wallemia sebi, 

appear in a range of Aw that can go as low as 0.55–0.75.4 A xerophile (from Greek xēros “dry” and 

philos “loving”) is a “xerotolerant” organism that can grow and reproduce in low water availability.

The article states that “perhaps the most important organisms found in WDB are actinobacte-

ria. No, not fungi, not mold, not black molds, not toxic black molds, but these filamentous bacteria 

are only recently becoming recognized in clinical dust samples as major players in adverse human 

health effects.”4,5 (Table 11.1).

Microscopic forces cause these chemicals and extracellular material to emit ultrafine and nano-

size droplets and particles into the air. These droplets and particles then attach to dust, interior 

structures and personal property, where they dry. They become dry contaminants if they are not 

alive and are not mold.6 As these organisms grow, they and the chemicals they produce land on dust 

and interior surfaces. Afterward, these contaminants are disturbed, become airborne and cause 

symptoms in chronic inflammatory response syndrome (CIRS) patients.

Dr. Ritchie Shoemaker and David Lark, CIEC studied more than 800 CIRS patients. They found 

a high correlation between concentration levels of specific mold species, as found in Environmental 

Relative Moldiness Index (ERMI) laboratory results and Health Effects Roster of Type-Specific 

Formers of Mycotoxins and Inflammagens – 2nd Version (HERTSMI-2) testing, and patient relapse 

rates when entering their homes.7

11.2  PHYSICAL PROPERTIES OF WATER

Water is Earth’s most prevalent compound, and according to the United States Geological Society (USGS), 

it covers about 71% of the Earth’s surface.8 In the temperature ranges that occur on Earth, water exists in 

four distinct phases: solid, liquid, gaseous vapor and steam. When water is in the liquid, vapor and steam 

phases, it needs a force to move it from one place to another. Understanding the ways that cause water to 

move is necessary to understand how water damage occurs:9 Water moves from higher to lower pressure. 

So, a leak in a pressurized pipe will release much more water than a drain line, for example.

Water runs downhill due to gravity, but water wicks upward into porous materials because 

of capillary action – water wicks up the bottom and sides of building materials. Water will 

TABLE 11.1

Range of Toxins, Inflammagens, and Microbes Found in WDBs

Mycotoxins Gram-negative bacteria Hemolysins

Bioaerosols Gram-positive bacteria Proteinases

Cell fragments Actinobacteria Chitinases

Cell wall components Nocardia Siderophores

Hyphal fragments Mycobacteria Microbial VOCs

Conidia Protozoa Building material VOCs

Beta-glucans Chlamydia Coarse particulates

Mannans Mycoplasma Fine particulates

Spirocyclic drimanes Endotoxins Ultrafine particulates

Inorganic xenobiotics Lipopolysaccharides Nano-sized particulates

Source: https://www.survivingmold.com/docs/CONSENSUS_FINAL_IEP_SM_07_13_16.pdf

https://www.survivingmold.com
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not move downward until droplets are large enough for gravity to overcome intermolecular  

forces.

Water vapor follows airflow. Dry or damp air may enter the home from outdoors because of air 

pressure differentials. Water migrates through materials by diffusion and enters them in the form of 

vapor. Vapor may enter an area without anything feeling damp. The vapor goes from areas of high 

pressure to lower pressure, wet to dry, and hot to cold. Water converts from liquid to gas (evapora-

tion) and gas to liquid (condensation). Water evaporates faster from solid materials than from porous 

materials and condenses on cooler surfaces.10, 11

11.3  REMEDIATION

Water damage is of primary concern. It may originate from outside or inside the home. Therefore, we 

need to inspect, evaluate, control and maintain acceptable moisture levels in the home. It is impera-

tive to remedy all current and past water sources and causes of contamination before remediation 

takes place. Contractors should follow Institute of Inspection Cleaning and Restoration Certification 

(IICRC) standards, emphasizing removal. Although optimal, complete removal of water-damaged 

material may not be possible, often due to structural concerns.

Many contractors use biocides to eliminate active growth. Biocides are ineffective because dead 

or alive, contaminants may cause symptoms in CIRS patients. These fragments may reach the lungs 

more quickly due to their small size. The best method of microbial cleanup is to use safe surfactants 

with no fragrances or outgassing chemicals to remove the contamination. Chemicals and fragrances 

alone may trigger symptoms in a CIRS patient. Compressed air is helpful for rough surfaces like 

concrete blocks and unfinished wood.

Carpet may be impossible to restore and will act as a reservoir for future contamination. Remove 

all carpets in containment, so that there is minimal disturbance of dust.

Small-particle remediation is a cornerstone of cleaning and comes from cleanroom technology and 

methods. High-efficiency particulate air (HEPA) filtration and physical wiping remove small particles. 

Misting can also be a good tool for cleaning small particles. By contrast, fogging to kill microorganisms 

is ineffective. HEPA vacuums are important for initial cleaning. The vacuum may repel some small 

particles by way of an electrostatic charge. Consequently, damp wiping with detergent and disposable 

microfiber cloths is helpful. Dispose of the cloth, and do not cross-contaminate the clean water (no 

“double-dipping”). Wiping with 5–10% ethyl alcohol removes soap film. The last cleaning step is final 

wiping with a disposable, dry electrostatic cloth. Use painter’s tape as a test of how clean the surface is. 

If the painter’s tape sticks, the surface is clean. If it does not stick, there is still residue or dirt.12

For those with CIRS, the surfaces of a structure and its contents may need to be cleaned fol-

lowing a special protocol to remove the dried contaminants. Perform this work with proper safe 

containments and personal protective gear, including HEPA face masks. The workplaces need to 

have proper air treatments, such as negative air pressure and filtration.

Porous materials will continue to act as a reservoir for illness in the CIRS patient. These mate-

rials need to be removed from the home or thrown away. If the patient fails to clean or remove 

contents from water-damaged buildings, they may not improve clinically. Sorting through and dis-

carding contents is usually a stressful task for the client. Sometimes, it is best for them to put their 

items in storage until the remediation is complete and they have pursued medical treatment. It will 

be easier to make decisions and have perspective after treatment for CIRS.

11.4  CONSIDERATIONS REGARDING THE INDOOR 
ENVIRONMENTAL INVESTIGATION

The indoor environmental investigation starts with a comprehensive interview with the building 

occupant and a questionnaire or an in-person or video interview. Each interview details the building 

history and the client’s basic medical history.
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Obtain answers to questions such as the age of the building, the years the client has lived in it, the 

presence of mold/water damage in a home inspection, fires or structural damage, and the handling 

of each event. Ask about the surrounding neighborhood, especially regarding drainage issues and 

floods. Take a history of when and how the onset of CIRS symptoms began. Are the clients taking 

medical binders, for how long, and are they effective? Ask where the client feels better or worse 

inside the home. Do they feel better in other environments or outdoors? Are there issues in the work-

place, schools or vehicles? Our investigations may be on-site or virtual. If virtual, assist the client in 

getting on-site help locally and acquire instruments, if needed, to perform some tasks themselves.

We understand that at least 24% of the population is vulnerable to CIRS, as defined by Dr. Ritchie 

Shoemaker. The mechanism of this vulnerability is a defect in antigen presentation of the innate immune 

system, which prevents the body from making antibodies to remove the inflammatory compounds. CIRS 

will result in a multisystem, multi-symptom illness that does not resolve after removal of exposure. CIRS 

is not an allergy. Allergies will produce high IgE. In contrast, CIRS patients will have a cascade of abnor-

mal physiology, including cytokine production, complement activation and molecular hypometabolism. 

If the client has CIRS, they should work with a Shoemaker-certified physician.

Because dose does not determine illness in CIRS patients, remediation is not possible in every 

building for every patient. Even with the best efforts, a sensitive patient may need to move. Patients 

may experience detrimental reactions to seemingly negligible amounts of inflammagens. Although 

not always possible, it is ideal for the patient to live elsewhere during remediation.

Outdoor air may influence indoor air quality. Below ground, air is mixed in the soil. Soil contains 

microbes from dead and decaying organic materials, rich in actinobacteria, endotoxins and mold 

species. It also contains xerophilic species, some of which produce virulent mycotoxins. Homes 

push air outside due to clothes dryers, bathroom fans and kitchen fans. Rising warm air, known as 

the “stack effect,” means the home is always “sucking” in outdoor air. This air may enter the home 

above and below ground and contain inflammagens.

Educate the client on the organisms associated with water-damaged building materials, their metabo-

lism and the production of mycotoxins during metabolism, and how they distribute in the air, on struc-

tures and personal property. Biological vectors need water to grow and dissolve a food source.13

Safestart offers a risk assessment analysis called the Mold Propensity Index (MPI) based on 

visual observations of multiple home and exterior areas. Safestart performs a risk calculation by 

applying experience-generated algorithms in functional areas plus the total building risk of occur-

ring water and mold. The MPI may help pinpoint possible correction areas to help reverse the risk 

and determine whether the expense to fix is reasonable. A proper investigation includes consider-

ing roofing; exterior; interior; exterior drainage; foundation; plumbing, heating, ventilation and air 

conditioning (HVAC); and topography.6

In many cases, the indoor environmental professional (IEP) consults with the client regarding 

whether they should move or remediate. The client may need to find appropriate contractors to per-

form the work and treatments. The indoor air professional may assist in analyzing data leading to 

important decisions, review proposals and offer opinions on proposed work, and oversee the work. 

Genetics, biomarkers, transcriptomics, symptoms and finances contribute to deciding whether the cli-

ent should stay or move. The client should factor their physician’s medical opinion into the decision.

Client finances often dictate the limitations of our plan. A step-wise and sequenced approach 

may be necessary to gauge the plan’s effectiveness. An IEP oversees post-treatment testing. Many 

clients postpone this until they see how they feel in the environment after the cleaning.

11.5  THE WATER-DAMAGE BUILDING INVESTIGATION

11.5.1  ROOFING

Water runs off the roof more slowly with a low pitch as opposed to a high pitch. Steep roofs should 

have gutters and downspouts to catch and carry away water. Additional common issues are leaky 
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“boots” under shingles around plumbing stacks, leaks around nails into the sheathing, and leaky 

flashing around chimney chases. Roof penetrations tend to leak after 10 years.

11.5.1.1  Flat Roofs

The lifetimes of flat roofs are shorter than those of steep roofs, as they do not dry as quickly. 

Built-up tar and paper, modified bitumen, ethylene propylene diene monomer (EPDM) rolled mem-

brane, asphalt rolls and metal are flat roof materials. Each has potential problems, such as cracks 

and openings and how the material terminates at the perimeter, like termination bars on parapet 

walls. Take into consideration unsealed masonry parapet walls, coping application, missing grout 

between coping sections, or missing flashing. Flaws in any of these will allow water to penetrate 

the building. Leaking may occur when the surface pitch of drains is incorrect, drains are missing 

guards and debris builds up, or when the client neglects maintenance. The size and materials of the 

drainpipes and their installation may also cause a problem.

11.5.1.2  Steep Roofs

Shingles are composed of many different materials, such as asphalt, cedar and other wood, metal, 

ceramic and rolled materials. Each has a different lifetime. Wood shingles expand horizontally as 

much as 10% of their size when wet and may harbor fungi and moss. Shingles may not have an air 

gap underneath to help them dry, leading to a shorter life.

Modern roofing styles on larger homes depart from the inverted “V,” using intersecting junctions 

of rooflines that create steep valleys. Water collects in these valleys and speeds down to a gutter or 

scupper. If the gutter design system is incorrect, the water overwhelms the system and runs over the 

top to the ground alongside building foundations. More valleys create more potential water damage.

Water may also collect behind chimney chases and penetrate spaces between flashing if there is 

no “cricket,” a sloped drainage surface behind the chase. There may also be openings around pen-

etrations through the roof, such as plumbing stacks, roof vent, and junctions where a roof meets a 

vertical wall (Figure 11.1, Figure 11.2, Figure 11.3, Figure 11.4 and Figure 11.5).

11.5.2  ATTIC VENTILATION

This ventilation design allows air exchange in the attic with outdoor air. When air blows over the 

roofline, it pulls air out of the attic space from the higher upper vents. With a steep roof, the air 

removal comes from lower vents. This method often does not work well because the vent space 

FIGURE 11.1 Medium-pitch roof.
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areas, as well as their ratios of higher and lower vents, were not designed properly or because of an 

improper ridge vent installation, and most commonly, insulation on the floor or the attic may cover 

the lower soffit vents in the eave areas.

Warmer house air is drawn up into the attic if this ventilation is not operating properly. Warm 

attic air is a problem in winter because winter air holds more moisture in it, and that moisture will 

then condense as water on wood surfaces. In late winter or spring, that condensation will allow mold 

growth.

With flat roofs, it is more complicated, as airflow in the tight attic space is reduced by height and 

insulation. Proper ventilation in these spaces is challenging (Figure 11.6, Figure 11.7, Figure 11.8, 

Figure 11.9 and Figure 11.10).

FIGURE 11.2 Steep roof.

FIGURE 11.3 Mansard roof.
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11.5.3  EXTERIOR DRAINAGE

Exterior drainage aims to move water from rain or other sources away from the building to prevent 

it from going down the foundation walls, where it may find ways to intrude into the building. The 

concerns that will create high-risk water intrusion include improper design, sizing, pitch and instal-

lation of gutters and downspouts, the condition of gutters and their connecting junctions, the exten-

sion of downspouts, the pitch of soils at the foundation, cracks in the foundation, as well as types of 

soils under and around the home (Figures 11.11  –11.14).

FIGURE 11.4 Hip roof.

FIGURE 11.5 Roof valleys, which may overload gutters.
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11.5.4  INTERIOR DRAINAGE

Depending on the home’s age, there may or may not be a below-ground water drainage system 

around the perimeter of the foundation, which leads water into a basement pit containing a sump 

pump that pumps the water back outdoors, away from the foundation. Some basements may have 

an interior drainage system installed under the perimeter floor of the basement. Older homes often 

have a drain in the basement floor that goes into the sewer system. These may back up and cause 

flooding in the basement. Newer homes with basements may have overhead sewers to prevent this 

from happening. Newer homes might also have an ejector pit in the floor that pumps out the water 

collected from washing machines and category one or two water collections.3

There may be leakage at the junction of the floor and exterior walls or water from the high-water 

table under the basement floor, wicking through the floor onto its surface. Water can also come 

FIGURE 11.6 Soffit vents,

FIGURE 11.7 Soffit vents,
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through cracks in the foundation and from the base of window wells, and over the wall of the foun-

dation (Figure 11.15)

11.5.5  CRAWL SPACES

High levels of water vapor and liquid water may come from the soil floor of the crawl space, even 

if covered with crushed stone or plastic sheeting. Because of high moisture levels in a crawl space, 

it is not unusual for condensation or mold to appear on the underside of the subfloor ceiling and 

supporting joists.

11.5.6  EXTERIOR

The exterior's primary source of water intrusion is around window junctions, doors and other 

penetrations in the exterior cladding. Commonly, this happens because windows are installed 

FIGURE 11.8 Gable vent.

FIGURE 11.9 Mushroom vents.
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with an improper pitch and flashing. Hidden water coming into the building envelope may 

enter the space between the exterior and interior walls. Many surfaces will allow and create 

microbial growth.

Various cladding surfaces will allow moisture to diffuse through the materials into the 

building envelope and around material junctions. Without properly treated sheathing materials 

behind the cladding, they will permit moisture to wick through and support microbial growth. 

Some safer products include mold-proof drywall, mold-proof insulations, wood sheathing 

products with minimal formaldehyde outgassing, and products without volatile organic com-

pounds (VOCs).

FIGURE 11.10 Ridge vents.

FIGURE 11.11 Extended gutter.
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11.5.7  PLUMBING

There are many potential water leak sources in plumbing. Plumbing includes both the supply-side 

and drainage. Much of the older plumbing in the United States is cast iron and in some cases, lead. 

Newer plumbing may include plastic supply lines and PVC drains. PVC drains may develop cracks 

and leaks around junctions with improper sealing.

Frozen and cracked spigots and broken pipes may all lead to water intrusion. It is not unusual for 

a cracked drainpipe to leak over a long time between the floor above and the ceiling below, allowing 

mold to grow in that space, which may not be easily detectable. Toilet wax ring seals shrink and 

crack, causing category one and two water to leak into the surrounding subfloor.

FIGURE 11.12 Extended gutter.

FIGURE 11.13 Long downspout to move water away from house.
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Metal washers used in plumbing wear over time and create leaks. Water damage and mold are 

often seen inside vanities, underneath sinks and at junctions of supply lines behind shower stalls. 

Surround valves go to refrigerator icemakers, and supply lines go to toilets and sinks. Both of these 

can leak.

11.5.8  HEATING, VENTILATION AND AIR CONDITIONING (HVAC)

Humidifiers, air conditioning systems and dehumidifiers create and collect moisture when in opera-

tion. These units are attached to the return air plenum. They often leak into both the interior and 

FIGURE 11.14 Short downspout too close to house.

FIGURE 11.15 Sump pump pit.
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the exterior of the air handler. Often, condensate drain lines create large amounts of mold on the 

interior surfaces. Condensate drain lines may empty onto the basement floor instead of into a drain, 

allowing the water to wick into surfaces and support microbial growth.

Clean the ducts with negative pressure control and minimal air velocity to create laminar flow. 

Replace flexible ductwork and internally lined ductwork. Avoid antimicrobial sprays for the same 

reasons we avoid biocides. Best practices avoid sealants and encapsulants, which may cause symp-

toms in sensitive patients.

Our bodies give off moisture. In fairly low ventilated buildings like homes, this adds to higher 

moisture levels. There is also a good deal of moisture generated in the air from cooking, bathing 

and showering. Most bathroom fans and vents above stoves and cooktops do not have the power to 

move heavy moisture outdoors (Figure 11.16, Figure 11.17, Figure 11.18).

FIGURE 11.16 HVAC intake and exhaust.

FIGURE 11.17 HVAC intake and exhaust.
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11.5.9  TOPOGRAPHY

Suppose the home is near the bottom of a hill or slope on one or more sides, close to a pond, lake 

or river. There is a higher risk of moisture levels in the soils, which will have a higher likelihood of 

getting through cracks and openings, and wicking or diffusing through foundations and cladding to 

get into the home’s interior.

11.6  METHODS OF INVESTIGATION

With all the possible ways for water to enter a building, no wonder the World Health Organization 

says that 50% of all buildings have experienced water damage.1 As far as buildings that have suf-

fered water intrusion or creation, the author believes the percentage is substantially higher, based on 

his experiences and knowledge. There are often telltale clues of what is going on inside walls and 

spaces observed visually using a moisture meter, which will measure moisture levels and possible 

deformation of materials.

First, a good visual investigation looking for active or dried water stains is paramount. A flash-

light held horizontally against a surface will highlight dried water stains on a surface that are 

otherwise almost invisible to the eye. This response needs to take place on every level of the home 

that we can access. An infrared imaging device is a great tool for identifying water and moisture. 

Along with knowledge of building science, this tool will help spot water/moisture in walls, ceilings 

and building materials with a certain intensity, size and location. One requires training in infrared 

technology to identify moisture content correctly. A meter to measure relative humidity and dew 

point temperatures is also helpful.

11.7  CORRECTIONS AND SOLUTIONS

One correction method deals with removing built-up contaminants on surfaces of the structure and 

personal property in the home. Another method deals with air purification, such as HEPA filtration. 

The last correction method deals with ventilation, defined as air changes between the outdoors and 

the interior. Install ventilation corrections to create positive air pressure. The corrections may range 

from reasonable to prohibitively expensive.

FIGURE 11.18 Exhaust points away from intake.



199Building Science and Human Health 

After performing an investigation and inspection as described earlier, an environmental pro-

fessional must create a plan that eliminates the causes of the problems and states how to remove 

affected materials and contaminants safely. These protocols must also detail the safety measures of 

everyone involved.

The IEP also needs to outline a method of post-remediation verification and testing. When CIRS 

patients are involved, the IEP should minimize the use of chemicals. The IEP needs to discuss pos-

sible options with the client to meet their needs and achieve the best possible outcome. Furthermore, 

the environmental professional will offer guidance on monitoring and controlling moisture levels 

of water damage in the building or home and other methods to maintain safe indoor air quality for 

the future.

Potential Conflict of Interest: Larry Schwartz owns Safestart, which performs the Mold 

Propensity Index.
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12.1  INTRODUCTION

The United States’ legal system is the greatest method of Justice on Earth! That is what parents, 

schoolteachers and newscasts preached in the formative years. Though it is not obvious how one 

would substantiate such a dictum, Americans have incredible protections such as “innocent until 

proven guilty,” “right to a speedy trial,” “right to a trial by their peers,” “right to an attorney even if 

a person cannot afford one,” etc. There are negatives too, however. Prisons are filled with a dispro-

portionate number of Black males, DNA evidence has overturned a sizable number of convictions 

associated with lengthy terms, and public defenders carry overwhelming caseloads, disallowing 

adequate preparation time and plea bargaining or losing for most of their usually impoverished cli-

ents. The system is not perfect, although millions of men and women dedicate their lives to making 

this system work. These include judges, lawyers, court reporters, bailiffs, clerks and many others. 

Of course, there is always the civil duty for the rest of U.S. citizens as potential jurors. This chapter 

stems from one non-legally trained person’s observations and invites the reader into a closer look at 

the U.S. judicial system as it juxtaposes with indoor mold cases. This author has been retained as a 

medical expert by both plaintiffs and defenses in mold-based illness cases.

12.2  HISTORY

Starting at the beginning, it is well known that the American system of justice took its roots from 

England, and England’s scheme grew from the Roman Empire. Significant legal advances were 

manifested through these. Many would be surprised to learn that some of the basics of Roman law, 

CONTENTS

12.1 Introduction ........................................................................................................................ 201

12.2 History ................................................................................................................................ 201

12.3 Truth versus Justice ............................................................................................................203

12.4 History of Mold in the Courtroom .....................................................................................204

12.5 Mold in the Courtroom Today ............................................................................................206

12.6 Mold in the Courtroom Today: Expert Witnesses..............................................................207

12.7 Mold in the Courtroom Today: ACOEM 2002 ..................................................................209

12.8 Mold in the Courtroom Today: Deposition and Courtroom Tactics .................................. 211

12.9 Where Is the CDC in All of This? ..................................................................................... 215

12.10 Conclusions ........................................................................................................................ 217

References ...................................................................................................................................... 218

DOI: 10.1201/b23304-13

https://doi.org/10.1201/b23304-13


202  Nutrition and Integrative Medicine for Clinicians

and hence the American code of justice, emanated from the Jewish law, specifically Torah,1 as well 

as other Hebrew writings. From this literature come such concepts as “no man is above the law,” 

“the rule of law,” “freedom of speech,” freedom of religion,” “right to a fair trial” and “the punish-

ment should fit the crime.”

The Code of Hammurabi was written around 1754 BC,2 or roughly 3800 years ago. It was a sig-

nificant advancement, as it was the first written code dealing with both aristocrats and commoners. 

Torah is thought to have been written by Moses3 around 1300 BC, though some scholars doubt his 

existence and his authorship – many date Torah’s penning to near 600 BC (during the Jewish exile 

in Babylon). Torah consists of the history of humans from Divine Creation to the death of Moses 

(as the Israelites were preparing to inhabit the Land of Canaan) but also includes The Law, which 

the Israelites were to follow. Starting with the Ten Commandments and covering rules of worship, 

annual religious festivals, crime and punishment, accidents, cleanliness, dietary rules, and day-to-

day relationships between man and wife, parents and children, masters and servants or slaves, locals 

and foreigners and more, Torah covered nearly every aspect of life.

Tertullian4 and some Jewish scholars believe The Law was given to Adam and was passed down 

verbally through Adam’s lineage and directly to Noah before finally being written. The Talmud 

holds that Noah was given seven laws, which included establishing courts of justice.5 By the Jewish 

tradition, the Flood of Noah occurred around 2500 BC, or roughly 4500 years ago. Written accounts 

of a Flood exist as far back as the 19th century BC. If these dates are believed, the oral version of 

the Hebrew law could pre-date even the Code of Hammurabi.

While many do not believe in the actual existence of Adam, Noah or Moses, nonetheless, the 

writings exist, remain and speak for themselves. In Jewish law, a man could not be convicted of 

murder unless there were two or more eye-witnesses.6 By the agreement of two or three witnesses, 

a matter regarding any crime was established.7 In fact, one of the Ten Commandments dealt specifi-

cally with witnessing: “You shall not bear false witness against your neighbor.”8 Determining the 

truth, or what actually occurred, was a central focus in Hebrew judgments.

While The Law of the Jewish people was written, applied to all inhabitants and decided by 

judges through trials with witnesses, the Roman law took all these to higher levels. Starting with the 

Law of the Twelve Tables (c. 449 BC), Roman law emerged over a millennium, forming the basis 

of Eastern European and Western legal systems. Latin is still the language used for most of these 

concepts.

The Law of the Twelve Tables did not cover every offense possible, but it did create a method 

for expanding the law as need arose. Civil procedure was developed. The Tables were written down 

to allow consistency. Subsequent additions allowed differing levels of society to intermarry9 (Lex 

Canuleia), access of plebians to the priesthood (Viri Sacris Faciundis)10 and the beginnings of tort 

law (Lex Aquilia).11

Another significant advancement was the institution of a democratically elected body to make 

laws – the Senate. Parliaments and Congresses debating circumstances and writing laws around the 

world are extensions of the original Roman Senate.

The development of professional jurists to interpret and argue the law occurred in Rome. Some 

jurists authored lengthy books on law. One such 80-volume treatise prepared by Quintus Mucius 

Scaevola12 became quite influential. Truth was still a central tenet, but procedure was making 

inroads. Much of the infrastructure of the American legal system can be found in the developing 

Roman code.

However, the American system of law was developed directly from the English system of 

Common Law, at least until the Revolutionary War. One of the greatest contributions of British 

law is the right to a trial by one’s peers – a jury trial. While jury trials had been used by Egyptians, 

Greeks and Romans earlier, the Magna Carta, written in 1215 AD, cemented this right to all British 

peoples, effectively making every citizen “equal in the courtroom.” Curiously, jury trials today typi-

cally, but not always, have 12 jurors, who must agree unanimously to convict a person of a crime. 

Under some circumstances, fewer than 12 may be sufficient to find in a personal injury trial that the 
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defendant truly has injured the suing party. The number of 12 jurors was initially established by a 

Welsh king in 725 AD. This number is thought to emanate from the significance of the 12 disciples 

of Jesus Christ.13 After one disciple betrayed him and died, another was chosen14 specifically to 

maintain the number of inner circle witnesses at 12. That number of disciples likely represented the 

12 tribes of Israel manifested by Jacob’s 12 sons,15 harkening back once again to Torah.

After American independence, the legal systems of the two nations (the United States and 

Britain) evolved and diverged significantly. Difference in governing structure shaped alterations in 

law. England is a monarchy, with Parliament making the laws for the nation, and limited judicial 

review exists. There is no constitutional document. The Founding Fathers of the United States, 

however, wrote the Constitution in 1789 and chose to divide power between states and the Federal 

Government. The latter is further subdivided into three branches, each with important powers 

but also with checks and balances to limit abuses. The Supreme Court interprets laws using the 

Constitution as its guide, though some justices evaluate that treatise literally, while others view it 

in more modern terms. Congress makes the federal laws. The Presidency signs or vetoes passed 

legislation. Congress can override a Presidential veto with a supermajority. Congress can amend 

the Constitution with a supermajority. The president can influence policy by executive orders and 

appointments.

States can pass their own laws and manage their own affairs independently, to a point. This 

includes civil and criminal trials. A supermajority of states can also amend the Constitution by call-

ing for a Constitutional Convention. The Supreme Court can overturn any law passed by Congress 

or by any state. The president nominates both Federal judges and Supreme Court justices. The 

Senate approves or disapproves these jurists. It is a remarkable scheme envisioned by the Founding 

Fathers of America.

12.3  TRUTH VERSUS JUSTICE

One way in which today’s courts differ from their historical roots is the pursuit of truth versus the 

pursuit of justice. Both these terms need defining.

One legal definition16 of truth follows:

TRUTH. The actual state of things. 2. In contracts, the parties are bound to toll the truth in their deal-

ings, and a deviation from it will generally avoid the contract; Newl.

Justice is defined17 legally as:

justice. n. 1) fairness. 2) moral rightness. 3) a scheme or system of law in which every person receives 

his/her/its due from the system, including all rights, both natural and legal.

These two concepts are quite different. Truth is the actual state of things, but this can be distorted 

unintentionally, or intentionally, by witnesses’ memories, perspectives, opinions, worldviews and 

even their personal agendas or biases. Courts have developed methods to attempt to determine 

whether a witness is offering truthful testimony. However, a credible witness with a wrong agenda 

can potentially speak distortions of the truth, and even lies, without the judge or jury being aware. 

This may be especially true with expert witnesses, as their testimony typically falls outside the 

realm of common knowledge for jurors and even jurists. Once the truth is ascertained, justice may 

be employed.

Justice, alternatively, is a concept based in fairness. Laws, case laws, legal precedents and appel-

late verdicts have shaped a system that is designed to be fair for every person in court. Victims have 

rights. Defendants and alleged criminals have rights. If these rights are maintained, it is presumed 

the trial was fair to plaintiffs and defendants regardless of the verdict. Procedures are developed 

to ensure the rights of all. Needless to say, there are limitations to this process, and justice can be 
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subverted by the same things that sabotage truth. The truth might not be ascertained, yet justice 

may still be served. Justice is a constitutional right guaranteed to Americans. However, when the 

goal is to preserve each party’s rights, seeking justice rather than truth may afford what some would 

consider an incorrect outcome. An innocent defendant may be found guilty and vice versa. If the 

proper procedures were followed, and each party given its full share of rights, justice will have been 

served even though the verdict may not be just from the point of view of truth.

One final consideration; as in every area of life, possessing vast resources allows one to obtain 

the absolute best legal representation. It would be difficult to argue that such an advantage does not 

dilute the principle of “every man equal in the courtroom.” Racial and gender discrimination may 

occur. All systems run by humans, and dependent on humans, suffer from the frailties of imperfect 

and potentially even corrupt humans. Still, warts and all, the pursuit of truth, or justice, or even the 

American way, is maintained by the men and women who administer the American justice system, 

and the rights and protections therein, and arguably make it the greatest legal system on earth. 

While this discussion was not intended to be a comprehensive review of how U.S. jurisprudence 

was built, the takeaways are that the American legal system evolved from many cultures spanning 

thousands of years and that the chief aim is no longer the pursuit of truth but the pursuit of justice.

12.4  HISTORY OF MOLD IN THE COURTROOM

The first legal writings about mold are found, coincidentally enough, in the Hebrew Scriptures 

concerning The Law. Leviticus 13 and Leviticus 14 deal with “tzaraat” or “tzaraath,” a Hebrew 

word with several renderings in English. The King James and New King James versions (NKJV) 

of the Christian Bible refer to this as a plague of leprosy and leprous plague, respectively. The New 

International Version renders this word as mold, and the Contemporary English Version calls it 

mildew. The two chapters refer to tzaraat of the human flesh, in clothing or fabric, and in the walls 

of a house. Leprosy affects human skin but not cloth or indoor building materials; therefore, these 

instances do not refer to the disease known as leprosy, or Hansen’s disease.

Leviticus 14:33–53 articulate the then “best practices” of mold inspection and remediation of 

a moldy building. The edicts deal with inspection experts, cross-contamination, the technique of 

remediation, post-remediation expert evaluation and utter destruction of the home when mold recurs 

after remediation. Deuteronomy 28 offers a lengthy list of blessings18 the Israelites would receive if 

the nation obeyed the Covenant to which they had agreed, followed by curses they would inure for 

failure to comply. Verse 22 (NKJV) adds among the curses, “The LORD will strike you with con-

sumption, with fever, with inflammation, with severe burning fever, with the sword, with scorching 

and with mildew, they shall pursue you until you perish.”

Not much was heard in courtrooms, or physician exam rooms, about mold and building struc-

tures for the next few millennia. Epidemics of ergotism killed thousands between the late 1500s 

and early 1900s.19 In the early 20th Century, alimentary toxic aleukia (ATA) claimed the lives of 

nearly 100,000 Russians. Caused by a mycotoxin (T-2 toxin)20 made by Stachybotrys chartarum 

and other molds, ATA destroyed the immune system, damaged the gut and caused rashes. It is com-

monly known that feeding on moldy alfalfa kills horses, though cows can eat the same foodstuffs 

with impunity. These examples are ingestion-related poisonings with mold and not building related.

Even though mold ingestion was known to cause illnesses, relatively massive quantities were 

required, and while epidemics did occur, they were not frequent. Several industrial and cultural 

changes have made inhalation the primary source of illness now. Once agrarian and outdoor 

peoples, the so-called developed world has moved indoors, averaging 22 hours a day21 inside. 

Building materials rapidly shifted from plaster for walls and ceilings to cheaper and easier-to-use 

drywall22 (gypsum board, sheetrock) after World War II. Plaster, with its higher pH, was rela-

tively mold resistant, whereas drywall contained two paper layers made of cellulose, which molds 

devoured. Benomyl (benzimidazole), an anti-fungal, was introduced in 1968 as an agricultural 

product and then added to interior paints to inhibit mold growth. Significant fungal mutations 
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followed, allowing some indoor molds to prosper.23 Additionally, the Arab Oil Embargo of 1972–

1973 changed American building design, affecting airflow through, and microbial competition 

in, newly built structures. As energy efficiency became king, the difference between the inside 

environment and the great outdoors was enlarged. These events set the stage for the inhaled mold 

epidemic and the accompanying lawsuits.

A few more historical facts are needed to understand where mold litigation is at now. The first 

related to Big Tobacco and the tobacco industry.

The Tobacco Master Settlement Agreement (MSA) was entered in November 1998, originally between 

the four largest United States tobacco companies (Philip Morris Inc., R. J. Reynolds, Brown & 

Williamson and Lorillard – the “original participating manufacturers”, referred to as the “Majors”) 

and the attorneys general of 46 states. The states settled their Medicaid lawsuits against the tobacco 

industry for recovery of their tobacco-related health-care costs.1, 25 In exchange, the companies agreed 

to curtail or cease certain tobacco marketing practices, as well as to pay, in perpetuity, various annual 

payments to the states to compensate them for some of the medical costs of caring for persons with 

smoking-related illnesses. The money also funds a new anti-smoking advocacy group, called the Truth 

Initiative, that is responsible for such campaigns as Truth. The settlement also dissolved the tobacco 

industry groups Tobacco Institute, the Center for Indoor Air Research, and the Council for Tobacco 

Research. In the MSA, the original participating manufacturers (OPM) agreed to pay a minimum of 

$206 billion over the first 25 years of the agreement.24

Closing these Big Tobacco advocacy groups put some “tobacco experts,” or those who would pro-

duce research and testify as experts in courts that tobacco was not harmful to humans, out of a job, 

or at least closed down that revenue stream. Some of these persons now reportedly testify for the 

defense in mold-based illness cases.

Around the same time, several high-profile mold events hit the news. In 1995, the CDC (Centers 

for Disease Control and Prevention) reported a number of infants dying from pulmonary hem-

orrhage related to inhalation of air with detected Stachybotrys.25 The report was later retracted, 

though interestingly, pulmonary hemorrhage is seen routinely in rodent toxicity articles when their 

respiratory tracts are exposed to mold toxins. Erin Brockovich, made famous by the movie of the 

same name, testified before the California Legislature about the dangers of indoor mold in 2001 

and sued in Superior Court over her own moldy house before settling. Melinda Ballard, in Texas in 

2002, won $32.1 million initially after her 22-room mansion was found to be water damaged and 

moldy, shortly after moving in, and her family suffered significant health effects. One year later, Ed 

McMahon, of The Tonight Show, settled for $7.2 million after his mansion suffered water damage.26 

Other, less famous, multi-million-dollar cases were also settled.

Whether coordinated or acting independently, several industries with financial ties to this issue 

reacted. Insurance companies, with arguably the most to lose financially, added riders to their 

home and commercial policies excluding or limiting coverage to losses that were mold related. 

This occurred in most states to the point that several state legislatures have proposed or enacted 

law restricting insurance companies from including these limitations. Mold inspection and mold 

remediation companies proliferated. Some states required licensing of these environmental profes-

sionals. Educational companies developed to assist in training these same professionals. The con-

struction industry created literature to inform contractors of the dangers of mold. Indoor hygienists 

and air quality specialists looked for guidelines for testing, remediation, post-remediation testing 

and safety suggestions. Researchers spent more time studying the effects of chronically inhaled 

mold on animals and humans. Hundreds of research articles demonstrated respiratory and other 

adverse human health effects from chronic inhalation of indoor mold, while two prominent medical 

societies published position statements only accepting respiratory problems. As detailed later, some 

suggested that the authors of these statements had conflicts of interest, as the majority testify as 

defense expert witnesses. The negative effect of these two statements on successful mold litigation 

cannot be overemphasized.
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Some government and industry standards for determining when mold was excessive were cre-

ated; others are still awaited. Standards exist to this day in many countries and used to exist in the 

United States; however, it appears that after litigation27 over these standards, American institu-

tions became reticent to publish such. Further, these standards usually require culturable mold test-

ing techniques, whereas most American testing professionals use non-viable testing methods. The 

efforts of all these events have brought us to our current place.

12.5  MOLD IN THE COURTROOM TODAY

Every state and municipality passes its own laws, and each court jurisdiction is different. Attorneys 

are also unique, each bringing diverse experiences and strategies. Each case offers its own nuances. 

Some lawyers desire a comprehensive explanation of what is happening to their client in an expert 

witness report. Others, where their jurisdiction allows, prefer “trial by ambush,” where as little 

as possible is disclosed before the actual trial. While there are a few “landmark” cases, such as 

Federico v. Lincoln Military Housing, LLCs, it is likely more instructional for medical and other 

lay readers to look at the court process as a whole than to look at individual cases. It is important to 

remember that whichever side legal people work for, they are just doing their job, trying to present 

the best case they can. Justice requires this.

The distinction between the pursuit of truth and the pursuit of justice becomes relevant. In a sys-

tem where the determination of truth is of paramount importance, both plaintiffs and defense would 

ideally work toward the same goal, determining what actually happened. Once accomplished, then 

the chips would fall where they might, and appropriate damages would be assessed, or not. However, 

the American system of law is based on meting out justice. A primary principle is that the defense 

attorney is required to provide the best possible defense he or she can, regardless of their client’s 

guilt or lack thereof. Indeed, the defense attorney is not even allowed to take guilt into consider-

ation. As such, instead of attempting to expose the truth, which could be damaging for a defendant, 

said attorney is required to do everything legally and ethically in their power to have their client 

exonerated. It is particularly important to understand that this fact does not change no matter how 

guilty the client is. The defendant’s barrister MUST provide as effective a defense as possible. If 

that attorney does not do so, they face the potential of disbarment and loss of personal livelihood.

This creates a potential for an inequity, from the point of view of truth, in mold cases. While pro-

cedures and codified law are intended to preserve the rights of all parties, the side with the greatest 

resources frequently prevails regardless of perceived fault. The plaintiff in a mold case frequently 

has lost their health, their job, their life savings, their home and often, their family. They pursue 

a personal injury case against an alleged perpetrator, typically a landlord, contractor or employer, 

or some combination of all, whom the plaintiff perceives to have caused, or allowed to continue, 

a moldy environment in their home or at work. The plaintiff and their doctor also have surmised 

that exposure to this water-damaged built environment has caused a loss of the plaintiff’s personal 

health, and typically all the other losses. Sometimes, their children have become ill too. This is the 

plaintiff’s last chance to regain any sense of wholeness.

Plaintiffs always feel they have been unjustly treated, and they are often quite emotional about 

the issues. They know winning money cannot replace their health deficits, but what else can they 

win back? Commonly, they feel they are “doing the right thing,” as they believe that if the person, 

or company, they are suing loses badly enough, it will send a message to others in the field. In this 

manner, they believe they are helping others to avoid their own health fate. They frequently have 

few financial resources to fight this fight, as they have already “lost everything.”

Contrast this scenario with typical defendants. Landlords are often owners of multiple apart-

ment complexes and/or rental houses. Contractors usually have thriving businesses. Employers are 

typically doing well financially. They may be very ethical persons, or they may engage in numer-

ous uninformed or even shady business and real estate maintenance practices. They almost always 

have insurance companies backing them, who are potentially on the hook for millions, or tens of 
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millions, of dollars. This is almost assured, as plaintiffs’ attorneys will rarely take a case if there 

is not someone with “deep pockets” involved. After all, what is the point of winning such a case if 

there is no one who can pay the damages?

Insurance companies are commonly multi-billion-dollar corporations that have the resources 

to hire teams of savvy lawyers and as many credible and experienced experts as are needed to 

win. They have a lot to lose if the verdict goes against the defendants they insure. The plaintiffs 

usually have barely enough in financial resources to get a case going, even on a contingency basis. 

This is another potential inequity and how it plays out. It is David versus Goliath, be it disability, 

Workman’s Compensation or personal injury, in almost every case making it to court. Rest assured; 

Goliath is out to win by any (legal) means possible.

Personal injury lawsuits are not for the faint of heart, nor for those with tight resources. This is 

stated for those who are contemplating taking a legal action against another person or company. 

One may think one is in the right. One may very well be in the right. Proving that to a judge’s or 

jury’s satisfaction is a whole other story. Just getting to court can cost $30,000 or more in legal fees, 

expert witness costs, etc., and that is a contingency case. In mold cases, one cannot win without 

these elements. Litigation takes an enormous emotional toll on plaintiffs, too. So much of their 

hope is tied into winning. Cases can go on for 3–4 years. Most settle and never see the courtroom. 

Therefore, people should think very carefully before they file. The easiest way to lose a case is to 

have insufficient resources to see it to the end.

In the pursuit of justice and properly ensuring each party’s rights, concepts such as truth, and 

simple terms like right and wrong, as understood by lay people, can be blurred, at least from the 

perspective of lay people. Lawyers, who are officers of the court, have their own language. Some 

of these seemingly simplistic terms have quite different and precise legal definitions, which might 

seem foreign to the Average Joe who never attended law school. Lay people are poorly prepared to 

understand what occurs in the courtroom and are typically at the mercy of their attorney. Again, the 

apparent inequity of hiring the best lawyer one can afford, with greatly depleted health and financial 

resources, versus the team of the region’s best barristers is evident.

12.6  MOLD IN THE COURTROOM TODAY: EXPERT WITNESSES

Nowhere in the process is the potential for inequity greater than in the procurement and testimony 

of medical expert witnesses. By definition, expert witnesses possess knowledge that is unlikely 

common knowledge for judges or jurors. In the mold realm, this knowledge is highly scientific. 

While judges are typically quite intelligent and given some training in how to determine scientific 

matters and opposing views, most jurors are unlikely to have the basics of high-level scientific 

critical thinking. They are expected to discern the value of competing views when many do not 

understand the difference between anecdotal data and a randomized control trial with thousands of 

participants. How would jurors, in the position of deciding such cases, tell the difference between 

truth and an intentional bald-faced lie if it came from a corrupted expert? Since jurors do not pos-

sess the training, they must rely on factors such as likeability, credibility and their own gut feeling 

to determine the veracity of one expert over the other. The potential for a juror’s individual biases 

could come into play here too.

The plaintiff’s expert medical witness is typically also a treating physician for the plaintiff. They 

often have published in the area of mold medicine and read quite a few journal articles about the 

same. Usually, they have seen a considerable number of patients with mold-based illness, taught 

at mold-based illness conferences and developed some form of credential or certification in the 

mold-based illness field. This latter credential ensures they have been educated to some degree in 

the arena by those who possess even more knowledge. These experts have expert credentials in the 

mold-based illness discipline and commonly have testified before.

The defense expert witness routinely falls into one of two categories. The first group are local 

physicians, who often teach at a local medical school. They do not treat patients with mold-based 
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illnesses. They have never written or spoken about mold-based illness subjects. Their knowledge 

of the subject appears to extend to a few “naysayer” articles. There are only a few such articles 

– a 2020 article calculated that the number of studies demonstrating mold-based illness from 

inhalation outweighed the articles against by 56 to 1 – and a much more in-depth discussion of 

the medical literature is found in Chapter 9, “Are Water-Damaged Buildings Safe?” It is hard to 

understand how these persons have developed sufficient expertise in the field to be considered 

experts.

The second group of defense experts often have long and illustrious resumes, typically having 

been tenured at prestigious medical schools. Their CVs will contain hundreds of published entries, 

but curiously, only one or two (<1%) in mold-based medicine. These persons may actually be the 

authors of the rarified naysayer literature. During their practice years, they did not see, treat or 

diagnose a sizable number of mold-based illness patients. It is also hard to understand how they can 

be considered experts based on their lack of experience. They are quite expensive and testify with 

tremendous authority and considerable frequency around the country. They are Goliaths.

Remembering that trials are about finding justice and balancing rights, the defense attorney is 

required to provide the best possible defense for their client. That often includes hiring the best 

defense expert(s) available. A medical expert’s job is to assess the plaintiff, and any available medi-

cal records, in light of the available medical literature, and offer unbiased opinions about the plain-

tiff’s history, physical exam findings, lab results and responses to therapy. Most experts will offer a 

differential diagnosis to explain certain symptoms. Typically, they will also offer their views on the 

medical literature regarding mold-based illnesses and causation of illness.

Plaintiff’s experts usually view the medical literature regarding mold-based illness in a positive 

light. Defense expert witnesses know the naysayer literature and may or may not review the “yay-

sayer” literature at all. They suggest that such mold-based illnesses do not exist, even though there 

is a near-consensus in the medical literature to the contrary. Frequently, somatization or conversion 

disorders, both being psychiatric diagnoses, are suggested as causative of symptoms by defense 

experts. Reported physical exam findings are ignored or minimized, and these experts have rarely 

ever examined the plaintiff. Attempts are made to discredit objective laboratory testing. Successful 

treatment protocols are considered to be placebo effect.

One might ask how defense experts could opine that the medical literature does not support the 

existence of mold-based illnesses when “yaysayer” studies outnumber non-supporting articles28 by 

56 to 1. Several possibilities exist in solitude or in combination. Namely, 1) some of these experts 

were the authors of naysayer articles; 2) these experts may not have widely read the yaysayer stud-

ies; 3) they may be the equivalent of “flat-earthers” – persons who despite conclusive evidence 

still choose to believe the opposite of the scientific community; and 4) there may be biases in their 

approach that may be unintentional, but possibly, intentional. If an intentional bias included the 

willingness to “sell their opinions,” that would be the equivalent of a false witness.

From personal conversations with more than a dozen lawyers regarding both criminal and per-

sonal injury cases, it seems there is a well-known but rarely spoken dark truth: Given enough money, 

one can always find a medical expert to support the defense’s position. This author saw this firsthand 

in a murder trial many years ago. A wheelchair-bound pre-teen died of head injuries and character-

istic bleeds in and around the brain, which are taught in medical schools as being caused by trauma. 

This author was involved because he was the treating physician for the child and received a phone 

call from the accused on the morning the child died. The defense produced a medical expert, who 

claimed the brain findings on autopsy could have been caused by pneumonia or even a chicken 

pox immunization the child received a week earlier. Even though there was no objective evidence 

that the child had pneumonia, this expert’s testimony was smooth, assured, confident … and went 

against almost all of the published medical literature. But if such a person testified, and seemed 

credible, would a judge or jury be able to discern their deviation from what almost all physicians 

considered established truth? If such “experts” do exist, where their “opinions” can be bought and 

paid for, the following question must be raised: When the standard is to preserve one’s rights, rather 
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than discover the truth of the matter, do the financial inequalities between the parties afford addi-

tional opportunities to affect the outcome in Goliath’s favor?

Interestingly, the yaysayer articles are almost always epidemiological studies demonstrating 

human data and statistically significant associations between indoor microbial growth or dampness 

and adverse human health effects. There are hundreds of such reports. These are the articles plain-

tiff’s witnesses usually cite. The few naysayer articles most often have no human or animal data 

and spend most of their space criticizing the methods of a few peer-reviewed published yaysayer 

studies, attempting to cast doubt on all supportive articles. In medical lingo, without new data, these 

are merely “opinion pieces” and do not have much standing in the minds of those who see them as 

such. They rank low on the pyramid of evidence-based medicine. However, these are the articles 

most defense witnesses cite.

12.7  MOLD IN THE COURTROOM TODAY: ACOEM 2002

One especially important example of a naysayer article worth reviewing was published by the 

ACOEM (American College of Occupational and Environmental Medicine) in 2002. The ACOEM 

is a well-respected medical society whose members often work in occupational health. This 2002 

article attempted to demonstrate by a mathematical proof that it was very unlikely, or by extension 

impossible, to amass sufficient mycotoxin from a single strain of mold inside a water-damaged 

building (WDB) to cause serious human illness. The authors created a mathematical model, which 

has never been tested. While scientifically, their conclusions amounted to no more than a hypoth-

esis, the article became the position statement of the ACOEM until 2011, when a second article 

was published with similar verbiage. The 2011 article was on the ACOEM’s website until late 2014 

and then abruptly “sunsetted.” At the time it was removed, 23 position statements of longer dura-

tion were still intact on the ACOEM’s site. So, sunsetting was not performed because of age (more 

likely because the article was not consistent with what the scientific literature articulated). It reap-

peared in 2016, evidently due to a “beta site” error, and was removed immediately at the request of 

an Occupational Safety and Health Administration (OSHA)29 official. The 2011 article cannot be 

found in the archives of the ACOEM’s website, and they have not subsequently published another 

position statement.

The ACOEM 2002 article was fatally and fundamentally flawed by at least a dozen incorrect 

assumptions and questionable constants used in the calculations. As such, the mathematical proof 

had no validity, and its conclusions were equally invalid. The study was criticized publicly by a half 

dozen mold science leaders, an ACOEM member,30 the Wall Street Journal31 and a book32 about 

“science for sale,” titled Bending Science: How Special Interests Corrupt Public Health Research.

Even the ACOEM professional college itself came under fire and was portrayed by one scathing 

article33 in the medical literature as being an advocate for various industries instead of a non-partial 

portrayer of scientific truth. Adding to the fire, internal e-mails from ACOEM decision makers, 

regarding the ACOEM 2002 paper before publication, were released on the internet, discussing the 

problems seen with the subsequently published paper. A position paper purportedly should sum-

marize all aspects of the available science and offer best practices. The e-mail string suggested 

the paper deviated from the scientific understanding of many ACOEM members. Objectively, it is 

difficult to understand why a respected medical body would publish an untested hypothesis as its 

official position.

One of the main complaints of Dr. Craner’s article30, the Wall Street Journal and the book ref-

erenced here was the apparent conflicts of interest of the ACOEM 2002 paper’s authors. These 

objectors noted that the authors performed significant legal work for the defense of mold cases, 

and this was not noted in the position piece. As such, someone reading the ACOEM 2002 report 

would not be aware that the authors could possess such a bias. Craner suggested the paper read 

like a mold defense expert witness’s report. The LaDou33 article, criticizing the ACOEM, accused 

the society itself of conflicts of interest in its dealings with multiple occupational industries. The 
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quickly sunsetted ACOEM 2011 article got around the issue of potential conflicts of interest by not 

even reporting who the authors were.

Returning to the ACOEM 2002 article itself, as a hypothesis, predictions one could make from 

the mathematical model were never tested to this author’s knowledge by either human or animal tri-

als, and such predictions as one could make are contrary to the near-consensus of mold researchers. 

However, this article became the lynchpin upon which all subsequent naysayer articles hung their hats. 

Because this study supposedly “proved” indoor mold could not cause serious human health issues, the 

ACOEM 2002 report is the declared or undeclared assumption upon which every naysayer article this 

author has read has based its arguments. This study, or the other studies based upon its conclusions, is 

cited by every defense witness in the dozens of mold cases with which this author has been involved. 

Therefore, understanding the errors of the ACOEM 2002 study is necessary and critical.

There are a number of incorrect assumptions in the article. First and foremost, the assumption is that 

illness from a WDB could only occur from direct toxicity, infection and allergies, and no other mecha-

nism was possible. Since allergies are usually not a serious health threat, and infections typically occur in 

relatively rare persons with immunodeficiencies, based on this incorrect assumption, if one could prove 

that sufficient mycotoxins could not be amassed to make humans seriously ill, that would constitute suf-

ficient evidence by itself to demonstrate that humans could not get seriously sick from WDB. Second, the 

authors used only one species of mold, and its toxins, but there are hundreds of toxigenic mold species. 

Third, they assumed that acute toxicity must be worse than low-level, chronic exposure, even though 

there may be different mechanisms of action (also based in the first assumption). Fourth and fifth, they 

used acute exposure studies (in rodents) and correlated those with chronic exposure (in humans).

Sixth, the authors looked at intratracheal and intranasal injections of toxins in the rodents and cor-

related those with inhalation in humans. Seventh, they assumed incorrectly that chronic non-allergic 

immune responses, such as innate immune system–triggered inflammation, could not be triggered by 

mold exposure. Eighth, they assumed that evaluation of a single species of mold (Stachybotrys char-

tarum) correlated with exposure to the presence of multiple species of amplified mold often found in 

WDB. Ninth, they incorrectly assumed that molds are the only microbes that could be injurious in a 

WDB. This last point ignored amplified bacteria, their endotoxins and the contribution of Actinomycetes. 

Further, studies have shown synergy between toxins produced by molds with Actinomycetes34,35,36 and 

Actinomycetes with bacterial endotoxins.37,38 Some of the data contradicting these assumptions and 

calling constants used into question were available in 2002; some were not known until 4–5 years later. 

However, 20 years later, some defense expert witnesses still stand by this flawed report.

In performing the calculations, the authors of ACOEM 2002 made other mistakes. They chose 

a single species of mold and chose a detection method for that species which was well known to 

under-represent that species and even miss the airborne spores of that species ~85% of the time 

when they were found in the same room,39 at the same time, by other detection methods. This under-

represented the effect of this single species’ toxin by many thousands to millions. They ignored 

the contribution of fragments,40,41 which are much more numerous than spores in a given indoor 

airspace by 320–514 times.

A “half-life” is a measure used to estimate how long the effect of a single dose of a substance 

would persist in an organism. It literally refers to the amount of time needed for the organism to 

metabolize and/or excrete one-half of the original concentration. If the half-life for a substance was 

1 month, at the end of 1 month, half the original concentration would still remain. At the end of 2 

months, one-fourth would still be present in the organism, and one-eighth at 3 months, etc. This 

calculation assumes only a single dose was given. The authors of ACOEM 2002 used metabolic 

half-lives of mold toxins in the human body at hours to days, when other evidence now shows other 

mycotoxins to have half-lives in mouse tissues42 lasting decades. The latter underestimated the half-

life of toxins by 10,000 in just the first half-life and is an exponential error in subsequent half-lives. 

Complicating calculations, humans in WDB have repeated and chronic dosing.

When combining these errors of constants, they are multiplied by each other (a conservative 

calculation is 10,000 × 320 × 10,000 = 32,000,000,000 or 32 billion times), easily making the 
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underestimation at least a billion times or more. That is nine or more orders of magnitude! That 

degree of error alone makes the paper unreliable. Factoring in the assumptions also makes the entire 

proof invalid, as well as its conclusions. The ACOEM 2002 hypothesis has been shown to be unreli-

able and, even more damning, no successful testing of that hypothesis has ever graced the pages of 

peer-reviewed publications, to this author’s knowledge. The article and its hypothesis should have 

been publicly rejected, not just quietly sunsetted.

Virtually every naysayer article cited in courts that this author has seen uses the ACOEM 2002 

article as its backbone. The ACOEM 2002 paper is the very chassis that these other articles are 

built upon, making it clear that those naysayer articles are unreliable too. Since the naysayer articles 

are typically not the result of new human or animal data gleaned from actual studies the authors 

performed, these reports are merely opinion pieces and poorly valued as evidence-based medicine 

(because they provide little or no “evidence” or data). What is left for the defense expert to stand 

upon? Not much.

Since there is little or no reliable published data for the defense expert, and rarely any case-

specific data to help, defense attorneys should conceivably lose every case where mold exposure is 

documented, peer-reviewed published mold-based illnesses such as chronic inflammatory response 

syndrome (CIRS) are established, and some degree of negligence, such as faulty remediation, con-

struction defects or failure to attempt to abate the mold, is also shown. All the more so considering 

that the vast majority of scientific publications support indoor mold causing serious human illness, 

and since there is always data on the side of the plaintiff, such as mold testing in the alleged WDB 

and blood or other objective tests showing abnormalities from the plaintiff. Here again, the differ-

ence between justice and truth, the nuances of the law and the relative lack of scientific concepts 

within the education of most jurors gives the defense, and astute lawyers, an advantage.

An extension of this is the understanding that an expert can say almost anything, be it truth, opin-

ion or mistruth. Judges act as gatekeepers and determine the credibility of such witnesses. But, a 

witness’s expertise, by definition, typically falls outside of the common knowledge of judges, juries 

and even the trying attorneys, who often extensively research these fields. Hence, only an opposing 

expert witness might know the extent of the other expert’s “errors.”

As an example, a recently published report27 evaluated all the epidemiologic papers published in 

an 8-year period. The major finding was that 98.2% of the published human studies were supportive 

of chronic exposure to inhaled indoor mold leading to single and multisystem illness in humans. 

However, defense expert witnesses almost always insist that ingestion is the primary cause of toxicity, 

not inhalation, even though that concept was decided in the literature, in the other direction, by 2008.

Further, several defense experts are on the record in their reports stating that in the medical lit-

erature, there is little or no support for the idea that indoor mold from WDB leads to human illness 

other than mostly nuisance respiratory issues. The 98.2% is data published in a peer-reviewed jour-

nal. These defense experts were giving an opinion (or possibly bias) that is contrary to the published 

data. But, how is a gatekeeping judge, a trying plaintiff’s attorney or a deciding juror supposed to 

know that the defense expert’s statement is contrary to the sum of the published literature? These 

deciders do not know the literature. If the witness sounds credible, appears believable and is like-

able, what they say will often be believed. As such, there is little accountability for expert witnesses 

(potentially from both sides of the case), and data is the only thing that separates truth from opinions 

based in ignorance (failure to have read the literature) or bias (failure to accept the literature when 

it is contrary to one’s opinions).

12.8  MOLD IN THE COURTROOM TODAY: DEPOSITION 
AND COURTROOM TACTICS

The system assumes that experts from both sides will offer honest and well-read, well-reasoned 

testimony that is in accordance with the literature in question. As long as witnesses are honest, and 

truly expert in the field in question, the lack of apparent accountability is trivial. For instance, it 
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is possible that experts could disagree on the meaning of some findings in the literature. Differing 

interpretations could be a legitimate source of differing testimonies. It is also possible that one 

expert is not well-read in the literature of the subject area, and disagreement could occur. However, 

one would have to question whether the less literate expert was truly an expert. It could also be pos-

sible that an expert possesses an undeclared bias and offers testimony that is counter to the subject 

matter’s literature. The judge could disqualify the witness or consider the testimony unreliable; the 

opposing attorney could impeach the witness; or the jurors could discount the testimony in their 

own minds. The question remains, however: If the expert witness seems credible while discussing 

highly technical information, and the bias is hidden, how would any of these persons discern a bias 

was being presented? The answer is that they likely would not detect the bias and would accept the 

corrupted testimony as believable. Only data can be used to overcome.

As stated earlier, in mold cases, plaintiffs typically have significant data to support their case, 

and the defense rarely does. After all, the defendant’s attorney is arguing that the mold, if they cede 

it was present, did not harm the plaintiff. How does one develop data for an event that supposedly 

did not occur? One possible scenario is that mold testers are sometimes hired by the defense. Testers 

hired by the plaintiffs often present a differing story than mold testers hired by the defense. Mold 

testing often requires consent of the defendant, particularly if a landlord is involved. Mold testing 

can be expensive. The defendant may not give permission for expensive but more comprehensive 

testing but will allow methods that are less expensive and less sensitive. Defendants may also disal-

low invasive, destructive means of testing that leave ¼-inch holes in walls or removal of areas of 

sheetrock. Of course, there are also testing companies that are aware that chronic exposure can 

cause more health damage than respiratory issues and other companies that are ignorant of this.

Additionally, the defendant in many cases can limit access to certain areas of the structure 

involved. For example, the attic above, or crawl space below, may be deemed off limits. Testing and 

visual inspection of these areas is then blocked. In the end, if the defendant owns the property in 

question, they control the scope of testing any mold tester is allowed to perform, and this can limit 

the efficacy of detection. Landlords have also been known to remove moldy materials and dispose 

of them so that contact testing cannot be performed on the most relevant items. In these manners, 

the defendant can manipulate even objective testing results to their favor.

Further, the defense need not prove its case or even that exposure to mold did not cause the 

plaintiff’s injury. All the defense needs to do is successfully sow seeds of doubt in one or more of 

the jurors’ minds that the data being presented by the plaintiff’s witnesses is inaccurate or somehow 

tainted. There are a number of mechanisms by which this is attempted and frequently accom-

plished. For instance, the defense’s expert will insist that mold may be dangerous by ingestion but 

not by inhalation. Eating mold is bad; breathing it is not a matter for concern. This line of thinking 

is straight from the ACOEM 2002 dictum that sufficient inhaled mycotoxin cannot be amassed to 

make humans seriously ill. Exposure studies nearly always show that when comparing ingestion 

with inhalation with skin contact, the route of choice for poisoning is inhalation. Inhaled toxins 

are absorbed directly into the bloodstream from the lungs. Skin contact usually comes in second 

place, as toxins are more slowly absorbed through the skin layers and then into the blood. Ingestion 

often comes in a distant third place, as high-pH saliva in the mouth interacts with and detoxifies 

some toxins, low-pH stomach acids may affect others, digestive enzymes mess with still others, 

and toxins not detoxified through those mechanisms can be absorbed and sent directly to the liver 

for first-pass detoxification before the poison in question ever sees the whole body. The GAO 2008 

report43 (United States Government Accountability Office) on indoor mold should have closed this 

door, as it reported that inhalational exposure is the more concerning.

If that were not enough, a systematic review of every epidemiological article published between 

2011 and 2018 referencing indoor microbial growth or dampness and adverse human health effects27 

was published in early 2020. Of the 114 studies reviewed, 98.2% supported the idea of single and 

multisystem illness as a result of exposure to indoor mold. All 114 studies looked at inhalational 

mold – not one even bothered to study ingested molds or mycotoxins, likely because the researchers 
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knew inhalation was the problem, not ingestion. The scientific community has spoken. Yet, mold 

expert defense witnesses still insist that ingestion exposure is the worst route. Again, the defense do 

not have to prove their point; they merely have to plant seeds so that one or more jurors doubt the 

published data.

Another technique used to spread doubt is that there is no demonstrated toxin dose–response. 

Toxicologists use linear dose–response as a pillar of toxin exposure medicine. The more of the 

toxin, the greater the direct effect on the human. The primary mechanism of injury in inhalational 

mold exposure is through the immune system, not direct toxicity, however. The defense is speak-

ing oranges, while the plaintiff’s expert discusses apples. Discussing oranges, instead of apples, is 

irrelevant, and may possibly be intended to mislead or confuse the jurors.

The immune system is not a linear system; it functions through a series of cascades that amplify 

geometrically. A small exposure can yield a huge immune response in a person appropriately 

primed. Think anaphylaxis after a bee sting or sniffing a peanut odor by one who is allergic. These 

persons are primed, usually from previous exposure, and their responses are super-exaggerated – 

geometric – not linear. Another way to understand this is that the dose of bee venom injected is 

roughly the same every time a person receives a sting. Why does one sting lead to minor swelling in 

a person and another cause death by anaphylaxis? Was it a linear dose–response? Of course not. It 

was the primed, geometric, non-linear response of the immune system reacting far more furiously 

to a similar amount of toxin, leading to anaphylaxis.

However, for the doubters out there, there is an increased dose in a WDB. Molds, bacteria and 

Actinomycetes feeding on indoor paper-containing building materials, given exposure to water for 

just 24–48 hours, explosively reproduce by a factor of thousands. This reproductive mayhem is 

called amplification and leads to a serious dose acceleration of antigenic material, which can trigger 

innate immune responses, and toxin production in toxigenic species. Both reproduction and toxin 

production occur because mold spores are metabolically inactive, requiring both food and water to 

reverse their intentional inactivity. The food is the paper of the building materials. The water is never 

supposed to be present, and building systems, such as roofs and water vapor barriers (WVB), are put 

in place to prevent moisture from reaching the paper-containing building materials. However, nail 

(or larger) holes in the roof, high inside humidity, poorly installed windows, broken pipes, nail holes 

piercing pipes, condensation in the heating, ventilation and air conditioning (HVAC) or windows, 

construction shortcuts like not installing WVB, and numerous other routes of water intrusion can 

cause water to become available to microbes in buildings. When water is present, the spores become 

metabolically active, both reproducing and making toxins in less than 48 hours. Do not forget that 

microbially produced toxins are also considered foreign antigens by the human immune system and 

trigger the innate immune system to activity. Chronic exposure in the predisposed causes chronic 

innate immune system activation. That is the pathway to CIRS.

Other techniques used to spread seeds of doubt are bringing up trivial points, criticizing the 

strength of the journal some articles are published in (or insinuating that the journal in question 

does not use peer review) and outright obfuscation. One example of the last is a common defense 

expert witness ploy, citing that some of the laboratory tests used in diagnosing CIRS are not Food 

and Drug Administration (FDA) approved. That sounds like it is really a big deal. Touché. Yet if 

one understands how laboratories in medicine really work, one understands this is a trivial, even 

meaningless, molehill of a point, made out to be a mountain.

The FDA does approve test kits created for sale into physicians’ office laboratories. But, the 

laboratory tests that confirm or disprove CIRS are not performed in physicians’ offices. They are 

performed at national laboratories like Quest, LabCorp and National Jewish. These laboratories are 

regulated and monitored by CLIA (Clinical Laboratory Improvement Amendments), not the FDA. 

Laboratories of this scale are allowed to develop their own laboratory tests, which do not need 

FDA approval unless they are going to sell these as kits to physicians’ office laboratories. They do 

require CLIA oversight, however. CLIA audits every clinical laboratory in the United States at least 

every 2 years, evaluating their quality assurance and ensuring precision and accuracy for every test. 
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CLIA is overseen by three agencies – the Centers for Disease Control (CDC), FDA and CMS (the 

Centers for Medicare and Medicaid). The oversight of the FDA, according to its own website,44 falls 

in the areas of categorizing tests based on complexity, reviewing requests for waivers and develop-

ing the rules for CLIA complexity. Nowhere in there is the FDA required to approve these national 

laboratory–developed laboratory tests. Some of these tests have been run for 30+ years and used for 

diagnostic purposes – like antidiuretic hormone (ADH) being used to diagnose SIADH (syndrome 

of inappropriate ADH). HLA haplotypes are used to determine whether a patient and a potential 

donor are appropriate for transplanting an organ.

Defense expert witnesses who have never ordered or used some of the tests diagnostic of CIRS 

offhandedly state that these objective laboratory tests are not clinically relevant. However, these 

tests have been run on thousands of CIRS patients and hundreds of controls. These tests faithfully 

separate healthy controls from ill cases, and these results have been published repeatedly. Normal 

ranges developed by laboratories are created from statistical analysis of healthy patients. Elevations 

from normal and depressions from normal are both seen in ~2.5% of healthy persons, by definition. 

When the published CIRS literature routinely shows that 60%, 70%, 80% or even 90+% of the CIRS 

cases demonstrate elevations, or depressions, of a particular test, this defines clinical significance. 

However, apparently, this is not sufficient in the minds of some defense experts.

Additionally, almost all of the tests performed for diagnosis of CIRS are paid for by Medicare, 

and they are all paid for by most Medicaid providers. These fall under CMS. If CMS is OK with 

the tests, how could lack of FDA approval mean anything? It does not. Bringing up lack of FDA 

approval is merely a smoke screen attempting to discredit a test that is in full compliance with CLIA 

in an attempt to discredit the CIRS diagnosis.

In addition, many experts write rebuttals of another physician’s expert witness report. A defense 

expert’s rebuttal often will not include any human data but will attack the opposing expert person-

ally, using pejorative adjectives, calling mold-based illness medicine “fringe medicine” and using 

other insults. Many of these experts will call the founder of CIRS medicine “discredited” and state 

that his medical license was taken, suspended or surrendered, when no such action ever took place. 

One unnamed expert has written in his expert witness reports, on three separate occasions that 

this author has witnessed, that this founding doctor’s license was taken in one report, in another 

that it was suspended, and in the third report, that the license was surrendered. These are easily 

verifiable facts, and yet this so-called “expert” refused to take the 5 minutes needed to fact-check 

before impugning another doctor’s reputation, inferring that the science the attacked physician had 

discovered was also bogus. Not only did this defense expert witness do it once, he did it at least 

three separate times, in three separate cases, and changed his story each time! That is the definition 

of unreliable! While not all defense expert witnesses sink to these levels, most of the experts used 

over and over again revert to most or all of these strategies over and over again – and without any 

accountability.

Another tactic used by attorneys is to try pinning a testifying medical or environmental expert 

into using a specific word in a certain way when the legal vernacular will have a different definition 

for that word. The medical expert, unaware of the legal meaning because of lack of legal training, 

might fall for this. Then, the attorney will attempt to split hairs to impeach the expert or make them 

look inept. Yet another strategy is the use of a compound question. A portion of the question is true; 

a portion is not. If the expert answers yes to the whole question, the attorney will presume it is a yes 

to the untrue section. If the answer is no, the no will be applied to the true section too. Additionally, 

defense medical experts typically prepare their reports from medical records and never see the 

plaintiff, never interview the allegedly injured person and never perform a physical exam. A record 

review is sufficient. But, Heaven forbid if the plaintiff’s expert merely reviewed the same record, or 

even interviewed the plaintiff but did not perform a physical exam. According to the defense, such 

behavior would be worthy of throwing out that expert’s opinions completely.

If this does not seem too much already, large legal firms (and other sites) maintain webpages 

devoted as a source of go-to information on how to defeat a mold-based illness claim. Included on 
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some of these pages are the very tactics referred to earlier as well as defamatory information on 

some of the more active treating physicians who are also willing to testify.

While the legal system attempts to ensure justice, medicine is still based on the pursuit of truth 

and helping one’s patients get better. Doctors diagnose and treat by pursuing truth – what actually 

happened to the patient. Many treating physicians are offended, or intimidated, by the adversarial 

process of the legal system. Doctors are not used to the truth they espouse being challenged by 

persons who do not have their training, and particularly by persons employing obfuscatory methods 

that may serve justice but do not serve truth. Many physicians, after their first taste of the legal sys-

tem, are unwilling to subject themselves to it again. Who then will stand up for the allegedly injured 

plaintiff? It is like fighting Goliath and his four brothers. Perhaps that is why David gathered five 

smooth stones.

A moment to consider mycotoxins is in order. Within the world of providers treating mold-based 

illnesses, there appear to be two camps. The members of one camp emphasize the toxic effects of 

mold and elucidate their proof of CIRS or mycotoxin-based illness by measuring urinary mycotoxin 

levels. They also acknowledge immune system alterations. The other camp considers mold illness 

as primarily caused by normal innate immune system regulation becoming disrupted; toxin effects 

are a distant and irrelevant-for-diagnosis secondary issue. They demonstrate illness by showing 

multiple innate immune system abnormalities and downstream effects like the presence of autoan-

tibodies and multiple hypothalamic–pituitary–end organ axis problems. The two schools of thought 

are not mutually exclusive; rather, they are like looking at the same coin from different sides. Both 

groups accept immune problems and toxic effects, just in differing degrees of priority. Treatment 

strategies may also differ.

However, in the courtroom, these two views play out differently. This is primarily due to the 

concept of “specific causation.” Mold cases are generally tried under the law of toxic torts. Specific 

causation refers to determining the exact causative entity. Where the innate immune system is con-

cerned, the causative entity is the increased microbial biomass in the WDB. Literature, such as the 

GAO 2008 report, states it is probably impossible to ferret out a single harmful microbe or chemical 

from all the chemical stew of potentially harmful microbes and chemicals found in a WDB. That 

document also discusses potential synergies between multiple species of microbes and their compo-

nents. As such, there is not a single organism or chemical responsible for illness; rather, the WDB 

and all the amplified microbes and their products are causative.

However, in assuming direct toxicity of mycotoxins as the primary health detractor, one might 

be required to demonstrate a particular toxin in the patient and the same toxin in the air of the 

alleged offending building, as well as amplified growth of a species that is capable of making that 

mycotoxin in the indoor space alleged to be at fault. Detection of these substances in air and body 

fluids is relatively new and will no doubt become more sensitive in time. Failure to detect said sub-

stances may be a function of these detection limits as opposed to an actual absence of the substance. 

Additionally, there are fundamental questions raised about the detection of mycotoxins in the urine45 

of patients. Specifically, how does one determine whether an elevated level of mycotoxin in one’s 

urine is not because of eating peanuts, drinking coffee or ingesting other food and beverages known 

to contain mycotoxins? Certainly, remarkably high levels of multiple urinary mycotoxins are more 

suspicious of chronic environmental exposure, but urinary possession of a single slightly elevated 

mycotoxin could be just due to normal metabolism of a mycotoxin-containing foodstuff.

12.9  WHERE IS THE CDC IN ALL OF THIS?

One might wonder, “Where is the CDC in all of this?” Since there is so much published data, why 

hasn’t the government, or some other governmental body, stepped in? Help was on the way, then 

COVID. In 2019, furor over military housing conditions, and subsequent environmental illness in 

soldiers and their families, reached the hallowed halls of Congress. The GAO was charged with 

investigating. Two CIRS-knowledgeable physicians were invited to speak to the GAO. The Navy 
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was completing a document for guidance to Navy physicians regarding mold-based illnesses. One 

of the references for that guidance document was a naysayer article mentioned in this text. That was 

brought to the Navy’s attention, and within 24 hours, that reference was removed, just prior to final 

printing. In December 2019, one of those CIRS-knowledgeable physicians was invited to speak, with 

Bill Hayward (developer of the Hayward Score) and David Bloom (Chief Science Officer of Green 

Home Solutions), to a combined grouping of the House and Senate Armed Services Committees’ 

aides regarding GI housing. The Congressional staffers knew the problems, had visited base and 

off-base housing at several sites and were very aware of the abysmal housing conditions and the 

political hurdles. Issues such as troop readiness, troop health and GI suicide were addressed. The 

GAO gave its report on military housing to both Houses the next day. Fifteen days later, Congress, 

in an overwhelmingly bipartisan effort (a major accomplishment nowadays, and especially consid-

ering the House was also voting on the impeachment of President Trump concurrently), approved 

$300 million for 2020 to investigate and begin changing the conditions of GI housing. The Housing 

Bill of Rights for GIs was established. Things were moving forward, then COVID-19 came, and 

Washington D.C. shut down for well over a year.

Where is the CDC in all of this? Good question. Guidance documents created by the CDC state 

that if mold46 is seen or smelled, commercial testing is usually not necessary. The owner(s) should 

implement remediation as a next step. Environmental Protection Agency (EPA) guidance informa-

tion47 states that the remediators should wear personal protective equipment similar to a Hazmat 

suit. Apparently, inhaled mold is not safe.

While there is much published epidemiologic information out there, the single best epidemio-

logic study validating the claims of CIRS (multisystem illness with visual contrast sensitivity, or 

VCS, deficits as a result of exposure to WDB) comes from the National Institute for Occupational 

Safety and Health (NIOSH), a branch of the CDC. Published in 2012, this study evaluated the 

health of the staffs of two high schools. One was severely water damaged as demonstrated by 

visual inspection, spore trap testing, contact samples and Environmental Relative Moldiness Index 

(ERMI). The other was minimally water damaged as evidenced by the same. A VCS test and a 

22-symptom health survey covering 4 body systems were administered to each participating staff 

member. Employees working in the WDB had statistically significantly lower VCS testing in all 

five columns of the test. They also had statistically significantly increased levels of symptoms 

in 18 of the 22 surveyed symptoms and all 4 body systems tested. This is CIRS. This study was 

published in 2012; curiously, the CDC has not had any further scientific articles on indoor mold 

published since then to this author’s knowledge. The reader may draw their own conclusions as to 

the reasons for this silence.

The last time the Institutes of Medicine (IOM) looked at indoor mold was 2004, at the request of 

the CDC. At that time, the IOM found that some symptoms or illnesses, such as asthma, had clear 

associations with chronic exposure to indoor mold. Per the IOM, other symptoms and illnesses 

needed more data to confirm similar links. It has been 18 years since the IOM report was released, 

and there are hundreds of other studies, since published, showing associations with cognitive defi-

cits, neurological issues, dermatological lesions, gastrointestinal symptoms, chronic fatigue, head-

aches, chronic myalgias and more. There are rumors that the IOM may be asked to look into indoor 

mold again. Should that happen, and their report extend the associations to some or all of these 

multisystem symptoms, the atmosphere in the courtroom would change dramatically.

As stated earlier, the ACOEM no longer have a position statement on mold, having sunset-

ted theirs in late 2014. The American Academy of Allergy, Asthma and Immunology (AAAAI), 

another well-respected medical organization, also had a position statement48 regarding indoor mold 

published in 2006. This statement cited the ACOEM 2002 paper as authoritative (the untested 

hypothesis) and went on to suggest that persons with supposed inhaled mold illness likely had psy-

chiatric disease. It was archived in 2011. The archive page49 states that positions older than 5 years 

“are not to be considered to reflect current AAAAI standards or policy.” As such, this organization 

no longer carries a mold position. The ACMT (American College of Medical Toxicologists) also 
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published a position statement50 in 2006 regarding mold. It cited the IOM paper and the ACOEM 

2002 and AAAAI 2006 papers. The ACMT paper stated:

With respect to mycotoxins in indoor air, exposure modeling studies have concluded that even in moldy 

environments, the maximum inhalation dose of mycotoxins is generally orders of magnitude lower than 

demonstrated thresholds for adverse health effects.

The ACMT would also like to emphasize the importance of acknowledging that the diet is the most 

important source of human exposure to mycotoxins.

The first quote is a direct reference to the ACOEM 2002 paper “proving” there is insufficient myco-

toxin amassed in a WDB to cause serious human illness. The preceding discussion showed that 

the calculations in ACOEM 2002 were off by at least nine orders of magnitude, and the modeling 

referred to has never been tested. The second quote has also been shown earlier to be incorrect. 

The ACMT have not sunsetted or reviewed this position statement, and it appears to be the oldest 

position statement on their site. By report, the CDC funds the ACMT to provide toxicological train-

ing materials to medical schools. One last bit of trivia: Most of the authors of the ACOEM 2002, 

AAAAI 2006 and ACMT 2006 papers were, and still are at the time of this writing, expert mold 

witnesses who testify primarily for the defense.

12.10  CONCLUSIONS

This chapter was written based on the observations of a non–legally trained medical profes-

sional. The legal system in the United States is an amalgamation of numerous doctrines from 

several legal traditions dating back thousands of years. The earliest of these traditions focused 

on discerning the truth, the actual events that occurred. While medical practitioners still pur-

sue truth, the American justice system now focuses more on meting out justice – ensuring that 

the rights of all parties are upheld. Many procedures have been created to aid in this process, 

and millions of trained and untrained participants are involved, providing unprecedented pro-

tections to the parties.

Several large mold litigation cases were decided or settled in the late 1990s and early 2000s. In 

the pursuit of fairness, experts for plaintiffs and for the defendants state their opinions. The plain-

tiff’s experts typically have considerable data showing the state of the WDB and the state of health 

of the plaintiff before the exposure, during the exposure and after appropriate treatment of a mold-

based illness. Additionally, the plaintiff’s expert has the vast majority of the medical literature sup-

porting their opinions. There is little medical literature and typically little case-specific data with 

which the defense’s attorney and medical expert witness may work. Some of these experts resort 

to criticizing the plaintiff’s treating physician’s and/or expert’s methods; state the patient has some 

other illness that explains a fraction of the patient’s new symptoms; claim that the plaintiff has a 

psychiatric illness; plant seeds of doubt about the objective testing; and offer in reference only nay-

sayer articles built upon the failed hypothesis of the ACOEM 2002 former position statement and a 

negative view of other cited literature.

Plaintiff’s and defense experts in mold-based cases typically offer diametrically opposed 

opinions. This is a dilemma putting the decision making in the hands of judges and juries, the 

latter of which may not have any of the scientific training needed to ferret out the pertinent 

issues. Because the nature of the law is to provide justice, i.e., ensuring each parties’ rights is 

of paramount importance, the system also allows a relative lack of accountability for medical 

experts. While this is likely not an issue in the testimony of most experts, the potential for 

unintentional or even intentional bias in expert testimony does exist. In complex medical cases, 

the system of law may be insufficiently equipped to discern when this happens, in which case 

truth may be disbelieved, and the verdict, while just by legal standards, might not reflect the 

truth of what actually happened.
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Dying for Representation
My Own Story: Founding Just Well

Kristina Baehr

13.1  KRISTINA 2.0

I felt like I had been hit by a truck. I felt drunk in the middle of the day. My hair was falling out. I 

had insomnia. Hormone surges. Migraines. I woke up drenched in sweat. Extreme fatigue. Dizzy. 

Couldn’t see straight. There was a wet blanket over me. I couldn’t wake up in the morning. Rashes. 

Candida. Sugar cravings. I couldn’t remember things. Or names. I felt fuzzy and lost. I have degrees 

from Princeton and Yale Law, but for the first time in my life, I felt dumb.

I went to a doctor, and then another, and then another. Determined to get well and find answers. 

Convinced that it was the stress of my high-stakes litigation career, I left my private firm and moved 

to the public sector. At the US Attorneys’ office, I told my new colleagues that they were looking at 

“Kristina 2.0.” I was going to be happier, healthier, stress free. I exercised more. Went to bed earlier. 

Eliminated gluten and dairy – and sugar.

But then we were sent home to work during the shutdown of the spring of 2020. My headaches 

came in a vengeance. I was working at home, while my kids were downstairs with a babysitter. I heard 

screaming all day almost every day. My almost 3-year-old son started running into walls. He had 

bruises all over his head. He was regressing in his developmental milestones. Meanwhile, my 8-year-

old daughter became aggressive. She became withdrawn, anxious, moody. She complained of stomach 

aches, sinus issues and headaches. She yelled often. This was sudden and different and new. My other 

two kids, 11-year-old son and 3-year-old daughter (the other twin), were moody and lethargic.

Kristina 2.0 was determined to get everyone well. During the summer of 2020, we got our daughter 

into occupational therapy. We started going to a family therapist to learn to better address behavior. We 

increased therapy for our 3-year-old to daily intervention to address speech and developmental delays.

And I continued my quest to find the answers for my own health. A new concierge practice ran 

a battery of tests. And the most abnormal result was a mycotoxin test that showed I had elevated 

levels of “Zearalenone” and “Ochratoxin A.” I had never heard of “mycotoxins.” The doctor told 

me to test my house.

13.2  DYING FOR REPRESENTATION

The rest is history. A mold inspector found a wall of Stachybotrys behind my daughter’s bed, which 

revealed that the entire house had not been flashed properly. Upon rebuilding, we found more and 
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more mold, including a 10-ft. swath of thick Chaetomium in the kitchen, mold beneath the kids’ 

bathtub, and 26 sq. ft. of mold in the HVAC, with elevated levels of every type of mycotoxin – all 

caused by construction defects.

We eventually learned that the roofer knowingly omitted a critical piece of the roof (causing the 

wall of mold in my daughter’s room) and failed to flash the vast majority of the house, the builder 

attached particle board to tile in the bathroom without a vapor barrier (causing the bathtub of mold), 

the heating, ventilation and air conditioning (HVAC) company incorrectly installed the unit without 

dehumidification (creating a toxic humid bubble for mold to grow), and the framer installed every 

window incorrectly (causing the mold growth in the kitchen). And more.

These failures caused enormous damage. We ultimately had to rebuild the house from the outside 

in, costing hundreds of thousands of dollars. Given the levels and types of mold, every item in the 

home was contaminated and discarded. Meanwhile, all six of us suffered from elevated inflamma-

tion levels, immune dysfunction and other maladies, including neurological harm and developmen-

tal delays. Systemic inflammation exacerbates whatever health issues one already has. We were, in 

essence, a toxic mess.

At the time, I was a personal injury defense lawyer for the United States. I knew how to evalu-

ate a case. And if ever there was a “good” legal case, this was it: clear negligence, direct causation, 

enormous property damage, real personal injuries, six plaintiffs. But when I reached out to personal 

injury lawyers in Texas, no one would return my call. Upon some searches, I found a lawyer in my 

area who notes on his website that he now only handles “wrongful death” mold cases. You have to 

die to get representation?!

As my mind began to clear, I got to work defending my family and building my own case. I 

studied the science, called the experts, read the law. I enlisted a friend and incredibly intelligent 

lawyer, Kevin Terrazas, to work with me. And I ultimately found the few lawyers in the country who 

do these cases (to great success), including Karen Ferris and Robert McKee, who each shared great 

counsel for free with a fellow lawyer warrior. McKee ultimately joined my legal team.

And soon thereafter, I left the Department of Justice to build the law firm I couldn’t find. We 

called it Just Well, a firm focused on health and financial recovery. Wellness first. Every time.

In the last 5 months alone, we have received over 1,000 calls from families who are suffering 

from toxic exposure all over the country. They have often lost all of their personal belongings, their 

home and their health to boot. They are muddling through the suffering one day at a time. Not all of 

them will have a case, but we will provide resources to every one of them, starting with the informa-

tion that I wish I had had when I was in their shoes.

13.2.1  ELEMENTS OF A VIABLE MOLD CASE

Thankfully, the steps to building a viable mold case coincide with the steps to recover health and 

wellness:

 1. A third-party certified mold inspection. First, the potential client must secure an inde-

pendent assessment by a certified mold inspector. Note that a tenant should never rely on 

the landlord to conduct mold testing because that testing will almost always be inexpen-

sive, biased and inaccurate. After all, an inspector hired by a landlord is incentivized to 

find little or no mold exposure.

  Our potential clients must hire an experienced mold inspector who understands 

the health implications of toxic exposure. I recommend finding an inspector through 

International Society for Environmentally Acquired Illness, The Mold Medic, the 

American Council for Accredited Certification (ACAC) (look for CIEC (council-certified 

indoor environmental consultant), CMI (council-certified microbial inspector) or CMC 

(Council-Certified Microbial Consultant), and the Institute of Inspection, Cleaning and 

Restoration Certification (IICRC).
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  The inspector should conduct a full visual inspection and then take air samples (com-

pared with outdoor control), dust samples and mycotoxin samples. If the belongings are 

contaminated (and they likely are), then I recommend that they also test the belongings. 

And, they should run at least a test or two directly on or in the HVAC. It is the HVAC that 

is circulating contaminated air.

 2. A medical provider who attributes their symptoms to their exposure. To prove per-

sonal injury, we will need a doctor to reliably attribute the patient’s symptoms to their 

exposure. Our clients and potential clients need a health professional to walk them through 

the detox process. The goal is generally to Remove, Detox, Restore. We recommend find-

ing a mold-literate doctor through the International Society for Environmentally Acquired 

Illness. Environmental Brain Health Clinics of America is also beginning a national prac-

tice that works well with counsel and can treat patients remotely.

 3. Client willing to leave the environment. In a mold case, we argue that the home is so 

contaminated that it is uninhabitable. But, we cannot make that argument if the client still 

lives there. And importantly, mold-literate doctors will tell you that the single most impor-

tant thing a patient can do to get better is to leave the toxic environment. Unfortunately, 

many of our potential clients are unable or unwilling to leave their home, even while it is 

remediated. Those potential clients will not have a viable legal claim – and will also have 

a hard time recovering physically.

 4. A solvent wrongdoer. Trial work is storytelling, and every good story needs a villain. Who 

caused the mold growth? Who was responsible for maintaining the property (i.e., detect-

ing and preventing microbial growth)? Did they paint over the mold or make some other 

esthetic change to conceal the toxic substance? That last action is not only an Occupational 

Safety and Health Administration (OSHA) violation, but it is assault: the intentional or 

reckless infliction of bodily harm.

  And yet, the wrongdoer must also be solvent. It is not worth spending the time and men-

tal anguish on a lawsuit if there is no recovery to be gained. For this reason, an individual 

landlord is not typically a viable defendant. An institutional landlord or homebuilder, how-

ever, will be.

 5. Discovery within the statute of limitations. Finally, the case will only be viable if the mold 

was discovered within the statute of limitations of the given state. In some states, the statute 

of limitations will begin to run upon discovery of mold illness. In others, the statute of limita-

tions will begin to run when the plaintiff knew or should have known of the mold itself. Many 

of our potential clients have been battling mold illness for a long time, or have known of the 

mold in their homes or apartments for a long time, and may not have a viable claim.

13.2.2  UNDERSTANDING THE CAUSATION STANDARD AND THE MEDICAL LITERATURE

Many trial lawyers do not take mold cases because the legal standards seem unreasonably high or 

impossible to meet. Industry, insurance and defense counsel have taken scorched-earth defenses and 

– for a time – successfully attacked experts and medical providers who testified that mold causes 

very real and lasting injury.

As a general rule, one must show general causation and specific causation: That mold generally 

causes the types of symptoms that the plaintiff experienced, and that mold specifically caused the 

plaintiff’s symptoms. In Allison v. Fire Insurance Exchange, 98 S.W.3d 227 (2002) (the “Ballard” 

case), the Texas Supreme Court upheld the trial court’s summary judgment ruling that the plaintiff 

failed to show that toxic mold could cause toxic encephalopathy (general causation). The court rea-

soned that there were no epidemiological studies showing that mold doubles the risk of brain inflam-

mation. Importantly, however, the court upheld the trial court’s decision to allow testimony of the 

plaintiff’s illness and injuries as relevant to mental anguish. (The jury had awarded $5,000,000 in 

mental anguish and $12,000,000 in punitive damages.)
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In our view and recent research, the science has caught up to the law. Whatever the standard 

in any given state, the most current literature and experts can likely meet it. As to general causa-

tion, the most recent research shows – with biological and medical certainty – that mold causes 

respiratory damage, neurological damage, systemic inflammation, immune dysfunction and more. 

Another contributor to this book, Dr. Scott McMahon, has conducted a review of the literature and 

found 112 peer-reviewed epidemiological articles linking chronic exposure to the interior of a water 

damaged building and adverse health effects, including brain damage, from 2011 to 2018.1

For a recent case, I commissioned a literature review that found – according to the most recent 

peer-reviewed literature – that mold doubles the risk of chronic inflammation, immune dysfunction, 

developmental delays, and neurological damage and neurotoxicity.2–6 The mechanism of injury is a 

cytokine storm that can affect multiple systems of the body at once.7, 8 Mold inhalation causes innate 

immune activation, neural, cognitive and emotional dysfunction, altered memory, pain sensitivity 

and anxiety-like behavior.9

Meanwhile, as more and more medical providers learn about toxic mold exposure and treatment, 

more clients have the diagnoses that they need to prove specific causation. Once general causation 

has been established, a good treating provider need only conduct a differential diagnosis to determine 

that mold did in fact cause this patient’s symptoms. Communities like CIRSx, International Society 

for Environmentally Acquired Illness and others equip medical providers to treat mold illness.

Indeed, in many states, a retained expert may not be required at all. A treating provider can prove 

the elements of both general and specific causation. Dr. Alfred Johnson, in Texas, treats hundreds of 

mold-injured patients every year and testifies often as the sole medical expert in the case.

13.2.3  JURIES CARE

The following cases show the potential value of mold cases when litigated well. Perhaps now, more 

than ever, at the tail end of Covid fear and shutdowns, juries are familiar with the notion that the 

encounter with a pathogen can change your life. It can determine what you can and cannot do, 

where you can and cannot go. The pathogen can affect one person differently than another. And, 

even the smallest amount can be sufficient to kill when encountered by a patient with the right 

pre-conditions. It is no surprise, then, that the highest verdict occurred in the very first trial in the 

courtroom after the Covid shutdowns.

And although the defendants are as determined as ever, plaintiffs in recent years have success-

fully brought scientific evidence to prove real and serious injury. In Federico v. Lincoln Military 

Hous. LLC, (E.D. Va.), Shelley and Joe Federico, through their expert Dr. David Ross, introduced 

the NeuroQuant to prove brain injury (brain inflammation) in federal court – the very same injury 

that the Texas Supreme Court rejected in Allison in 2002. Ross’s testimony survived Daubert expert 

challenges, and the case ultimately settled in 2018.

Most recently, in Lynette R. Jividen v. EDS, No. CACE18011479 (Fl. State Ct. Apr. 30, 2021), a 

jury awarded $48 million to a single plaintiff after a leaky roof led to mold contamination in her 

apartment. Jividen was diagnosed with chronic inflammatory response. That inflammatory response 

affects the nervous system, the digestive system, muscles, joints and the immune system. Dr. Scott 

McMahon testified for Ms. Jividen. The damage award included $10 million for expected future med-

ical costs, more than $1.2 million for past and future lost earnings and $35 million for loss of capacity 

to enjoy life. The defendant’s insurer denied the claim altogether earlier in the suit rather than paying 

out the policy limits. As a result, the insurer will now likely face liability for the entire judgment.

13.2.3  CONCLUSION: A UNITED FRONT

Now, if only more lawyers would take these cases and collaborate. Many of the best rulings are in 

unpublished opinions. Lawyers can and should work together across state lines to develop the best 

practices to litigate these cases. At Just Well, we are actively looking for referral partners in every 
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state, not only so that we can refer cases but also so that we can create a community of litigators 

committed to working together to address the problem of toxic homes in America.

This is not just personal injury litigation but impact litigation. When we hold landlords, builders 

and other contractors to account, we deter them from the bad behavior, and we entice them to take 

protective action to ensure safer homes for the next generation.

APPENDIX: ADDITIONAL VERDICTS

Gorman v. Kormick & Bourgeois, 1000 WL 81549 (Cal. State Ct.) – A 45-year-old man, his 42-year-

old wife and their three minor children suffered multiple injuries, including chronic respiratory and 

sinus infections, fatigue and organic brain damage, due to their exposure to mold in their custom-

built home. The mold exposure resulted in developmental delays for their infant son. The plaintiffs 

contended that one defendant was negligent when it supplied lumber that was contaminated with 

toxic mold. The plaintiffs further alleged that the general contractor and others involved in the 

construction of the home were responsible for construction defects that allowed water intrusion, 

which led to additional mold growth. The defendant who provided the lumber denied liability and 

contended that the mold found on the lumber was not the kind that would cause injuries to humans. 

Before trial, the plaintiffs settled with the general contractor, construction supervisor, framer, 

engineer, roofing company, plumber and window installer for $9.6 million. It appears that the 

plaintiffs settled with the defendant who supplied the lumber for an additional $13,000,000.

Minium v. Piller (Ariz. Supreme Court 2009) – Robin Minium had lived in and worked from 

her apartment for 2 years when she got sick. She was no longer able to work, and she was forced 

to take medical leave. Because her illness left her weak, she rarely left her apartment. She claimed 

to have immediately informed her apartment manager when she learned her apartment might be 

infected with mold. Minium also informed her physicians of the potential mold contamination. Her 

physician immediately confirmed that her symptoms were the result of toxic mold exposure and 

instructed her to vacate the premises. Minium claimed she sustained severe physical and psycho-

logical complications as a result of the mold exposure and additionally, has not had her personal 

belongings returned or replaced. She filed a lawsuit asserting claims of breach of contract, breach of 

warranty of habitability, negligence, intentional infliction of emotional distress, and replevin. And, 

she alleged that several defendants’ failure to provide such a safe environment caused her emotional 

and physical distress, significant doctor bills, loss of wages, loss of continued employment and per-

manent physical impairment. The jury found for Minium and awarded her $3,300,000.

CMN v. State of Cal. Dep’t of Transp. (Cal. Superior Ct. 2015) – The State of California 

Department of Transportation owned and managed a rental property that was rented to a family 

with an infant. The family noticed chipped and peeling paint throughout the exterior and interior 

of the property, which was readily visible. The family also reported the deteriorating paint. Despite 

the obvious deteriorating conditions at this older home, the Department of Transportation treated 

the matter as cosmetic and didn’t promptly make necessary repairs. Even after the family tested for 

lead and the test came back positive, the Department of Transportation didn’t promptly take action. 

A blood test later revealed that the plaintiff boy, now 4 years old, was lead poisoned. By the time 

he was 16 months old, he could no longer form words due to permanent neurological damage; he 

will require extensive care for the rest of his life, costing millions of dollars. The parties settled 

for $10,000,000.

T.D. v. Rockford Memorial Hospital (Ill. Cir. Ct. 2012) – Minor T.D. reportedly suffered neuro-

logical damage, including severe intellectual and cognitive deficits, when physicians of Rockford 

Memorial Hospital, as well as other hospital employees and agents, failed to properly diagnose and 

treat her sepsis and meningitis. The parties settled for $5,000,000.

Baker-Goines v. First Baptist Sch. of Charleston, 2018 WL 4611097 (S.C. Ct. Common Pleas 

2018) – Brett Baker-Goines, a 15-year-old male, recovering from a sports-related concussion, suf-

fered a second concussion while playing basketball with the First Baptist School of Charleston. 
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Baker-Goines suffered a traumatic brain injury and social and developmental delays as a result of 

the second concussion. Goines sued the First Baptist School, alleging they were negligent in devi-

ating from the standard of care and/or in training or supervising the coach, who allegedly rushed 

him through the South Carolina Independent School Association’s return-to-play-protocol. A jury 

concluded the school was negligent and awarded Goines $5,872,583.
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The Intersection between 

Soil, Nutrients, Toxins 

and Human Health

Arden Andersen

The United States spends more money per capita on healthcare than any other country in the world: 

Per US government figures, $11,582 per person in 2019, the most of any country in the world. This 

is 17.7% of gross domestic product (GDP).1

Considering 2018 per capita of $10,623 (16.8% of GDP) for the United States, second would be 

Switzerland at $9870 (11.88% GDP), Norway at $8239 (10.05% GDP), Iceland at $6530 (8.47%) and 

so on to #10 Australia at $5472 (9.28%) and #13 Canada at $4994 (10.79%), #17 the United Kingdom 

at $4315 (10.00%) GDP and #18 Japan at $4266 (10.95%), Cuba at $986 (11.19%).2

According to the World Health Organization, global health spending continues to rise rapidly: 

$7.8 trillion in 2017 or $1080 per capita, 10% of GDP and growing faster than GDP. Of this, 60% 

was public and 40% was private spending.3

Ranking expenditures of the listed countries along with their corresponding life expectancies 

paints a picture of serious waste or mismanagement of healthcare in the United States: Life expec-

tancy rankings are: United States 47th, Switzerland 4th, Norway 18th, Iceland 10th, Australia 8th, 

Canada 17th, United Kingdom 29th, Japan 2nd. Cuba ranks 48th at 78.69 years compared with the 

United States at 78.81 years of life expectancy, and we send medical missionaries to Cuba to help 

this “deprived” country. Cuba spends $986 per capita for 11.19% GDP per year on healthcare.4, 5

Though we spend thousands of dollars more per person on healthcare than the developed coun-

tries listed here, it does not translate to better health, longer life expectancy, better quality of life or 

lower chronic disease rates. So, what is the problem? Why do we have so much disease and ill-health 

when we unequivocally have the best emergency medicine system in the world and spend the most 

per capita, by thousands of dollars, on healthcare compared with any other country? We have the 

most disease-causing diet and lifestyle in the world.

A Harvard professor of genetics and metabolism at the Harvard T.H. Chan School of Public 

health said it well: “Chronic inflammation is uniformly damaging and is absolutely causal to the 

process (disease), because if you interfere with it, you can reverse the pathology.”6

Inflammation is the underlying cause of chronic disease from cardiovascular disease to diabe-

tes, from obesity to hypertension, from multiple sclerosis (MS) to Parkinson’s and Alzheimer’s. 

Inflammation, or the modulator of inflammation – cause or reversal – is THE link to agriculture. 

Food is the key. Food supplies the vital nutrients for us to live, for our mitochondria ultimately to 

produce ATP and our Krebs cycle to produce amino acids, fatty acids, organic acids and ultimately, 

all the nutrient components we need to maintain and repair cells, tissues, organs and our entire 

organism.

Food, the food we consume daily, determines the underlying level and type of inflammation 

present and often raging in our body. It is the underlying cause of all disease. Even for the 5% of 

diseases that are genetic in origin, systemic inflammation, determined by our diet and environment, 

is the primary determinant in genetic expression. It matters not whether one has the genes for breast 

cancer, prostate cancer, lung cancer, Alzheimer’s, diabetes, MS, cystic fibrosis, myasthenia gravis 

or autism; environment determines genetic expression. The Standard American Diet is the most 
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disease-inducing diet in the world. Americans are the most obese, inherently inflamed and least 

healthy in all developed countries. Unfortunately, as American diet and agricultural and medical 

technology are exported to other countries, these people develop the same ill-health, disease-ridden, 

declining life expectancy as is observed in America.

It has been said that everything is connected to everything. So it is with human health and 

agriculture. If one draws a “mind map” with human health in the center, we see more clearly how, 

in fact, all things are connected. One branch off human health is inflammation. It is the underly-

ing driver of disease or successful tissue regeneration. Off it we see drugs, electromagnetic radia-

tion, radioactive radiation and chemicals, including agricultural pesticides, industrial and domestic 

chemicals. Another branch off human health and off inflammation is diet/lifestyle, off which we 

see food choices and exercise. Another branch off human health is climate, as it is a huge factor in 

our environmental determination. Off it we see the water cycle, reef death, ocean/gulf dead zones, 

pollution and decreasing oxygen levels, local and regional weather changes leading directly and 

indirectly to death and destruction, crop failures and pest pressures. Another branch off human 

health is agriculture, off which we see economic stability and soil health, which spins off soil com-

paction/tilth, nutrients, pests, crop yield, water cycle and transpiration, food quality, soil erosion and 

sustainability.

Agriculture has a hand in every aspect of this “mind map,” at least since World War II, when syn-

thetic nitrogen was mandated by the British government for farmers to use for growing food crops 

for the war effort. Synthetic nitrogen did lead to increased volumetric yields, but those yields were 

more susceptible to insect and disease pests and poorer shelf life. These later problems were direct 

consequences of lowered nutrient values of the crops; however, they opened the door to a booming 

business in pesticide development and sales directly out of the chemical weapons stocks from the 

war effort itself.

Before this period, however, American farmers had abused their power of the plow and plowed 

up grasslands in the western United States that never should have been tilled. There was no applica-

tion of common sense to prevent erosion and the Dust Bowl. Arrogance in the belief that man could 

conquer nature was the prod that moved farmers to create the Dust Bowl disaster of the 1930s. It 

was a great opportunity, however, for government to step in to gain more control over the land and 

collude with chemical companies to set a new course, a course of synthetic chemical agriculture, as 

became law in the United Kingdom at the beginning of World War II. It is much like the power grab 

by governments we have seen in the COVID-19 pandemic.

Volumetric yield, measured most commonly in bushels per acre, became the mantra, and gov-

ernment intervened to promote commodity-based large-scale agriculture, subsidizing commodity 

prices and paying some farmers not to farm – if they were tied to standard commodity crops of corn, 

soybeans, wheat, cattle and dairy. By the early 1950s, the US Department of Agriculture (USDA) 

embarked upon a new policy of seeking commercially funded agricultural research for all the Land 

Grant Universities to replace the public-funded research in a further effort to promote the chemical 

industry, garner more funds for research and perpetuate a more collective, monopolistic agricultural 

industry. DDT and atrazine (ATZ) were two of the early “miracle” chemical weapons peddled as 

farm pesticides to save farmers from the devastation of insects and weeds. Rachel Carson brought 

to the public eye the devastation and lunacy of DDT in her book Silent Spring in the 1960s.

Nutrient density of crops suffered directly under this industrialized anti-organic, anti-nature 

model. Charles Northern MD read into the Congressional Record in 19367 that the nutrient value 

of commercially produced food in the United States had declined so significantly that he could 

directly correlate it with the increase in digestive diseases seen in his specialized medical practice. 

Trace mineral analysis of over 4000 cereal grain samples, taken from 11 Midwest states, in the 

early 1960s, published in the National Hog Farmer Swine Information Service, No. E25, 1968, 

revealed significant decline (as much as 70% over 4 years) in these trace minerals.8 British research 

showed a similar pattern in nutrient value decline in edible foods in the United Kingdom from 1941 

to 1991 (Analysis of UK Composition of Foods 1940–1991. Nutrition and Health 2003, Vol. 17, 
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pp. 85–115 from The Composition of Foods, Ministry of Agriculture, Fisheries and Foods and the 

Royal Society of Chemistry.) This analysis showed a 16–76% reduction in vital minerals. Donald 

Davis PhD published a study in 2004, the December issue of the Journal of the American College 

of Nutrition, finding “six out of 13 nutrients showed apparently reliable declines between 1950 and 

1999.”

These nutrients included protein, calcium, phosphorus, iron, riboflavin and ascorbic acid. The 

declines […] ranged from 6 percent for protein to 38 percent for riboflavin.9

Nutrients are the reason for food consumption. These studies show that eating an 8-ounce salad 

with cucumber, tomato, onion, pepper, celery, mixed greens, kale, cauliflower, broccoli, carrot, 

pumpkin seeds and mint today will deliver to our body a significantly reduced quantity of trace 

minerals and vitamins than that same salad grown in 1990, which is less than if it were grown in 

1950, which is less than if it were grown in 1930. That’s completely on agriculture. It’s not genetics, 

though hybrids potentially are harder to get fully mineralized than are open-pollinated varieties. It 

is the nutritional management of the farmer that determines the nutrient value of the crops grown.

Consequently, the level of inflammation, good or bad, associated with nutrients is determined by 

the farmer, and with fewer vital nutrients, we have fewer antioxidants and anti-inflammatory trace 

elements such as selenium, zinc, copper, manganese and so forth.

Further, the nutrient density of the crop indirectly correlates with pest attraction and pressure. 

Keep in mind that insect digestive systems are different than ours. Insects are not capable of digest-

ing the same sophisticated foods we were meant to consume to keep us healthy. As nutrient levels of 

crops decline, they become more attractive to insects because these crops produce more free nitro-

gen molecules, fewer complete and complex carbohydrates, more reducing sugars, and more simple 

and less sophisticated amino acids because the plant doesn’t have the full spectrum of nutrients 

needed for the production of complete proteins, complex carbohydrates, etc.

For example, when the percentage of nitrate nitrogen reaches 55% of the total nitrogen content in 

the plant sap, aphids attack the plant. Dr. Carey Reams was the first to suggest the use of a refrac-

tometer in the field of all crops to measure the sap brix levels. The sap brix levels roughly correlate 

with nutrient density and can be used to predict insect susceptibility. A brix reading of 14 or above 

at the weakest point of the plant will essentially ward off all pressure from insect pests in that crop 

WITHOUT any use of pesticides.

The point of this is that if no pesticides are needed, then no pesticide residues will be found in 

the food people eat. Pesticides are toxic and exhaust valuable antioxidants to detoxify via the liver 

Phase I and II pathways. Many pesticides, such as Roundup, ATZ and DDT, are endocrine disrup-

tors, which means they disrupt the normal endocrine development of human fetuses, infants and 

children; they interfere with the normal function of adult hormone systems, leading to multiple 

problems, including endocrine cancers.

Thus far, we have recognized that the United States is spending much more money than any 

other country on healthcare, yet we have the worst citizen health of all the developed countries of 

the world; the agricultural model we have put in place has perpetuated and continues to perpetu-

ate declining nutrient – especially mineral – levels while we spray millions of tons of chemical 

weapons – called “plant protection products” for political correctness – that we know cause their 

own individual and collective human and animal health problems, from endocrine disruption and 

gender dysphoria to cancer, birth defects and a litany of ill-health. It’s Business! Many of the chemi-

cal weapons manufacturers have pharmaceutical branches that produce the drugs used to treat the 

diseases their chemical weapons, used in agriculture, cause in consumers.

Why do plants need “protection?” Or, do they? The answer is both yes and no; it depends upon 

the model in which you live. You may be in the standard, Land Grant University model – Ohio State, 

Perdue, University of Nebraska, University of Missouri, Iowa State and so forth, as every state has 

a Land Grant University where the state’s official agricultural school resides, and the Cooperative 

Extension Service sits. As we know, over 75% of university research in the United States is now 

industry funded. Much of that funding comes with strings attached to the data whereby it can only 
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be released to the public if the data supports the desires of the funding corporation. That is, until 

the professor retires, gaining “Emeritus” status, and can then “go public,” as have several, includ-

ing Drs. Don Huber and Robert Kremer, or may have simply been able to get the public data out in 

public forums, as has Dr. Tyrone Hayes.

“Plant protection” is predicated on the belief that insects, diseases and weeds are present in 

nature to randomly compete with modern agricultural foods. As such, pesticides “must” be applied 

to get the crop to harvest before nature gets to it first. It seems logical and is fully embraced by most 

consumers. Even the typical organic farmer believes in this concept. He/she merely uses “organi-

cally approved” pesticides and weed control methods, but his/her mentality and logic in solving 

insect, disease and weed challenges is the same as that of the chemical farmer. Herein lies the 

problem. The belief that nature is somehow flawed and in competition with humans for their food 

production is purely a business model sold to the general public and more so, the farmers.

What needs to be understood is that nature is not in competition but rather, in partnership with 

our wellness survival. As farming “technology” has progressed to further and further deplete the 

nutrient values of our foods, the food plants in the field, greenhouse, garden, lake, bog or patty 

become weaker and weaker and more susceptible to insect, disease and weed pressure. It is illogical 

that nature would evolve or God would create a nature that was self-destructive.

Let’s start with insects. As the French biologist Francis Chaboussou demonstrated, insects have 

different digestive systems than ours and therefore seek simpler, less complex nutrients for nitro-

gen and carbon. If one studies the Krebs cycle or citric acid cycle, which is the foundation of the 

biochemistry of energy production in all of nature, from plant to human, we find it requires a full 

complement of nutrients, trace minerals, macro minerals, vitamins, amino acids, organic acids and 

so forth. If any of these nutrients is not present in sufficient balanced quantities, the Krebs cycle 

bogs down, and incomplete amino acids, funny proteins, simple reducing sugars and basic organic 

acids prevail, which are exactly what the insect digestive systems are designed to utilize. As we 

approach balanced sufficiency, fewer and fewer of these “insect foods” are available in the plant, 

and thus, there is less and less insect pressure to devour the crop. A simple instrument used to assess 

plant health in the field is the refractometer, measuring sap sugar levels. It is calibrated for 0–32 

brix, and once the farmer or gardener achieves 14 brix, 24–7 (24 hours per day, 7 days per week) 

in his/her crop, no insect will attack. If no insects attack, we don’t need any insecticide. The same 

goes for bacterial, viral and fungal plant diseases; once the nutrient values expressed as brix levels 

are up to 14 or above, no disease appears, so NO pesticides are needed to get the crop to harvest.10

The weed challenge is explained well by the research done by the Scandinavians on geological 

succession of soils from fresh volcanic rock to mature forests and everything in between. The fresh 

rock first becomes inhabited by bacteria that etch away at the mineral base, then algae and primi-

tive fungi. As the process continues, lichens are soon able to occupy the rock and finally, primitive 

upright plants. As the sophistication of biodiversity progresses, the soil is formed, and the ratio 

between bacterial biomass and fungal biomass changes, favoring fungi. Once we reach a 1:1 ratio, 

we see our sweet prairie grasses, such as fescue. Once here, the more primitive plants we call weeds, 

which have a more bacterially dominated ideal soil environment, fade out, and eventually, we have 

forests developing that have fungal to bacterial ratios of 1000 or more to 1. Again, no herbicides 

are needed to control the primitive plants we call weeds, because they don’t thrive in the fungal-

dominated soils. What about fungal diseases such as verticillium, phytophthora, etc.? These are 

primitive fungi dominating primitive soils. Once we approach 1:1 bacterial and fungal biomass, we 

have beneficial fungi like mycorrhizae as the dominate and very protective species. Only when our 

agricultural/farming practice causes a reversion of soils back in the geological spectrum do we see 

weeds and disease organisms dominate.11

What the discerning reader may have grasped is that as the soil evolves with nature or farming 

practices, it sequesters more carbon. As pointed out in the documentary “Kiss the Soil.” healthy 

soils sequester carbon, and agriculture has the potential to completely sequester all the excess atmo-

spheric CO2, ALL OF IT!
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Further, as we clean up the soils and get the nutrients back into our foods, we don’t have the 

fertilizer and pesticide runoff into our streams and into our oceans to create huge dead zones, kill 

carbon-sequestering and oxygen-producing cyanobacteria and algae, or kill coastline-protecting 

reefs and vital fisheries, leading to local and regional climatic alterations and soil erosion. It is all 

connected.

Now that we have the overview from soil health to crop health to human health, from soil health 

to environmental health to climate destruction and weather alteration, we shall delve into some of 

the specifics of toxins, especially pesticides and their health effects on people.

Pesticides – truly, they are chemical weapons evolving from the World War I and World War II 

chemical weapons industry – have become ubiquitous in our society. According to the United States 

Geological Survey (USGS), “About 1 billion pounds of conventional pesticides are used each year 

in the United States to control weeds, insects, and other pests.”12

“A study in Texas found that mothers who lived in areas where more atrazine was used had a greater 

chance of giving birth to children with birth defects in their faces and skulls than mothers who did not. 

The more atrazine used in the county, the greater the chance of birth defects.”

“Researchers collected urine from pregnant women in France. They tested the urine for atrazine or its 

metabolites to estimate exposure to atrazine. Babies whose mothers were exposed to atrazine while 

they were pregnant grew more slowly. They had a smaller head circumference than babies whose moth-

ers were not exposed to atrazine during pregnancy.”

“Women living in areas in Illinois where atrazine is heavily used had more irregular menstrual periods 

than women living in Vermont, where less atrazine is used. Atrazine measured in the residential water 

was 0.4 µg/L in Vermont but 0.7 µg/L in Illinois. The more water women in Illinois drank, the more 

likely they were to have delayed periods.”

“Farmers have reported information on their health and use of pesticides in the Agricultural Health 

Study. Farmers who used atrazine were more likely to have both allergic and non-allergic wheezing. 

The chance of reporting wheezing increased with how often the farmers reported using atrazine.”

“Researchers using Agricultural Health Study data found that people who had been exposed to more 

atrazine had a higher risk of end-stage renal disease (kidney failure) compared to people who had not 

been exposed. As atrazine use increased, risk of end-stage renal disease also increased.”

“Farmers in the Agricultural Health Study who used more atrazine also had a greater increase in body-

mass index (BMI) than other farmers as they got older.”

“The EPA concluded that 52 out of 59 species of birds would raise fewer young if they were exposed to 

atrazine. Five bird species often found in cornfields might produce fewer broods of nestlings per year. 

The EPA's models suggested that small mammals were at long-term risk near fields sprayed with atra-

zine. Small mammals could be harmed at up to 250 feet away from the crop.” 13

During the most recent 5 years of available survey data (2013–2017), an annual average of 72,000,000 

pounds of ATZ was applied.12

Results suggest that ATZ could be involved in cell homeostasis perturbation, potentially through 

a S100a4-dependant mechanism.14

Research done by Tyrone Hayes PhD at UC Berkeley has shown that concentrations of ATZ 

well below the Environmental Protection Agency (EPA) allowable level of 3 ppb cause com-

plete transgenderization of male frogs. Male frogs come under the influence of ATZ at lower 

than 0.1 ppb.15

We can spend pages, no, actually, volumes of books, on various toxins to which we are exposed 

every day. The industry that produces these toxins pays for “scientists” to “research” the “safety” 
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of these toxins and present to various government agencies and the public “data” and published 

papers to “prove” their products should be allowed unencumbered in society. After all, these toxins 

“enhance” our lives. I am a scientist myself, and I understand the protocol that needs to be followed 

to evaluate the interface between man-made products and living creatures, including humans.

It can all really be summed up by inquiring what is the biochemical and biophysical “drag” these 

toxins present on our metabolism, specifically our mitochondria and our organism homeostasis. 

Certainly, in many cases, this drag includes genetic damage/alteration/mutation, which then leads 

to identifiable disease processes such as cancer, cardiovascular disease, kidney disease, diabetes, 

asthma, Parkinson’s, MS, amyotrophic lateral sclerosis (ALS), birth defects, miscarriages and aller-

gies, to name a few. Unfortunately, each toxin is measured and evaluated independently, as if it 

were the one and only toxin in the mix of life’s exposures. Free radical generation/damage of our 

metabolic engine is the determining factor at the most fundamental ion, atom and molecular level. 

Each and every toxin, whether or not it has been “shown” to cause cancer or some other identifi-

able disease, does tax the metabolism. Each toxin has a given “drag” on the nutrient/homeostatic 

biochemistry/biophysics. Even if not shown to cause a disease directly, these chemicals are pro-

cessed through the liver via Phase I and Phase II detoxification, requiring a full complement of vita-

mins, minerals and antioxidants, and subsequently excreted through the bile and/or kidneys. Even if 

unchanged molecularly, the process of excretion by the kidneys requires energy for ionic exchange.

That energy has to come from nutrients, from antioxidants: Minerals, vitamins and enzymes. So 

it is in pharmacology, where every drug is cleared via the liver and/or the kidneys, each having its 

respective “drag” on the system, as it with every chemical in our food and environment. Few doc-

tors take this “drag” into consideration when evaluating patients’ health, diet and nutrient needs and 

certainly, the consequences of polypharmacy. Then again, the medical system is the third leading 

cause of premature death in the United States.

The discussion here is not about debating or listing chemical after chemical, study after study, for 

that has already been done. The literature is available for all to research and read. The focus of this 

chapter is on the nutrients needed to compensate for the “drag” by which all these toxins burden our 

bodies, specifically our biophysics and biochemistry.

Phase I detoxification in our liver converts toxins, endogenous and exogenous, into smaller mol-

ecules that are often more reactive. This is because Phase 1 uses oxygen to form a reactive site on 

the toxin molecule so it can be more easily neutralized in Phase II via glutathione conjugation, 

glucuronidation, sulphation, amino acid conjugation, acetylation and methylation. Phase II con-

verts these metabolites to water-soluble molecules to be excreted from the body. However, the gall 

bladder has to be working efficiently for these Phase II metabolites to be taken from the liver and 

dumped into the colon for elimination. This, of course, assumes an efficiently working colon, no 

irritable bowel syndrome (IBS) and no constipation for effective final elimination of those toxin 

metabolites dumped into the bile for elimination.

Phase I particularly needs B1, B2, B3, B6, choline, vitamin C, vitamin E, magnesium and sele-

nium. The liver’s regulation of Phase I is determined by the “toxin pile” it has to convert. Since this 

is Phase I, it will take every available needed nutrient from the circulatory reserve to accomplish 

its task. Most every, not all, prescribed medication must be detoxified via the P450 Phase I enzyme 

pathway. Whatever the Phase I output, Phase II must keep up with the subsequent timely conjuga-

tion, glucuronidation or sulphation of these Phase I metabolites. These metabolites are highly reac-

tive and can cause DNA damage. If not immediately detoxified, they lead to liver damage, fatty liver 

deposits, and spill over into the systemic circulatory system, leading to a myriad of inflammatory 

illnesses from cardiovascular disease to autoimmune neurological and glandular disorders, fatigue, 

and eventual liver and kidney failure and death.

How do we know if these metabiotic pathways are functioning as desired, and whether suffi-

cient nutrients are being supplied for the various detoxification pathways? Standard medical blood 

testing looks at bilirubin – measurement of red blood cell break-down and elimination – but it is 

not a greatly sensitive test and often detects damage after the fact. AST (aspartate transaminase), 
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ALT (alanine transaminase), gamma-glutamyl transferase (GGT) and alkaline phosphatase are all 

found on comprehensive metabolic panels regularly drawn on blood profiles. These markers indi-

cate whether there is a problem with the liver clearing toxins/drugs; unfortunately, often after some 

damage has already occurred. Even with that said, the liver is quite amenable to repair, provided it 

receives appropriate and sufficient nutrients for repair and the exhaustive toxins – most commonly 

diet, medications and environmental exposures, often work related – are reduced sufficiently for the 

liver to get ahead of their damaging effects.

Good physicians or clinicians determine via history and physical exam much valuable insight 

about liver function and detoxification by what complaints the patient expresses, what illnesses they 

have or have had, and how they function in the present. There are alternative liver function tests 

available. A common test is the caffeine clearance test. The liver detoxifies caffeine via Phase I 

and II and eliminates it through the kidneys and bowels. If Phase I is too slow – insufficient Phase 

I nutrient supply – the patient will complain of extreme sensitivity to caffeine. If, however, Phase I 

is too fast, the patient will express zero effect from caffeine. The problem with too fast a Phase I is 

that eventually, it overwhelms Phase II with reactive oxygen species of Phase I detoxification, and 

their damaging effects grow. These effects are expressed as inflammation.16

A study done in citrus between the 1959 and 1960 seasons looked at vitamin C content of citrus 

correlated with soil moisture (low, medium and high) and pounds of nitrogen applied per tree for 

the year. With 1 pound per tree per year, they found 64.7 mg/100 ml of juice in high-moisture soil 

conditions, 66.3 mg/100 ml in medium soil moisture and 64.4 mg/100 ml of juice in the low soil 

moisture conditions. Two pounds of nitrogen resulted in a little less vitamin C at each soil moisture 

level, 3 pounds of nitrogen lowered the vitamin C a bit more, and 4 pounds of nitrogen per tree 

resulted in the lowest vitamin C levels at 56.9, 57.6 and 61.3 mg/100 ml, respectively. Average fruit 

size was 228, 207, 213, 217 cc per 1, 2, 3, 4 pounds of N applied.17

Trees receiving the higher rates of nitrogen application produced fruit with higher titratable 

acids, lower solids to acids ratio and lower vitamin C content of the juice. Since the total soluble 

solids were unaffected by nitrogen application rate, the decrease in solids to acid ratio is due to the 

increase in acid. The solids to acid ratio is used as the index of maturity, and thus, the higher nitro-

gen application rates delayed the fruit maturity. Not only did the higher rates of nitrogen application 

delay maturity, but they also reduced the internal quality of the fruit by lowering the vitamin C 

content of the juice. Smith and Reuther reported that in general, a high rate of nitrogen fertilization 

lowers the vitamin content of fruit by an indirect method whereby the vitamin C content is diluted 

by the production of a greater number of fruits per tree.17

A Kushi Institute analysis of nutrient data from 1975 to 1997 found that average calcium levels in 

12 fresh vegetables dropped 27%; iron levels 37%; vitamin A levels 21%; and vitamin C levels 30%. 

A similar study of British nutrient data from 1930 to 1980, published in the British Food Journal, 

found that in 20 vegetables, the average calcium content had declined 19%; iron 22%; and potassium 

14%. Yet another study concluded that one would have to eat eight oranges today to derive the same 

amount of vitamin A as our grandparents would have gotten from one.18

Table 3, page 7 of Vitamin C Intake and Mortality among a Sample of the United States 

Population looked at death from all causes, all cancers and all cardiovascular diseases between 

1971 and 1984 and correlated this with their categorization in a 1971 to 1974 study of intake of 

vitamin C. The three levels were 0–49 mg C per day, over 50 mg per day and over 50 mg plus 

supplementation. The healthiest group took close to 800 mg of vitamin C per day via supplementa-

tion and a diet rich in fruits and vegetables. Consequently, this group had the lowest death rate and 

the lowest cancer and lowest cardiovascular disease rates. After 7 years, the group consuming more 

than 50 mg vitamin C per day had half the death rate of those consuming less than 50 mg vitamin 

C per day. Further, vitamin C’s inverse relation to total mortality was stronger than the relation to 

total fat intake and serum cholesterol.19

The real point of this discussion is twofold. First, disease for the most part, 95% of the time, 

is a direct reflection of nutritional balance/imbalance. Agronomists (Michael McNeill), plant 
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pathologists (Don Huber), biologists (Francis Chaboussou) and entomologists (Philip Callahan and 

Tom Dykstra) have shown in their research and in the field that plant disease/health is dictated 

by nutritional management. It will be reflected in the sap refractometer reading, the sap nutrient 

analysis and the insect/disease presence and pressure. It will be reflected in the yield and nutrient 

density of the crop harvested. As the veterinarians Paul Dettloff, Dan Skow and Hugh Keraman 

have demonstrated in their past practices, animal health is directly related to animal diet and nutri-

ent balance/imbalance. Neither is related to drug deficiencies/sufficiencies.

As a practicing family physician and colleague of Lisa Everett Andersen, one of the foremost 

recognized clinical nutritionists/clinical pharmacists, we see inflammation manifested as human 

disease daily and subsequently, see it resolve with appropriate dietary modification and nutritional 

supplementation.20 The minimum foundation we start with is:

• Vit A (71% beta-carotene) 35,000 IU

• Vit C (ascorbic acid) 2000 mg

• Vit D3 2000 IU

• Vit E (as mixed tocopherols) 800 IU

• Vit K1 150 mg

• Thiamine (B1) 200 mg

• Riboflavin (B2 as R-5-P and Riboflavin) 100 mg

• Niacin/niacinamide 250 mg

• Vit B6 (PyridoxineP-5-P) 300 mg

• Folate (Calcium folate/5-MTHF) 800 μg

• Vit B12 (hydroxocobalamin) 1000 μg

• Biotin 500 μg

• Pantothenic acid from calcium pantothenate 500 mg

• Iodine (sea kelp and potassium iodide) 1000 μg

• Magnesium (from magnesium glycinate) 500 mg

• Zinc (from zinc picolinate) 50 mg

• Selenium (from amino acid chelate) 400 μg

• Copper (citrate) 3 mg

• Manganese (ascorbate) 20 mg

• Molybdenum (fumarate) 300 μg

• Potassium (citrate) 99 mg

• Chromium (from chromium GTF) 400 μg

• Choline (citrate) 300 mg

• Inositol 300 mg

• N-Acetyl l-cysteine 200 mg

• Betaine HCl 150 mg

• Bioflavonoids (citrus) 100 mg

• PABA 100 mg

• Natural Mixed Tocopherols 40 mg

• Glutamic acid HCl 20 mg

• L-Methionine 12.5 mg

• Co-Q10 10 mg – will add 100 mg BID separately

• Boron (citrate) 4 mg

• Vanadium (aspartate or aminomin) 300 μg

• Trace elements 100 μg

We add further supplementation depending upon the individual challenges and recommend modify-

ing their diet to reduce inflammation to whatever degree they are motivated to achieve better health. 
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First is the elimination of dairy products, whether or not they are organic, A2, synthetic hormone 

free (all milk has endogenous estrogen from the female producing the milk) or whatever the argu-

ment. We send them to NutritionFacts .o rg and The Game Changers movie for further education on 

their diet modification.

Nutrition is the foundation of our health and disease. Figure 14.1 shows a chart I devised years 

ago when seeking a means to explain to farmers how/why one fertilizer helped one farmer, but not 

another, or helped one year, but not the next. It is the same with animals and people. Find where you 

reside on the chart: death – well, if you are dead, you won’t be reading this anyway; disease – if you 

have been diagnosed with any disease, you are here; pre-disease – you are susceptible but have not 

contracted the disease or been diagnosed yet, you just have all the critical risk factors; and finally, 

health – you truly have no diagnoses, don’t need and take any medications, and function to your 

genetic capacity.

You will see on the chart, depending on where you reside, that a product may help move you up 

the scale toward health but may actually be detrimental to another person healthier than you. This is 

why we must look for real health determinants – easier, perhaps, with plants and animals. In plants, 

that is no insect pressure, no diseases and brix–refractometer readings above 14. That is why we 

start with the preceding list for our baseline nutrient supplementation and then adjust per the need of 

the person according to their inflammatory levels, life stressors – causing inflammation – history of 

exposures, genetics and motivation – yes, mental health is very important to your success. I suggest 

reading Bernie Segal MD Love, Medicine and Miracles.

We must have sufficient nutrition to run Phase I and II detoxifications of the liver determined by 

what symptoms the person displays and where in their body. Much toxicity is directly generated by 

the Standard American Diet, which puts a lot of pressure on Phase I and doesn’t provide sufficient 

nutrient to upregulate Phase II, so the person manifests the inflammatory degenerative symptoms 

of the top 16 causes of death in the United States, starting with cardiovascular disease, followed by 

cancer.

Health starts in the mind, with an attitude to get well. It starts in the soil, with comprehensive 

farming approaches to improve plant nutrition to the degree that plants were intended to have – brix 

FIGURE 14.1 Life/death continuum

http://www.NutritionFacts.org
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readings over 14 at their weakest point, 24 hours per day, 7 days per week. No gene technology, no 

chemical weapon or synthetic growth stimulant will ever achieve such health balance.

The chart applies equally to agriculture regarding plant and animal nutrition as well as to human 

health and nutrition. Specifically, as the entries state, the diet one follows correlates with one’s sub-

sequent health/disease status (Figure 14.1).

Consider this chart in regard to medicine. If you have strep throat, for example, you are in 

the “disease” category. For some, and in some countries, this could be life-threatening. Let’s say 

the doctor prescribes tetracycline or doxycycline because that is all that is available or all one’s 

insurance will cover. It is further assumed you are on the Standard American Diet, loaded with 

inflammation and obese; consequently, your immune system is on overload, and your liver, gall 

bladder, colon and kidneys are on overload. Most obese, especially morbidly obese, people have fat 

deposition around the vital organs, including some degree of fatty liver. Many of these people take 

something for reflux, as do over 50% of Americans on the Standard American Diet. Many of these 

people have some degree of either constipation or diarrhea, reflecting an inflamed colon. Most of 

them consume more soda than water, so the kidneys are further stressed. The tetracycline or doxy-

cycline would be assigned “product A” on our chart and do little to improve the strep throat. Most 

doctors and mid-level practitioners are giving either amoxicillin or Augmentin, the latter because of 

seeing so many resistant strains of strep. Azithromycin is commonly given if the person is penicillin 

allergic. All these would be assigned “product C,” as they will most likely successfully assist the 

immune system in knocking out the strep throat.

Regarding supplementation, how does the practitioner or the consumer know when enough is 

enough? How do we determine if the level listed earlier under the optimal daily allowance for the 

B vitamins is sufficient or insufficient? The answer resides in clinical practice. In other words, what 

is the response of the patient regarding their complaints and health? Timing and time are also fac-

tors as to how quickly the tide is turned and for how long the person has been sick. Doctors operate 

under this decision-making process with medication titration on every patient. There are listed 

ranges of dosing for every medication derived through historical experimentation, but ultimately, 

the medication must be, or should be, titrated per individual patient response. How does the doc-

tor know if the patient is taking enough blood pressure medicine? Check the blood pressure over a 

given period.

Vitamin D has gotten a great amount of attention due to its link to immune function, and most 

recently, serum vitamin D was found to be deficient in a great deal of humanity. In one of my cor-

porate clinics, where we do annual physical exams, we have been checking vitamin D levels as a 

matter of course and found 49% of our cooperate population from age 25 to 60 to be under the refer-

ence minimum of 30 ng/ml. Most people think that vitamin D levels are merely linked to sunshine 

exposure and that is it. Sunshine is certainly the primary mechanism through which humans can 

potentially raise their vitamin D level, but that does not guarantee anything. Even taking mega-

doses of vitamin D3 does not guarantee sufficiency.21

Vitamin D receptors have been found on over 36 areas of the body, including bones, ovaries, 

testes, uterus and immune cells. Vitamin D must cycle through the liver and kidneys to become 

fully usable by the body. Vitamin D is actually a hormone dependent upon many other nutri-

ents to achieve its intended utilization. Vitamin K is needed to control the amount of vitamin 

D made, keeping it in homeostasis.22 Other nutrients needed for vitamin D to be utilized are 

magnesium – an enzyme cofactor, boron – regulates blood levels of vitamin D, zinc – forms 

a component of the vitamin D receptor, and vitamin A – regulates the number of vitamin D 

receptors.23–25

Translating this to functional medicine/nutrition, if someone is taking 10,000 IU of vitamin 

D3 per day and their serum vitamin D level is still poor, it’s not because of insufficient vitamin D 

or sunshine. It’s most likely due to insufficient supporting nutrients. Clinically, we start with the 

dosing per the optimal daily allowance listed previously and titrate additional nutrients per patient 

response/need.
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The same applies to agriculture, plant and animal health, and nutritional supplementation; titrate 

nutrients per patient response while asking how are their symptoms, how’s their energy, how’s their 

elimination? How are the complaints for which they which they originally came to the clinic?

There is a group of clinicians, Lifestyle Medicine practitioners, who promote improved life-

style, physical and mental fitness, and a more plant-based diet while contending that one can 

do everything with diet, that no supplementation is needed. This is only true to the degree that 

the patient can get sufficient nutrition in their food to address the needs of the patient in order 

to reverse their health problems. It assumes that we live in a pristine world free of chemical and 

pesticide pollution, heavy metal toxicity, plastics and plastic leachates, electromagnetic pollu-

tion and other stressors. It makes the grand assumption that the food automatically contains 

fully sufficient nutrient levels.

Nice theories, and many people by just changing their diets will have great health improve-

ments. Yet, many need more nutrition than what the food delivers to achieve health and to do so 

in a reasonable amount of time. Vitamin D is often a good example, as are magnesium, various B 

vitamins, glutathione and so forth. They must be supplemented to get the therapeutic doses needed 

to overcome acute degenerative/life-threatening symptoms.

An excellent case in point is that during a measles epidemic, vitamin C was used prophylac-

tically at 1000 mg every 6 hours by vein or intramuscularly and prevented the development of 

measles in the test cases. Taken orally, it must be given at 1000 mg every 2 hours around the clock. 

If Koplik’s spots and fever had already begun, the administration of these doses of vitamin C com-

pletely resolved all signs and symptoms in 48 hours.26

One will not get such levels of vitamin C from any diet or food concentrate.

Another example of having to titrate dosing to achieve the desired outcome is in regard to hor-

mones, specifically bioidentical hormone replacement therapy. Most young girls today after start-

ing their menstrual cycles have 2 good weeks out to the month and 2 weeks of misery with severe 

cramping, migraines, heavy bleeding and significant premenstrual syndrome (PMS) mood swings. 

These young girls are put on birth control pills (BCPs) to stop their symptoms. BCPs do this by 

significantly reducing endogenous hormone production, as they are synthetic molecules that will 

occupy the hormone receptors but not function as the natural hormones. This leads to the multitude 

of potential hazardous side-effects experienced by these young women, including anxiety, depres-

sion, malaise, infertility, blood clots, female cancers and a variety of other side-effects listed on the 

package inserts.

As doctors are not very well trained in functional biochemistry – I admit I was not in medical 

school – they merely follow the protocol of patient symptom complaint, drug prescription, have a 

nice day. Most of these young girls are progesterone deficient, attributed directly to being the third 

and fourth generation exposed to a multitude of endocrine disruptors, including ATZ, glyphosate, 

plastics, synthetic animal hormones and industrial chemicals. Further, their diets, as with most 

Americans, and especially teenagers, are deficient in the building blocks necessary to produce suf-

ficient steroid sex hormones while also countering the multitude of environmental endocrine dis-

ruptors. For many, diet and nutrition supplementation are not sufficient to completely resolve these 

menstrual symptoms.

Bioidentical progesterone – meaning it is derived from plant sterols that are enzyme reacted 

to form the exact human molecule produced by the human body – is taken as a troche dissolved 

between the cheek and gum to get directly into the blood stream via the mucous membrane on days 

12–26 of their cycle. The progesterone is titrated until the cramping, heavy bleeding, depression and 

PMS are resolved. The same applies to most miscarriages, pregnancy morning sickness symptoms, 

pre-eclampsia/eclampsia and post-partum depression.

The intersection between soil, nutrients, toxins and human health is intimate. Soil health/ill-

health is reflected directly in the human population, in the tons of chemical weapons applied to our 

food in the name of “plant protection” and in the amount of pharmaceuticals consumed by people 

daily throughout their lives. As much as people would like to believe that human illness is out of 



238  Nutrition and Integrative Medicine for Clinicians

their own control, and more importantly, responsibility, the truth is that it is fully in their control and 

responsibility. Consumers vote daily at the grocery store and vending machines with their dollars.

The mere fact that nearly every grocery store in urban and suburban American now has an 

organic section is purely driven by consumer buying habits, voting with their dollars. As consum-

ers become more educated on the nutrient quality of food and what they can expect, they continue 

to vote in favor of more nutritious, more flavorful, higher-brix foods. Consumers are the drivers of 

agricultural change, of soil management change, of plant nutritional changes. Genetic engineering 

of crops is a bait and switch maneuver by industry to continue to avoid solving plant production 

problems at the soil nutrition level so that they can continue to sell patented, profitable wares, now 

to include “seeds” and “plants” in addition to chemical weapons.

In conclusion, nutrition is fundamentally about the Krebs cycle, also known as the citric 

acid cycle, and what is required to run it completely and efficiently, because out of it comes 

every biological molecule necessary for life to exist; necessary to feed the mitochondria for the 

production of ATP, the most vital molecule to sustain life. A number of factors contribute to 

less-than-ideal ATP output and inferior Krebs cycle functioning. Low–nutrient dense food is 

foundational to nutrient deficiency, coupled with ubiquitous chemical toxins that directly and 

indirectly generate free radicals that further deplete the Krebs cycle, in addition to poor diet 

choices, endocrine disruptors, societal stressors. and electrical, magnetic and microwave radia-

tion that directly induce free radical generation. It is no wonder that people are so depleted and 

sick today. Supplementation is vital to any hope of recovery, but most importantly, we must 

regenerate agriculture, leading to regenerating nutrient density in our food. Only then will we 

find health or at a minimum, potential health.
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Considerations for ME/CFS
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15.1  INTRODUCTION

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a complex, multifactorial condi-

tion characterized by unexplained, persistent and disabling fatigue, which must be present in adults 

for at least 6 months. The diagnosis may be made in children after 3 months.80 Post-exertional mal-

aise is now considered a cardinal symptom of ME/CFS and requires other symptoms to be present, 

depending upon case definition, which include cognitive issues, non-restorative sleep, orthostatic 

intolerance, chronic pain and gastrointestinal problems.33, 34, 47 This challenging, chronic disease 

impacts the patient’s ability to function, study or work. Up to 75% of patients with ME/CFS can-

not work, and an estimated 25% are consistently housebound or bedbound.5 These patients are at 

increased risk of death by suicide.20 All these factors have a negative economic and social impact on 

the patients, their families and society.

Although the etiology of ME/CFS is uncertain, there is ample evidence that multiple body sys-

tems are affected (immune, nervous, gastrointestinal, cardiovascular and endocrine/metabolic sys-

tems)9, 97 and that there are contributing environmental and lifestyle factors.13, 80
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15.2  NUTRITIONAL AND ENVIRONMENTAL ASPECTS IN 
THE EVALUATION AND TREATMENT OF ME/CFS

A specific nutrient deficiency has not been identified as a cause of ME/CFS. However, several stud-

ies demonstrate the presence of metabolic abnormalities,68, 69 which can be worsened by the deficit 

of nutrients that act as cofactors in metabolic pathways.

In addition, several factors may increase the risk of nutrient deficiency in ME/CFS patients. 

Some of them can be suspected after completing a detailed medical history and/or a thorough 

physical exam. Still, due to this population’s heterogeneity, we recommend objectively evaluating 

the patient’s nutritional status, using laboratory tests to identify nutrient deficiencies and possible 

etiologies.

15.2.1  RISK FACTORS FOR NUTRITIONAL DEFICIENCIES IN PATIENTS WITH ME/CFS

Socio-economic: A recent study sponsored by the Centers for Disease Control and Prevention 

(CDC)94 reported that 74.9% of patients with ME/CFS were unemployed, and 69.9% were 

disabled. Another study found that only 13% of patients maintained full-time employment, 

and 25% were house- or bedbound.73 Food insecurity35 (due to work-related impairment, 

job loss, or unemployment) and decreased energy for grocery shopping and meal prepara-

tion90 may affect these patients’ food intake and access to nutrient-dense foods.

Long-term use of medication: Patients with ME/CFS usually take medications chronically 

to manage their symptoms. Certain medications may impact the patient’s metabolic status, 

increasing the need for particular nutrients, resulting in subclinical and clinically relevant 

nutrient deficiencies.64, 104

Inflammation: The acute and chronic inflammation present in ME/CFS may cause nutrient 

deficiencies due to abnormal absorption or metabolism76 and increased nutrient allocation 

to the activated immune system.36 Reciprocally, abnormal nutrient levels can contribute to 

immune dysfunction.3, 8, 37, 44, 81

Gastrointestinal dysfunction: The digestion and absorption of nutrients may be affected by 

the following disorders observed in ME/CFS:

Dysbiosis is the change of the commensal microbiota relative to the community found 

in healthy individuals and has been associated with an abnormal immune response 

towards environmental and self-antigens.74, 99 Dysbiosis has been described in patients 

with ME/CFS, including reduction or loss of beneficial bacteria, small intestinal bacte-

rial overgrowth (SIBO), increase of potentially pathogenic bacteria 55 and loss of micro-

biota diversity.39

Impaired gastrointestinal mucosal integrity66 and microbial translocation may cause an 

increased antigenic exposure (food particles or bacteria) to the gastrointestinal immune 

tissue, which could result in loss of oral tolerance and immune activation,39 developing 

food allergies and sensitivities. Ghali et al. reported that the frequency of food sensitivi-

ties increased with the severity of post-exertional malaise (PEM) in patients with ME/

CFS, present in up to 11% of patients with very severe PEM,38 possibly due to worsening 

immune dysfunction in severe disease.

Dysautonomia affecting the enteric nervous system causes motility issues (nausea, dys-

phagia, gastroesophageal reflux, gastroparesis, constipation, diarrhea) and abnormal 

secretion of digestive enzymes.11, 14 These result in malabsorption, abdominal discom-

fort, bloating and pain. Patients with ME/CFS may reduce their food intake to avoid 

these symptoms.

Dental and orofacial problems. Patients with ME/CFS report xerostomia, dental caries, 

periodontal disease, bruxism, temporomandibular joint disorder and impacted third 

molar teeth.80 These issues may affect food intake, mastication and digestion.
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Tube feeding: Severely affected patients may need tube feeding due to severe nausea or 

dysphagia.80

Eating disorders: Pendergrast compared characteristics of housebound and non-house-

bound ME/CFS patients and found a prevalence of eating disorders in 4.8% and 4.4%, 

respectively.73

15.2.2  ENVIRONMENTAL EXPOSURE

Some cases of ME/CFS are precipitated by or occur after toxic exposure.80 Glutathione deficiency 

is observed in patients exposed to water-damaged buildings, mold and mycotoxins and is associated 

with mitochondrial damage. Also, these patients are frequently deficient in nutrients necessary to 

support detoxification pathways. Deficiencies in vitamin D, magnesium, zinc, coenzyme Q10 and B 

vitamins have been reported.45

15.2.3  GENETIC PREDISPOSITION

Several studies have reported the association of single nucleotide polymorphisms (SNPs) with the 

metabolism and bioavailability of nutrients,4, 64, 89 in some cases affecting their absorption or increas-

ing the needed concentration. This may result in nutrient deficiency, especially during increased 

metabolic states, like the chronic inflammation present in ME/CFS. However, our literature search 

did not identify recent studies that evaluate the prevalence of SNPs associated with nutrient metabo-

lism in patients with ME/CFS.

15.2.4  NUTRITIONAL EVALUATION OF PATIENTS WITH ME/CFS

ME/CFS is a condition known to be precipitated by various triggers and involves the malfunction of 

several interconnected body systems. A methodical evaluation of these patients should identify the 

clinical cause of a nutrient deficiency and help create a customized therapeutic intervention. Once a 

nutrient deficiency is identified, we should correct it and address its cause to break the dysfunction 

cycle. The factors detailed earlier illustrate that patients with ME/CFS are at higher risk for malnu-

trition and nutrient deficiencies. Jones and Probst (2017) found that 95% of patients with ME/CFS 

had low fiber intake, and 70% consumed unhealthy levels of fat, vegetables and fruit.49

The clinical evaluation of these patients should include obtaining information from their medical 

histories to identify factors that predisposed them to nutrient deficiencies and factors that precipi-

tated or maintain dysfunction. The clinician may use patient recall, food journals, surveys or other 

instruments to assess these risk factors. This information can be obtained during the intake visit or 

more passively retrieved using electronic medical record tools, online instruments, or mobile apps 

like PhenX, Living matrix and My Fitness Pal.42, 62, 72

The physical exam may also provide clues to malnutrition or dietary deficits. Calculating the 

patient’s body mass index (BMI) and measuring body composition to determine the fat and lean 

mass percentage will give objective measurements to assess risk and need for intervention.46, 75 

Also, nutrient deficiencies can cause changes in the skin, nails and hair, and other organ abnormali-

ties. However, due to this population’s heterogeneity, we recommend that the clinical evaluation of 

a patient with ME/CFS include an objective nutritional status evaluation, with the measurement 

of biomarkers to identify the presence of malnutrition and nutrient deficiencies. These biomarkers 

will allow the intervention to be personalized according to the patient’s clinical phenotype. Also, 

these test results can help identify other conditions that may develop after the ME/CFS diagnosis. 

Providing documentation of abnormal laboratory results will help communicate the need for further 

testing to other clinicians. For example, a referral to a gastroenterologist for an upper and lower 

endoscopy is appropriate for a ME/CFS patient with a newly diagnosed iron-deficiency anemia 

refractory to iron replacement and without objective blood loss.
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15.2.5  NUTRITIONAL DEFICIENCIES FOUND IN PATIENTS WITH ME/CFS

Studies that evaluated the frequency of nutrient deficiency in patients with ME/CFS found the fol-

lowing deficiencies.

Joustra et al. completed a meta-analysis of studies evaluating nutritional deficiencies in patients 

with ME/CFS. They identified studies showing a significantly lower level of vitamin B1, manganese 

and vitamin A in patients with ME/CFS versus controls. No significant difference was identified in 

the levels of vitamin B12, folic acid, iron, magnesium, molybdenum, phosphorus, sodium, iodine, 

potassium or selenium in patients with ME/CFS53 However, the authors acknowledge issues with 

the quality and heterogeneity of the studies included. The evaluation did not include genomic varia-

tions that may affect the patients’ nutrient requirements, where tissue deficiencies are not reflected 

by serum level concentrations.

Essential fatty acids: Higher omega 6 polyunsaturated fatty acids (PUFAs) (linoleic and 

arachidonic acid) and mono-unsaturated fatty acids (MUFAs) (oleic acid), as well as a 

lower omega 3/omega 6 ratio, have been reported in ME/CFS compared with controls. 

The severity of illness was found to positively correlate with linoleic, arachidonic and 

oleic acid levels.49 Castro-Marrero et al. found a low omega-3 index in 92.6% of the ME/

CFS patients studied, suggesting a pro-inflammatory state and a possible increased risk to 

cardiovascular health.18

Vitamin D has an immunomodulatory action, decreasing autoimmunity and chronic inflam-

mation (promoting dendritic cell and regulatory T-cell differentiation, and reducing T 

helper (Th) 17 cell response and inflammatory cytokines secretion).81. Patients with chronic 

pain and fibromyalgia are at higher risk for vitamin D deficiency than healthy controls.53 

Jones and Prost reported a suboptimal level of vitamin D in 60% of patients with ME/

CFS compared with controls,49 and Witham et al.’s RCT (randomized control trial) study 

in patients with ME/CFS found a (deficient) baseline 25-hydroxy vitamin D level of 18 ng/

mL.102 Two studies found a significantly higher visual analog score for pain in patients with 

ME/CFS and vitamin D deficiency.53

Coenzyme Q10 (Ubiquinol) is an essential factor for cellular energy production and anti-

oxidant activity. Decreased levels have been reported in patients with ME/CFS compared 

with healthy controls.15

Based on our clinical experience, we recommend a comprehensive initial laboratory evalua-

tion to measure vitamins (Thiamine-B1, Riboflavin-B2, Niacin-B3, Pyridoxine-B6, folic acid, 

Cobalamin-B12, Biotin (Vitamin B7)IBO, A, C, D, E, K), minerals (magnesium, manganese, 

molybdenum, iron, zinc, copper, iodine, selenium), antioxidants/cofactors (alpha-lipoic acid, 

coQ10), essential fatty acids and amino acids. We also recommend the measurement of toxic ele-

ments (lead, arsenic, mercury, cadmium and aluminum) and mycotoxins. Follow-up laboratory 

tests should be ordered and tailored to monitor the resolution of previously identified deficiencies 

or toxic exposures.

A patient’s medical history may support the use of tests to evaluate the gastrointestinal function 

(celiac disease, food intolerance, allergy and non-IgE mediated sensitivity, markers for intestinal 

malabsorption, inflammatory bowel disease, SIBO and tests to evaluate gastrointestinal dysmotil-

ity). Also, some patients may have been exposed to non-metal toxins, some of which can be tested 

for by commercial laboratories (atmospheric pollutants, food preservatives, hormonal disruptors, 

agricultural pesticides and pharmaceutical excipients).10

In patients who have refractory nutrient deficiencies, a strong family history of ME/CFS or 

autoimmunity, or severe impairment, consider genomic testing to evaluate SNPs that may affect 

nutrient bioavailability. For example, the level of vitamin D in the serum varies after supplementa-

tion, dependent upon the presence of CYP2R1, CYP24A1 or VDR SNP variations.4 Other studies 
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identified 59 vitamin B-12-related gene polymorphisms associated with vitamin B12 status89 and 

serum magnesium levels.63 There are commercially available clinical decision support systems that 

help the clinician identify SNPs relevant to the patient’s case.48

15.2.6  NUTRITIONAL THERAPEUTIC APPROACH

Joustra et al. report that 35–68% of patients with ME/CFS and fibromyalgia take nutritional 

supplements. There is no evidence of a nutrient deficiency as a sole etiology of ME/CFS.53 

There is some evidence of nutritional interventions improving fatigue and other symptoms, but 

not sustained recovery15. However, the available studies have limitations in the sample size, 

study duration, diversity of instruments used, and quality. In our ME/CFS clinical practice, we 

frequently identify nutrient deficiencies, and the targeted replenishment of a nutrient deficiency, 

identified by testing, may result in significant fatigue improvement. There is a need for large, 

higher-quality studies that evaluate the prevalence of nutrient deficiencies in ME/CFS. Some 

efforts are underway to standardize the data collection of ME/CFS studies (NINDS Common 

Data elements)88 and create an ME/CFS registry.61 Some studies have reported the effect of 

nutritional interventions in ME/CFS. Patients who received hydroxocobalamin, an active form 

of vitamin B12, had significant improvement of fatigue and well-being, not observed with cya-

nocobalamin.16 Another study found a benefit in the use of parenteral vitamin B12 (hydroxo- or 

methylcobalamin) and oral folic acid, with the most favorable response in a subgroup according 

to methylenetetrahydrofolate reductase status (C677T and A1298C).78 Therapy with vitamin D 

for 6 months increased the serum vitamin D levels in patients with ME/CFS, but there were 

no changes in fatigue or depression. 53 Treatment with amitriptyline and magnesium citrate 

improved fatigue and pain more effectively than amitriptyline alone.53 Oral nicotinamide ade-

nine dinucleotide hydride (NADH) supplementation improved fatigue symptoms and reduced 

anxiety at 3 months.16 A combination of NADH and coenzyme Q10 improved perception of 

fatigue and resulted in a significant reduction in the maximum heart rate during the exercise 

test.17 Also, there was a therapeutic benefit on fatigue levels with the supplementation of high 

cocoa polyphenol–rich chocolate15, d-ribose and omega-3 fatty acids.49

Patients with ME/CFS are a heterogeneous population at risk for nutrient deficiencies. Stratifying 

these patients by subgroups, based on history, physical exam and the objective biomarkers obtained 

during testing, is helpful to personalize the intervention according to the patient’s metabolic, 

genomic and environmental phenotype. We encourage the patient to incorporate unprocessed foods 

that contain the needed nutrients as much as possible. However, the patient may have intolerance or 

sensitivity to these foods or other digestive issues that affect motility and absorption. In these situa-

tions, using a supplement in the form of a capsule or tablet may provide the needed nutrient without 

incurring the negative consequences of digesting a food in which this nutrient is found.

In some cases, there is no change in the laboratory results after nutrient supplementation, which 

may indicate an issue with nutrient absorption. In our experience, some patients may benefit from 

adding digestive enzymes, especially with lipid-soluble nutrients like vitamin D and essential fatty 

acids. Some patients absorb or tolerate other formulations better (liquid, powder, chewable, paren-

teral, nebulized or intranasal). If the patient reports an adverse reaction to a nutritional supplement, 

consider that the patient may be sensitive to excipients present in that product and may need to try a 

different brand or route of administration.

The correction of nutrient deficiencies should not be isolated. The clinician should manage the 

patient’s expectations. There is no magic supplement that will resolve all the patient’s symptoms. 

Other interventions are necessary to create an infrastructure for a healthy lifestyle (nutrient-rich 

diet, adequate sleep, effective stress management and some degree of physical activity – as toler-

ated). Correcting only one dysfunction while others still exist will not result in a steady or consis-

tent improvement. In addition to advocating for foundational lifestyle factors, the clinician should 

also progressively identify and treat other body systems’ dysfunctions, such as toxic exposure, 
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chronic infection, dysautonomia, autoimmunity and others that have been associated with ME/

CFS. The persistence of any of these other factors will perpetuate a vicious cycle that affects nutri-

ent bioavailability.

There are few studies evaluating the effect of dietary modifications on the symptoms of patients 

with ME/CFS.15 Food sensitivity is frequent in the ME/CFS population. Eliminating the foods that 

trigger symptoms may decrease the gastrointestinal immune activation and improve digestive and 

immune symptoms. The foods most frequently associated with reactivity are gluten/grains, dairy,49 

eggs, soy, sugar and nightshades/high-histamine foods. To test for a suspected food sensitivity, ide-

ally, the patient avoids the chosen food entirely for 3 weeks and then completes a reintroduction 

challenge. If the patient notices improvement of symptoms, and the symptoms recur after rein-

troducing the food, it is recommended to avoid this food for 3 to 6 months. We do not want to 

restrict the patient’s diet for a prolonged time and may re-challenge when symptoms have improved. 

Sometimes, the patient reacts to several foods. In this case, commercial laboratory tests are helpful 

to recognize severe sensitivity and start with the avoidance of those foods.

ME/CFS patients with autoimmune features may benefit from avoiding lectin-containing foods,98 

especially during symptom relapse episodes. Also, calorie restriction, intermittent fasting and keto-

genic diets may protect mitochondrial function.23 It is, therefore, worth considering a trial of these 

dietary interventions.

In managing chronic diseases like ME/CFS, it is paramount that the healthcare provider recog-

nizes the importance of evaluating the patient’s nutritional status and has the training and skills to 

provide nutritional education that empowers patients and enhances their self-management skills.25 

Education is an essential tool to create a structure in the patients’ lives that will empower them to 

choose foods that meet their dietary requirements, identify/avoid foods that they do not tolerate, and 

conserve sufficient energy for meal preparation. The use of teaching kitchens has proven useful in 

preparing patients for self-management.25 Group educational activities help with engagement and 

accountability.7 Members of the patient’s support network should be included in these educational 

activities. It is also crucial to create a healthcare provider network to support the patient’s efforts. 

Referring the patient to providers who use a whole person health approach, with integrative and 

functional medicine training, including a nutritionist, health coach, nurse, psychologist, and physi-

cal and occupational therapist, will create a sustainable healthcare structure that will support the 

patient in between clinical visits.

15.3  AUTOIMMUNITY

Autoimmune disease may manifest with multiple unspecific symptoms in different body systems. 

These symptoms can overlap with the ME/CFS diagnostic criteria. It is recommended to look for 

markers for chronic inflammation and autoantibodies during the initial evaluation of a patient com-

plaining of chronic fatigue and pain. Once the ME/CFS diagnosis has been established, we recom-

mend testing autoantibodies for known autoimmune conditions periodically (at least yearly), as the 

patient may have been diagnosed with ME/CFS in an early stage of an autoimmune disease. We 

have observed cases that presented positive autoantibodies and symptoms compatible with condi-

tions like systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) years after an ME/

CFS diagnosis with negative titers.

Some patients with ME/CFS may have positive autoantibody titers but do not meet the criteria for 

the diagnosis of an established autoimmune pathology; therefore, they do not qualify for the stan-

dard of care therapeutics. Antibodies against nuclear and membrane structures and neurotransmitter 

receptors have been reported in ME/CFS.87 The presence of autoantibodies indicates immune dys-

function, and there is a need for clinical trials that evaluate the correlation of the antibody presence 

and dysfunction before permanent end-organ damage occurs. Integrative and functional medicine 

approaches are fundamental to the treatment of these patients, who are on a continuum. One end is 

a frank, autoimmune disease, and the other end is being symptom free. The closer they are to the 
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disease end, the easier it is for unanticipated factors (like infections or stress) to trigger a relapse or 

crisis period. Lifestyle changes can contribute to decreased immune reactivity and chronic inflam-

mation and keep the patients closer to the symptom-free end of the spectrum. Clinicians should pro-

vide guidance and implement interventions to achieve restorative sleep, exercise, physical activity as 

tolerated, a low-inflammatory diet and avoidance of foods that cause immune reactivity. Clinicians 

should provide stress and trauma management, and support efforts to create a social network which 

provides the patients with a sense of connection and purpose.

There is evidence to suggest a clinically phenotypic subgroup of ME/CFS patients in whom 

autoimmunity is the main pathophysiological mechanism.87 Fluge et al. used Rituximab to 

achieve B-cell depletion and decrease autoantibody production in ME/CFS patients. In earlier 

studies (a single-arm and an RCT with a small sample), approximately 60% of patients expe-

rienced a variable degree of clinical remission.28, 30 However, in a recent RCT with a larger 

sample (n = 151), there was not a significant difference between the Rituximab treatment and 

control groups for levels of fatigue and function.29 However, these results could have been 

due to the heterogeneity of ME/CFS patients enrolled in the trial. A clinical trial that uses 

Rituximab on ME/CFS patients with an autoimmune clinical phenotype could provide more 

information about the disease etiology.

Loebel et al.’s observations 60 may support this hypothesis and explain the dysautonomia symp-

toms in some patients. They identified anti-G protein-coupled receptor autoantibodies to the auto-

nomic nervous system in patients with ME/CFS.101 Moreover, ME/CFS patients reported symptom 

improvement after immunoadsorption to remove autoantibodies against β2-adrenergic receptors.82, 
93 Other immunosuppressants have been used for therapy. Rekeland et al. completed an open-label 

phase II trial giving intravenous cyclophosphamide to patients with ME/CFS. 79 They reported sig-

nificant fatigue improvement, increased physical activity and up to 68% of remission after 4 years 

of treatment. Patients with positive HLA-DQB1∗03:03 and/or HLA-C∗07:04 had a significantly 

higher response rate.

Identifying an ME/CFS subgroup with a predominant autoimmune etiology could help clini-

cians start targeted therapies earlier. Low-dose naltrexone (LDN) has an immunomodulatory effect, 

decreasing chronic inflammation, increasing immune tolerance and modulating microglial activa-

tion.92, 103 In our clinical practice, we have observed the benefit of LDN in pain and fatigue; however, 

not all patients respond to it. LDN could be eliciting a favorable response in patients of the autoim-

mune subgroup. Larger studies are needed to measure autonomic autoantibodies in healthy controls 

and patients with other autoimmune conditions, including testing for genetic variants associated 

with autoimmunity. Further clinical trials that evaluate targeted immunotherapy in the subgroup of 

ME/CFS patients with autoimmune antibodies are needed.

15.4  DYSAUTONOMIA

Dysautonomia is frequently found in ME/CFS patients and is a cause of multiple symptoms. An 

objective evaluation to document the presence of autonomic dysfunction is recommended. Consider 

including the NASA 10-minute lean test or a tilt-table test and taking a skin biopsy for small fiber 

neuropathy. Symptoms associated with orthostatic intolerance, gastrointestinal motility issues and 

temperature dysregulation should all be documented.

15.4.1  ANTIBODIES AGAINST THE AUTONOMIC NERVOUS SYSTEM

As mentioned in the autoimmunity section, there is evidence of autoimmune neurosensory dys-

autonomia: Autoantibodies against the β2-adrenergic receptors and M1, M3 and M4 muscarinic 

acetylcholine receptors are found in patients with ME/CFS.101 The removal of these antibodies by 

immunoadsorption seems to be a promising therapy.52, 57 Testing for these antibodies is available 

commercially.19, 58
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15.4.2  SMALL FIBER NEUROPATHY (SFN)

Recent observations by Dr. Oaklander and Dr. Systrom’s research group reported a 30% (definite) 

and 13% probable frequency of SFN in patients with ME/CFS and low biventricular cardiac fill-

ing pressures during exercise.52, 86 The depressed cardiac output from impaired venous return and 

impaired peripheral oxygen extraction could explain the presence of post-exertional intolerance 

in ME/CFS. Also, 31% of these patients had biopsies consistent with SFN, which could contribute 

to oxygenated blood shunting from capillary beds due to neuropathic dysregulation.52 Intravenous 

immunoglobulin therapy has been used in the therapy of SFN with response rates of 77% to 83%.86 

There is an ongoing study to evaluate the exercise response to pyridostigmine in ME/CFS patients 

diagnosed with cardiac preload cardiac.21 Dr. Oaklander’s work outlines the specific standards for 

the evaluation and biopsy for SFN to avoid false-negative results.22, 71

15.4.3  CRANIOCERVICAL INSTABILITY (CCI) AND MAST CELL ACTIVATION

Clinicians who specialize in the management of ME/CFS have observed that craniocervical insta-

bility can be a comorbidity in patients with dysautonomia. Bragee et al. evaluated ME/CFS patients 

and found 50% of the patients exhibited hypermotility, 73% exhibited positive signs of possible 

intracranial hypertension by brain magnetic resonance imaging (MRI) and 80% exhibited cranio-

cervical obstruction of the cervical spine as detected by MRI.12

Craniocervical instability (CCI) may be associated with cervical medullary syndrome symp-

toms such as headache, vertigo, difficulties with speech, hearing, swallowing and balance, and 

dysautonomia.26 All of these symptoms have been reported by ME/CFS patients as well. It is 

possible that chronic immune dysfunction caused by autoimmunity,57 chronic inflammation,1 

toxic exposure2, 100 and other factors could increase the laxity of cervical ligaments over time 

in patients with or without Ehlers–Danlos Syndrome (EDS). We also have observed in our 

practice that mast cell activation is a frequent comorbidity in patients with CCI. Mast cells 

release vasoactive, angiogenic and profibrotic chemicals in response to hypoxia, mechanical 

stimulation, or neurological and inflammatory mediators.84 An increase in the number of mast 

cells in tendinopathy biopsies has been described.6, 84 Also, mast cell–derived prostaglandin E2 

(PGE2) has been found to reduce collagen synthesis and enhance the expression and activity 

of metalloproteinases in human tendon fibroblasts.6, 24 Future studies are needed to evaluate 

the effects of these factors on the progression of CCI in patients with ME/CFS and therapeutic 

interventions to prevent it.

Based on current evidence, we recommend neurological imaging evaluation to evaluate for CCI 

and neurosurgery referral if needed43 in ME/CFS patients suspected of having hypermobility/EDS 

or whose dysautonomia symptoms do not respond to standard therapeutic interventions.

15.4.4  REDUCED CEREBRAL BLOOD FLOW

Van Campen et al.96 measured cerebral blood flow of ME/CFS patients with orthostatic intolerance 

symptoms during a 30-minute head-up tilt test measured by Doppler flow imaging of the carotid 

and vertebral arteries. They found a reduction of cerebral blood flow of 90% in ME/CFS patients 

during orthostatic testing (some had a delayed response). There was a significant linear correlation 

between orthostatic intolerance symptoms and reduced cerebral blood flow.

15.5  INFECTIONS

ME/CFS symptoms may start after an infection (viral or bacterial) with a subgroup of patients 

presenting chronic flu-like symptoms. Some hypotheses about ME/CFS etiology postulate that 

chronic infection may perpetuate the symptoms associated with chronic inflammation and immune 
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dysfunction.51 A recent study found that subjective sickness behavior in ME/CFS patients was simi-

lar to patients injected experimentally with bacterial endotoxin at peak inflammation.50 The initial 

evaluation of ME/CFS patients should include testing for pathogens including Epstein–Barr virus 

(EBV),85 human herpesvirus 6 (HHV-6), cytomegalovirus (CMV), human parvovirus B19 and 

intracellular bacteria. Other infections like Lyme disease should be ruled out. Some patients present 

with persistent viral-like symptoms and serology indicating chronic viral reactivation.77 87 Schreiner 

et al. observed that human herpesvirus 6 reactivation induced mitochondrial fragmentation and 

dysfunction in vitro,83 which may be the link between chronic viral reactivation and mitochondrial 

cell-danger response that causes ME/CFS symptoms.

An ongoing study at the National Institutes of Health (NIH) is focused on ME/CFS subsequent 

to known infection compared with post-Lyme disease and healthy control groups.41 This study 

will provide valuable information about ME/CFS occurring after an initial infection. The Open 

Medicine Foundation (OMF) is sponsoring a study to evaluate herpes simplex encephalopathy and 

the development of ME/CFS.31

More recently, there have been reports of patients who have persistent illness after SARS-CoV-2 

infection (mild/moderate and severe)5 without an obvious organ injury.56 They are called “Long-

Haulers” in the community or post-acute sequelae of SARS-CoV-2 infection (PASC) by the NIH. 

Some of these patients present symptoms similar to ME/CFS, indicating a possible pathophysiology 

overlap,56 and may benefit from treatment approaches used for this condition.59 The NIH and other 

funding agencies are sponsoring studies to evaluate these patients with post-viral fatigue, which 

will hopefully provide valuable information about the pathophysiology, diagnosis and treatment of 

PASC and ME/CFS.

15.6  SLEEP/PAIN/NEUROINFLAMMATION

Unrefreshing sleep is a criterion in the diagnosis of ME/CFS. Gotts et al. evaluated 343 ME/CFS 

patients and found that 30% met diagnostic criteria for obstructive sleep apnea (OSA) and periodic 

limb movement (PLM) disorder. Moreover, they found that 89.1% of patients without OSA or PLM 

had quantitative evidence of insomnia or hypersomnia, with four specific sleep phenotypes by poly-

somnography.40 We recommend a referral to sleep medicine for polysomnography during the initial 

evaluation of a patient with ME/CFS.

Patients with ME/CFS report musculoskeletal pain frequently. An ongoing study sponsored by 

the Open Medicine Foundation (OMF) is evaluating skeletal muscle dysfunction in ME/CFS32 To 

evaluate PEM, muscle biopsy samples are being taken at rest and during recovery from exercise. 

Morikawa et al. found that compression at myofascial neck trigger points significantly reduced sub-

jective musculoskeletal pain relief via prefrontal cortex activity and reduction of sympathetic activ-

ity (which exacerbates chronic pain).65 Van Campen et al. found that the pressure pain threshold (the 

degree of pressure required before the individual experiences pain) in patients with ME/CFS (with 

or without fibromyalgia) decreased after head-up tilt testing.95

Recent studies have provided imaging evidence of central nervous system changes in ME/CFS. 

Thapaliya et al. found increased T1weighted/T2weighted ratio values (to assess tissue microstruc-

ture integrity) in ME/CFS patients’ brain MRIs. These results indicate increased myelin and/or 

iron levels in both white and subcortical gray matter and basal ganglia.91 Similar findings have 

been described in neurodegenerative diseases. Mueller et al. used whole-brain magnetic resonance 

spectroscopy to look for metabolite and temperature markers for neuroinflammation in ME/CFS 

patients. They identified abnormal metabolic ratios (choline/creatine in the left anterior cingulate) 

that correlated with fatigue levels and a significant increase in the temperature of several brain 

regions (right insula, putamen, frontal cortex, thalamus and cerebellum) in ME/CFS patients.67 

There is also evidence of abnormalities of the functional connectivity within the brainstem and with 

other brain regions.70 Further clinical trials are needed to identify specific neuroimaging changes in 

ME/CFS and their underlying causes.
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15.7  HORMONES

Gender differences have been observed in ME/CFS, with women being predominantly affected.27 

However, no specific hormonal pattern has yet been identified. We recommend a comprehensive 

hormone profile evaluation during the initial visit. It should include cortisol levels, a thyroid hor-

mone profile, insulin resistance markers and sex hormones to rule out endocrine/exocrine insuffi-

ciency or dysfunction. Patients with frank hormonal abnormalities should be referred to a specialist 

for evaluation. If a patient has borderline hormonal abnormalities, the clinician should address life-

style factors and environmental exposures that may affect these results before considering hormonal 

replacement therapy.

15.8  INTEGRATIVE TREATMENT MODALITIES

Mind-body interventions have been shown to improve fatigue severity, depression and anxiety 

symptoms, and quality of life in patients with ME/CFS. These include mindfulness-based stress 

reduction, mindfulness-based cognitive therapy, relaxation, Qigong, cognitive-behavioral stress 

management, acceptance and commitment therapy, and isometric yoga.54

15.9  CONCLUSION

ME/CFS is a complex multi-symptom condition that affects several body systems. Current clinical 

and research observations point to possible clinical phenotypes or subgroups with different main 

physiopathologic mechanisms.10 Clinicians evaluating ME/CFS patients should complete a com-

prehensive clinical evaluation of all the body systems, identify which system is more likely to be 

driving the mechanism of disease, and start therapies to address it. Then, they can incorporate other 

interventions gradually, starting with low doses (nutrients, supplements or medications) and increas-

ing them slowly, as tolerated by the patient. ME/CFS patients frequently have chemical sensitivities 

and may report side effects to medications, supplements and/or alternative therapies.

ME/CFS is a chronic condition that is challenging to manage for both the patient and the treating 

clinician. The clinician should support these patients, teach them self-management skills to identify 

triggers and symptoms of dysfunction, and intervene early to avoid relapse. There has been a recent 

increase in research funding for ME/CFS, and there are several promising clinical trials that could 

help elucidate the etiology and management of this disease.
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16.1  INTRODUCTION

16.1.1  LACK OF CONSENSUS ON VIRTUALLY ALL ASPECTS OF ME/CFS

One of the most current papers on the subject of myalgic encephalitis/chronic fatigue syndrome 

(ME/CFS) published in a major medical journal was “Advances in understanding the pathophysiol-

ogy of chronic fatigue syndrome” by Komaroff.1 This paper begins with an interesting question and 

answer that perfectly summarizes why, for several decades now, both the patients suffering from the 

fatigue and other symptoms that have now been broadly classified as ME/CFS and the health care 

professionals who have been trying to assist them have been, more often than not, frustrated in the 

goal of obtaining significant, long-term symptomatic improvements:

When does an illness become a disease? When the underlying biological abnormalities that cause the 

symptoms and signs of the illness are clarified.

As will be demonstrated in this introductory section, there is far from a consensus on “the underly-

ing biological abnormalities” that create what is currently known as ME/CFS. Therefore, as noted 

by McManimen et al. in their paper “Dismissing chronic illness: A qualitative analysis of negative 

health care experiences,”2 all too many health care practitioners seem to be either confused or unwill-

ing to address patients who maintain they have ME/CFS as if they have a legitimate disease. As noted 

by the authors, 77% of patients experiencing symptoms consistent with ME/CFS reported a negative 

interaction with a health care professional. In addition, 57% reported poor treatment by doctors, and 

66% believed that treatment by a doctor worsened the condition. McManimen et al.2 continue by 

pointing out that many ME/CFS patients perceive that health care professionals believe that ME/CFS 

is primarily a psychological illness because very often, symptoms cannot be objectively measured. In 

contrast, ME/CFS patients tend to strongly believe that their illness is not psychosomatic.

In discussing papers summarizing physicians’ perception of ME/CFS, the authors point out 

that because physicians often could not objectively measure symptoms, they would often report 

that ME/CFS patients were exaggerating their symptoms and malingering for some other purpose. 

This would lead to characterizations of ME/CFS patients as “lacking fortitude” and “low symp-

tom threshold.” Why the dismissive attitudes? One reason, as noted by several studies reported by 

McManimen et al.,2 is lack of knowledge about the condition due to poor training in medical schools 

and minimal inclusion in medical textbooks.

What is known and is generally not disputed by both patients and practitioners is the following, 

as noted in the paper “Onset patterns and course of myalgic encephalomyelitis/chronic fatigue syn-

drome” by Chu et al.3

16.11 Putting It All Together: A Patient-Specific Approach That Addresses Both the 

Environmental Stressors That Increase Allostatic Load and the Specific Metabolic 

Imbalances That Comprise Allostatic Load ...................................................................... 271

16.12 Environmental Stressors That Create Allostatic Load in ME/CFS Patients ..................... 271

16.12.1 Nutrient Deficiency ............................................................................................ 271

16.12.2 Psychological Stress .......................................................................................... 272

16.12.3 Environmental Pollutants .................................................................................. 273

16.12.4 Disturbances of Gut Microflora ......................................................................... 273

16.12.5 Chronic Infection ............................................................................................... 273

16.13 Key Metabolic Responses to Environmental Stressors That Comprise Allostatic 

Load in ME/CFS Patients .................................................................................................. 274

16.13.1 Inflammation ..................................................................................................... 274

16.13.2 Mitochondrial Dysfunction ............................................................................... 274

16.14 Some Final Thoughts ......................................................................................................... 274

References ...................................................................................................................................... 275



257Allostatic Load/Overload and ME/CFS 

16.1.2  BASIC EPIDEMIOLOGIC DATA

ME/CFS affects 0.76 to 3.28% of the worldwide population and up to 2.5 million residents of the 

United States. The average age of onset is during the fourth decade of life, with women being 

affected two to three times more often than men. However, CFS has been reported in children. In 

addition, despite the moniker “yuppie flu,” ethnic minorities and individuals in lower socioeco-

nomic classes are affected.

16.1.3  TYPICAL PATIENT PRESENTATION

Chu et al.3 point out that severe fatigue is accompanied by musculoskeletal pain, headaches, sore 

throat, tender lymph nodes, concentration/memory difficulties and unrefreshing sleep. In addition, 

these symptoms are exacerbated by minimal physical and/or cognitive exertion (termed post-exer-

tional malaise [PEM]). As might be expected, these symptoms affect quality of life, with unemploy-

ment statistics as high as 81% in ME/CFS patients. Furthermore, ~25% of patients may be confined 

to their homes and beds. To put the loss of quality of life into perspective, quality of life scores in 

ME/CFS patients have been reported to be lower than those of patients suffering from multiple 

sclerosis, rheumatoid arthritis, congestive heart failure and myocardial infarction. Finally, accord-

ing to Chu et al.,3 long-term prognosis for this patient population is poor, with the median rate of 

full recovery reported to be 5%. In turn, this decades-long illness costs the United States ~$18–$54 

billion annually in terms of direct medical costs, lost productivity and taxes.

16.2  CURRENTLY ACCEPTED GUIDELINES FOR DIAGNOSIS

Interestingly, the title of this section is misleading because, as frustratingly noted by Friedman 

in his paper “Advances in ME/CFS: Past, present, and future,”4 there are no universally accepted 

guidelines for diagnosis. Instead, several sets of diagnostic criteria have been proposed. However, 

simplified diagnostic criteria proposed by the Institute of Medicine have not been widely accepted. 

Therefore, according to the author, diagnosis is most often purely based on symptoms, some of 

which are considered mandatory for diagnosis and others are considered adjunctive. In addition, 

there appears to be a consensus that patients must experience symptoms for at least 6 months despite 

treatment for co-morbidities in order to be classified as ME/CFS patients.

16.3  TRADITIONAL APPROACHES TO ASSESSMENT 
AND TREATMENT OF ME/CFS

As noted by Friedman,4 ME/CFS in the United States was first reported in the medical literature 

in 1934. Early thinking on causation revolved around infection with the Epstein–Barr virus (EBV), 

Ross River Virus and Q fever; it was reported that 6% of patients suffering from these conditions 

developed ME/CFS. In addition, the severity of these infections was the best predictor of devel-

oping the condition. As time progressed, attitudes about causation degraded when according to 

Friedman,4 some authors labeled an outbreak of ME/CFS as “mass hysteria.” Then, as mentioned 

earlier, thanks to a report in the New York Times, ME/CFS became known as “Yuppie Flu,” despite 

the fact that all socioeconomic groups of the American population are affected, most especially 

those in socioeconomically disadvantaged populations.

These hostile attitudes towards ME/CFS, though, were not limited to the public and popular 

mass media. Friedman 4 goes on to point out that scientists, clinicians and educators who pursued 

ME/CFS often jeopardized careers and livelihood. For example, clinicians in medical schools have 

been advised to discontinue seeing ME/CFS patients, because of the time involved in addressing 

their needs, or find employment elsewhere. Researchers have been told that research on ME/CFS 

will not qualify for promotion consideration, and without promotion, the researchers will need to 
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leave the institution. Finally, medical educators have been told that educational activities involving 

ME/CFS are not “professional” and therefore, will be banned from the workplace.

These mischaracterizations and dismissive attitudes predictably led to poor and sometimes harm-

ful treatment. As was noted earlier, the misrepresentations just discussed have led many to conclude 

that ME/CFS is a psychosomatic illness that can be cured with cognitive behavioral therapy (CBT) 

and exercise therapy. Friedman4 points out that more current published research is disputing this 

assumption. Of even more concern is potentially harmful treatment, such as the situation where par-

ents of children diagnosed with ME/CFS have been accused of Munchausen’s Syndrome by Proxy, 

leading to removal of the children from the home, resulting in increased illness severity.4.

While it is virtually impossible to conceive of a circumstance where removal from the home of 

children suffering from ME/CFS would be justified, what about CBT? In disputing and discarding 

the use of CBT with ME/CFS patients, could we be “throwing out the baby with the bathwater?” 

As will be hypothesized later in this chapter, we must avoid the common thinking that because a 

therapeutic intervention is not a universal cure for everyone, it cannot be a portion of the cure for 

some. Papers on the allostatic load model of illness that will be discussed in following sections of 

this chapter present a compelling argument that illnesses such as ME/CFS occur as the result of 

metabolic responses to cumulative environmental stress, where patient perceptions and thought 

processes, even though they are not the total cause, as suggested by the psychosomatic theories on 

ME/CFS, may be an important contributor to the total causational picture. In turn, when therapies 

such as CBT and exercise therapy are combined with therapies that address environmental stressors 

such as chronic infection, exposure to chemical and heavy metal toxins, poor nutrition, etc. and 

therapies that address responses to these environmental stressors such as chronic inflammation, 

gastrointestinal (GI) dysfunction, and imbalances of hormones such as cortisol and insulin, the data 

on CBT and exercise therapy is more likely to be positive.

16.4  WHY A NEW MODEL OF ASSESSMENT AND 
PATIENT MANAGEMENT IS NEEDED

As was suggested earlier, prevailing medical views about ME/CFS are often incorrect, leading to 

treatments that demonstrate poor efficacy. These errors in judgement by the medical community 

were explored in detail in the paper “Rethinking the standard of care for myalgic encephalomyelitis/

chronic fatigue syndrome” by Friedberg et al.5 The first error in judgement noted by the authors is 

the generally accepted definition of the illness. An often reported and accepted definition is known 

as the Oxford criteria, which define ME/CFS as solely an issue of chronic fatigue. In contrast, the 

reality of ME/CFS is a multisystem presentation consisting of issues such as non-restorative sleep, 

cognitive difficulties and very importantly, as will be described later, PEM (sustained post-exertion 

worsening of symptoms). This limited definition has led to the assumption, as noted by Friedberg 

et al.,5 that ME/CFS is primarily a psychological disease that results from deconditioning related to 

fear of activity and false assumptions that the illness has a physical basis. This false belief about the 

nature of ME/CFS has led to a standard of care revolving around CBT and graded exercise therapy 

(GET). Why? The authors point out mistaken thinking that since ME/CFS is a behavioral disease 

related to false assumptions, changing beliefs about the illness will lead to increased activity. In 

contrast, Friedberg et al. point out the true nature of ME/CFS:

This model stands in stark contrast to the harsh reality of this disabling condition and the significant 

evidence of neurological, immunological, autonomic, and energy metabolism impairment, as reviewed 

in an influential 2015 Institute of Medicine Report.

Does this mean that CBT is of no use to the ME/CFS patient? Not really. CBT can actually have 

great value for ME/CFS patients when it is used as it was originally intended, which is not as a 

stand-alone cure for disease. It was, in reality, devised as a tool to promote, for people with chronic 
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diseases, the ability to cope with illness, along with other therapeutic interventions, in order to 

improve quality of life. As noted by Friedberg et al.,5 it was never designed to convince ME/CFS 

patients that they are either psychologically ill or not really ill at all. Friedberg et al.5 conclude their 

paper with an affirmation of the main premise of this book chapter that ME/CFS is a complex, mul-

tifactorial illness, which requires a multi-disciplinary treatment team that has expertise in key areas 

such as immunology, infectious disease, cardiology, neurology, psychology, occupational therapy 

and social work.

16.5  THE REALITY OF THE ME/CFS PATIENT EXPERIENCE

As was suggested earlier, according to “Assessment of post-exertional malaise (PEM) in patients 

with myalgic encephalomyelitis (ME) and chronic fatigue syndrome (CFS): A patient driven sur-

vey” by Holtzman et al.,6 the most important symptom experienced by ME/CFS patients is not 

fatigue per se. Rather, it is what is known as post-exertional malaise (PEM), which is considered to 

be a hallmark symptom of ME/CFS. The authors go on to point out that the PEM experienced by 

the ME/CFS patient is not just a simple matter of excessive fatigue after routine exercise activities 

such as walking or jogging. Rather, typical daily activities most people take for granted can trigger 

PEM. These include toileting, bathing, dressing, communicating and even reading. What can trigger 

PEM? Again, it not just negative thinking, as is too often assumed. These triggers include infections 

and exposure to certain chemicals, foods and metals. Furthermore, ME/CFS patients are unique in 

that PEM can often have a delayed onset after these triggers are encountered and a longer recovery 

time than might be expected in a non-ME/CFS population.

To get more detail on the true nature of PEM, a hallmark symptom of ME/CFS, Holtzman et al.6 

conducted a study via questionnaire on 1,534 adults with a mean age of 51 years who identified as 

having ME and/or CFS. The respondents were from over 35 countries, with 41.1 currently living in 

the United States. Of these, 84.6% were females and 97.5% were white/Caucasian; 2% identified as 

being of Latino or Hispanic origin; 56.6% were married or living with a partner; 39.3% had a college 

degree and 45.7% were receiving disability payments. Concerning the specifics of diagnosis, 50.7% 

had a diagnosis of CFS, 22% had a diagnosis of ME and 27.2% had a diagnosis of both; 94.4% were 

diagnosed by a medical doctor. Concerning the specifics of PEM, 72.3% reported symptom exacer-

bation immediately after exertion, with others having varying degrees of delayed onset.

What were the triggers of symptom exacerbation? The answer to this question is particularly 

important given traditional medical thinking that ME/CFS is largely a psychological illness. 

Interestingly, in support of this explanation of ME/CFS, 93.2% of respondents indicated good or 

bad emotional stress as a trigger. However, in line with the hypothesis being presented in this book 

chapter, there were many other triggers besides exertion:

• 78.2% reported “basic activities of daily living” as a trigger.

• 64.5% reported “positional changes” as a trigger.

• 85.5% reported noise being a trigger.

Furthermore, in support of the hypothesis that ME/CFS is a complex, multisystem metabolic dis-

order that includes, but is not limited to, psychological stress, Holtzman et al.6 point out that a large 

percentage of the study population indicated heat, light, cold, foods, chemicals, vibration, mold, 

medications and dietary supplements as PEM triggers. Which symptoms were most often worsened 

by physical or cognitive exertion? The most common were reduced stamina and/or functional capac-

ity (99.4%), physical fatigue (98.9%), cognitive exhaustion (97.4%), problems with thinking (97.4%), 

unrefreshing sleep (95.0%), muscle pain (87.9%), insomnia (87.3%), muscle weakness/instability 

(87.3%), temperature dysregulation (86.9%) and flu-like symptoms (86.6%).

What is the duration of PEM after onset? Holtzman et al.6 report that 58% of respondents indicated 

an average of 3–6 days. Other durations reported by respondents were 1–2 days and 1 week to 1 month. 
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Of most concern, 30.3% reported 1–6 months. How long had the disease of ME/CFS been present with 

the respondents? The majority reported over 10 years with illness being present over 50% of the time.

Finally, one of the most important and interesting questions on the survey was how the respon-

dents felt concerning the accuracy of the survey in terms of reflecting their true PEM experiences. 

Of all respondents, 29.8% indicated that the survey was very accurate, 57.7% indicated it was accu-

rate, 10.7% were neutral, 1.2% felt it was not accurate, and 0.1% reported it was not at all accurate. 

Thus, as can be seen, the Holtzman et al.6 study appears to be a reliable “in the trenches” barometer 

of the reality of ME/CFS and highly supports the hypothesis that ME/CFS is a complex metabolic 

disorder with many possible primary causes and pathophysiological mechanisms that will vary 

greatly in priority from patient to patient, even though clinical presentations will often be similar 

from patient to patient.

16.6  HOW EFFICACIOUS HAVE PHARMACEUTICAL 
THERAPIES BEEN WITH ME/CFS?

Still another indication that the traditional medical approach to ME/CFS does not optimally address 

the needs of the ME/CFS patient population is the poor results seen with pharmaceutical inter-

ventions, as reported by Richman et al. in their paper “Pharmaceutical interventions in chronic 

fatigue syndrome: A literature-based commentary.”7 What were the authors’ findings? First, they 

note that most drugs are directed not at causation but at symptom management. The drugs most 

often employed, according to the authors, are antivirals, pain relievers, antidepressants and onco-

logic agents, all used as single-intervention treatments. All were suggested to demonstrate little 

efficacy. What do Richman et al.7 suggest as a solution? In further support of the hypothesis put forth 

in this book chapter, they suggest that there is no single solution that can be addressed by a single 

drug. Rather, they suggest that ME/CFS may be more effectively treated with combination therapies 

tailored to specific causes and symptoms unique to each individual patient. To do so will require a 

better understanding of the systems biology underlying the biological drivers behind ME/CFS.

16.7  RESEARCH SUPPORTING THE HYPOTHESIS THAT ME/
CFS HAS MANY POSSIBLE PATHOPHYSIOLOGIC 
MECHANISMS THAT VARY FROM PATIENT TO PATIENT

16.7.1  OVERVIEW

The paper “Pathological mechanisms underlying myalgic encephalomyelitis/chronic fatigue syn-

drome” by Missailidis et al.8 provides excellent support for the hypothesis that ME/CFS has mul-

tiple pathophysiologic mechanisms that vary from patient to patient. The paper begins by pointing 

out that ME/CFS has far from the often-assumed clinical presentation of systemic uniformity from 

patient to patient. Rather, it can affect multiple body systems and organs at different times with 

varying levels of intensity. In turn, this leads to different patterns of symptoms that can vary greatly 

from person to person. Therefore, while on the surface, there is a general perception of similar case 

presentations from patient to patient, the reality is that the ME/CFS population is highly heteroge-

neous. Why does the symptomatic presentation vary so greatly from patient to patient? One reason, 

as noted by Missailidis et al.,8 is that the common assumption that causation is generally infective 

in nature is inaccurate. In fact, there is no known single, uniform causative cause. In contrast, the 

initial insult may have nothing to do with infective pathogens but instead, could be any number of 

alternative stresses of large enough intensity to disrupt homeostatic regulation loops that lead to dis-

turbed muscle function, mitochondrial function, immune function, neurological function, adrenal 

function and gut function in a way that will be unique from patient to patient.

Missailidis et al.8 go on to describe some of these disruptions in homeostatic regulation loops in 

greater detail, as seen in the following subsections.
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16.7.2  DYSREGULATED AMINO ACID METABOLISM AND KREBS CYCLE SUBSTRATES

Blood samples of some ME/CFS patients have demonstrated low glutamine and ornithine concen-

trations, suggesting urea cycle dysregulation. A similar study has demonstrated elevations in orni-

thine and decreases in citrulline in some patients.

Other researchers have found impaired glycolytic formation of pyruvate, which in turn, leads to 

lower levels of pyruvate derivatives for utilization for energy production in the Krebs cycle. It has 

also been suggested that lower levels of pyruvate derivatives may be due to poor pyruvate dehydro-

genase function.

16.7.3  DYSREGULATED KREBS CYCLE FUNCTION

When provision of pyruvate metabolites is impaired, it has been suggested that in some ME/CFS 

patients, there is compensatory elevation of fatty acid metabolism in the Krebs cycle via beta 

oxidation, which is fairly slow in nature in terms of the provision of ATP. Therefore, when exer-

tion calls for a switch to glycolytic processes that can meet the sometimes immediate need for 

increased energy production, this switch is unable to occur in the ME/CFS patient. This would 

explain the common complaint of extreme fatigue with exertion. The authors go on to note that 

this switch to increased reliance on lipid oxidation may be mediated by increased and pathologic 

inflammation.

16.7.4  DYSREGULATION OF INFLAMMATORY MEDIATORS

Missailidis et al.8 make it clear that chronic, system-wide inflammation is central to the clinical 

presentation of ME/CFS and is clearly linked with symptom severity. The chronic inflammatory 

pattern, though, does not result in uniform elevation of all inflammatory cytokines. In fact, inter-

leukin-8 and transforming growth factor-beta1 have been found to be suppressed. Other research 

has demonstrated that immune globulins such as IgM and IgA may be elevated, and when this is 

addressed with anti-inflammatory and antioxidant medications, patients who demonstrate increased 

gut permeability may experience significant symptom improvement. These findings have been 

used to support the connection between increased gut permeability and inflammation in ME/CFS 

patients.

16.7.5  DYSREGULATION OF GUT MICROFLORA

Missailidis et al.8 point out that disturbances of gut microbiota can play a role in ME/CFS. This can 

lead to gut abnormalities such as impaired motility, increased gut permeability and irritable bowel 

syndrome (IBS)-type symptoms. The authors go on to point out that disturbances in gut microflora, 

increased gut permeability and mitochondrial dysfunction may be linked.

Disturbances in gut microflora can also have an impact on brain function. This can happen when 

physiological stresses cause a reduction in numbers of Bifidobacterium and Lactobacillus micro-

flora species. Since these species reduce commensal microflora that produce endotoxin, increased 

levels of endotoxin caused by a reduction in Bifidobacterium and Lactobacillus organisms can 

translocate into the bloodstream, leading to increased systemic inflammation and increased produc-

tion of stress hormones such as cortisol in the brain.

16.7.6  INTERACTIONS OF ALL OF THE ABOVE

It is often assumed that when multiple metabolic imbalances exist, they function in a relatively iso-

lated, “parallel universe” manner. Unfortunately, the reality of ME/CFS suggests that this is not the 
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case, adding even more complexity to the ME/CFS dysmetabolism presentation. Missailidis et al.8 

elegantly point out ways these metabolic interactions can occur:

For example, the elevated oxidative stress reported in the disorder may be entangled with perturbed 

immune-inflammatory pathways, gut inflammation, and dysfunctional mitochondria. This may be 

exacerbated by other disturbances, such as the reported reduction in creatine kinase (CK) levels, which 

can lead to the absence of CK-mediated reactive oxygen species suppression. This raises the possibil-

ity of a vicious cycle of immunodysregulation and gut dysbiosis accompanied by poor physiological 

gut function that contribute to the perpetuation of a chronic bowel disease state. Such an altered state 

could interact with the previously suggested HPA dysregulation and contribute to the perpetuation of 

an alternative resting homeostasis.

With this in mind, the authors close their paper by stating the following:

It is likely that the inflammation and immune dysfunction classically studied in ME/CFS are entangled 

with dysfunctional energetics, gut health, or autonomic and adrenal dysregulation. The evidence for 

metabolic and mitochondrial dysfunction indicates inefficient respiration, impaired provision of TCA 

cycle substrate, and metabolic shifts towards the utilization of alternative metabolites. Immune effector 

cell dysfunction, chronic inflammation, defective signaling, and elevated oxidative stress may inter-

act with not only the dysfunctional energetics but also with abnormal gut physiology and microbiota 

composition. These effects on the gut may also tie back to mitochondrial function and vice versa. The 

reciprocal interactions between these affected systems and the varied clinical presentation of relevant 

symptoms between individuals make it difficult to postulate cause-effect relationships with confidence.

16.7.7  AN IN-DEPTH EXAMINATION OF THE KEY METABOLIC IMBALANCES 

OFTEN ENCOUNTERED IN ME/CFS PATIENTS

As was eloquently conveyed by Missailidis et al.,8 the reality of ME/CFS is far from the general 

allopathic model of disease, which operates on the assumption that similar clinical presentations 

are one-dimensional entities that involve uniform causation and metabolic imbalances. Rather, the 

authors make it clear that even though ME/CFS patients often experience similar symptomatic 

presentations, the underlying causes, metabolic imbalances and interactions between different 

metabolic imbalances result in a level of patient uniqueness that necessitates virtually complete 

elimination of practitioner assumptions and agendas about causation and metabolic imbalances/

interactions seen with other patients and the adoption of an assessment and treatment protocol that 

is completely and totally based on each individual patient presentation. In agreement, Rivera et al.9 

suggest that the pathophysiology of ME/CFS involves “three pillars” that continuously interact with 

each other. These three pillars are the immune system, the nervous system and the neuroendocrine 

network. Finally, Jeffrey et al.10 suggest another version of a three-pillar pathophysiology involving 

oxidative stress, immune dysregulation and potassium inequity.

Fortunately, as noted by Missailidis et al.,8 the metabolic imbalances seen with different ME/

CFS patients are not entirely random and unpredictable. Some do occur more often than others.

16.8  ADDITIONAL RESEARCH ON THE PATHOPHYSIOLOGY OF ME/CFS

16.8.1  DYSREGULATION OF INFLAMMATORY MEDIATORS

Several studies beyond that performed by Missailidis et al.8 have made it clear that ME/CFS patients 

often demonstrate increased levels of pro-inflammatory cytokines and acute phase reactants, typi-

cally associated with an infectious pathogen, especially a viral infection.9, 11, 12 The elevation of 

pro-inflammatory cytokines greatly explains the common findings of fatigue and flu-like symp-

toms.9–11 In addition, the presence of unregulated inflammatory mediators is often accompanied by 

dysfunctional mitochondria, increased translocation of Gram-negative bacteria, and alteration of 
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intracellular signal transduction and apoptosis pathways.9 Other evidence of upregulation/dysregu-

lation of immunoinflammatory pathways is the following:9–13

• Increases in tumor necrosis factor (TNF)-α, interleukin (IL)-1α, IL-1β, IL-4, IL-5, IL-6 

and IL-12.

• Decreases in IL-8, IL-13 and IL-15.

• Activation of cell-mediated immunity as evidenced by increased neopterin levels.

• A Th1 to Th2 shift and alteration of Th17 pathways.

• Increased translocation of bacteria through the leaky gut, which is accompanied by 

increased levels of IgA and IgM.

• Increased levels of NF-κB, which can be induced by viral infections. This increase can 

greatly propel the inflammatory cascade in ME/CFS patients.

• Decreased levels of total IgG and IgG subclasses such as IgG1 and IgG3.

• Increased high sensitivity C-reactive protein (hsCRP).

• Dysfunctional natural killer (NK) cells.

Inflammatory mediators that instigate neuroinflammation are also dysregulated in ME/CFS 

patients,14 which would help explain the neuropathic pain and the common occurrence of neu-

ropsychologic symptoms such as cognitive impairment, decreased alertness, impaired memory, 

concentration and depressive symptoms seen in this patient population.9, 10 Upregulation of neu-

roinflammation often involves activation of central nervous system (CNS) glial cells, specifically 

microglia and astrocytes.9 This neuroinflammatory upregulation is suggested to result in a phenom-

enon known as “sickness behavior,” which consists of clinical findings such as malaise, lassitude, 

fatigue, numbness, reduced appetite, reduced social interactions, fatigue and weight loss.9 This neu-

roinflammatory upregulation leading to “sickness behavior” has been suggested to be associated 

with a shift towards an allergic T-helper type-2 (TH2) pattern.9 Similarly to systemic inflamma-

tion, upregulation of neuroinflammation in ME/CFS patients can be triggered by an immunologic 

response to an infectious process.9 Finally, the inflammatory mediators that trigger upregulated glial 

cell activity can also link with neuronal glutamate receptors, leading to enhanced neuroexcitation.9

16.8.2  OXIDATIVE/NITROSATIVE STRESS INDUCED BY INFLAMMATION

Systemic inflammation in ME/CFS patients can result in increased oxidative and nitrosative stress 

(O&NS), which in itself, has been considered to be a critical pathophysiologic feature in this dis-

ease.12 Specifically, O&NS can lead to decreased levels of antioxidants.9 These diminished antioxi-

dants include zinc, coenzyme Q10 and antioxidant enzymes.9 In addition, oxidative stress in ME/

CFS patients has been linked with damage to fatty acids, proteins and DNA.9 A lowered omega-

3:omega-9 polyunsaturated fatty acid ratio has also been reported.9

Markers of O&NS that are often elevated are blood isoprostane, oxidized LDL, 4-hydroxynon-

enal (HNE), malondialdehyde (MDA), oxidatively modified proteins and iso-prostaglandin.9,12 Low 

levels of glutathione have also been reported.9

Further evidence of a link between fatigue and oxidative stress has been provided by studies 

which have demonstrated that antioxidant supplementation can be helpful in fatigue patients.15 

Specifically, supplementing CFS patients with coenzyme Q10 and nicotinamide adenine dinucleo-

tide (NADH) reduced fatigue, whereas a placebo did not.15

16.8.3  NEUROTRANSMITTER DISTURBANCES

Rivera et al.9 point out that the central fatigue seen with ME/CFS patients is highly correlated with 

increased serotonin (5-HT) and its metabolites in the CNS, largely as a consequence of inflamma-

tory activity. Inflammatory cytokines can alter the metabolism and release of neurotransmitters, 
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including serotonin.9 More specifically, TNF-α and IL-1β have been demonstrated to acutely acti-

vate the serotoninergic transporter (SERT).9

How does increased 5-HT lead to fatigue? Rivera et al.9 suggest that 5-HT spills over to 

reach the extra-synaptic receptor sites in the initial axon segment. This inhibits the generation 

of action potentials. This appears to be a protective mechanism against excessive 5-HT activity, 

as this inhibition of action potentials also prevents hyperactivity of motor neurons and reduces 

detrimental muscle activity. Unfortunately, as with so many of the other metabolic adjustments 

to long-term, chronic inflammation, this excessive 5-HT activity and consequent inhibition of 

action potentials that prevent 5-HT-induced hyperactivity of motor neurons also can contribute 

to central fatigue.9

Finally, it has been suggested that in certain ME/CFS patients, particularly adolescents, there 

may be a significant prevalence of methylation issues in the form of catechol-O-methyltransferase 

(COMT) polymorphisms. Given that optimal COMT activity is necessary for optimal catechol-

amine metabolism, elevated levels of norepinephrine and epinephrine have been noted in adolescent 

ME/CFS patients with low COMT activity.9

Inflammation can also alter dopamine neurotransmission by creating oxidative stress and 

mitochondrial damage in dopaminergic neurons, thus leading to an impairment in dopaminergic 

neurotransmission.15

16.8.4  NEUROENDOCRINE IMBALANCES

As was mentioned earlier, neuroendocrine imbalances are one of the pathophysiologic “three pil-

lars” that underly ME/CFS.9 While studies have been conflicting, it appears most likely that ME/

CFS patients demonstrate hypofunction of the hypothalamic/pituitary/adrenal (HPA) axis, which 

is manifested by a low salivary cortisol-awakening response.9 In addition, ME/CFS patients often 

demonstrate aberrant diurnal hormone variation, reduced HPA response to both physical and psy-

chological stressors, and enhanced sensitivity to glucocorticoids.9 However, while these are impor-

tant pathophysiologic findings, Rivera et al. make it clear that HPA axis disturbances are not a 

primary causational factor but rather, a consequence or comorbidity of ME/CFS.9

Why is the HPA axis hypofunctioning in ME/CFS patients? It has been suggested that this is 

the result of a “stressed crash” or “exhaustion” phenomenon whereby the hyperfunctioning HPA 

axis that is the result of acute stress switches to an exhaustion phase when the stress becomes pro-

longed.9. This results in an HPA axis that loses its ability to cope with environmental stress, with 

attendant low cortisol output.9

What came first – chronic inflammation that leads to HPA axis disturbances, or HPA axis hypo-

function that leads to activation of immune/inflammatory pathways? In actuality, either scenario 

could be present, and as has been repeatedly suggested earlier, ME/CFS patients, despite similar 

clinical presentations, can be unique from a pathophysiologic perspective. Therefore, it certainly 

possible in some cases that HPA axis hypofunction will contribute to an activation of immune-

inflammatory pathways as well as attenuation of Th1 cell-mediated immune responses and pro-

motion of Th2-mediated responses.9 However, it is equally possible that because of bidirectional 

communication between immune-inflammatory pathways and the HPA axis, pro-inflammatory 

cytokines can induce the HPA axis to produce more HPA axis–related hormones.9 Evidence of 

neuroendocrine dysfunction caused by increased systemic inflammation is elevated levels of IL-6 

and CRP.

Disturbances in adrenal hormone receptors have also been reported in ME/CFS patients.16 

Specifically, the impaired HPA response seen in ME/CFS patients may be overactivity of gluco-

corticoid receptors (GR) and mineralocorticoid receptors (MR), which leads to increased suppres-

sion of the hypothalamus and anterior pituitary.16 This receptor dysfunction, along with the other 

HPA imbalances discussed earlier, can reduce the ability of HPA hormones to reduce inflammatory 

activity, leading to a scenario where even slight stressors can trigger an inflammatory response.16
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Other neuroendocrine imbalances reported in 90% of ME/CFS patients are elevated sympathetic 

activity, reduced parasympathetic activity and hypoactivity of the vagus nerve.12 Morris et al.12 go 

on to point out that the most frequently reported manifestation of disturbances in neuroendocrine 

function among ME/CFS patients is chronically blunted heart rate variability (HRV).

16.8.5  SUBOPTIMAL MITOCHONDRIAL FUNCTION AND ENERGY PRODUCTION

Another downstream effect of inflammation reported in ME/CFS patients, as suggested earlier, 

is reduction in mitochondrial function and energy production.15 Specifically, it has been proposed 

that chronic low-grade inflammation creates and maintains a state of persistent fatigue by induc-

ing a metabolic switch away from energy-efficient oxidative phosphorylation to fast-acting but less 

efficient aerobic glycolytic energy production, with attendant increases in reactive oxygen species 

(ROS) and decreased cellular energy.15 The reason for this is that inflammation upregulates the 

need of immune cells for rapid creation of cellular energy.15 To do this, immune cells shift to aero-

bic glycolysis, which is a less efficient but fast-acting pathway for energy production.15 This pro-

longed reliance on aerobic glycolysis also leads to lower energy availability due to reduced nutrient 

availability, which in turn, leads to lower energy availability for other key organ systems.15 Also, 

the increase in inflammation-induced energy needs of immune cells decreases the availability of 

“behavioral” energy, which is the energy spent on daily activities.15

Interestingly, prolonged inflammation, over time, will eventually lead to a decrease in aerobic 

glycolysis even in immune cells, because eventually, inflammation will lead to insulin resistance, 

reducing the uptake of glucose by immune cells. This in turn will lead to reduced ATP production 

in immune cells even by the inflammation-induced aerobic glycolysis pathway.15

Are there compensatory energy production pathways that non-immune organ systems can rely 

upon when chronic inflammation is leading to increased aerobic glycolysis in immune cells at 

the expense of other organ systems? Lipid and protein metabolism is one way the body compen-

sates.15 Unfortunately, lipid metabolism is slow and cannot respond to rapid energy requirements.15 

Compounding the problem is the fact that increased reliance on protein metabolism for the produc-

tion of energy reduces protein availability for promotion of growth and repair.15

What happens to the cells and cellular components involved in energy production in the 

presence of chronic inflammation? First, inflammation-induced ROS can harm both mitochon-

dria and mitochondrial DNA.15 Also, neurons that are heavily dependent on mitochondrial oxi-

dative phosphorylation for ATP needs are harmed. Chronic inflammation also harms neurons 

by an indirect mechanism, because neurons also rely on lactate for energy production, and 

that is provided by astrocytes. Chronic inflammation leads to insulin resistance, which in turn, 

decreases astrocyte glucose and protein metabolism, leading to decreased lactate production 

for use by neurons.15

What about behavioral energy availability? Chronic low-grade inflammation can increase sys-

temic energy expenditure by 10%, leading to a reduction of energy available for daily activities.15 

Several studies have shown that this inflammation-induced reprioritization of energy can have a 

direct impact on motivation to exert effort.15

McGregor et al.17 noted similar findings to those of Lacourt et al.,15 in that females suffering from 

ME/CFS demonstrate deregulated glycolysis activity, with increases in fasted first morning serum 

glucose and decreases in lactate and acetate. Furthermore, these researchers also noted deregulation 

of urea cycle activity, as evidenced by reductions in the purine metabolite hypoxanthine. Still more 

evidence of disturbed glycolysis and urea cycle activity noted by McGregor et al.17 was increased 

urine excretion of mannitol, methylhistidine, acetate and glucose. These findings led the author to 

conclude that PEM in ME/CFS patients is associated with changes in glycolysis and acetylation that 

are consistent with a hypoacetylation state.

Other findings in ME/CFS patients that are indicative of mitochondrial dysfunction are denuded 

ATP production, lower levels of coenzyme Q10 and intracellular acidosis.12
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16.8.6  GI MICROBIOME IMBALANCES, INCREASED INTESTINAL 

PERMEABILITY, AND BACTERIAL TRANSLOCATION

As was suggested earlier, many researchers have reported that disturbances in GI function are com-

mon in ME/CFS patients. Several papers12, 18 point out that many ME/CFS patients demonstrate 

increased permeability of the intestinal mucosa and translocation of lipopolysaccharide (LPS) and 

peptidoglycan into the bloodstream. Furthermore, Morris et al.12 note that translocation of com-

mensal antigens correlates directly with increased markers of inflammation. Morris et al. 12 go on to 

point out that O&NS disrupt the tight junctions that maintain the integrity of the intestinal mucosal 

barrier. Under these conditions, translocation of commensal antigens can occur as well as intact 

Gram-negative bacteria, including Pseudomonas aeruginosa, Hafnia alvei, Morganella morganii 

and Citrobacter koseri.12 This antigen and bacterial translocation can, in turn, cause translocation 

of bacterial LPS into the systemic circulation.12

Finally, it is important to note that the translocated LPS is an important cause of the depressed 

and unresponsive HRV reported earlier.12

Clinical evidence of the link between ME/CFS and GI dysfunction includes the fact that the 

risk of CFS is significantly higher in patients with inflammatory bowel disease compared with the 

general population.18 There is clinical evidence of microbiome disturbances as a major contributing 

factor to ME/CFS in the form of data suggesting that irritable bowel syndrome related to previous 

exposure to Giardia lamblia can often be accompanied by chronic fatigue.19, 20

16.8.7  CARDIOVASCULAR DISTURBANCES

As noted by Bozzini et al.,21 patients with CFS often demonstrate orthostatic intolerance and abnor-

mal sympathetic predominance in the autonomic cardiovascular response to gravitational stimuli. 

Furthermore, small left ventricular size with low cardiac output has been observed.21 Adolescents 

with CFS have demonstrated reduced systolic blood pressure variability and sympathetic predomi-

nance of baroreflex heart rate control during orthostatic stress.21 Finally, CFS patients tend to pres-

ent with low blood pressure.21

16.8.8  THYROID DYSFUNCTION

In a study of 98 CFS patients aged 21–69 years and 99 age- and sex-matched controls, Ruiz-Nunez 

et al.22 noted that CFS patients tend to exhibit lower free T3, total T4, total T3, T3/T4 ratios, protein 

binding of thyroid hormones, and 24-h urinary iodine excretion compared with controls. In con-

trast, percentage reverse T3 tends to be higher in CFS patients than in controls.22 These results led 

the authors to conclude that many CFS patients demonstrate a mild form of “non-thyroidal illness 

syndrome” and “low T3 syndrome.” Furthermore, in contrast to the trend of increased inflammation 

and increased immune function that has, as suggested earlier, been reported in many studies of CFS 

patients, Ruiz-Nunez22 noted in the CFS patients an association between low T3 and low hsCRP. 

These findings led the authors to hypothesize that CFS patients are less responsive to inflammatory 

stimuli. In addition, the CFS patients demonstrating a “low T3 syndrome” again, in contrast to what 

is reported in so many ME/CFS patients, do not appear to present convincing evidence of chronic 

low-grade inflammation.22

16.8.9  GENETIC POLYMORPHISMS

As with so many other chronic illnesses, the presence of genetic polymorphisms can quite possibly 

create a predisposition to many of the metabolic imbalances and clinical findings reported in ME/

CFS patients, as noted by Perez et al.23 Specifically, in their pilot study, Perez et al.23 found that 

5693 single nucleotide polymorphisms (SNPs) had at least a 10% frequency in at least one ME/CFS 
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cohort. The most clinically relevant of the SNPs reported in the Perez et al.23 study may be that 

relating to cytochrome P450 2D6 (CYP2D6), which is an important enzyme involved in the metabo-

lism of xenobiotics. Furthermore, CYP2D6 plays a vital role in androgen and estrogen biosynthesis 

and metabolism, tyrosine metabolism, and metabolism of codeine and morphine.23 From a clinical 

standpoint, SNPs of CYP2D6 were found more often in ME/CFS patients who also exhibited fibro-

myalgia.23 Given that studies have suggested a relationship between exposure to chemical toxins and 

incidence of ME/CFS (see later), it may be that detoxification enzyme SNPs are a significant part of 

the pathophysiologic picture in ME/CFS patients.

16.9  ALLOSTATIC OVERLOAD – A MORE ACCURATE MODEL 
THAT REFLECTS THE TRUE NATURE OF ME/CFS

It is clear, based on the research outlined earlier, that ME/CFS, with its lack of a standard, 

across-the-board, well-defined cause and many pathophysiologic manifestations that can vary 

from patient to patient, does not fit the traditional model of illness that suggests diseases are 

well-defined entities with similar clinical presentations that always have a singular cause, 

pathophysiology and treatment protocol. Does another model of disease exist that is more con-

sistent with the true nature of ME/CFS? This question was answered by Arroll24 in her paper 

“Allostatic overload in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS).” In 

this hypothesis paper, the allostatic overload model of illness is presented with an explana-

tion of why it is uniquely appropriate to reflect the true nature of ME/CFS, which can result in 

both a more accurate clinical assessment of any individual patient and more efficacious, cost-

effective and practical treatment modalities.

16.9.1  ALLOSTASIS AND ALLOSTATIC OVERLOAD – A DEFINITION

As noted by Arroll,24 to understand the concept of allostasis and allostatic overload, it is first impor-

tant to understand how the body responds to any stressor, which may be physical or psychological 

in nature. She goes on to point out that the classic work by Hans Selye on the human stress response 

provides an explanation. Briefly, Selye proposed a three-phase theory called the “general adaptation 

syndrome.” In the first “alarm” phase, the stressor is accompanied by physiologic changes but no 

permanent damage. If the stressor persists, the second “resistance” phase occurs, in which physi-

ological adaptation takes place to cope with the stressor. However, even in this second phase, there 

is no significant damage to the organism that would yield perceptible signs and/or symptoms. In 

contrast, with a persistent, long-term stressor, the third “exhaustion” phase can occur, which often 

does lead to clinical illness and sometimes, mortality. Arroll24 goes on to suggest that the signs and 

symptoms that define an illness are not caused by the stressor per se but by overactive and prolonged 

activity of the physiologic changes that compose the general adaptation syndrome proposed by 

Selye. This suggestion leads Arroll24 to a discussion of the work by Bruce McEwen and colleagues 

on what is known as allostasis and allostatic load/overload.

In defining allostasis, McEwen and colleagues25 first point out that allostasis basically defines 

how the body responds to environmental stressors to maintain a constant internal environment, or 

homeostasis, which it does by continually adjusting the “internal physiologic milieu.” Furthermore, 

depending on the demands of the environment, “different physiological systems will interact with 

different levels of activity.” More precisely, according to “What’s in a name? Integrating homeo-

stasis, allostasis and stress” by McEwen and Wingfield,26 allostatic mechanisms act in response to 

environmental stressors to maintain homeostasis. Thus, allostasis is needed to maintain homeosta-

sis. An example would be jumping into a 65°F pool on a summer day with an air temperature of 

approximately 90°F. Upon entering the pool, there is an instantaneous decrease of 25°F in the exter-

nal milieu. Why is it that thermogenic shock does not immediately occur in a healthy individual? 

The answer is that hundreds and possibly thousands of allostatic mechanisms just as quickly become 
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activated to adjust the internal milieu to maintain homeostatic constants such as body temperature, 

blood pressure and pulse, so that the net cognitive effect is a pleasurable, refreshing experience. 

Thus, with this in mind, allostatic responses to stressors are not inherently negative in nature. In 

contrast, with short-term stresses, allostatic responses promote health. An example of this would be 

increases in muscle mass and strength in response to physiologic amounts of exercise. The body’s 

allostatic responses increase muscle mass and strength in order to “cope” with the stress of exercise. 

However, if the exercise is excessive, these initial allostatic coping mechanisms will start to become 

overwhelmed, leading to a secondary allostatic response of muscle pain and inflammation. What 

is one of the purposes of this secondary allostatic response? This secondary allostatic response is 

designed to send a cognitive message to stop the excessive exercise. What if this cognitive message 

is not heeded? The allostatic response of inflammation and pain are very metabolically expensive, 

in that energy reserves will be taken from other parts of the body to maintain inflammation and 

pain, leading to potential suboptimal function of these other body parts. This situation, where the 

body needs to compromise health in response to ongoing stress, is called “allostatic load/overload,” 

where the response to prolonged stressors leads to suboptimal metabolic activity and signs and 

symptoms that are consistent with illness. The following two quotes by McEwen and Wingfield26 

provide excellent definitions of allostasis and allostatic load/overload:

[A]llostasis refers to the ability of the body to produce hormones (such as cortisol, adrenalin) and other 

mediators (e.g., cytokines, parasympathetic activity) that help an animal adapt to a new situation/chal-

lenge. This includes the predictable and unpredictable.

Allostatic load is defined as the cumulative result of an allostatic state. It can be considered the result of 

the daily and seasonal routines organisms have to obtain food and survive, and extra energy needed to 

migrate, molt, breed, etc. as well as deal with unpredictable perturbations.

At what point does allostasis become allostatic load? As noted by Fava et al.,25 this transition from 

tolerable stress that leads to a tolerable allostatic response to a toxic stress that leads to allostatic 

load/overload is highly variable from person to person. However, the authors point out that allostatic 

load/overload is defined as “the transition to this extreme state.”

Before leaving this introductory section on allostasis and allostatic load/overload, it should be 

emphasized that the allostatic response and resultant load/overload can occur with any stressor or 

combination of stressors, not just psychological stress, as mistakenly assumed by many. As noted 

by Fava et al.,25 allostatic load can result from stressors as varied as poor sleep, social isolation, lack 

of exercise, poor diet and income equality.

16.9.2  ALLOSTATIC LOAD AND ME/CFS

As pointed out by Arroll,24 ME/CFS patients tend to demonstrate metabolic indicators consistent 

with allostatic load that are due to the cumulative effects of years of excessive and/or prolonged 

environmental stressors. Then, a significant stressor occurs, such as a viral or bacterial infection 

that acts as a “straw that breaks the camel’s back” of sorts, leading to symptoms consistent with 

ME/CFS. Arroll24 points out that the following, which are often seen in ME/CFS patients, strongly 

suggest that allostatic load is present:

• Low levels of urinary cortisol that is not linked with the usual causes such as psychiatric 

comorbidity, sleep problems, medication use and disability.

• Elevated dehydroepiandrosterone (DHEA).

• Increased parameters of inflammation such as IL-1, IL-6 and TNF.

• Decreased NK cell cytotoxic activity.

• Elevations in IL-1B, IL-12, IL-6, IL-8, IL-10 and IL-13 in those ME/CFS patients report-

ing high post-exertional fatigue.
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Can stressful life events other than infection act as “the straw that breaks the camel’s back” in ME/

CFS patients, leading to the transition from a physiologic, benign allostatic response to a symptom 

producing allostatic load/overload scenario? Arroll24 points out that research has noted that the fol-

lowing have been reported to initiate symptoms in ME/CFS patients:

• Change of residence.

• Marriage.

• Divorce.

• Change of jobs.

• Death of a loved one.

• Job-related conflict.

Arroll 24 goes on to point to another important aspect of environmental stress-induced allostatic 

load that is rarely considered. Basically, being stressed is stressful. More precisely, ME/CFS 

patients often experience a vicious circle effect whereby environmental stressors lead to an allo-

static response that eventually becomes allostatic load/overload, leading to symptoms. However, 

it does not end there. The symptoms themselves, such as fatigue, pain, sleep disturbance, etc., act 

as another stress “increasing allostatic load and eventually maintaining allostatic overload,” com-

pleting the vicious circle. Another aspect of this vicious circle, according to Arroll,24 is fear of 

experiencing symptoms. This would explain, according to the author, why even after the “straw that 

breaks the camel’s back” stressor has ceased, ill health can persist.

Arroll24 concludes her paper by discussing the value of the allostasis/allostatic load/allostatic 

overload model in terms of more accurately assessing and more efficaciously treating the ME/CFS 

patient. This model allows for the fact that there is no single environmental stressor that leads to 

ME/CFS in all patients. Rather, a whole host of environmental stressors can be inducing agents, 

the combination of which will vary from patient to patient. What virtually all the ME/CFS patients 

do share in common is the allostatic responses to any particular patient-specific stressor or set of 

stressors plus the eventual excessive allostatic responses that lead to allostatic load/overload and 

accompanying symptomatology. With this concept in mind, Arroll24 concludes with the following 

insightful statement:

This paradigm shift will lead us away from the search for the holy grail of the sole pathogen and in 

doing so, may allow the development of effective symptom-alleviating treatments.

Do other publications support the idea that ME/CFS is an allostatic load phenomenon? In “Allostatic 

load is associated with symptoms in chronic fatigue syndrome patients” by Goertzel et al.,27 the 

authors devised an allostatic load index. Using this index, it was concluded that high levels of 

allostatic load were significantly associated with bodily pain, physical functioning, and generally, 

symptom frequency/intensity. In an accompanying publication by the same group of researchers 

entitled “Chronic fatigue syndrome and high allostatic load” by Maloney et al.,28 the authors again 

discussed the use of their allostatic load index. This index is comprised of the following measure-

ments plus the levels that are indicative of the presence of CFS:

• Diastolic blood pressure (recumbent 30 min) greater than 90.

• Systolic blood pressure (recumbent 30 min) greater than 140.

• Aldosterone less than or equal to 4.5 ng/dl.

• Waist to hip ratio (males) greater than 0.95.

• Waist to hip ratio (females) greater than 0.87.

• Albumin lower than 3.6 g/dL.

• C-reactive protein greater than or equal to 5.0 mg/L.

• Interleukin-6 greater than or equal to 82.2.
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• Urinary cortisol in males lower than 26.5 μg/24 h.

• Urinary cortisol in females lower than 13.0 μg/24 h.

• DHEA sulfate in males lower than or equal to 79.5 mg/dL.

• DHEA sulfate in females lower than or equal to 15.5 mg/dL.

• Epinephrine greater than 24.0 pg/mL.

• Norepinephrine greater than or equal to 433.0 pg/mL.

Based on this index, it was concluded that CFS is associated with a high level of allostatic load. The 

authors also reported that the three components of the index that best discriminated CFS cases from 

controls are waist to hip ratio, aldosterone and urinary cortisol.

16.10  KEY ENVIRONMENTAL STRESSORS THAT LEAD TO 
ALLOSTATIC LOAD IN ME/CFS PATIENTS

As was mentioned earlier, allostasis and the excessive allostatic responses that are the basis for 

allostatic load are responses to one or more significant environmental stressors. Which stress-

ors, based on published research, appear to be most significant for ME/CFS patients? Consider 

the following.

16.10.1  INFECTIOUS DISEASE

As was noted earlier, it has been long suggested that ME/CFS may be caused by EBV or cytomega-

lovirus. However, as pointed out by Underhill,29 infectious diseases such as influenza and mono-

nucleosis can be followed by symptoms resembling ME/CFS. In addition, Melenotte et al.30 point 

out research that suggests the presence of post-infectious CFS that can be induced, in addition to 

EBV, by Chikungunya virus infection, hepatitis A and B infections, brucellosis, Q fever caused by 

Coxiella burnetii, and Lyme disease caused by the Borrelia burgdorferi group.

16.10.2  CHEMICAL AND METAL TOXINS

Underhill29 points out the following chemical and metal toxins that have been linked with ME/CFS:

• Organophosphate pesticides.

• Solvents.

• Ciguatera fish poisoning.

• Cadmium.

• Mycotoxins from water damaged buildings.

Interestingly, research has also demonstrated that ME/CFS can also be linked with environmental 

chemicals whose toxicology is either controversial and/or seldom recognized. An example of this 

is the paper by Khoo et al.31 that suggests CFS is more common in patients with silicone breast 

implants compared with systemic sclerosis controls. Even more interesting and controversial are 

two papers that suggest a relationship between ME/CFS and aluminum adjuvants used in hepatitis 

B vaccines.32, 33 Gherardi et al. 32 propose the following:

Instead of being rapidly solubilized in the extracellular space, injected aluminum particles are quickly 

captured by immune cells and transported to distant organs and the brain where they elicit an inflam-

matory response and exert selective low dose long-term neurotoxicity. Clinical observations and experi-

ments in sheep, a large animal like humans, confirmed both systemic diffusion and neurotoxic effects 

of aluminum adjuvants. Post-immunization ME/CFS represents the core manifestation of “autoim-

mune/inflammatory syndrome induced by adjuvants” (ASIA).
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16.10.3  DISTURBANCES IN GUT MICROFLORA

As was mentioned earlier, ME/CFS has been found to be associated with disturbances in gut micro-

flora. Nagy-Szakal et al. explored this relationship in detail in their paper “Fecal metagenomic profiles 

in subgroups of patients with myalgic encephalomyelitis/chronic fatigue syndrome.”34 The authors 

begin their paper by pointing out that disturbances in GI function are very common in ME/CFS 

patients, in that 35% to 90% report abdominal discomfort consistent with IBS. Furthermore, previ-

ous research has reported that post-infective fatigue states have been linked with acute giardiasis. To 

ascertain the impact of disturbances of gut microflora as a contributor to this relationship, the authors 

evaluated 50 ME/CFS patients and 50 healthy controls using DNA-based stool analysis. The ME/CFS 

patients were subdivided into those patients with IBS (ME/CFS + IBS) and those without IBS. Among 

all the ME/CFS cases, increases in the following microflora were associated with better vitality, health 

change and motivation scores: Ruminococcus gnavus, Coprobacillus bacterium, Clostridium bolteae 

and Clostridium asparagiforme. Among all ME/CFS cases, a decrease in relative abundance of the 

following was associated with worse emotional wellbeing scores: Fecalibacterium prausnitzii and 

Coprococcus catus. Finally, in all ME/CFS cases, decreases in the following were associated with 

improved motivation scores: Rosburia inulinivorans and Dorea formicigenerans.

In the ME/CFS + IBS cases, the decreases in the following were associated with improved vital-

ity, health change and fatigue scores: Alistipes, Dorea longicatena and Rosburia inulinivorans. In 

these patients, decreases in Coprococcus comes were associated with worse fatigue scores, and 

decreases in Faecalibacterium species were associated with worse pain scores.

In ME/CFS without IBS cases, increases in Pseudoflavorifractor capillosus were associated 

with worse vitality, emotional wellbeing, health changes and motivation scores. Finally, in this 

group, relative abundances of Dorea formicigenerans and Clostridium scindens were associated 

with improved motivation scores.

16.11  PUTTING IT ALL TOGETHER: A PATIENT-SPECIFIC APPROACH 
THAT ADDRESSES BOTH THE ENVIRONMENTAL STRESSORS THAT 
INCREASE ALLOSTATIC LOAD AND THE SPECIFIC METABOLIC 
IMBALANCES THAT COMPRISE ALLOSTATIC LOAD

While allostatic load is not mentioned specifically, the paper “Chronic fatigue syndrome: A person-

alized integrative medicine approach” by Brown presents an excellent review of the literature not 

only on the identification and treatment of the various environmental stressors that create allostatic 

load in ME/CFS patients but also on the identification and treatment of the various metabolic imbal-

ances that comprise allostatic load.35 First, consider the literature on major environmental stressors 

that create allostatic load in ME/CFS patients.

16.12  ENVIRONMENTAL STRESSORS THAT CREATE 
ALLOSTATIC LOAD IN ME/CFS PATIENTS

16.12.1  NUTRIENT DEFICIENCY

Vitamin D – Brown35 points out that several studies have documented that vitamin D defi-

ciency is prevalent in ME/CFS patients compared with the general population. He goes on 

to note that the suggested association is that vitamin D deficiency may contribute to ME/

CFS oxidative stress and inflammation with generation of subsequent fatigue symptoms. In 

fact, symptoms of severe vitamin D deficiency are so similar to those seen with ME/CFS 

that people with vitamin D deficiency are often misdiagnosed as having ME/CFS. In terms 

of treatment of ME/CFS patients who are deficient in vitamin D with vitamin D supple-

ments, modest clinical improvement in some individuals has been reported.



272  Nutrition and Integrative Medicine for Clinicians

Impaired long-chain fatty acid metabolism – Brown35 reports literature suggesting that 

functional impairment of fatty acid metabolism may explain, in part, functional changes 

in the CNS as well as clinical symptoms in ME/CFS patients. A suggested mechanism 

is that viral infection associated with ME/CFS “may impair the biosynthetic pathway 

for long-chain fatty acids.” In support of this hypothesis, case reports have demonstrated 

improvement of ME/CFS symptoms with gamma linolenic acid (GLA), eicosapentaenoic 

acid (EPA) and/or docosahexaenoic acid (DHA) supplementation.

Functional B vitamin deficiency – Functional deficiencies in ME/CFS patients of folate, 

pyridoxine (vitamin B6), riboflavin (vitamin B2) and thiamine (vitamin B1) have been 

reported. Unfortunately, intervention trials of B vitamins with ME/CFS patients have been 

mixed in terms of clinical improvement.

Magnesium deficiency – Several studies have reported low magnesium status in ME/CFS 

patients. A suggested mechanism for the contribution of magnesium deficiency to ME/CFS 

symptoms is contribution to a pro-oxidant, low-grade inflammatory state. Evidence sup-

porting the use of magnesium supplementation to improve ME/CFS symptoms is limited, 

with two case reports suggesting that intravenous magnesium supplementation resulted in 

significant clinical improvement.

Functional amino acid deficiency – Brown35 points out hypotheses suggesting that amino acids 

required for neurotransmitter synthesis and production of ATP might be deficient in ME/CFS 

patients. Based on this hypothesis, a study was conducted in which fasting levels of plasma 

amino acids were measured in ME/CFS patients, and based on the findings of this assessment 

on each patient, a unique, 15-gram mixture of free-form amino acids was given for 3 months. 

Twenty participants completed the study. Of those individuals, 90% experienced at least a 

25% improvement in symptoms, and 75% reported a 50% to 100% improvement.

Carnitine deficiency – Brown35 points out one study noting that plasma carnitine status of ME/

CFS patients was 30% to 40% lower in certain forms of carnitine compared with controls, with 

carnitine concentrations highly correlating with clinical symptoms. Brown35 goes on to report 

two studies using carnitine supplementation in ME/CFS patients. One study employing 3 g per 

day of carnitine demonstrated significant improvement in symptoms, especially between the 

fourth and eighth weeks of treatment. A second study compared supplementation of 2 g per day 

of acetyl-L-carnitine, 2 g per day of propionyl-L-carnitine, and a combined treatment of 2 g of 

each per day. All treatments yielded beneficial effects on fatigue, pain and cognitive function.

Zinc deficiency – Brown35 notes that serum zinc has been reported to be significantly lower 

in ME/CFS patients compared with healthy controls. In addition, low levels of zinc have 

been correlated with symptom severity and immunological dysfunction. Concerning inter-

vention, even though no controlled clinical trials have been conducted using zinc supple-

mentation with ME/CFS patients, clinical evidence, according to Brown,35 has suggested 

that zinc supplementation may have a positive impact on fatigue, immune function, mood, 

inflammation and oxidative stress.

16.12.2  PSYCHOLOGICAL STRESS

Brown35 notes that adverse life events and related neuroendocrine dysfunction have preceded devel-

opment of ME/CFS symptoms in some cases, leading to the allostatic response of HPA axis dys-

function. This HPA axis dysfunction is often demonstrated by low cortisol levels. However, Brown35 

also notes that most typically, HPA axis dysfunction develops after the onset of ME/CFS symptoms. 

Interventions reported to be effective are the following:

Cognitive behavioral therapy (CBT) – Brown35 points out that some patients have reported 

improvements in symptoms and cortisol levels with CBT. However, some ME/CFS patients 

have also reported worsening of symptoms with CBT.
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Mind-body medicine – Brown35 reports evidence that mind-body therapies can improve 

HPA axis dysfunction and bring about a reduction in symptoms and/or improvements in 

physical functioning. Specifically, a randomized, controlled study on qigong exercise dem-

onstrated improvements in fatigue and mental functioning compared with controls.

16.12.3  ENVIRONMENTAL POLLUTANTS

Brown35 suggests, as noted earlier, that a number of studies have demonstrated that environmental 

toxins can be a major environmental stressor that contributes to the development of ME/CFS. These 

toxins include pesticides, insecticides, mercury, lead, nickel, cadmium, tobacco smoke and cigua-

tera poisoning. One study provided evidence of this relationship by showing that serum organo-

phosphates were higher in ME/CFS patients compared with controls. Brown35 goes on to note that 

interventions to reduce toxic load include nutritional detoxification, which employs dietary changes 

and supplemental nutrients that support endogenous detoxification pathways. Studies on this 

approach have reported enhancement of hepatic metabolism and reduction in subjective symptoms 

of fatigue. Another study using a detoxification program consisting of ascorbic acid and choline 

supplementation reported that ME/CFS symptoms improved as blood levels of pesticides decreased. 

Finally, it has been suggested, according to Brown,35 that infrared sauna therapy may benefit ME/

CFS patients by “diaphoretic elimination of persistent organic pollutants.”

16.12.4  DISTURBANCES OF GUT MICROFLORA

As has been mentioned earlier, disturbances in gut microflora can be a major environmental stressor 

that can dramatically increase allostatic load. Brown35 points out that in ME/CFS patients, low levels 

of Bifidobacterium and high levels of Enterococcus and Streptococcus have been reported, as well 

as small intestinal bacterial overgrowth (SIBO). A related finding in ME/CFS patients, according to 

Brown,35 is that compared with healthy controls, higher levels of serum antibodies against lipopoly-

saccharide (endotoxin) correlated closely with symptom severity. Brown35 goes on to point out that 

high levels of circulating endotoxin can be significantly reduced with healthy dietary patterns. In fact, 

according to the author, one study demonstrated a reduction in circulating endotoxin by 31% within 1 

month. Furthermore, dietary changes plus treatment with anti-inflammatory and antioxidative nutrients 

such as glutamine, N-acetylcysteine and zinc over 10 to 14 months significantly reduced antibodies 

to endotoxin, “with over 50% of participants showing significant clinical improvement or remission.”

Several studies, according to Brown,35 have also demonstrated that probiotic supplementation can 

have a significant impact. Specifically, supplementation with Lactobacillus and Bifidobacterium 

significantly decreased anxiety symptoms in ME/CFS patients to a greater degree than in controls. 

Another trial, according to Brown,35 demonstrated that supplementation of Lactobacillus paracasei 

sp. Paracasei F19, Lactobacillus acidophilus NCFB 1748 and Bifidobacterium lactis Bb12 in ME/

CFS patients resulted in significant improvement in neurocognitive function and a trend towards 

“improvement in general symptoms and quality of life in some individuals.”

16.12.5  CHRONIC INFECTION

As has been repeatedly demonstrated, chronic infection can be a significant environmental stressor 

leading to the creation of ME/CFS symptoms. Brown35 points out that certain infectious patho-

gens can produce a significant, often lifelong, infection, stimulating continued immune responses. 

Furthermore, some of these long-term pathogens can act as neuropathogens that directly or indi-

rectly affect the CNS, leading to ME/CFS symptoms.

As has also been repeatedly mentioned, EBV can be one of those instigators of lifelong infection 

in ME/CFS patients. Brown35 points out that long-term treatment with the antiviral drug valacy-

clovir “led to decreased serum antibodies to EBV and a significant improvement in a subgroup of 

individuals with CFS/ME with persistent EBV infection.”
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16.13  KEY METABOLIC RESPONSES TO ENVIRONMENTAL STRESSORS 
THAT COMPRISE ALLOSTATIC LOAD IN ME/CFS PATIENTS

16.13.1  INFLAMMATION

As was noted earlier, a key aspect of the allostatic response is inflammation and free radical pro-

duction. When in excess, they can be powerful contributors to allostatic load/overload. In ME/

CFS patients, according to Brown,35 higher levels of the inflammatory mediators CRP and 8-iso-

prostaglandin F2a isoprostanes have been reported compared with healthy controls. Brown35 goes 

on to suggest that a traditional Mediterranean diet has been shown to reduce chronic, low-grade 

inflammation and may be beneficial to ME/CFS patients.

16.13.2  MITOCHONDRIAL DYSFUNCTION

A key aspect of allostatic load/overload is mitochondrial dysfunction.36 With this in mind, Brown35 

points out that mitochondrial dysfunction may be central to the pathology of ME/CFS. The author 

goes on to point out research demonstrating that measurements of availability of ATP and efficiency 

of mitochondrial oxidative phosphorylation are reduced in ME/CFS patients compared with con-

trols. Furthermore, these reductions are correlated with severity of illness. Further support for the 

suggestion of mitochondrial dysfunction in ME/CFS patients, according to Brown,35 is evidence 

of a deficiency of coenzyme Q10, a key factor in mitochondrial energy metabolism and membrane 

potential.

According to Brown,35 several studies have suggested that nutritional supplementation can 

improve mitochondrial function. In relation to ME/CFS, one study employing supplementation of 

D-ribose, “a structural component of intermediate metabolites required for mitochondrial energy 

metabolism,” for 3 weeks reported improvements in energy, wellbeing, sleep and mental clarity, 

and decreased pain. Another study on ME/CFS patients using a nutritional formula to support mito-

chondrial function containing vitamins, minerals, amino acids, plant extracts, phospholipids and 

fatty acids “reported a 43% reduction in fatigue in individuals with CFS/ME and fibromyalgia after 

8 weeks of treatment.” Finally, according to Brown,35 a paper that audited ME/CFS patients who 

had evidence of mitochondrial dysfunction found that improvements in symptoms and mitochon-

drial function often occurred with the use of an integrative treatment plan that frequently included 

the mitochondrial nutrients D-ribose, magnesium, acetyl-L-carnitine and coenzyme Q10.

Brown35 concludes his paper with some final thoughts about ME/CFS patients that strongly sup-

port an individualized, allostatic load approach to their assessment and treatment:

Currently accepted treatments for CFS/ME have modest clinical benefits and for most patients the 

disease prognosis remains poor. Because CFS/ME is a heterogeneous disorder with diverse etiological 

factors and pathological features, a patient-centered integrative framework based on modifiable physi-

ological and environmental factors may offer hope for more effective management and better clinical 

outcomes. An individualized approach to patient management may also help identify patient subgroups 

that are more likely to respond favorably to specific treatments. A personalized integrative approach 

to CFS/ME deserves further consideration as a template for patient management and future research.

16.14  SOME FINAL THOUGHTS

According to an August 18, 2020 posting on the Mayo Clinic website:

The cause of chronic fatigue syndrome is unknown, although there are many theories – ranging from 

viral infections to psychological stress. Some experts believe chronic fatigue syndrome might be trig-

gered by a combination of factors.
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Can the research-based allostatic load hypothesis that ME/CFS is a “combination of factors,” as sug-

gested by Brown35 and so many other clinicians and researchers whose publications are reviewed in 

this book chapter, be dismissed as a mere belief, as suggested by the Mayo Clinic website? Clearly, 

the research presented in this book chapter on the allostatic load model of ME/CFS makes it clear 

that it is more than a belief system.

While Brown35 and many of the other authors whose work was highlighted earlier did not 

use the specific terms “allostasis” and “allostatic load,” they make a strong case that the essence 

of the allostatic load/overload model of ME/CFS best explains ME/CFS pathophysiology. What 

is the essence of the allostatic load/overload model? Very simply, even though patients share 

similar symptomatic patterns, the underlying basis for these symptoms, which are environmen-

tal stressors and the metabolic imbalances that result from these stressors, is unique to each 

patient. Furthermore, with this apparent reality of pathophysiologic uniqueness despite similar 

symptomatic patterns in mind, it is clear that the path to the most efficacious and cost-effective 

assessment and treatment will not be the all too common, preconceived, “one size fits all” agen-

das about causes, mechanisms and cures. In contrast, the published literature reviewed earlier 

makes it clear that the best path to efficacious and practical assessment and treatment of the 

ME/CFS patient will be patient centered. What does “patient centered” mean? Very succinctly, 

it means that rather than using the traditional “this is the way we’ve always done it” approach, 

patient diagnostic data and patient needs will be individually considered using the lens of the 

width and breadth of pathophysiologic research on ME/CFS, of which this book chapter is but 

a brief overview.
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Soil Health Impacts on Water 

and Nutrient Use Efficiency

Jerry L. Hatfield, Peter L. O’Brien and Kenneth M. Wacha

17.1  INTRODUCTION

Soil health, the continued capacity of soil to function as a vital living ecosystem that sustains plants, 

animals and humans,1 is of increasing importance to researchers and land managers worldwide, 

as forces of global change are leading to land degradation.2 Maintaining soil health is especially 

important in agricultural areas, as increasing human populations continue to demand more food, 

fuel and fiber from agricultural land.3, 4 This increased demand has led to extensive land conver-

sion to agricultural production and the continuation of disruptive management practices,5, 6 both 

of which have the potential to diminish soil health and reduce sustainable, long-term success in 

agronomic systems.2, 7

The act of converting land to agricultural production affects the soil in numerous ways, includ-

ing altering soil structure and hydrology,8, 9 degrading biological communities10 and decreasing 

soil C stocks.11 Further, many common practices that increase the productivity potential of agricul-

tural systems, including tillage, fertilizer application and agrochemical applications, also threaten 

environmental quality by increasing erosion,12 greenhouse gas emissions13 and nutrients in surface 

runoff.14 Thus, these practices that are implemented to meeting rising demand, when used incor-

rectly, actually contribute to land degradation and pose a threat to long-term food security and envi-

ronmental quality. These negative consequences associated with agronomic systems have spurred 

a resurgence in understanding how to manage soils to maintain high productivity and reduce envi-

ronmental impact.

One important way to quantify how successful management practices are at reducing impacts to 

environmental quality may be to assess metrics of efficiency. Two critical resources in agricultural 

systems that dictate productivity are nutrients and water, and they may be understood in the context 

of water use efficiency (WUE) and nutrient use efficiency (NUE). Broadly, increasing resource use 

efficiency will be associated with reduced losses to other sources, such as greenhouse gas emis-

sions, evaporation, runoff, leaching and erosion. Thus, maintaining or increasing crop production 

while increasing WUE and NUE will necessarily result in fewer resources lost and more efficient 

systems.

The potential of agronomic systems to increase WUE and NUE is directly related to many soil 

parameters that are also indicative of soil health. Notably, the relationship between soil health and 
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both WUE and NUE has not been comprehensively investigated. In this chapter, we 1) provide a 

brief overview of soil health, including discussions of terminology, methods of quantification and 

frameworks of soil health assessment; 2) describe how soil health indicators relate to metrics of 

agroecosystem efficiency, including WUE and NUE; and 3) highlight research directions that con-

nect soil health with both WUE and NUE to show how this connection may improve our under-

standing of agroecosystem resilience and sustainability.

17.2  SOIL HEALTH

The Natural Resources Conservation Service (NRCS) definition of soil health, the continued capac-

ity of soil to function as a vital living ecosystem that sustains plants, animals and humans, naturally 

begs the question: What functions does the soil perform? Many of the functions that soils perform 

are so ubiquitous and reliable that they often go unnoticed. Nonetheless, these functions are criti-

cal in delivering ecosystem services and regulating environmental quality. In agricultural systems 

specifically, soils (1) serve as suitable habitat capable of sustaining biodiversity, (2) provide structure 

and a resource medium for biomass production, (3) store and filter water resources, and (4) degrade, 

detoxify and manage wastes through both nutrient cycling and long-term resource storage.15–17

The manner in which soils function is closely regulated by their composition. Soils comprise a 

series of different materials, including minerals, solid organic matter, biota, air and water, so they 

serve as an interface between the lithosphere, biosphere, atmosphere and hydrosphere.18 The largest 

pool, mineral matter, is typically defined by classifying the sizes of each abiotic particle into sand-, 

silt- or clay-sized particles. The distribution of these size fractions, as well as the amount of pore 

space (i.e., the volume of air and water), governs the transfer of air, water, nutrients and root growth 

that are associated with the various soil functions. Notably, the composition of these different soil 

materials varies widely in space and time due to the influence of soil forming factors, including 

climate, topography, parent material, time and interactions with living organisms.19

Assessment of soil health typically begins with quantifying parameters that describe physical, 

chemical and biological properties Table 17.1.

TABLE 17.1

Commonly Measured Soil Physical, Chemical and Biological Parameters to Serve as Soil 

Health Indicators and Inform Soil Health Assessments21,22,23

Physical Chemical Biological

• Aggregate stability

• Available water capacity

• Bulk density

• Soil depth

• Erosion rating

• Infiltration

• Hydraulic conductivity

• Saturated, unsaturated

• Penetration resistance

• Porosity

• Reflectance

• Soil stability index

• Texture

• Base saturation

• Soil C

• Total, organic, inorganic,

• permanganate-oxidizable

• Cation exchange capacity

• Electrical conductivity

• Extractable P, K, Ca, Mg, Na

• Heavy metals

• Extractable micronutrients

• pH

• Reflectance

• Sodium absorption ratio

• Soil N

• Total, inorganic, organic,

• potentially mineralizable

• Enzyme analysis

• (e.g., Arylsulfatase, beta-

glucosidase, phosphatase)

• C mineralization rate

• N mineralization rate

• Earthworms

• Fatty acid methyl esters

• Faunal community indices (e.g., 

nematode maturity index)

• Genomics

• Microbial biomass carbon

• Phospholipid fatty acids

• Quantitative polymerase chain 

reaction (qPCR)

• Soil respiration

• Soil protein index
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Identifying what parameters specifically should be included as soil health indicators has been 

the subject of extensive research. Generally, these indicators should meet several criteria: 1) 

they must be related to a soil ecosystem service, a soil function or a soil threat; 2) they must be 

measurable by reliable, reproducible procedures; 3) they must be sensitive enough to indicate 

changes; and 4) they must be interpretable across space and time to provide meaningful informa-

tion.20–22 Some disagreement over how (or if) to apply these criteria still exists, precisely because 

the variability of soils is such that the same parameter will not be meaningful in every instance. 

Nonetheless, the body of literature attempting to identify a minimum dataset for soil health 

assessment continues to grow. The incomplete understanding of bio-physicochemical param-

eters, however, makes it critical to understand that a static minimum dataset may be unrealistic; 

rather, the minimum dataset must remain adaptable in the face of evolving knowledge and meth-

odological advances.21

The final two steps of soil health assessment involve 1) a qualitative analysis of each soil health 

indicator (e.g., low, medium, high or poor, good, very good) when compared with similar soils; 

and 2) consolidation of the assessment of all indicators into a comprehensive soil health score. Two 

leading soil health frameworks used in the United States are the Soil Management Assessment 

Framework23 and the Cornell Soil Health Assessment,18, although many other frameworks have 

been developed worldwide.22, 24

17.3  RESOURCE USE EFFICIENCY

Many of the soil parameters included as soil health indicators are critical in determining the resource 

use efficiency of the agroecosystem, including both WUE and NUE. In fact, while soil health is a 

valuable framework for understanding soil water and nutrient cycling, it does not provide any con-

text for vegetation growth or resource uptake. Thus, if the goal is to understand how management 

practice influences systemwide sustainability and resource balances, relating soil health to WUE 

and NUE is especially informative.

17.3.1  WATER USE EFFICIENCY

WUE is a concept introduced over 100 years ago by Briggs and Shantz25 to demonstrate the rela-

tionship between plant productivity and water use. They coined the term “water use efficiency” as a 

metric to quantify the amount of biomass produced per unit of water used by a plant. WUE can be 

mathematically described as:

 WUE
total biomass or grain yield

water transpired by the plant
=  

This is a simple relationship that relates plant production in proportion to the amount of water trans-

pired by the crop canopy. Thus, WUE increases as plant productivity increases per unit of water 

transpired by the plant.

In the last century of research, the primary focus has been on the variation in WUE across dif-

ferent systems, with the assumption that WUE was increased as a combination of increased water 

use and increased plant growth. This assumption was challenged by Basso and Ritchie26 after they 

found that maize (Zea mays L.) productivity could be increased with no change in water use rate and 

result in increased WUE. This finding occurred because transpiration rate reaches a limit when the 

crop canopy completely covers the surface; this limit is imposed by the canopy reaching the maxi-

mum amount of intercepted net radiation, which typically occurs when the leaf area index of the 

canopy exceeds 4. This observation provides support for the argument that enhancing soil health to 

supply more water to the plant would increase WUE, as increased biomass production could occur 

after transpiration rate reaches its limit.
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Shifting the focus onto the ability of the soil to supply water for plant production necessarily 

involves a shift away from the traditional understanding of WUE, as the original equation requires 

that soil water extracted by the roots and transpired by the plant be separated from all other pro-

cesses at the soil surface, especially evaporation. A closely related concept that may be useful in 

understanding WUE moving forward is precipitation use efficiency (PUE), given by:

 PUE
total biomass or grain yield

seasonal precipitation
=  

The use of PUE is especially important in rain-fed agriculture, as precipitation supplements stored 

soil water as the only sources for biomass production. Therefore, PUE may be a useful link between 

WUE and soil health, which plays an important role in the infiltration and storage of precipitation.

17.3.2  NUTRIENT USE EFFICIENCY

NUE is similar to WUE but is often more complex because of the processes linked with nutrient 

cycling in the soil. The water balance in the soil is relatively simple because the amount of water 

available is directly input from either precipitation or irrigation. This is not the case for nutrients, 

because the amount of a nutrient in the soil could be from application of the nutrient, released from 

the soil or recycled from organic material in the root zone.27 Hawkesford et al.28 provided a compre-

hensive analysis of NUE in plants, which was an extension of the overview provided by Cassman 

et al.29 These summaries identified improving NUE as a goal of agronomic management practices, 

which requires definition of a variety of NUE metrics. Dobermann30 provided a synopsis of the 

different NUE metrics that offer an idea of how we can link nutrient use efficiency to soil health. 

These metrics are:

 Recovery Efficiency RE U U Fo( ) = -( ) /  

 Physiological Efficiency PE Y Y U Uo o( ) = -( ) -( )/  

 Internal Utilization Efficiency IE Y U( ) = /  

 Agronomic Efficiency AE Y Y For RE PEo( ) = -( ) / x  

 Partial Factor Productivity PFP Y F or Y F AEo( ) = +/ /  

where F is the fertilizer applied, Y the crop yield with nutrients applied, Yo the crop yield without 

nutrients applied, U the total nutrient uptake in the above-ground biomass with nutrients applied, 

and Uo the total nutrient uptake in the above-ground biomass with no nutrients applied.

One limitation to the approaches suggested by Dobermann30 is the focus on applied nutrients; the 

definitions provided here pertain only to fertilizer applied and do not account for nutrient cycling or 

availability within the soil matrix. However, for many nutrients, the availability within the soil can 

be regulated by decomposition and mineralization of crop residues and soil organic matter, or they 

can be supplied by primary and secondary minerals. In the case of nitrogen, which has been the 

focus of most research on NUE because it is one of the most limiting nutrients in crop production,29, 
31 numerous sources and sinks of nitrogen in the soil make estimating nitrogen use efficiency more 

difficult. Berendse and Aerts32 proposed that nitrogen use efficiency in perennial crops was complex 

because of the turnover of root systems along with the dynamics of processes affecting nitrogen 

availability in the soil profile. Similarly, legumes have the capacity to contribute to soil nitrogen 
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pools via atmospheric N2 fixation, and these contributions may be overlooked if the focus remains 

only on applied nutrients.

17.4  RELATIONSHIP OF SOIL HEALTH WITH RESOURCE USE EFFICIENCY

The primary effect of soil health on either WUE or NUE can be simply related to the effect of soil 

health on plant growth. Generally, improvements in soil health to supply either water or nutrients 

to the plant will benefit plant growth and alleviate stresses that would limit productivity; these 

improvements would then increase plant biomass or harvestable yield. Thus, if we assume that 

management to improve soil health results in increased soil water or nutrient availability without 

increased inputs, then any increases in plant productivity reflect improved resource use efficiency. 

A review by Hatfield et al.33 summarized the potential role of soil management in WUE. Soil 

management practices that impact WUE can be divided into two large categories; 1) practices that 

alter the water balance to decrease soil water evaporation and increase the amount available for 

transpiration through the plant, which results in a reduction in water stress, and 2) practices that 

improve soil conditions and result in enhanced plant growth. This latter aspect would be expected 

to influence not only WUE but NUE as well and should be the focus of how we manage agricul-

tural systems.

Improving soil health can greatly alter soil hydraulic properties, including infiltration and water 

retention, especially in rain-fed agricultural systems.34 This can be especially important in the upper 

surface layers of the soil, which serves as either a regulator or a restrictor of water entry based on the 

ability of soil aggregates to retain pore spacing under imposed water stress.35 Management practices 

influence the soil aggregate characteristics (i.e., size distribution and stability) in surface layers 

through varying levels of tillage intensity and amount of surface cover.36 Tillage events can break 

apart soil aggregates and reduce aggregate stability, causing soil consolidation.37 When soil aggre-

gates rupture, encapsulated material is released, which can clog pore spaces, impede infiltration 

and prompt runoff conditions to develop rapidly.38 These interactions can become more pronounced 

when considering extreme weather events, including water overabundance through increased rain-

fall intensity or lack of plant-available water during extended dry periods. Management practices 

that promote surface cover through residue or cover crops can help dissipate the energy of falling 

raindrops and decrease splash effects and erosion events. Improving soil health promotes stable 

aggregates and infiltration, thereby maximizing the amount of water going into the soil for crops. 

Similarly, water retention and storage can be improved by management practices that increase soil 

porosity and soil organic matter. As soil health improves, more water infiltrates into the soil, and 

more water is retained within the profile for plants to access throughout the growing season.

The linkage of NUE to soil health is evidenced by studies that show the positive impacts of 

plant growth–promoting rhizobacteria and arbuscular mycorrhiza fungi on plant growth and yield.39 

These effects were found across tillage systems in the study by Adesemoye et al. but show the value 

of examining the soil systems more completely than by simply measuring the amount of fertilizer 

added to the soil. Mandal et al.40 showed that adding biochar as a soil amendment increased nitrogen 

use efficiency because of changes in the chemical and physical conditions of the soil that would be 

associated with soil health.

Further, many researchers have linked soil health with increased plant biomass and grain pro-

duction. For example, Meena et al.41 showed that maize and chickpea (Cicer arietinum L.) produc-

tivity was increased by practices that increased soil health to supply more nutrients to these crops. In 

a previous study, Novak et al.42 observed that adding biochar to the soil to enhance soil health had a 

direct impact on crop productivity. In a review of the literature, Dias et al.43 summarized that prac-

tices oriented toward soil health had a positive impact on crop productivity. This increase in plant 

production represents a possible synergistic effect between soil health and resource use efficiency. 

More plant production increases soil organic matter via residue and root inputs, improves soil pore 

networks via root growth and aggregate formation, and increases soil nutrient transformations due 
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to increased biological activity; these improvements in soil quality indicators create a positive feed-

back loop with resource use efficiency by promoting plant production without requiring additional 

external inputs.

17.5  LINKAGE OF SOIL HEALTH, WUE, AND NUE TO NUTRITION

The linkage among soil health, WUE and NUE has not been investigated and offers the potential 

to understand the dynamics of future crop production systems that could enhance food security. 

For example, Lal44 evaluated the potential use of pulses in cropping systems to provide a stable 

food source of nutritious food while also impacting soil health and having an effect on the effi-

ciency of growth of other crops in the rotation. Kerr et al.45 observed that adoption of legumes into 

cropping systems was of benefit to the overall productivity of the system because of the increased 

soil fertility and the diversity of the foods grown in supplying protein. Upadhyay et al.46 com-

pared different commercial fertilizer with organic manures and in combination on a diverse crop 

rotation of a rice (Oryza sativa L.) system that included durum wheat (Triticum durum Desb.), 

sunhemp (Crotolaria juncea L.), potato (Solanum tuberosum L.), berseem (Trifolium alexan-

drium L.), vegetable pea (Pisum sativum L.) and sorghum (Sorghum bicolor L. Moench) as part 

of the cropping system. They found productivity was increased with commercial fertilizers com-

pared with the organic manures; however, after five cropping cycles, the manure treatments had 

higher soil organic carbon and more available N, P, and K compared with the commercial fertil-

izer plots. There was an increase in soil microorganisms under the organic manure treatments 

after five cropping cycles. These changes in the soil increased the water productivity of the crop-

ping systems because of the enhanced soil health. These results are similar to those reported by 

Patel et al.47 when they observed that continual use of organic amendments improved soil health 

and the overall crop productivity of vegetable-based systems. These studies didn’t measure WUE 

or NUE; however, we could estimate that enhancing productivity would increase both of these 

parameters.

Management of cropping systems to enhance soil health does provide benefits to the crop and the 

nutritional quality of the produce. The results from research studies are limited and do not permit 

the development of firm guidelines for these relationships to be assessed. It will remain a challenge 

for the next generation of research studies to develop these relationships.

17.6  CHALLENGES

Water use and NUE are metrics to compare among cropping systems for their ability to efficiently 

utilize natural resources. However, the linkage to soil health can only be surmised based on the 

observation that enhanced soil health increases crop productivity, water availability and nutrient 

availability. If we increase either water or nutrient availability, we can increase the efficiency of 

water or nutrient use because we will have increased plant productivity. The challenge remains to 

develop a series of more integrated studies that define and quantify these relationships. The benefit 

would be to more efficiently and effectively utilize our natural resources to sustain plant productiv-

ity to meet the world’s food and nutritional needs for the expanding population.
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18.1  INTRODUCTION

Cancer and degenerative diseases in general are increasing to epidemic proportions in all industri-

alized countries. Cancer has been widely considered a genetic disease involving nuclear mutations 

in oncogenes and tumor suppressor genes; this view persists despite the numerous inconsistencies 

associated with the somatic mutation theory. In contrast to the somatic mutation theory, emerging 

evidence suggests that cancer is a metabolic disease of mitochondrial origin (1–4). According to 

Warburg's theory, respiratory insufficiency seems to be the main originator of cancer. We are pro-

posing cancer as a mitochondrial disease where diseased or damaged mitochondria become more 

dependent on glucose and glutamine for energy. A shift from oxidative phosphorylation (OXPHOS) 

to fermentation can cause cellular de-differentiation, the most relevant characteristic of malignancy.

As described already in the 1920s by Otto Warburg, cancer cells often show a shift in energy 

production from mitochondrial oxidative phosphorylation to cytosolic glycolysis (3). This so-called 

aerobic glycolysis, in which glucose is converted to pyruvate and lactate in spite of the presence of 

oxygen, is a major characteristic of most tumor cells. Importantly, this increase in glycolytic activ-

ity similar to that observed in early embryonic cells. Thus, cancer cells seem to resume a more 

primitive metabolic pattern (4). Albert Szent Gyorgi interpreted malignancy as a reversion to the 

primordial state (Alpha State) from the oxidative (Beta State) of normal cell function. We support 

this change of paradigm by providing information about the nature, etiology and function of mito-

chondria in normal and cancer cells.

Not only does aerobic glycolysis provide the cell with adenosine triphosphate (ATP) from the 

readily available substrate glucose, but the rapid glycolytic flux can also provide the cells with the 

necessary substrates and metabolic intermediates for lipid, amino acid, and DNA synthesis that 

are needed for rapid growth. For example, NADPH, ribose, acetyl-CoA and glucose-derived non-

essential amino acids can be provided by aerobic glycolysis. In addition to an altered use of glucose, 

cancer cells make energetically inefficient use of glutamine to supply the nitrogen for the synthesis 

of nucleotides and non-essential amino acids and to facilitate import of essential amino acids and 

support NADPH production. Glycolytic metabolism and the associated metabolic reprogramming 

not only support rapid growth, even at the expense of other cells, but also make the cancer cell less 

dependent on oxygen availability while generating an acidic microenvironment that enhances cell 

division and thus, malignancy. It has been long appreciated that under hypoxic conditions, glyco-

lytic rates are markedly enhanced, with a resulting increase in lactate production.

Cancer cells produce far less ATP per molecule of glucose by simple aerobic glycolysis (i.e., 

reduced efficiency); nevertheless, they can produce a substantial amount of ATP at a much faster 

rate due to rapid consumption of substrates. Cancer cells produce ATP almost 100 times faster than 

normal cells (5). Cancer cells actively have more glucose transporters on their cell surface mem-

branes, so that more glucose is brought inside the cell. This increase in glucose metabolism through 

glycolysis allows the generation of glycolytic intermediates that funnel into biosynthetic pathways 

that support the production of NADPH, lipids, proteins and nucleotides.

Respiration cannot operate smoothly unless all of the delicate interior structures inside mito-

chondria are intact and functional. Mitochondria have evolved with a process called retrograde 

response (RTG), which helps them deal with temporary stress or damage. The retrograde response 
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was designed for temporary emergency use, not for long-term use; nevertheless, cancer cells appear 

to stay in this mode. Whereas the RTG response evolved to protect cells from sudden energy failure, 

a persistent RTG response with inadequate respiration can cause genomic instability, and eventu-

ally, this can result in tumorigenesis (6). Genome instability is linked to mitochondrial dysfunctions 

through retrograde signaling and to the perpetuation of the malignant state. Thus, this emerging 

evidence supports an important role for metabolic aberrancies and mitochondrial dysfunction in 

cancer; in general, suggesting that cancer is primarily a mitochondrial metabolic disease (4, 7).

18.2  MITOCHONDRIA AND CANCER

The mitochondria are considered ancient bacterial symbionts with their own mitochondrial DNA 

(mtDNA), RNA and protein synthesizing systems. Each human cell contains hundreds of mitochon-

dria. Margulis theorized that mitochondria are probably descended from free-living bacteria that 

survived endocytosis by a eukaryotic host cell. Such mutualistic symbiosis is a potent and largely 

unappreciated and unrecognized force in evolution.

Mitochondria play a much greater physiological role than has been previously thought. Some 

important mitochondrial functions are: (a) energy production by manufacturing ATP, (b) regulation 

of membrane potential, (c) signaling and messaging through reactive oxygen species, (d) calcium 

signaling, (e) apoptosis and autophagy, (f) cellular metabolism, (g) iron metabolism and heme syn-

thesis, and (h) steroid synthesis (7).

Mitochondria synthesize the universal energy molecule ATP. They accomplish this through 

glycolysis, oxidative phosphorylation and electron transport in conjunction with the oxidation of 

metabolites by the Krebs cycle and the breakdown of fatty acids by beta-oxidation. Because of 

their capacity to generate ATP, mitochondria are known exclusively for their ability to produce 

this important energy molecule, the main fuel for all energy demands of the cell. We inherit our 

mitochondrial DNA from our mothers. Although mitochondria are present in sperm, they are not 

transferred to the ova during the process of fertilization, since most of them are concentrated in the 

tail, which is lost in the process.

Mitochondria are so efficient at producing energy that their arrival on the evolutionary scene 

is thought to be responsible for the increase in complexity of living things. Building and support-

ing elaborate new creatures with specialized organs and capabilities requires a superabundance of 

usable energy (for organization, compartmentalization, order and communication). If large quanti-

ties of energy are not constantly produced to maintain form, function, order and organization; then 

complex organisms will gradually succumb to entropy or chaos. For cells, this will mean a regres-

sion, with their DNA becoming unstable; they will lose their shape and become disorganized, inter-

cellular communication will be impaired, and they start reproducing uncontrollably as a survival 

mechanism (4).

Mitochondria are active, mobile intracellular organelles that undergo constant fission and fusion. 

They form an interconnected network with other cellular organelles, and their functions extend 

beyond the cell membranes so as to influence the organism’s entire physiology. Mitochondria can 

achieve this by affecting communication between cells, tissues and organs. Predictably, any small 

defect in any of these functions could elicit mitochondrial dysfunction and promote a combination 

of diseases including cancer, metabolic disorders and neurodegenerative diseases (8).

Mitochondria are continually confronted with factors and environmental variables that can 

jeopardize their function. These factors include chronic stress, sleep disturbances, hyperglycemia, 

xenobiotics such as drugs, antibiotics, organic pollutants and environmental toxins. These factors 

and/or variables can cause mitochondrial dysfunction. This can be characterized in four ways: (a) 

an insufficient number of mitochondria, (b) insufficient substrate or nutrient cofactors needed for 

oxidative phosphorylation (e.g., nutrient deficiency due to poor diet or drug-induced nutrient deple-

tion), (c) acquired dysfunction in the ATP synthesis machinery or (d) damage to the mitochondrial 

membranes. Mitochondrial dysfunction will result in a number of cellular consequences, including: 
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(i) decreased ATP production; (ii) increased reliance on alternative anaerobic energy sources; and 

(iii) increased production of reactive oxygen species (ROS) and reactive nitrogen species (RNS). Of 

interest is that ROS/RNS can also have a variety of normal roles, which include regulation of gene 

expression (9, 10). At physiological concentrations, ROS/RNS can function as “redox messengers” 

in intracellular signaling and regulation. ROS/RNS molecular recognition occurs at both the atomic 

and the macromolecular level, which expands the potential number of ROS/RNS-specific receptors 

and interaction sites. Nevertheless, an unbalanced production of ROS/RNS can be detrimental to 

mitochondrial function and viability.

At the molecular level, a reduction in mitochondrial function occurs as a result of the following 

changes: (a) loss of maintenance of the electrical and chemical transmembrane potential of the inner 

mitochondrial membrane, (b) alterations in the function of the electron transport chain, including 

those due to insufficiencies of nutrients and cofactors/coenzymes essential for mitochondrial func-

tion, such as magnesium, thiamine, ubiquinone and lipoic acid, or (c) a reduction in the transport of 

critical metabolites into mitochondria. In turn, these changes result in reduced efficiency of oxida-

tive phosphorylation and a reduction in the production of ATP (11). Many of the organic cofactors/

coenzymes and structural fatty acids and phospholipids essential for mitochondrial function are 

damaged or destroyed. Several components of this system require routine replacement, and this 

need may be facilitated with specific dietary/substrate supplements.

The importance of metabolic and mitochondrial dysfunction in the cellular etiology of cancer is 

evidenced by the observations that damaged mitochondria can turn healthy cells into transformed 

cells and that healthy mitochondria can reverse cancerous behavior in tumor cells. These obser-

vations provide an insight that cancer is not simply or exclusively a genetic disease but more a 

mitochondrial-originated disease (4, 7). Mitochondrial dysfunction may play a central role in a wide 

range of diseases in addition to cancer. These diseases include neurodegenerative diseases, such as 

Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis and 

Friedreich’s ataxia; cardiovascular diseases, such as atherosclerosis and other heart and vascular 

conditions; diabetes and metabolic syndrome; autoimmune diseases, such as multiple sclerosis, sys-

temic lupus erythematosus and type 1 diabetes; neurobehavioral and psychiatric diseases, such as 

autism spectrum disorders, schizophrenia, and bipolar and mood disorders; gastrointestinal (GI) 

disorders; fatiguing illnesses, such as chronic fatigue syndrome and Gulf War illnesses; muscu-

loskeletal diseases, such as fibromyalgia and skeletal muscle atrophy; and chronic infections (12).

Many pharmaceuticals have been identified as mitochondrial toxicants (13–15). The high lipid 

content of mitochondrial membranes facilitates the accumulation of lipophilic compounds and also 

of organic chemicals, particularly amphiphilic xenobiotics such as pharmacologic agents, includ-

ing anti-bacterials, anti-psychotics, anti-depressants, anti-arrhythmics, anorexic agents, cholesterol-

lowering agents and others. Cationic metal ions, such as lead, cadmium, mercury and manganese, 

have also been shown to accumulate in mitochondria. Another factor contributing to mitochondrial 

susceptibility is the presence of cytochrome P450s in mitochondria, which can activate chemicals 

that are relatively non-reactive prior to metabolism. At the same time, mitochondria can also be 

protected in several ways, including greater redundancy of their contents and ability to replace 

defective components via mitophagy, biogenesis, complementation and apoptosis.

An important property in mitochondria is their controlled leak of matrix protons. Leaky mito-

chondria cause uncoordinated electron transport, which causes energy to be wasted as heat instead 

of being converted into ATP. This mitochondrial uncoupling has been shown in faster-growing 

tumors that are actually warmer because of this effect. Increased proton leak will increase oxygen 

consumption (uncoupled respiration, UCR), and the energy will be dissipated as heat instead of 

being trapped as useful energy.

Metabolic normalization of cancer cells and concomitant inhibition of carcinogenesis may 

potentially also be attained by induction of mitochondrial biogenesis and mitochondrial correction. 

Moreover, studying the role of mitochondria in cancer cell de-differentiation/differentiation pro-

cesses may allow further insight into the pathophysiology of transformation and could lead to the 
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development of new cancer therapies. Increases in mitochondrial respiration, restoration of mito-

chondrial membrane potential, increases in population doubling times, and reduction of cell prolif-

eration may be important steps in overcoming the cancer state. By restoring failing mitochondrial 

energetics, cancer morphogenesis may be reversed.

An example of the process of cancer re-differentiation via mitochondrial correction is the repair 

of aconitase dysfunction using frataxin, which reverses cell transformation (16, 17). Aconitase is 

an enzyme that catalyzes the stereo-specific isomerization of citrate to isocitrate via cis-aconitate 

in the tricarboxylic acid cycle within the mitochondria. Frataxin, a highly conserved protein found 

in prokaryotes and eukaryotes, is required for efficient regulation of cellular iron homeostasis and 

functions to activate mitochondrial energy conversion and oxidative phosphorylation. Frataxin 

functions as an activator of oxidative phosphorylation, leading to increased mitochondrial mem-

brane potential and an elevated cellular ATP content.

Additional evidence shows that normalizing mitochondrial function is capable of suppressing 

tumorigenesis. The strongest evidence that cancer may be a mitochondrial-originated disease has 

been demonstrated by nuclear-cytoplasm transfer studies. Many of these studies, even those done 

in cell cybrids, have shown that a nucleus from a malignant cell when placed in a cell with normal 

cytoplasm will not produce malignant daughter cells (i.e., mutations in nuclear DNA are insuf-

ficient to cause cancer when placed within a normally functioning cellular context with normal 

mitochondria). It was also demonstrated that normal cell nuclei could not suppress tumorigenic-

ity when placed in the tumor cell cytoplasm (i.e., in the context of dysfunctional metabolism and 

mitochondria, cancer can be induced despite normal nuclear DNA). Therefore, in these studies, 

normal nuclear gene expression was unable to suppress malignancy. These studies establish that it 

was the cytoplasm and not the nucleus that dictated the malignant state of the cell (18–23). If this is 

the case, and tumor cells have defective or dysfunctional mitochondria, as Warburg suggested, then 

malignant suppression should result from the introduction of normal mitochondria from normal 

cells to the malignant cell. Indeed, these nuclear-cytoplasmic transfer studies in various cell types 

confirm that the integrity of mitochondrial respiration prevents carcinogenesis. In other words, 

cancer arises from respiratory insufficiency, just as Warburg postulated many decades ago (24). 

In summary, the origin of tumorigenesis requires damaged or ineffective mitochondria. Normal 

isolated mitochondria co-cultured with cancer cells could be taken into the cancer cells, where they 

can then reverse aerobic glycolysis and inhibit cell growth (25–30). This can in theory be done in 

conjunction with exosomes carrying pro-differentiation information in a complementary biological 

synergistic action.

18.3  MITOCHONDRIAL CORRECTION

The first step in correcting damaged mitochondria involves addressing lifestyle factors. Studies 

show that increasing physical activity improves mitochondrial function, so encouraging regular, 

moderate exercise is essential (25, 29, 31). Combining exercise with a diet rich in organic vegetables, 

moderate in organic, grass-fed meats, free-range poultry and wild-caught fish, and very low in 

refined carbohydrates and sugar may be essential part of the equation. In addition, implementing 

practices that reduce stress, such as meditation or yoga, as well as ensuring good sleeping habits is 

also important. Finally, detoxifying the body by removing xenobiotics that inhibit mitochondrial 

function while replacing necessary essential components should substantially help improve mito-

chondrial function.

When the mitochondria become unable to adequately perform their functions, cells will either 

die, become dormant or undergo malignant transformation. The possibility exists to cause such cells 

to revert back (re-differentiate) to normal aerobic cells, capable of normal function via metabolic 

and mitochondrial correction, which may be accomplished in a number of ways. The current geno-

centric pharmacologic approach has been to kill cancer cells with toxic therapies – chemotherapy 

and radiation – rather than attempt to reconvert them back to normal. This cytotoxic approach has 
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been largely unsuccessful; therefore, considering other paradigms that may yield unconventional 

but more effective approaches may prove to be useful and less damaging.

18.4  DIET

Nutrition is an important part of cancer treatment, because the components of the diet are deter-

minants of cell functionality. For cancer patients, eating the right kinds of foods can help them feel 

better, stay stronger and most importantly, overcome and survive the disease. All tumors depend 

heavily on glucose for survival. Research shows a strong connection between high blood sugar 

(hyperglycemia), diabetes and cancer. High blood glucose raises insulin levels. High blood glucose 

also raises levels of Insulin-like Growth Factor 1 (IGF-1). Cancer cells with receptors on their sur-

faces for IGF-1 grow more rapidly, because IGF-1 activates metabolic pathways that drive tumor 

cell growth (26–28).

Studies have consistently estimated that 30% or more of all cancers may be due to dietary fac-

tors (25). Bioactive food components that affect various aspects of metabolism may be important 

tools to reverse glycolytic to oxidative metabolism and enhance sensitivity to apoptosis. The suc-

cess of such a strategy may depend on several factors acting in concert. Glycolytic metabolism and 

the associated metabolic reprogramming not only support rapid growth of cancer cells, but they 

also make the cancer cells less dependent on oxygen availability and generate a favorable (acidic) 

microenvironment for growth. Inhibition of glycolysis may have therapeutic implications in cancer 

treatment as a strategy to suppress or even eliminate cancer cells. Such a strategy may also make 

use of bioactive food components.

One class of bioactive food components that affect energy metabolism and may have anti-cancer 

effects are polyphenols. Quercetin, a polyphenol present in apples, onions, tea and wine, affects 

energy metabolism. Another polyphenol with anti-cancer potential is resveratrol. Resveratrol is 

well known as a compound that is present in red wine. Bioactive food molecules that affect energy 

metabolism may also function as anti-cancer agents using mechanisms distinct from their effect on 

energy metabolism. Despite being categorized as antioxidants, most dietary antioxidant compounds 

exhibit their functional effects through specific cellular mechanisms rather than though general, 

direct antioxidant effects. Mechanisms such as cancer cell growth limitation, anti-angiogenesis and 

normalization of the glycolytic metabolism are possible.

Carbohydrates provide rapidly usable cellular energy but unlike proteins and fat, also stimulate 

potent insulin signals that can be powerful mitogens. A carbohydrate-restricted diet will slow can-

cer growth in patients by decreasing the secretion and circulating levels of insulin. Tumor glucose 

uptake can be stabilized and decreased with a carbohydrate-restricted diet. Hyperglycemia activates 

monocytes and macrophages to produce inflammatory cytokines that play an important role in the 

progression of cancer (26–32). High plasma glucose concentrations elevate the levels of circulating 

insulin and free IGF1, two potent anti-apoptotic and growth factors for most cancer cells (30).

Paleolithic-type diets, which by definition exclude grain products, have been shown to improve 

glycemic control and therefore, are expected to help against cancer. A low-carbohydrate, high-fat 

diet to increase the blood levels of ketones, along with supplements or foods rich in citric acid, can 

impair glycolysis and may prove a beneficial adjunct in the treatment of many cancers (29).

A ketogenic diet characterized by minimal carbohydrate intake, a moderate amount of protein 

and higher amounts of fat seems to limit cancer cell growth. This shift in macronutrients causes 

the body to switch to utilizing ketones (produced by burning fats) instead of glucose as its primary 

source of fuel. Ketones (e.g., acetoacetate, β-hydroxybutyric acid and acetone) are produced in the 

liver when lipids are burned instead of glucose. Low-carbohydrate diets reduce the extreme glucose 

peaks and help patients avoid both hyperglycemia and rebound hypoglycemia, providing more sus-

tained energy throughout the day. Ketones are efficiently used for the generation of ATP (energy) in 

mitochondria. Cancer cells cannot use ketones as an energy source (33). The ketogenic diet mimics 

the metabolic state of starvation, forcing the body to utilize fat as its primary source of energy.
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The ketogenic diet may be beneficial in optimizing mitochondrial function. The transition 

from glucose metabolism to ketone metabolism is also a powerful anti-inflammatory strategy. 

The goal of this diet is to shift the body from burning mostly glucose (sugar) to burning mostly 

ketones (fat). The quickest way to get into the therapeutic zone is to start by fasting (water only) 

for 3–5 days. During the induction phase, carbohydrate withdrawal symptoms may occur, which 

typically include lightheadedness, nausea and headaches (Keto Flu). An alternative to this fasting 

is to limit carbohydrates to less than 12 grams per day and limit protein to 0.8 to 1.2 grams per 

kg body weight per day (0.4 to 0.6 grams per pound body weight). With this less extreme keto 

plan, patients may need up to several weeks to reach the recommended therapeutic zone values 

(urinary ketones). Ketogenic diets may also facilitate easier surgical reduction in tumor burden, 

as ketosis can reduce blood vessel mass, inflammation and tumor size, thereby facilitating surgi-

cal removal of the tumor mass. The increase of ketones in the blood can also inhibit the activity 

of phosphofructokinase, an enzyme that plays a key role in the regulation of glycolysis. Citric 

acid, an intermediary product of the Krebs cycle metabolism, has also been reported to block the 

actions of phosphofructokinase.

To support mitochondrial function, cancer patients should be advised to eat 8–12 servings daily 

of a variety of whole, colorful vegetables and fruits; among different plants, color variation indi-

cates phytochemical variety, thereby allowing the diet to provide a wide range of anti-cancer and 

metabolism-enhancing phytochemicals. Vegetables should be the primary focus, especially the bit-

ter foods in the cruciferous family (such as broccoli, watercress and arugula), as these foods provide 

numerous anti-cancer benefits. Coconut oil, a brain-healthy saturated fat that contains medium-

chain triglycerides (MCTs), also supports mitochondrial function via production of ketones.

Calorie and carbohydrate restriction, along with eating lean, clean (pesticide and toxin-free) 

proteins, high-quality fats and oils, and more plant foods may help to prevent or slow down all 

degenerative diseases. All grains are minimized or avoided on a mitochondria restoration diet in 

order to achieve the desired goals of mild ketosis and low glycemic impact. Most malignant cells 

lack key mitochondrial enzymes necessary for the conversion of ketone bodies and fatty acids to 

ATP (30–32).

Maintaining a lower and consistent insulin level is key to optimal mitochondrial health. A heav-

ily processed, high–glycemic load diet of too many grains and added sugars can lead to increased 

insulin and inflammation with associated and accelerated mitochondrial dysfunction. Minimizing 

grains, especially highly processed ones, and using low-glycemic vegetables and fruits as the main 

source of carbohydrates helps to stabilize blood sugar and protect mitochondria.

High-quality proteins are the best choice, including grass-fed, organic, non–genetically modified 

organism (GMO) sources. For fish, patients should choose wild-caught salmon, as farmed salmon 

(fish in general) may contain hormones and toxic chemicals. We encourage the consumption of 

minimally refined, cold-pressed, organic, non-GMO fats and liquid oils whenever possible. When 

possible, we advise phytonutrient-dense, unfiltered, extra-virgin olive oil, avocado oil or coconut oil 

to dress salads and vegetables. MCT oil is another option that can also be used for cooking and for 

dressings.

Cancer patients should aim for a minimum of 4–6 servings of organic vegetables every day (ide-

ally, 10–12 servings per day). A serving is only ½ cup of cooked vegetable or 1 cup of raw leafy 

greens. Patients get four servings of vegetables in one meal by filling a plate with vegetables or eat-

ing a hearty salad. All greens (including collard, dandelion, kale, mustard and turnip greens), along 

with chard/Swiss chard, spinach, sea vegetables, and the many green vegetables in the cruciferous 

family have been found to support the mitochondria via effects such as antioxidant protection, anti-

inflammatory benefits and enhancement of xenobiotic clearance.

Patients are instructed to eat a rainbow of colors: Red peppers, tomatoes and radishes; orange 

carrots, peppers and pumpkin; yellow summer squash and peppers; green asparagus, avocado and 

green beans; blue/purple eggplant and cabbage; and white/tan mushrooms, jicama and onions. 

Patients are also counseled to purchase organic vegetables (and fruits) when possible. Foods should 
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be “organic,” grown without chemical pesticides, given that many pesticides are neurotoxins, mito-

chondrial toxins, carcinogens and endocrine disruptors.

Fruits with a low to moderate glycemic response can be consumed when patients are feeling the 

need for something sweet. All berries, along with pomegranate seeds and grapes with the skin, have 

been shown to increase levels of glutathione in the body. Fruit juices are not encouraged, as they 

are dense sources of sugar and can increase blood sugar levels, thereby promoting oxidative stress, 

immunosuppression and hyperinsulinemia.

Patients should drink plenty of pure, filtered water daily. It is generally recommended to drink 

at least six to eight glasses. (One glass = 1 cup = 8 ounces.) For variety and additional antioxidant 

and anti-cancer benefits, patients may consider adding at least 2 cups of green tea daily, with the 

general recommendation being to include herbal teas, especially those prepared from adaptogenic 

herbs like cordyceps, schizandra, ginseng, astragalus and licorice, which can be used as desired and 

tolerated. The importance of pesticide- and toxin-free food from local, free-range, grass-fed and 

organic sources cannot be stressed enough.

Also considered should be intermittent fasting; the benefits provided by fasting are crucial for 

the plasticity of mitochondrial energy networks. If the cells detect the presence of macronutrients, 

especially carbohydrates; autophagy is suppressed due to the elevation of growth factors such as 

insulin, IGF-1 and mammalian target of rapamycin (mTOR) (33). Therefore, the key is to elevate 

fuel sensors of energy preservation such as 5' AMP-activated protein kinase (AMPK) and to lower 

mTOR, which can be accomplished with strict intermittent fasting. Fasting increases AMPK, which 

promotes fatty acid oxidation, which produces ketone bodies. The mitochondria run more effi-

ciently on ketone bodies, because they can get into the mitochondria faster via the electron transport 

chain, and they yield more ATP than glucose. Fasting increases FOXO proteins, which are tran-

scription factors that regulate longevity through the insulin and IGF-1 pathway. FOXO1 and FOXO3 

promote mitophagy. Fasting increases sirtuins, which are a family of proteins that act as metabolic 

sensors. SIRT1 regulates mitochondrial biogenesis and peroxisome proliferator-activated receptor-

gamma coactivator (PGC)-1alpha. Sirtuins regulate fat and glucose metabolism in response to phys-

iological changes in energy levels; thus, they are crucial determinants of energy homeostasis (34). 

Suppressing SIRT2 restricts fatty acid metabolism, reduces mitochondrial activity and promotes 

obesity. The key to keeping mitochondria healthy is to maintain clean energy homeostasis and 

remove dysfunctional cellular components that cause inflammation. Time-controlled fasting pre-

vents mitochondrial aging and deterioration. It can also promote the longevity of mitochondria by 

eliminating the production of ROS and free radicals by dysfunctional organelles (35). Intermittent 

fasting protects against telomere shortening and DNA damage. Telomeres are protective caps on 

top of chromosomes that shorten as you age. Fasting increases sirtuins, which promote fat burning 

and mitochondrial functioning.

18.5  DIETARY SUPPLEMENTATION: DESCRIPTIONS AND 
SUGGESTIONS FOR ADULT DOSAGES

Several supplements are important in any regimen designed to boost mitochondrial health (36).

Dietary supplements can reduce the oxidative burden of ATP generation, provide additional sub-

strate for oxidative phosphorylation and repair leaky membranes that interrupt the electron trans-

port system. In addition, mitochondrial biogenesis, or the generation of new mitochondria, can also 

be stimulated (37).

18.5.1  COQ10 (UBIQUINONE)

Coenzyme Q10 (CoQ) is a small lipophilic molecule critical for the transport of electrons from com-

plexes I and II to complex III in the mitochondrial respiratory chain. Furthermore, CoQ is essential 

for the stability of complex III in the mitochondrial respiratory chain, functions as an antioxidant in 
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cell membranes and is involved in multiple aspects of cellular metabolism. CoQ10 also reduces lac-

tic acid levels, improves muscle strength and decreases muscle fatigability. CoQ10 protects against 

beta-amyloid-induced mitochondrial malfunction. Statin drugs are thought to cause mitochondrial 

damage in part by lowering levels of CoQ10, and supplementation with CoQ10 has been shown to 

counteract some of the negative effects of statins. CoQ10 is an important supplement to counteract 

the adverse effects of cancer therapy (38). CoQ10 is probably the most widely used cofactor for 

treating mitochondrial-related diseases. CoQ10 is also a strong antioxidant in its reduced form, and 

it can affect the expression of certain genes involved in cell signaling, metabolism and transport. 

However, the main role of CoQ10 is its involvement in the transfer of electrons along the multiple 

complexes of the mitochondrial electron transport chain. In combination with lipoic acid, CoQ10 

may increase ATP production by oxidative phosphorylation, resulting in decreased utilization of 

alternative energy sources and less efficient energy-generating pathways. CoQ10 may also diminish 

plasma lactate concentrations (36, 39).

Suggested amount 100 mg tid (three times a day)

18.5.2  L-CARNITINE (3-HYDROXY-4-Ν-TRIMETHYLAMINOBUTYRATE)

L-Carnitine is a naturally occurring fatty acid transporter. It is directly involved in the transport of 

fatty acids into the mitochondrial matrix for subsequent β-oxidation; but it also functions in removal 

of excess acyl groups from the body and in the modulation of intracellular coenzyme A (CoA) 

homeostasis. L-carnitine helps fatty acids cross the inner mitochondrial membrane to be used as 

energy. It also scavenges reactive oxygen and binds iron. L-carnitine also has been shown to prevent 

the damaging effects of statins on the mitochondria. L-carnitine protects against mitochondrial 

dysfunction associated with oxidative stress caused by a series of conditions such as aging, ischemia 

reperfusion, inflammation, degenerative diseases, cancer and drug toxicity (11, 39, 40). L-carnitine 

has been used to increase the rate of mitochondrial oxidative phosphorylation. L-carnitine also is 

essential for the detoxification of environmental pollutants, meaning that it can protect the mito-

chondria in several different scenarios.

Suggested dose 500 mg bid (twice a day)

18.5.3  ACETYL-L-CARNITINE

Acetyl-L-carnitine (ALCar) is an ester of the tri-methylated amino acid L-carnitine. It is better 

absorbed compared with L-carnitine and crosses the blood–brain barrier more efficiently. Dietary 

supplementation with acetyl-L-carnitine might reverse age-related mitochondrial changes. ALCar 

helps restore mitochondrial membrane potential and cardiolipin levels. Cardiolipin is an important 

component of the inner mitochondrial membrane, and it constitutes about 20% of the total lipid 

composition. ALCar facilitates fatty acid transport into mitochondria, and it increases overall cel-

lular respiration. ALCar enhances cognitive performance, increases production of neurotransmit-

ters, and helps restore levels of certain hormone receptors to more youthful levels. ALCar reverses 

many aspects of age-related cellular dysfunction, principally through maintenance of mitochondrial 

function (41).

Suggested dose 250 mg bid (twice a day)

18.5.4  IDEBENONE (2,3- DIMET HOXY- 5-MET HYL-6 -(10- HYDRO XYDEC YL)-1 ,4-BE NZOQU INONE )

Idebenone is a CoQ10 analog that while sharing some of CoQ10’s properties, offers unique 

mitochondrial-protective benefits of its own. Idebenone is a powerful mitochondrial free radi-

cal quencher that reduces the ever-increasing damage to mitochondrial membranes and DNA 

that occurs with aging. Idebenone has also been shown to be more effective than CoQ10 in pro-

tecting the electron transport chain. When cellular oxygen levels are low, idebenone is actually 
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superior to CoQ10 for preventing free radical damage while helping cells maintain relatively 

normal ATP levels (42).

Suggested dose 150 mg qd (once a day)

18.5.5  N-ACETYL CYSTEINE

N-Acetyl cysteine (NAC) is the acetylated precursor of both the amino acid L-cysteine and reduced 

glutathione (GSH). A major cause of mitochondrial dysfunction is due to oxidative changes that take 

place in the respiratory chain where oxidative phosphorylation occurs. NAC has a positive effect on key 

elements of the respiratory chain. It increases the activities of mitochondrial complexes I, IV and V. 

NAC also helps maintain levels of glutathione, an important antioxidant capable of preventing damage 

to important cellular components caused by ROS. NAC protects cells by promoting oxidative phosphor-

ylation, improving mitochondrial membrane integrity and enhancing mitochondrial homeostasis (43).

Suggested dose 600 mg qd (once a day)

18.5.6  (R) ALPHA-LIPOIC ACID (1,2-DITHIOLANE-3-PENTANOIC ACID)

Alpha-lipoic acid (ALA) is a potent antioxidant, transition metal ion chelator, redox transcription 

regulator and anti-inflammatory agent. It acts as a critical cofactor in mitochondrial α-keto acid 

dehydrogenases and is important in mitochondrial oxidative-decarboxylation reactions. ALA is an 

amphipathic molecule with both hydrophilic and hydrophobic properties. This makes ALA a per-

fect molecule to establish communication between the cytoplasm and mitochondria. ALA may also 

have mitochondrial-resuscitating properties. By providing ALA for 2 weeks, mitochondrial oxygen 

consumption has been completely restored in deficient mitochondria. It was also found that ALA, 

like ALCar, increased mitochondrial membrane potential by up to 50%. ALA supplementation also 

increased mitochondrial glutathione and vitamin C concentrations, indicating that ALA may have 

the ability to reverse the age-associated decline of low–molecular weight antioxidants, therefore 

reducing the risk for oxidative damage that occurs with aging. ALA supplementation improves 

mitochondrial function, alleviates some of the age-related loss of metabolic activity, increases ATP 

synthesis and blood flow, and increases glucose uptake. Furthermore, ALA supplementation may be 

a safe and effective means to improve general metabolic function (44).

Suggested dose 300 mg bid (twice a day)

18.5.7  OMEGA 3 FATTY ACIDS (EICOSAPENTAENOIC ACID [EPA] 

AND DOCOSAHEXAENOIC ACID [DHA])

Omega-3 fatty acids from fish oils are cardio-protective. They minimize the increase in mitochon-

drial calcium content, increase levels of phosphatidylcholine and prevent the decrease in cardiolipin 

content. Omega-3s may also be important in mitochondrial membrane restoration. An omega-3-rich 

diet directly increases mitochondrial membrane cardiolipin concentrations, increases the ratio of 

mitochondrial membrane omega-3 to omega-6, and increases the tolerance of the heart to ischemia 

and reperfusion (45). The propensity for ROS/RNS emissions increases with omega-3 supplementa-

tion, although there are no changes in markers of lipid or protein oxidative damage. These results 

demonstrate that omega-3 supplementation improves mitochondrial ADP kinetics, suggesting post-

translational modification of existing proteins (46).

Suggested dose 1 g tid (molecularly distilled)

18.5.8  VITAMIN C (ASCORBIC ACID)

Vitamin C may improve mitochondrial function by providing needed H (electrons) for the conver-

sion of ascorbic acid to dehydroascorbic acid (46). Also related to vitamin C’s electron transfer 
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ability, it has the capacity to advance electrons in the electron transport system; thus functioning as 

an ergogenic aid (47). Vitamin C is taken up by the mitochondria and is able to preserve mitochon-

drial membrane potential (48–50). Even modest blood glucose elevations, as typically occur after 

a Western diet meal, competitively impair the transport of ascorbic acid into immune cells (49, 50) 

and probably into the mitochondria. Vitamin C is structurally similar to glucose, so it competes 

with glucose for the Glut receptors (51–54).

Suggested dose 500 mg tid; in disease state, consider bowel tolerance oral dosing or intravenous 

administration

18.5.9  B-COMPLEX VITAMINS

The B vitamins are water-soluble vitamins required as cofactors for enzymes essential in cell func-

tion and energy production (55).

18.5.9.1  Thiamine (Vitamin B1)

Thiamine is active in the form of thiamine pyrophosphate (TPP). As a cofactor, TPP is essen-

tial to the activity of cytosolic transketolase and pyruvate dehydrogenase as well as mitochondrial 

dehydrogenases – ketoglutarate dehydrogenase and branched chain keto acid dehydrogenase. Large 

doses of thiamine (vitamin B1) have been used to stimulate NADH, which then augments oxidative 

phosphorylation at complex I, a very important reaction in energy production (55, 56).

Suggested dose 100 mg qd (once a day)

18.5.9.2  Riboflavin (Vitamin B2)

Riboflavin is a precursor to flavin adenine dinucleotide (FAD) and flavin mononucleotide (FMN). 

As prosthetic groups, they are essential for the activity of flavoenzymes, including oxidases, reduc-

tase and dehydrogenases. Riboflavin is a water-soluble B vitamin (B2). It is a key building block 

in complexes I and II and a cofactor in several other key enzymatic reactions involving fatty acid 

oxidation and in the Krebs cycle. Riboflavin improved exercise capacity in a patient with a mito-

chondrial myopathy due to a complex I dysfunction (57, 58).

Suggested dose 100 mg qd (once a day)

18.5.9.3  Niacin (Vitamin B3)

Niacin is a precursor to reducing groups nicotinamide adenine dinucleotide (NAD+) and nico-

tinamide adenine dinucleotide phosphate (NADP+). These molecules are involved in more than 

500 enzymatic reactions. For the focus of this review, it is important to note that NAD/NADP are 

involved in reactions pertaining to mitochondrial respiration, glycolysis and lipid beta-oxidation. 

Niacin ameliorated age-related changes in bioenergy (58, 59).

Suggested dose 50 mg qd (once a day)

18.5.9.4  Pantothenic acid (Vitamin B5)

Pantothenic acid is the precursor of coenzyme A (CoA), a molecule essential for 4% of known 

enzymatic reactions. In the interest of this review, it is important to note the role of CoA in heme 

synthesis, in lipid metabolism and as a prosthetic group in the TCA cycle (60).

Suggested dose 50 mg qd (once a day)

18.5.9.5  Magnesium

Magnesium ion plays an important role in a wide variety of biochemical processes, including 

optimizing mitochondrial function and the creation of ATP, regulation of blood sugar, and the 

activation of muscles and nerves. Over 300 enzymes require the presence of magnesium ions 

for their catalytic action, including all enzymes utilizing or synthesizing ATP. Magnesium ions 

are critical for the optimization of the mitochondria, which has enormous potential to influence 
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cancer. In fact, optimizing mitochondrial metabolism may be at the core of effective cancer 

treatment (61).

Suggested dose magnesium citrate 500 mg tid; dose may be reduced as needed per osmotic laxa-

tive effect.

18.5.9.6  Phospholipids

Phospholipids are an important class of lipids found in all cellular membranes. Glycerolphospholipids, 

the type of phospholipid found in cellular and intracellular membranes, are made up of two fatty 

acids (long chains of hydrogen and carbon molecules), which are attached to a glycerol head. The 

glycerol molecule is also attached to a phosphate group, and this is the hydrophilic part of the mol-

ecule. The glycerolphospholipids help cellular membranes and act not only as diffusion barriers 

but also as dynamic cell organelles, contributing to the synthesis of intracellular mediators, such 

as arachidonic acid and inositol phosphates. Glycerolphospholipids interact and work with integral 

membrane proteins to modulate various cellular activities. As membrane phospholipids are known 

to be essential to cellular membrane function and cell viability, their modification and restoration by 

exogenous dietary phospholipids remains a useful approach for maintaining and restoring cellular 

membrane function.

Cell membranes control a variety of cellular processes as well as the maintenance of struc-

tural and ionic barriers and intercellular communication networks (as mentioned earlier). They are 

also involved in cell transport, secretion, recognition, adhesion and other important cell functions. 

Membrane lipids provide at least four major requirements for cellular health. They are used as: (1) 

an important energy storage reservoir; (2) the matrix for all cellular membranes, enabling separation 

of enzymatic and chemical reactions into discrete cellular compartments; (3) bioactive molecules 

in certain signal transduction and molecular recognition pathways; and (4) important functional 

molecules that undergo interactions with other cellular constituents, such as proteins and glycopro-

teins. This latter characteristic is an absolute requirement for the formation, structure and activities 

of biological membranes (40, 62–65). Phospholipids contribute to the physicochemical properties 

of the membrane and thus influence the conformation and function of membrane-bound proteins, 

such as receptors, ion channels, enzymes and transporters, and they also influence cell function by 

serving as precursors for prostaglandins and other signaling molecules. Finally, they can modulate 

gene expression through the activation of transcription.

One of the fundamental biochemical differences between tumor cells and normal cells is the 

composition of the membrane lipid matrix, including glycophospholipids and other lipids, and their 

oxidation state. Membrane peroxidation can modify phospholipid structure, affecting lipid fluidity, 

permeability and membrane function (62–65). In addition, the intracellular trafficking of phos-

pholipids, which plays a crucial role in phospholipid homeostasis, can also be modified by per-

oxidation events. In the mitochondria, the activities of the enzymes involved in cellular respiration 

are markedly influenced by the composition and oxidation state of the phospholipids of the inner 

mitochondrial membrane. Oxidation of inner mitochondrial membrane phospholipids can result in 

increased leakiness of the inner mitochondrial membrane. Leaky mitochondrial membranes cause 

mitochondrial impairment and loss in the production of ATP. When there is progressive functional 

loss of mitochondrial function, such as in the excessive oxidative modification of the mitochondrial 

membrane phospholipids, this can cause changes in health that could progress to disease.

The outer mitochondrial membrane encloses the entire organelle and has a protein-to-phospholipid 

ratio similar to that of eukaryotic plasma membranes. The outer mitochondrial membrane contains 

transport proteins called porins (66). The inner mitochondrial membrane is rich in the phospholipid 

cardiolipin, which is characteristic of the bacterial plasma membrane and is important in electron 

transport function and provides yet more evidence suggesting the mitochondrion’s bacterial origin.

Maintenance of the appropriate phospholipid composition in the mitochondrial membranes is 

essential for mitochondrial structure and function. Thus, mitochondria depend on phospholipid 

metabolism, the transport of phospholipids into mitochondria and supply of appropriate lipids from 
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the diet. Regulation of the synthesis, trafficking and degradation of phospholipids is essential to 

maintain phospholipid homeostasis in the mitochondria. An important element of phospholipid 

homeostasis is that the phospholipids in the mitochondria can be modified by dietary glycerolphos-

pholipids and fatty acids.

Membrane lipid replacement (MLR), the use of functional oral supplements containing cell 

membrane glycerolphospholipids and antioxidants, can safely replace damaged membrane phospho-

lipids. Most, if not all, clinical conditions are characterized by membrane phospholipid oxidative 

damage, resulting in loss of membrane and cellular function (62–65). Orally ingested phospholipids 

can be degraded into their constituent parts and absorbed; they can be taken in as intact molecules 

without degradation, or they can be absorbed as small phospholipid droplets and micelles (62–65). 

Eventually, they are delivered to tissues and cells, where they are transferred by membrane contact 

and carrier or transport proteins to various cellular and organelle membranes.

MLR plus antioxidants has been used to reverse ROS/RNS damage and increase mitochondrial 

function in certain clinical disorders, such as chronic fatigue syndrome (CFS) and fibromyalgia 

(62–65). In these disorders, MLR has been found to be effective in preventing ROS/RNS-associated 

changes and reversing mitochondrial damage and loss of function (62). MLR is possible because 

cellular lipids are in dynamic equilibrium in the body. Thus, functional oral MLR supplements 

containing cell membrane glycerolphospholipids and antioxidants have been used to replace dam-

aged, usually oxidized, membrane glycerophospholipids that accumulate during aging and in vari-

ous clinical conditions. Once delivered to membrane sites, they naturally replace and stimulate the 

removal of damaged membrane lipids. Various chronic clinical conditions are characterized by 

membrane damage, mainly oxidative but also enzymatic, resulting in loss of cellular function. This 

is readily apparent in mitochondrial inner membranes, where oxidative damage to phospholipids 

like cardiolipin and other molecules results in loss of transmembrane potential and electron trans-

port function and generation of high-energy molecules.

Suggested dose mixed phospholipids 1 g tid (three times a day) for anti-aging and 2 g tid for 

chronic illnesses

18.5.9.7  Ginkgo biloba (Salisburia adiantifolia)

Ginkgo biloba is one of the oldest living tree species. It is also one of the best-selling herbal supple-

ments in the United States and Europe. Ginkgo leaves contain flavonoids and terpenoids. A growing 

volume of data confirms that Ginkgo biloba extract (GBE) reduces oxidative stress and improves 

mitochondrial respiration (67). GBE has been found to protect mtDNA against oxidative damage 

and oxidation of mitochondrial glutathione (68).

Suggested dose 40 mg bid (twice a day)

18.5.9.8  Succinate (Succinic Acid)

Succinate is a tricarboxylic acid (Krebs) cycle intermediate that donates electrons directly to com-

plex II. Succinates have been widely used for their alleged ability to enhance athletic performance 

(69, 70). Succinate ameliorates energy deficits (70). It seems that the use of succinates is even more 

effective when a balance of several salts is used, especially combinations with magnesium and 

potassium.

Suggested dose 125 mg qd (once a day)

18.5.9.9  Pyrroloquinoline Quinone (PQQ)

PQQ is a small molecule that acts as a redox agent in cells. It can modify cell signaling and sup-

port mitochondrial function. PQQ is reported to participate in a range of biological functions. PQQ 

protects mitochondria from oxidative stress. It also promotes the spontaneous generation of new 

mitochondria, a process known as mitochondrial biogenesis or mitochondriogenesis (71–73). This 

effect is an improvement in mitochondrial function.

Suggested dose 20 mg qd (once a day)
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18.5.9.10  Sodium Bicarbonate

Sodium bicarbonate (NaHCO₃) is a salt composed of sodium ions and bicarbonate ions. The gly-

colytic nature of malignant tumors contributes to high levels of extracellular acidity in the tumor 

microenvironment. The extracellular pH of malignant tumors is acidic (pH 6.5–6.9) compared with 

normal tissue (pH 7.2–7.4). Tumor acidity is a driving force for cellular division, invasion and metas-

tasis (74–78). Recently, it has been shown that buffering of extracellular acidity through systemic 

administration of oral bicarbonate may inhibit the spread of metastases.

Dose to individualized effect to achieve urine pH of 7.5–8 while not consuming excess sodium

18.5.9.11  Nicotinamide Adenine Dinucleotide (NADH)

NADH functions as a cellular redox cofactor in over 200 cellular redox reactions and as a substrate for 

certain enzymes. NADH delivers electrons from metabolite hydrolysis to the electron transport chain, 

but in its reduced form, it can also act as a strong antioxidant. Pyruvate is converted to lactate, which 

requires all the glycolytic NADH output to be converted to NAD+, and this lactate is then excreted 

from the cell. Thus, aerobic glycolysis does not produce any net output of NADH. NADH can be suc-

cessfully administered orally or by intravenous/intraperitoneal infusion (78). NAD precursors such as 

nicotinamide riboside (NR) or nicotinamide mononucleotide (NMN) should be considered.

Suggested dose 20 mg qd (once a day)

18.5.9.12  D-Ribose

Ribose is a naturally occurring five-carbon sugar produced in the body from glucose. In addition to 

serving as the carbohydrate backbone for ribonucleic acid (RNA) and deoxyribonucleic acid (DNA), 

ribose is also an essential ingredient in the manufacture of ATP. Thus, ribose provides the key build-

ing block of ATP. The mitochondria of high–energy output organs such as the heart, liver, adrenals, 

GI tract, brain, muscles and endocrine glands utilize two methods for building or conserving cyclic 

nucleotides like ATP, ADP and AMP. The first process by which these nucleotides are synthesized 

is the de novo pathway, in which nucleotides are made using ribose. This is the slower of the two 

pathways. The second or faster pathway is the salvage pathway, in which the mitochondria pick up 

ATP metabolites to form new ATP. In this manner, ribose enables the cells to more quickly and effi-

ciently recycle (i.e., salvage) the end products formed by the breakdown of ATP to form new ATP 

molecules. Thus, the ribose salvage pathway is known as the salvage pathway of ATP formation. 

Ribose is essential for both the salvage and de novo reactions to work, and it is formed in the body 

from glucose through the pentose phosphate pathway. Aside from this relatively time-consuming 

pathway, there are no foods that are able to provide enough ribose to rapidly restore ribose levels 

should the need arise, as when exercising or working, and especially during a heart attack or stroke.

D-ribose is another excellent addition to the mitochondrial resuscitation regimen. D-ribose 

reduces markers of oxidative stress that can form after high-intensity exercise (79). It also boosts 

post-exercise ATP levels (80) and has been shown to have beneficial effects in heart disease patients 

(81). D-ribose replenishes low myocardial energy levels, improving cardiac dysfunction following 

ischemia. Studies also have shown that it can improve ventilation efficiency in patients with heart 

failure (79). The presence of ribose in the cell stimulates the metabolic pathway to actually produce 

ATP. If the cell does not have enough ribose, it cannot make ATP.

Oral or intravenous ribose has been found to rapidly restore ribose levels in nerves and muscles. 

Ribose supplementation can dramatically improve recovery of failing ATP levels during and fol-

lowing acute or chronic anoxia or ischemia. Research has shown that taking ribose has a positive 

effect on ATP production in all muscle fiber types, especially the heart. Ribose supplementation 

increases the de novo production of ATP through oxidative phosphorylation by more than 300%. 

Ribose also activates the salvage pathway, causing nucleotides to be revitalized into the manufac-

ture of ATP by over 500% (82).

Ribose has also been shown to increase athletic performance. Supplementation (10 grams per 

day) in young male recreational bodybuilders resulted in significant increases in muscular strength 
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and total work performance after 4 weeks compared with pre-treatment levels. No changes were 

noted in those using a placebo (83).

Suggested dose 5 g qd (once a day)

18.5.9.13  Citrate

A citrate is a derivative of citric acid. Citric acid is a weak organic tricarboxylic acid. It occurs natu-

rally in citrus fruits. It is an intermediate in the citric acid cycle, which occurs in the metabolism of 

all aerobic organisms. Citrate inhibits the phosphofructokinase enzyme, blocking glycolysis at the 

start; citrate also inhibits the pyruvate dehydrogenase enzyme complex and the succinate dehydro-

genase enzyme. These citrate or citric acid properties have the capacity to inhibit glycolysis and a 

step in the Krebs cycle; the citrate inhibits three base enzymes in the mitochondrial metabolism of 

the Krebs cycle (84–88).

No suggested dose

18.5.9.14  Creatine

Creatine is an essential, natural substance that is synthesized in the body from three amino acids: 

Glycine, arginine and methionine. Creatine plays a very powerful role in energy metabolism as a 

muscle fuel in its role in regenerating ATP. Creatine combines with phosphate in the mitochondria 

to form phosphocreatine. It serves as a source of high-energy phosphate, released during anaerobic 

metabolism. It also acts as an intracellular buffer for ATP and as an energy shuttle for the movement 

of high-energy phosphates from mitochondrial sites of production to cytoplasmic sites of utiliza-

tion (89–99). Operating through the ATP/ADP cycle, creatine phosphate maintains ATP levels by 

serving as a reservoir of high-energy phosphate bonds in muscle and nerve tissues. The energy 

required to rephosphorylate ADP into ATP depends on the amount of phosphocreatine (PCr) stored 

in muscle tissues. As phosphocreatine is depleted during exercise, energy availability declines due 

to a loss of ability to resynthesize ATP at the rate required.

In 1943, it was shown that creatine supplementation extended the cycling times of athletes (89). 

Creatine enhances both strength and endurance in athletes (89–99). Some researchers have shown 

strength gains with as little as 5 to 7 days of supplementation (99). In a double-blind study that 

examined the effects of creatine in a weight training program in men over 70, it was shown that 

creatine had a significant advantage over placebo in terms of increased lean body mass, reduction 

in body fat, increased muscular strength and endurance (95, 97). In Italy, physicians administered 

6 grams of creatine each day to 13 patients hospitalized with congestive heart failure. After 4 days, 

they noted a reduction in heart size, reduced vascular resistance and increased ejection fraction, all 

indicators of improved heart function (96).

In a review article, Tarnopolsky concluded that creatine monohydrate supplementation results 

in an increase in skeletal muscle total and phosphocreatine concentrations, increased fat-free mass 

and enhanced high-intensity exercise performance in young healthy men and women (97). He also 

noted neuroprotective effects, which have been proposed to be of benefit in Parkinson’s disease, 

Alzheimer’s disease and amyotrophic lateral sclerosis and after ischemia. He concluded that cre-

atine appeared to have potential to attenuate age-related muscle atrophy and strength loss as well as 

to protect against neurodegenerative disorders. The U.S. Food and Drug Administration (FDA) has 

granted orphan drug status to creatine as a treatment for patients with amyotrophic lateral sclerosis 

(Lou Gehrig’s disease) based on creatine’s demonstrated ability to enhance cellular energy produc-

tion. In addition, a European patent has also recently been issued for the use of creatine compounds 

to prevent aging effects and to treat muscle atrophy (98).

Suggested dose 5 g qd (once a day)

18.5.9.15  Shilajit

Shilajit is a thick, sticky, tar-like substance with a color ranging from white to dark brown (the latter 

is more common) found predominately in Himalaya and Tibetan mountains. It is an ancient Indian 
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adaptogen. Shilajit enhances CoQ10’s mitochondrial benefits and supports levels of the active ubi-

quinol form. Components of shilajit can serve as electron reservoirs, replenishing electrons lost by 

CoQ10 and allowing this vital coenzyme to remain active longer (100).

Suggested dose 200 mg qd (once a day)

18.5.9.16  Mushrooms

Coriolus versicolor (Turkey tail) is a mushroom of the Basidiomycetes class, from which the 

extracts Polysaccharide-K and Polysaccharide-Peptide (PSK, PSP, respectively) have been demon-

strated to inhibit various carcinomas in animals and humans. This is achieved by inducing apoptosis 

and activating a cascade of pathways involving the activation of p38 MAPK signaling cascades and 

over-expression of pro-apoptotic protein Bax (101). PSK was approved for clinical use in various 

cancers in Japan in the 1980s. Other mushrooms that seem to have analogous effects on mito-

chondria are Reishi (Ganoderma lucidum; 102 –104) Maitake (Grifola frondosa; 105, 106) Shiitake 

(Lentinula edodes; 107), Cordyceps (Ophiocordyceps sinensis; 108), Chaga (Inonotus obliquus; 

109) and Lion’s Mane (Hericium erinaceus; 110).

No suggested dose

18.5.9.17  Herbs

Certain herbs, such as Rhodiola rosea (111), Leuzea carthamoides (112), Eleutherococcus sentico-

sus (113) and Schisandra chinensis (114), have shown some capacity to activate the synthesis and 

resynthesis of ATP.

Suggested dose: Rhodiola has been taken as 200 mg qd of an extract standardized to contain 

rosavins and salidrosides in a 3:1 ratio; for the rest of the herbs, there is no suggested dose

18.5.9.18  Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a methoxyindole, which is synthesized in the pineal 

gland of vertebrates through a multistep process starting from hydroxylation of tryptophan and 

culminating with transformation of serotonin to N-acetyl serotonin, followed by methylation to the 

final substance, melatonin. Melatonin is a ubiquitous molecule with a variety of functions, including 

potent reductive properties. Due to its lipophilic character, it easily crosses cellular and intracellular 

membranes and reaches all subcellular organelles. Melatonin has been shown to protect the bio-

energetic function of mitochondria (115–118).

Suggested dose 10 mg qd before sleep

18.5.9.19  Arginine

Arginine is a basic amino acid and is classified as a conditionally essential amino acid. One of the 

main functions of arginine is its participation in protein synthesis. Arginine is utilized by a number 

of metabolic pathways that produce a variety of biologically active compounds, such as nitric oxide, 

creatine, agmatine, glutamate, polyamines, ornithine and citrulline. Also, arginine is involved in 

a number of roles in the body, such as the detoxification of ammonia formed during the nitrogen 

catabolism of amino acids via the formation of urea; its potential to be converted to glucose (hence, 

its classification as a glycogenic amino acid); and its ability to be catabolized to produce energy (119, 

120). Many of the benefits of arginine stem from its ability to generate nitric oxide (NO), aided by 

an enzyme called nitric oxide synthase. NO acts as a signaling molecule that induces smooth muscle 

cells to relax, expanding the blood vessels (vasodilation); blood pressure drops, and blood flow is 

improved. More blood is delivered to the tissues, which are then better nourished with oxygen.

Suggested dose 500 mg tid (three times a day)

18.5.9.20  Resveratrol

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a plant-derived polyphenol that exerts diverse physi-

ological activities, mimicking some of the molecular and functional effects of dietary restriction. 
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Resveratrol has been shown to increase cellular mitochondrial content and induce apoptosis 

(121–123).

Suggested dose 20 mg qd (once a day)

18.5.9.21  Quercetin

Quercetin is a naturally occurring flavonoid that has a broad spectrum of bioactive effects. Among 

these, quercetin can impact mitochondrial biogenesis by modulating enzymes and transcription fac-

tors. Quercetin is now recognized as a phytochemical that can modulate pathways associated with 

mitochondrial biogenesis, mitochondrial membrane potential, oxidative respiration and ATP anabo-

lism, intra-mitochondrial redox status and subsequently, mitochondria-induced apoptosis (124).

Suggested dose 500 mg bid (twice a day)

18.5.9.22  Glutathione

Glutathione (GSH), the major intracellular thiol compound, is a ubiquitous tripeptide produced 

by most mammalian cells, and it is the main mechanism of antioxidant defense against ROS and 

electrophiles. GSH’s versatility permits it to counteract hydrogen peroxide, lipid hydroperoxides or 

xenobiotics, mainly as a cofactor of enzymes such as glutathione peroxidase or glutathione-S-trans-

ferase (GST). GSH (γ-glutamyl-cysteinyl-glycine) serves as a cofactor for a number of antioxidant 

and detoxifying enzymes. GSH in the mitochondrial matrix plays a key role in defense against res-

piration-induced ROS and in the detoxification of lipid hydroperoxides and electrophiles. Moreover, 

as mitochondria play a central strategic role in the activation and mode of cell death, mitochondrial 

GSH has been shown to critically regulate the level of sensitization to secondary hits that induce 

mitochondrial membrane permeabilization and release of proteins confined in the intermembrane 

space necessary to induce cell death (apoptosis) (125).

Oral glutathione supplementation does not efficiently increase intracellular glutathione levels; it 

can be absorbed intact into the blood stream. Since increased glutathione levels in the blood have 

been shown to slow the breakdown of nitric oxide, glutathione supplementation may be useful to 

augment nitric oxide boosters such as L-citrulline or L-arginine. NAC is a prodrug for L-cysteine, 

which is used with the intention of allowing more glutathione to be produced when it would nor-

mally be depleted. Through glutathione buffering, NAC provides antioxidative effects and other 

benefits, so it is both more efficient and cheaper than glutathione. Liposome-encapsulated glutathi-

one (Lypo-GSH) seems to be a more effective way to supplement this nutrient.

Suggested dose 250 mg qd in liposomal form

18.5.9.23  Dichloroacetate (DCA)

DCA is a potent lactate-lowering drug. It activates the pyruvate dehydrogenase complex by inhibit-

ing the activity of pyruvate dehydrogenase kinase, which normally phosphorylates and inhibits the 

enzyme. The ability of DCA to keep the pyruvate dehydrogenase complex in an active state reduces 

the accumulation of lactate in body tissues (23, 126, 127). DCA can switch a cell from aerobic 

glycolysis to oxidative respiration. This drug induced apoptosis of cancer cells (128) by reducing 

mitochondrial membrane potential, blocking aerobic glycolysis (Warburg effect), and activating 

mitochondrial potassium-ion channels (129). Other mechanisms of DCA action against cancer cells 

have also been proposed. These include: (a) inhibition of angiogenesis; (b) alteration of expression 

of hypoxia-inducible factor 1-α (HIF1-α) (21); and (c) alteration of the pH regulators vacuolar-type 

H+-ATPase (V-ATPase) and monocarboxylate transporter 1 (MCT1) and other regulators of cell 

survival, such as p53-upregulated modulator of apoptosis (PUMA), glucose transporter 1 (GLUT1), 

B-cell lymphoma 2 (BCL2) protein and cellular tumor antigen p53 (130).

An oral DCA regimen that included the natural neuroprotective medications acetyl-L-carnitine, 

R-α-lipoic acid and benfotiamine (DD) has been used clinically. Intravenous DCA up to 100 mg/

kg/dose has been confirmed as safe. Shifts in ATP production from glycolysis to oxidative phos-

phorylation by inhibition of PDK1 with dichloroacetate (DCA) was shown to shift metabolism from 



304  Nutrition and Integrative Medicine for Clinicians

glycolysis to glucose oxidation. Treatment with DCA increased mitochondrial production of ROS/

RNS in all tested cancer cells, but not in normal cells (130). It is important to mention that DCA in 

high doses can damage mitochondria and produce peripheral neuropathy. Peripheral neuropathy is 

not uncommon with prolonged DCA treatment.

No suggested dose

18.5.9.24  3-Bromopyruvate

Bromopyruvic acid and its alkaline form, bromopyruvate, are synthetic brominated derivatives of 

pyruvic acid. They are lactic acid and pyruvate analogs. 3-Bromopyruvate (BP) has been shown by 

others to inhibit hexokinase (131). Being a lactate analogue, it is likely taken up by cells via lactate 

transporters, which are over-expressed in tumor cells (131). This drug may have significant side effects.

No suggested dose

18.5.9.25  2-Deoxyglucose

2-Deoxyglucose (DG) is a non-metabolizable glucose analog. DG is easily taken up by tumor cells 

via glucose transporters and is then phosphorylated by hexokinase, but it is not further metabolized 

in the glycolytic process (132). DG will thus titrate endogenous glucose and thereby, block glycoly-

sis (133, 134).

No suggested dose

18.5.9.26  EPI-743

EPI-743 is a new drug that is based on vitamin E. EPI-743 is a para-benzoquinone analog. Tests 

have shown that it can help improve the function of cells with mitochondrial problems. It works 

by improving the regulation of cellular energy metabolism through targeting the enzyme NADPH 

quinone oxidoreductase (135).

No suggested dose

18.6  LIFESTYLE AND MITOCHONDRIA

18.6.1  EXERCISE

Dietary interventions are just one part of the overall picture of optimizing mitochondrial function. 

Other lifestyle considerations like exercise, movement, stress and sleep also play a role in mito-

chondrial health. Exercise and movement have been shown to improve cellular energy production 

(136). Both aerobic and anaerobic exercise should be performed on a regular basis. Exercise also 

has an important role in mitochondrial disease therapy, as it has been shown to reduce the burden 

of unhealthy mitochondria; increase the percentage of healthy, non-mutated mtDNA; and improve 

endurance and muscle function.

Suggested exercise: combine aerobic exercises (such as cycling, walking, running, hiking and 

playing tennis and basketball, which focus on increasing cardiovascular endurance) and anaerobic 

exercises (such as weight training to increase muscle strength) for 45 min 3× a week.

18.7  HYPERBARIC (HIGH PRESSURE, 100%) OXYGEN THERAPY (HBOT)

Hyperbaric oxygen treatment (HBOT) involves inhaling up to 100% oxygen at a pressure greater 

than 1 atm in a pressurized chamber. Excess oxygen reduces the activity of an enzyme called hexo-

kinase II, which grabs onto glucose after it enters cells and traps it inside so it can be burned for 

energy. Also, HBOT significantly ameliorates mitochondrial dysfunction (137–142). When cells are 

proliferating, DNA is unwound, unprotected and being replicated; if high ROS levels are sensed at 

this time, the process is aborted, and the cell can be driven into apoptosis.

Suggested treatment 45 min 1.5–2.5 atm twice a week
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18.8  INTRAVENOUS LASER THERAPY (IVLT)

Laser therapy works on the principle of inducing a biological response through energy transfer, in 

that the photonic energy delivered into the tissue by the laser modulates the biological processes 

within the tissue. Light energy is transmitted through space as waves that contain tiny “energy 

packets” called photons (duality). Each photon contains a definite amount of energy depending on 

its wavelength (color).

Intravenous or intravascular laser blood irradiation involves the in-vivo illumination of the blood 

by feeding low-level laser light. It is a minimally invasive laser procedure in which a small needle 

is placed into the vein in the forearm, under the assumption that any therapeutic effect will be cir-

culated through the circulatory system.

It works similarly to photosynthesis; the correct wavelengths and power of light at certain inten-

sities for an appropriate period of time can increase ATP production, and cell membrane alterations 

could lead to permeability changes and second messenger activity, resulting in functional changes 

(143–146).

Acupuncture treatment (needles in cardinal points) increases the patient’s energy but only by 

mobilizing reserve energy (meridians); in contrast, laser therapy introduces additional energy into 

the system.

Mitochondria are the key to photobiomodulation. Cytochrome c oxidase can absorb red light, 

converting the photonic energy into biological energy (ATP). Cytochrome c oxidase is commonly 

accepted as a photo acceptor that catalyzes cellular-level activity when exposed to red to near-

infrared light.

The absorption of different colors within the mitochondrial respiratory chain is as follows:

Complex 1 (NADH dehydrogenase) absorbs blue and ultraviolet light.

Complex 3 (cytochrome c reductase) absorbs green and yellow light.

Complex 4 (cytochrome c oxidase) absorbs red and infrared light.

Mitochondria changed to “giant mitochondria” after laser irradiation with activation of various 

metabolic pathways and increased production of ATP due to activation of the respiratory chain and 

increased ATP synthesis. ATP is also used as a signaling molecule in communications between 

nerve cells and other tissues.

There is a normalization of the tissue metabolism due to increased O2. There is also an increase 

of enzymes. An increase of ATP synthesis occurs with a normalization of cell membrane potential. 

Irradiation in the red range is effective to increase the absorption spectrum of cytochrome C oxidase 

in the respiratory chain with a concomitant stimulation of ATP synthesis.

There is an increased change of the redox potential in mitochondria and cytoplasm by oxidation 

at the NADH. Thereby, the proton motor force is increased, which drives the backflow of the pro-

tons into the matrix and by doing so, increases the ATP turnover. In addition, the electron transfer 

is accelerated; both effects cause an increase of ATP synthesis.

IVLT has pleiotropic action that produces a cascade of events due to increased energy.

Suggested Tx IVLT 10 min of each color twice a week. We recommend that this therapy is 

accompanied by mitochondria-supporting supplements.

18.9  CONCLUSIONS

Mitochondrial dysfunction has been identified as one of the principal causes of bio-energetic 

decline. Although there is no single silver bullet or exact combination of substances or supple-

ments that will unfailingly resuscitate all aspects of failing mitochondria, it has been reported 

that a number of nutrients, supplements and prescription substances may alleviate or restore many 

aspects of mitochondrial dysfunction. Combinations of these, acting on multiple targets, may 
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normalize and/or improve mitochondrial function, increase cellular and systemic energy produc-

tion, alleviate mitochondrial-related disease and delay age-related decline in many organs and 

systems of the body.

The rise in the incidence of cancer and deaths from cancer parallels the rise not only of the 

development and use of toxic chemicals and materials in the environment, but also of toxins in our 

food and water supplies and pharmaceuticals. The rise in cancer incidence and deaths is thought 

to be directly caused by such toxic ingestion and the body’s increasing inability to cope with the 

toxic overload of xenobiotics, which profoundly damages the mitochondria. It is conceivable that 

combinations of various mitochondrial enhancers/resuscitators, acting on various segments of the 

mitochondrial energy production pathway, will have complementary/additive effects and decrease 

the cancer incidence and death rates.

Here, we have proposed a combination of diet, exercise and supplements containing a mixture of 

nutrients mentioned herein to significantly enhance mitochondrial function in order to help restore 

oxidative respiration to a level of favoring malignant cell re-differentiation, or at least restore apop-

totic mechanisms, since the intrinsic apoptotic pathway in cells is regulated largely by functional 

mitochondria. In restoring mitochondrial function, we may reverse aerobic glycolysis, inhibit can-

cer cell growth and possibly, reverse malignancy.

Scientific support for the use of vitamin-based and cofactor-based mitochondrial therapies is 

accumulating. This mitochondrial correction (mitochondrial rescue, mitochondrial repair) approach 

is intended to promote critical enzymatic reactions, reduce putative sequelae of excess free radicals 

and scavenge toxic metabolic molecules, which tend to accumulate in mitochondrial diseases. Some 

supplements also may act as alternative energy fuels or may bypass biochemical blocks within the 

respiratory chain. We believe this concept can have an important repercussion in the treatment of 

degenerative diseases that present the common characteristic of mitochondrial dysfunction.
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19.1  INTRODUCTION

There are many medical and educational studies investigating the incidence rate and negative impact 

of major sleep problems/disorders on children and adolescents’ cognition, academics, behaviors, 

health and safety. Pediatric sleep disturbances occur frequently and persist in 12–35% of young chil-

dren and up to 60% of school-age children.1–3 In a 1999 epidemiology study, it was found that 20–25% 

of children and adolescents not only had a sleep disturbance but developed a serious sleep disorder.4 

Most sleep researchers today would agree with Mindell and Owens5 that approximately 25–33% 

of elementary school-aged children experience significant sleep problems or sleep disorders (many 

studies). The incidence rate and severity of these sleep disorders usually increase in adolescence6 

and adulthood if not treated and corrected early, thus having an increasingly negative impact on 

cognition, academics, behaviors, moods, health and later, work performance.6–20 If not aggressively 

screened, identified and corrected by a variety of pediatric professionals, these unidentified sleep 

disorders will negatively impact personal relationships, work success, health and safety in adulthood.

This chapter will discuss the major sleep disorders requiring professional screening of all chil-

dren and adolescents, and the possible treatment or interventions to resolve them. Also, there will be 

a discussion of the incidence rate of each sleep disorder, short- and long-term negative consequences 

of these untreated sleep disorders, and then a brief discussion of an accurate, easy-to-use screening 

tool that can be implemented by pediatric professionals to identify these major sleep disorders.

The ideal time for screening would be in early childhood between 3 and 8 years of age to pre-

vent significant cognitive, academic, behavioral and health problems from arising.6, 15 Of course, 

if the child is already beyond 8 years old, it is critical to screen him or her immediately, because 

any of these major sleep disorders will negatively impact their daytime functioning. The second 

most important screening time is between 12 and 18 years of age, because two of these major sleep 

disorders usually have onset within this time period. Unfortunately, only a small percentage of the 

pediatric population with a major sleep disorder are being screened, identified and treated at this 

time. The average time that elapses from onset of a sleep disorder until diagnosis is approximately 

≥10–15 years.21, 22 By then, a great deal of collateral damage has occurred.

19.2  MAJOR PEDIATRIC SLEEP DISORDERS, PREVALENCE RATES, 
NEGATIVE IMPACT ON DAYTIME FUNCTIONING AND HEALTH, 
AND POSSIBLE TREATMENTS OR INTERVENTIONS

There are many types of sleep disturbances and sleep disorders that can occur in children, and some of 

them will disappear within a short time or before the child reaches elementary school. However, there are 

five or six major sleep disorders in children and adolescents that will rarely disappear without identifica-

tion and professional interventions. Based on extensive research and collaboration with many renowned 

pediatric sleep specialists, Luginbuehl6, 15 enumerated these major pediatric sleep disorders that result 

in negative consequences and must be identified as early as possible. They are (1) sleep-related breath-

ing disorders (SRBD) (such as upper airway resistance syndrome [UARS] and obstructive sleep apnea 

[OSA]), (2) periodic limb movement disorder (PLMD), (3) restless legs syndrome (RLS), (4) narcolepsy 

and (5) behavioral insomnia of childhood (BIC) or delayed sleep phase syndrome (DSPS). Any of these 

major sleep disorders can cause a daytime condition called excessive daytime sleepiness (EDS), but 

young children are more likely to exhibit signs of attention deficit hyperactivity disorder (ADHD)-like 

characteristics when the sleep disorder is still milder.7, 8 All usually result in difficulties with school and 

work functioning, long-term health, safety and quality of life if they are not corrected early.6, 7, 13–29

19.3  SLEEP-RELATED BREATHING DISORDERS (SRBDS)

On a bell-shaped curve, SRBDs range from mild snoring at the lowest or mildest end of the spec-

trum, to UARS, to OSA at the moderate-to-severe or most harmful end of the spectrum. In English, 



315The Impact of Untreated Sleep Disorders on Children 

snoring is defined as: “to breathe during sleep with harsh, snorting noises caused by vibration of 

the soft palate.”30 Primary snoring also includes the criteria that the snoring is without associated 

apneas, hypopneas, hypoxemia, hypercapnia or sleep fragmentation.31 However, this snoring may 

not be harsh but barely audible, raspy breathing.

The latest criteria for OSA in children provided by the International Classification of Sleep 

Disorders Diagnostic and Coding Manual – Third Edition (ICSD-3; American Academy of Sleep 

Medicine [AASM])32 is as follows: “Complete or nearly complete cessation of airflow in the presence 

of respiratory effort; obstructive hypopnea is considered ≥50% reduction in airflow with arousal or 

oxygen desaturation of ≥3%, with obstructive events lasting ≥1 respiratory cycle.” In other words, 

the child stops breathing in sleep for ≥1+ times per hour or has numerous hypopnea events during 

sleep (partial blockage of breathing and ~50% decrease in oxygen during a hypopnea event).

UARS does not meet this criterion and is milder. In the case of UARS, the person is experiencing 

a narrowing of the airway that causes belabored breathing at night and sometimes even during the 

daytime. This can cause disruptions to sleep, resulting in a few nighttime apnea events and/or some 

hypopnea events, but they do not occur frequently enough for a diagnosis of OSA. Nevertheless, it 

may still result in daytime problems such as lowered cognitive and academic performance and more 

behavioral, safety and health problems if not corrected. UARS may also increase in severity and 

become more serious OSA if untreated.

OSA often results in more frequent and louder snoring than UARS (93% of OSA children expe-

rience snoring), restless sleep (79%), ADHD (58%), open mouth breathing (46%) and more seri-

ous sleep disruptions and apnea events causing EDS. These breathing problems can be a result of 

numerous factors such as enlarged tonsils, tongue or adenoids, a narrowed nasal passage, mandibu-

lar deformities causing airway crowding, a tumor growing in an airway, a recessive chin, etc. If any 

of these problems exist, it results in too much effort to breathe, waking the person from deep, restful 

sleep and/or causing a deficit of oxygen or CO2 from reaching the arterial blood flow and brain. This 

reduction in oxygen to the person’s arterial blood flow and brain often has serious consequences for 

a person’s daytime functioning, health and safety.

19.3.1  PREVALENCE RATE OF SRBDS

There have been many studies trying to determine the prevalence rate of snoring, and particularly 

OSA due to its harmful consequences. Because these sleep problems/disorders are currently under-

identified, the prevalence rates provided here may be under-estimates.

Estimations of habitual snoring in children and teens vary across many studies depending on the 

definition of snoring and who is rating the snoring. The estimated population prevalence is about 

1.5% to 6% by parents reporting that the child “always” snores, and this could include children 

with OSA.33 Some estimates range as high as 12%. Most professionals ignore snoring, especially 

mild snoring or raspy breathing, but snoring is a symptom that there is something wrong within the 

airways causing belabored breathing at night, which can result in daytime performance deficits.

The OSA prevalence rate in children is from at least 2.5%26 to as high as 4%,33 and it is as high as 

6% in adolescence.34 On the average, 67% of children with Down syndrome (DS) have OSA, often 

caused by a thicker, enlarged tongue blocking the airways or their problematic neck structure.35

The OSA incidence rate is two to three times higher in African American children than in 

Caucasians, possibly due to a different structure of their airways.34, 36 Thus, the AASM recommends 

that all children with DS or who are African American be screened for OSA. Though more studies 

of UARS are needed, the rate may be higher than OSA.

19.3.2  NEGATIVE IMPACT OF OSA ON DAYTIME FUNCTIONING AND HEALTH

OSA is the most harmful of all the major sleep disorders.37 Thus, sleep specialists and pediatricians 

focus primarily on identifying this sleep disorder while sometimes almost disregarding the other 
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major sleep disorders that also have negative daytime performance and health consequences.6 There 

are hundreds of studies measuring the harmful effects of OSA on children; too many to mention 

them all. Only some of the relevant studies will be discussed, but they are supported by many later 

studies.

Untreated OSA results in many developmental delays.6, 37–40 It significantly decreases cognitive 

scores on intelligence tests by approximately 8–11 points in elementary-aged students.11, 12 These 

deficits frequently occur in skills such as processing speed, listening, memory, visual-motor coordi-

nation (which impacts work completion), verbal fluency, verbal comprehension and executive func-

tioning.18, 23, 41 As a result, many of these students have delayed academic skills or lower grade point 

averages,13, 19, 20, 23, 34, 42–44 more behavioral and emotional problems such as depression and ADHD 

(hyperactivity, distractibility and impulsivity), aggression, oppositional-defiant behaviors, anxiety, 

and lower motivation and self-esteem.6–9, 44, 45 In a study of 11,000 children, having SRBD through 5 

years of age was associated with 40% increased odds of needing special education at 8 years of age.46

After the OSA or other sleep disorders are corrected, especially if this correction takes place 

early in a student’s school career, students’ cognitive scores can rise 8–12 points.11 As a result, aca-

demic scores (reading, math and writing) gradually and significantly improve.6, 13 Also, behavior 

problems often decrease to normal ranges shortly after correction.6, 16, 23

OSA not only has a negative impact on students’ daytime school functioning, but it starts to 

affect long-term health if not corrected early. As students’ OSA becomes more severe in adoles-

cence and adulthood, it causes EDS, which is not only detrimental to learning and work efficiency 

but becomes a serious safety hazard when a student begins to work or drive a vehicle.47Sometimes, 

obesity causes OSA because of too much fatty tissue in the neck narrowing the breathing airways. 

However, many studies have found OSA to cause significant childhood weight gains and obesity, 

and as a result, the beginnings of a variety of health problems such as Type II diabetes, high blood 

pressure and cardiovascular disease.25, 48–51

Children with OSA had 20–28% higher heart rates and 18–26% higher blood pressure during 

sleep apnea events than controls.52 Elementary-aged students with uncorrected OSA already had the 

beginning symptoms of endothelial dysfunction, which is a precursor of cardiovascular disease.25, 53

When one considers the avalanche of neurocognitive, learning, behavioral and health problems 

that OSA causes children (and we have not even mentioned the severe health problems that even-

tually occur in adults), then it is understandable that OSA is considered the most harmful of the 

84 diagnosable sleep disorders. On a positive note, many of these detrimental effects of OSA and 

UARS are preventable or reversible if children are screened early and treated.

19.3.3  POSSIBLE TREATMENT INTERVENTIONS FOR SRBDS/OSA

There are numerous treatments that may help correct SRBDs, and various professionals who are 

trained in airway breathing disorders and can determine what is causing the airway breathing prob-

lems or obstruction. Because these obstructions can be caused by various problems, there are a 

variety of treatment options depending on the cause of the mild snoring, UARS or OSA.

Some causes of breathing problems could be enlarged tonsils or adenoids, a long uvula, tumors 

or a cleft palate interfering with breathing. Often in these cases, an adenotonsillectomy, surgical 

shortening or removal of the uvula, tumor removal or cleft palate repair is recommended and often 

performed by an ears, nose and throat specialist (ENT). Although these surgical procedures for ton-

sils and adenoids may correct the problem in the short term, they are somewhat intrusive treatment 

options, and surgery does not always continue to correct the problem in the long term for about 45% 

of people. These 45% start experiencing renewed SRBD problems later because the original cause, 

the incorrect breathing behaviors and habits, was never corrected with airway breathing treatment 

to remove the maladaptive breathing habits.

Sometimes, there could be issues with poor posture, mouth breathing or incorrect oral hab-

its that cause craniofacial abnormalities, such as a narrow jaw, a recessive chin or a problematic 
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mouth structure resulting in dental malocclusions, small nasal airways, etc. When there are dental 

malocclusions due to a narrow jaw causing overcrowding, which often causes SRBDs, there is the 

possibility of a specialized orthodontist widening the oral structure with teledontic treatment of 

pharyngorofacial disorders.54 Once the jaw has been widened to address malocclusions or extended 

in the case of a recessive chin, the SRBD usually improves significantly or disappears, because this 

treatment has opened the airways wider for resistance-free breathing in the day and nighttime.

Other likely causes for the obstruction could be inflammation of the airways due to asthma or 

allergies, fatty tissue in the airways caused by obesity, or collapsing of the pharyngeal tissue in 

the throat. These physical problems also result in narrowing and crowding of the airways. In cases 

where asthma or allergies are restricting the airways, these problems need to be addressed by a 

pulmonologist or allergist. In cases of obesity and fatty tissue in the throat obstructing breathing, 

the person needs to lose weight by consulting with a dietician, physician or fitness trainer. It is 

sometimes difficult for the person with SRBD to lose weight without first having one of the other 

interventions to reduce the SRBD problem and make weight loss easier.

For the body to function in balance, it is necessary that breathing, chewing, swallowing and over-

all posture perform optimally together. The jaws grow and develop as a result of balanced pressure 

from the lips, cheeks and tongue. Any disruption in this equilibrium can result in not only facial 

and skeletal changes but also changes in airway health.5 These changes occur early in life, as the 

orofacial growth is particularly fast during the first 2 years of life.

Infant airways are divided into three parts: The nasopharynx (the portion of the airway associ-

ated with the nose), the oropharynx (the portion of the airway associated with the mouth and throat) 

and the hypopharynx (the pharyngeal airway space below the mouth). The nasopharynx develops as 

an infant breathes through his or her nose consistently. Therefore, mouth-breathing babies and small 

children will not adequately develop their nasal passages.

Long-term mouth breathing can be correlated with large tonsils and adenoids. The nose is a 

natural filtration system. If it is not being used, the tonsils and adenoids are being exposed to more 

allergens and bacteria, causing them to be inflamed. Once this tissue becomes inflamed, the child 

is then forced to bring the tongue forward and/or breathe with an opened mouth posture – further 

agitating the inflamed tonsils and/or adenoids. An anterior tongue posture can lead to flaring of the 

front teeth and/or a dental open bite.

Continual open mouth postures and mouth breathing will change the way a jaw will grow and 

develop. An open mouth posture allows supra-eruption of the posterior maxilla and downward and 

backward (clockwise) growth. This can lead to a long face, flaccid musculature, vertical maxillary 

excess and muscle strain to keep lips together. This facial pattern is often associated with airway 

and breathing problems. If not addressed early, the only way to correct this jaw pattern is bimaxil-

lary surgery combined with orthodontics. Mouth breathing not only increases upper airway resis-

tance26 but also causes micro-trauma to the back of the throat that may induce local inflammatory 

reactions in the tonsils, leading to their enlargement.

The tongue is directly linked with the oropharynx. The back of the tongue makes up the front 

wall of the oropharynx. As the tongue moves forward and fills the oral cavity, it is moved out of the 

back of the throat, opening up the airway. If the tongue is tethered (tongue tied), the tongue move-

ment is restricted. A restricted tongue, therefore, can have the following effects on skeletal growth 

and development as well as airway development:

• If the tongue is tethered, it cannot rise to the palate and cannot put pressure on the upper 

jaw. This can lead to narrow upper jaws and upper jaws that do not grow forward enough.

• Tethered tongues have been correlated with small lower jaws. If the tongue is tethered, it 

holds back the forward growth potential of the mandible (the lower jaw).

• If the upper jaw is narrow and small, and/or if the lower jaw is small or set back, the tongue 

will fill the oropharynx (the airway space in the back of the throat) and compromise the 

airway.
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• Tethered tongues are seen to be correlated with dental and skeletal open bites. If the child is 

trying to open his or her airway, and the skeletal structures are blocking the airway, the child 

is forced to bring his or her tongue forward in order to breathe better. This will result in an 

open bite. Once there is space between the front teeth, the tongue will always rest there. If the 

underlying airway issue is not resolved, long-term correction of the open bite is unpredictable.

Early observation of the thin strip of tissue, lingual frenulum, that attaches the floor of the mouth to 

the ventral side of the tongue is critical since it guides the forward growth of the tongue. 55,56

When the lingual frenulum is abnormally short or tethered, it results in ankyloglossia, commonly 

described as “tongue tie,” which restricts tongue mobility to varying degrees Figure 19.1 55,57

As a child is developing, a balance needs to exist between the lingual and buccal musculature: The 

tongue pushes against the dentition and the jaw so it expands, and the buccal muscles counter this force 

to promote forward growth of the jaw. With ankyloglossia, the tongue is restricted, and therefore, the 

necessary force required for expansion and positioning of the jawbone58 results in underdeveloped 

upper jaw bones, speech difficulty, nasal obstruction,59 mouth breathing60 and OSA.61 Mouth breath-

ing not only increases upper airway resistance 62 but also causes micro-trauma to the back of the 

throat that may induce local inflammatory reactions in the tonsils, leading to their enlargement. This 

can produce “nasal disuse,” particularly during sleep, an often-missed condition63 that will not spon-

taneously improve even after surgical elimination of the abnormal anatomic presentation. Daytime 

reeducation and retraining of nasal usage will be needed, which is the least intrusive and possibly the 

safest treatment option for some of these above-mentioned problems to strengthen poorly functioning 

or impaired muscles in the face, airways and posture. This new but promising treatment is performed 

by professionals trained in posture, muscles and breathing function in order to restore optimal bal-

ance. Parents and professionals may want to consider exploring this treatment option with an orofacial 

myofunctional therapist before turning to other treatments that require more intrusive or long-term 

interventions. For more information about this treatment option, please go to www .airwayhealth .org.

Another treatment option often recommended by sleep specialists is a continuous positive airway 

pressure apparatus (C-PAP or Bi-PAP), which is often used when surgery is not desirable, or ortho-

dontists are gradually correcting mandibular or malocclusion issues, or less intrusive measures are 

not effective. This device is held over the nose by a strap and pumps a steady flow of oxygen into the 

person's airways at night to hold them open so that no apnea or hypopnea events occur. There are 

FIGURE 19.1 Tongue Tie Ankyloglossia (a) Tongue tie in an infant (b) Youth with tongue tie (c) Heart 

shaped tongue tip indicates the frenum is restricting function (d) Adult tongue tie can create tension on the 

teeth and move them

http://www.airwayhealth.org
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several concerns associated with this form of treatment: (1) C-PAP/Bi-PAP is a form of treatment 

that may cause facial or cranial deformities in children when worn for a lengthier period, which in 

turn may cause greater problems than SRBD; (2) some people experience panic-like attacks when 

using C-PAP/Bi-PAP; and (3) many teenagers and adults are not compliant when using C-PAP or 

Bi-PAP, especially when they go away to college or the military, or when they get married. They 

may fear getting ridiculed when using C-PAP.

Whatever form of treatment is necessary to correct UARS or OSA, professionals must try to 

identify these sleep disorders and the best possible treatment/s as early as possible. OSA is a serious 

sleep disorder that can disable, incapacitate or even kill if ignored.

19.4  PERIODIC LIMB MOVEMENT DISORDER (PLMD) 
AND RESTLESS LEGS SYNDROME (RLS)

The second and third major pediatric sleep disorders are PLMD and RLS, which tend to go together. 

“PLMD is characterized by the periodic (every 20–40 seconds) and sustained (0.5–4.0 seconds in dura-

tion) contractions of one or both front leg muscles in the absence of perceived arousal”.64 These contrac-

tions result in repetitive jerks of the feet, legs, arms and/or thighs during the night, disturbing the quality 

of sleep and often awakening or arousing the child from deep to light sleep.65 Youth with PLMD also 

have difficulty falling asleep and staying asleep throughout the night.27 PLMD is often caused by RLS.

RLS is defined as tingling, searing, crawling or irresistible urges to move the limbs, and is one of 

the main causes of insomnia.65 These uncomfortable sensations begin or worsen when the student 

sits in class or lies down at night. They are partially relieved by leg movements (PLMD), which can 

disrupt sleep.

19.4.1  PREVALENCE RATES OF PLMD AND RLS

The prevalence rate of PLMD is uncertain, but it is probably about 3–6% in children and adoles-

cents, about 9.3% in Caucasian adults and 4.3% in African American adults.64 It is believed that 

PLMD may be the cause of approximately 25% of ADHD.6, 8, 27 The prevalence of RLS has been 

estimated to be from about 2% in children up to 6% in older adults, with twice as many women as 

men having RLS.66–68 It is sometimes difficult to diagnose RLS in young children, because they 

often have trouble describing their symptoms to parents and physicians.68 Children may use an 

unorthodox vocabulary to describe RLS, such as “I have coke bubbles running through my legs!” or 

“I’ve got spiders crawling under my skin!” Many adults tend to ignore these unconventional descrip-

tions because they do not realize that the child is describing RLS.

19.4.2  NEGATIVE IMPACT OF PLMD AND RLS ON DAYTIME FUNCTIONING AND HEALTH

PLMD and RLS are two of the biggest causes of insomnia and physicians prescribing lifelong 

insomnia medications instead of effectively treating the PLMD and RLS. The negative academic 

and behavioral impact of PLMD and RLS appears to be about the same as that of ADHD. This 

information will not be repeated here, because ADHD consequences are well known to have a nega-

tive influence on interpersonal relationships and academic and behavioral success.

19.4.3  TREATMENT OPTIONS FOR PLMD AND RLS

These sleep disorders can often be corrected or significantly improved with medication taken before 

bedtime that diminishes or stops the uncomfortable or painful RLS limb sensations and movements 

so that the student gets more restful, deep sleep. Currently, many sleep specialists are prescribing 

Neurontin, Mirapex, or sometimes Clonidine or L-Dopa before bedtime.69 Neurontin, Mirapex and 

L-Dopa reduce or stop the periodic limb movements so that the person gets a restful night’s sleep. 

Clonidine helps the person fall asleep more quickly so that s/he gets more hours of sleep, although 
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Clonidine does not stop the leg movements that can arouse the individual from his/her deep, restful 

levels of sleep. Both Neurontin and Clonidine have been used successfully with children and ado-

lescents for many years, whereas Mirapex use is newer. Various sleep specialists and neurologists 

have reported that Neurontin has the safest and longest track record with children/teens, has few 

side effects and appears to be an effective treatment.

An even more benign form of treatment may be a liquid iron supplement in cases where the person 

may have a serum ferritin deficiency. In situations where a patient is complaining of RLS sensations 

or periodic limb movements (PLMs), the physician can check to determine whether such a deficiency 

exists by taking a blood sample. Liquid iron supplements for 6 to 8 weeks have been the first-line treat-

ment solution when a serum ferritin deficiency exists, which is the case for about 25% of all people expe-

riencing RLS or PLMD.69 Another promising treatment may be iron given intravenously to children.69

When the RLS sensations and/or PLMs are decreased or stopped, the student can get a deep, 

restful night’s sleep, usually resulting in significantly improved daytime concentration, improved 

work production and fewer behavior problems. The ADHD-like behaviors often decrease or disap-

pear completely unless it is severe.

To diagnose PLMD, a sleep study using actigraphy over multiple nights may be a more accurate 

measure of PLMD than polysomnography (PSG) if the student is not exhibiting any symptoms of 

an SRBD, because PLMs can vary in frequency and intensity on different nights. Therefore, a one-

night study using PSG may not provide a valid assessment if the child only exhibits PLMs a few 

nights per week, and the PSG is not on one of those nights. Some physicians prescribe medication 

for RLS or PLMD to try to stop these sleep symptoms rather than undergo the high costs of an 

overnight PSG study or multiple nights of actigraphy.

19.5  NARCOLEPSY

Narcolepsy sometimes exists when an individual experiences EDS resulting in frequent sleep 

attacks. This EDS is sometimes accompanied by episodes of cataplexy, which is sudden loss of 

muscle tone when experiencing emotional duress or excitement.70 If a cataplexy attack occurs, the 

person often loses control of the limb muscles and may fall suddenly, risking injury. Sometimes, 

people’s loss of muscle control is unexpectedly manifested in slurred speech or loss of neck or head 

control. Other symptoms that may develop in later adolescence or adulthood are sleep paralysis and 

hypnagogic hallucinations, which are intense, frightening, dream-like experiences that occur while 

falling asleep or awakening.70 Narcolepsy often starts in adolescence, but in rare cases, it can begin 

in childhood with the primary symptom being EDS.28

19.5.1  PREVALENCE RATE OF NARCOLEPSY

The exact prevalence rate of childhood or adolescent narcolepsy is uncertain, because it develops 

gradually and is underdiagnosed.28 Early prevalence studies in the United States were done with adult 

populations and reported rates of approximately 1 in 1,500 to 1 in 2,000.71 It is presently estimated 

that the number of people in the United States with narcolepsy ranges from 135,000 to 200,000 

people (www .ninds .nih .gov /Disorders /Patient -Caregiver -Education /Fact -Sheets /Narcolepsy -Fact 

-Sheet). However, it could be higher because of some misdiagnoses as schizophrenia due to the 

hypnogogic hallucinations or depression due to EDS.

19.5.2  NEGATIVE IMPACT OF NARCOLEPSY ON DAYTIME 

FUNCTIONING, HEALTH AND QUALITY OF LIFE

Narcolepsy is a very debilitating sleep disorder due to the EDS, frequent sleep attacks and cataplexy 

that makes working or driving a vehicle dangerous if untreated. There has been inadequate research 

focused on the effects of narcolepsy on academic performance and behaviors because it is one of 

http://www.ninds.nih.gov
http://www.ninds.nih.gov
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the rarer sleep disorders, so the research pool is small, especially with students, who are often not 

diagnosed until later in high school or post high school. Due to the debilitating effects of EDS and 

sleep attacks on performance, many students with narcolepsy may never attend college, or if they 

do, they cannot take a full course load.

These students usually make normal academic progress in early childhood, elementary and 

middle school. However, after the onset of narcolepsy, typically in high school or young adulthood, 

the EDS becomes disruptive to learning and typically increases with age. These individuals usually 

experience a gradual deterioration in academic or job performance.28 Teachers are often the first 

professionals to notice and report these problems to parents because of the EDS noted in classes.

In a retrospective study of 180 narcoleptic adult patients, 51% credited their low or falling grades to 

EDS resulting in poor concentration and memory difficulties; 34% indicated that they had interpersonal 

problems with teachers because of poor work production and EDS; 32% noted frequent embarrassment 

caused by social isolation in school because of ridicule from peers about their EDS, frequent sleep attacks 

or sudden loss of muscle control; adults with narcolepsy also had significantly higher rates of losing job 

promotions, getting fired from jobs, being on disability, having marriage problems or being divorced; and 

25% suffered from reoccurring suicidal thoughts due to their frequent school, work and/or interpersonal 

relationship problems.24 Due to these problems, these individuals struggle to maintain a rewarding career 

or demanding family life, especially if their narcolepsy is not successfully treated.

19.5.3  TREATMENT OF NARCOLEPSY

Due to the difficulty of diagnosing narcolepsy in the beginning stages, even by sleep specialists, this 

student needs to be referred to a neurologist specializing in pediatric sleep medicine who is trained to 

evaluate narcolepsy. Typically, these youth undergo an overnight sleep study with PSG to first rule out 

OSA, PLMD or other disorders that can cause EDS. If those sleep disorders are ruled out, then they may 

request a daytime multiple sleep latency test (MSLT).72 This usually involves four or five daytime naps 

that the person is required to take, lasting 20 minutes each. During these naps, the length of time until 

sleep onset and REM sleep is measured. People with narcolepsy usually fall asleep much more quickly 

(within about 5 minutes) than those without narcolepsy (≥12 minutes for sleep onset). Narcoleptic patients 

often achieve REM sleep within the first 20 minutes compared with those without narcolepsy, who usu-

ally require 60 to 90 minutes to achieve REM sleep.73 In some sleep clinics, the student’s hypocretin 

level, obtained by tapping the spinal fluid, is measured for a more accurate diagnosis.

Narcolepsy can become very debilitating if it goes untreated. When diagnosed, it is usually managed 

with medications designed to decrease the sleep attacks and cataplexy. In the past, Ritalin was often pre-

scribed to help control the EDS and sleep attacks. Today, there are many other medications being used, 

such as Adderall and Adderall XR, Provigil, Nuvigil, Modafinil, Sodium Oxybate (Xyrem), Concerta, 

Dexedrine and some others. Some of these medications lessen the EDS, and others reduce the EDS and 

the amount or severity of cataplexy.If it appears that the student does not have narcolepsy or another sleep 

disorder causing these symptoms, then other causes may need to be explored, such as the student’s use 

of good sleep hygiene, idiopathic hypersomnia (characterized by a familial history of frequent daytime 

sleepiness in spite of adequate nighttime sleep and good sleep hygiene, and often treated by stimulant 

medication), Klein–Levin Syndrome (characterized by EDS, impulsive over-eating and hyper-sexuality) 

or a seizure disorder. The person’s sleep hygiene should be checked first because that is easy to identify 

and correct without expensive and time-consuming testing.

19.6  DELAYED SLEEP PHASE SYNDROME (DSPS) AND 
BEHAVIORAL INSOMNIA OF CHILDHOOD (BIC)

The fifth and most frequently occurring major sleep disorder in adolescence and early adulthood is 

DSPS. DSPS is a common form of insomnia found mainly in adolescents and young adults when 

their circadian rhythms are longer than the normal 24-hour sleep-wake cycle.74 Consequently, they 

cannot fall asleep until midnight or later, and then they have difficulty awakening for school or 
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staying awake in early morning classes.74 DSPS is not only caused by biological changes in the cir-

cadian rhythm of the individual but also influenced by poor sleep hygiene, such as drinking exces-

sive amounts of caffeine in the evening, smoking, playing computer games or watching TV late in 

the evening, or being awakened by cell phone communications.74

Children and pre-teens do not have the circadian rhythm issues causing them to fall asleep later and 

later each evening, but they have delayed sleep onset due to poor sleep habits that parents allow. In the 

case of children, this sleep disorder is more appropriately referred to as behavioral insomnia of childhood 

(BIC).32 Mindell’s research75 indicates that this problem often starts early in life when parents hold their 

newborn baby or rock and walk with the infant on their shoulder until the baby falls asleep instead of 

laying the infant in bed while still awake and allowing him/her to self-soothe and fall asleep naturally. 

Some parents even continue to hold the baby for lengthy periods of time while s/he is asleep. These 

babies become programmed to believe that they cannot fall asleep or stay asleep without the parent/s 

being present or holding them. This sets in motion significant sleep problems with small children that 

often continue through elementary, such as begging to be rocked or held until asleep, demanding to sleep 

with the parents nightly, crying for the parents if the child wakes up in the night in his/her own bed, and 

demanding to stay up as late as the parents. Therefore, the child does not habituate to a set bedtime that is 

appropriate for children and is often irritable or tired during the daytime due to insufficient sleep at night.

19.6.1  PREVALENCE RATE OF DSPS

In 1988, it was estimated that approximately 7% of adolescents had DSPS and had developed a 

circadian rhythm (internal clock) longer than 24 hours, thus staying up too late on school nights, at 

weekends and during vacation.76 However, the rate rose to 10.7% in 2006,34 and it is probably even 

higher today with an over-abundance of modern electronic interference and poor sleep monitoring 

by parents. The U.S. prevalence rate of children exhibiting BIC is estimated to be at least 15% and 

could be higher, depending on how researchers define BIC.77

19.6.2  NEGATIVE IMPACT OF DSPS ON DAYTIME FUNCTIONING AND HEALTH

More studies are needed about the daytime consequences of BIC on students’ daytime functioning and 

health. However, in one classic study comparing elementary children who received the needed 9½ hours 

of sleep compared with children who only received an average of 8 hours of sleep nightly, the children 

with 1½ hours less sleep exhibited significantly more externalizing and internalizing behavior problems 

(p < 0.05).78 These problematic behaviors were aggressiveness, delinquent behaviors, attention prob-

lems, social problems with peers, and somatic complaints (headaches, stomachaches, etc.). Teachers 

also stated that these students with insufficient sleep had more memory and academic problems.78

There is much research on the impact of DSPS, but due to space constraints, only a few seminal 

studies will be mentioned. Students with DSPS are often tardy, skip morning classes due to EDS, are 

likely to sleep through early morning classes and receive lower grades than peers without DSPS.29 

Many students with this form of insomnia struggle with various mental health issues caused by 

lack of sleep.14 Forty percent of these students reported frequent use of alcohol or drugs to help fall 

asleep earlier, which exacerbated this problem.79 Many of these students dropped out of high school 

because of their inability to perform adequately in early morning classes resulting in poor or fail-

ing grades.13, 29, 76, 77, 79, 80 Most attempts to move their sleep time earlier failed unless parents and 

professionals intervened with strategies to improve sleep habits.80 Students’ behaviors, emotional 

regulation, motivation, school attendance and high school graduation improved after DSPS was cor-

rected with simple behavioral interventions or delay of high school start times to 8:30–9:00 a.m.29

19.6.3  TREATMENT OR INTERVENTIONS FOR DSPS AND BIC

There are many interventions parents can use to help youth correct this problem, especially if it appears 

that they have no other sleep disorder causing the sleep disturbance. Parents or professionals can do an 
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online search for interventions for BIC or DSPS and find many effective interventions to do at home. 

Only in situations where home interventions fail is it necessary to contact a sleep psychologist.

The most important factor in correcting DSPS is for the student to develop healthy lifestyle habits 

and a consistent sleep/wake cycle on weeknights and weekends, and then not deviate too much from 

this schedule on weekends or holidays. Consistency is critical.

If online sleep hygiene tips are not successful after 2 months of consistently implementing them, 

then parents should consider making an appointment with a sleep specialist. This student may need 

the aid of daily exposure to special light therapy with a 10,000–15,000-lux lamp that can help get 

the student’s sleep/wake cycle straightened out. Increasing the amount of direct sunlight the indi-

vidual receives may also help the situation.

19.7  MISCELLANEOUS CONSEQUENCES OF ANY OF THE 
ABOVE-MENTIONED SLEEP DISORDERS

Approximately 33% of students in special education have one of these major sleep disorders that is 

causing or exacerbating many of their learning or behavioral problems.6 Their school performance 

improved significantly after the sleep disorder was corrected.6, 11, 13, 15

Approximately 27% of college students reported significant sleep problems or possibly a major 

sleep disorder. They had a significantly lower grade point average (GPA) (mean < 2.0) than their 

classmates without sleep problems.81

In an extensive study conducted by the AAA Foundation for Traffic Safety from 2009 to 2013, 

the following statistics were gathered:

• There were 328,000 drowsy driving crashes annually (based on trained investigator 

reports).

• These drowsy driving accidents resulted in ~109,000 injuries and ~6,400 fatalities annually.

• The cost of these crashes was estimated at $109 billion annually in injury or death costs, 

which does not include additional costs of property damage to vehicles or their contents; 

these costs would be much higher in today’s economy.

• ~50% of all sleep-related accidents involved drivers under 25 years of age.

This chapter has briefly addressed the major sleep disorders that have a negative impact on chil-

dren’s and adolescents’ daytime performance and health. However, hundreds of studies have shown 

the devastating effects these sleep disorders also have on adults when they are not identified and 

treated in childhood. The negative impact ranges from causing or exacerbating a multitude of adult-

hood diseases (obesity, high blood pressure, Type II diabetes, some forms of cancer, cardiovascular 

problems, etc.) resulting in very costly long-term medical treatment or even causing premature 

death. Also, adults with untreated sleep disorders are responsible for causing employers great fiscal 

losses due to employees calling in sick when tired, causing a variety of on-the-job accidents, and 

having more illnesses and diseases, which result in higher insurance costs.

19.8  SLEEP SCREENING FOR CHILDREN AND YOUTH

Most of these academic, health and safety consequences and costs could be prevented by health 

professionals conducting regular screenings of all their patients, especially their pediatric patients 

from 2 through 18 years of age. At least one sleep screening should be conducted by a pediatrician 

or dentist for children by the age of about 8 years and then again when that student reaches begin-

ning or mid-adolescence. The purpose of this second screening in adolescence is to identify narco-

lepsy and DSPS, which typically have onset in adolescence. Furthermore, OSA and PLMD often 

become more severe with increasing age and might be easier to identify in adolescence if missed in 

childhood. It is important that this screening includes all the major sleep disorders mentioned in this 

chapter, because these sleep disorders wreak havoc on daytime performance and health.
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At the present time, there is only one sleep screening inventory in the world, the Sleep Disorders 

Inventory for Students – Revised (SDIS-R), that screens for all of these sleep disorders in chil-

dren and adolescents, demonstrates high validity and reliability with coefficients in the .80s and 

.90s, and uses all 11 recommended steps of accurate validation6, 15, 82, 83 (also see the website www 

.SleepInventory .com for published articles discussing these psychometric measures in greater 

detail). The SDIS-R-Children’s version screens children from 2 years through 10 years of age for 

SRBD, PLMD, DSPS/BIC and EDS, and provides a Total Sleep Disturbance Index (SDI). The 

SDIS-R-Adolescent version screens youth from 11 years through 18 years of age for all the sleep 

disorders on the children’s inventory plus narcolepsy, and some RLS symptoms have been added to 

the PLMD scale, making it the PLMD/RLS scale.

In addition to screening for all the major pediatric sleep disorders, the SDIS-Revised also offers 

parents helpful information about the following five parasomnias that worry parents, although they 

do not usually disrupt the child/teen’s daytime functioning or health: (1) Bedwetting (nocturnal 

enuresis), (2) night terrors (sleep terrors), (3) sleepwalking (somnambulism), (4) sleep-talking (som-

niloquy) and (5) teeth grinding (bruxism).

These inventories can be quickly completed by a parent or caretaker online (it requires about 

12 to 20 minutes depending on the rater’s reading speed and knowledge of the child’s daytime and 

sleep behaviors). A comprehensive written report with a visual graph of the results is computer 

generated immediately for both the parents and the professional, which eliminates a 2 week+ wait-

ing period for the professional to score and supply the results to parents. These inventories are 

normed and available in English and Spanish, but the results are written in English. Soon, the ques-

tionnaires will also be available in French, German and possibly Russian. There is also the Sleep 

Disorders Inventory for Adults (SDI-A), which screens grown-ups (from 19 years through adult-

hood). However, this adult version has not yet been validated. It is only available online to those who 

would like an estimation of the adult’s sleep problems.

Two of the most important features of this inventory, besides high validity and reliability coefficients 

and quick, accurate computer scoring, are that it was normed and validated on a broad population of 821 

children and teens from 45 public schools, 2 private psychological practices and 7 leading pediatric sleep 

clinics in the United States (Johns Hopkins Pediatric Hospitals in MD, All Children’s Hospital in St. 

Petersburg, FL, which is now owned and managed by Johns Hopkins Pediatric Hospitals in MD, Tampa 

General Hospital in FL, Stanford Sleep Disorder Clinic in Stanford, CA, Miami Children’s Hospital 

in FL, Carle Regional Sleep Disorders Center in Urbana, IL, and University Community Hospital in 

Tampa, FL.6, 15, 82, 83 The thorough 11-step validation process was guided and assisted by 16 well-known 

sleep specialists, 6 well-known school and clinical psychologists, and 2 well-known measurement and 

statistics experts, 1 from Columbia University who has written a textbook on how to develop high-qual-

ity, accurate screening inventories, questionnaires and assessment tools.6, 15, 84

This validation sample of 821 children and teens is reflective of the U.S. Census Demographics 

in 2000 and 2010 (and probably also 2020, although we do not have those statistics at the time of 

this publication). This is important if a questionnaire is used nationwide. No other sleep inventory 

in the United States has this demographic representation.

This report with graph provides raw scores, standard t-scores, percentiles and three risk levels of 

having a sleep disorder (normal sleep, caution range and high-risk range). If a person scores in the 

caution or high-risk range of having one of these five major sleep disorders, the report will define 

this possible sleep disorder for the parents and professional, explain how it can negatively impact 

daytime performance, learning or health, and explain a variety of treatment options to be consid-

ered. It is important to note that this screening is not making a diagnosis but merely providing the 

probability of the person having one of the major sleep disorders for which it screens.

At the end of the report, a link to AASM-certified sleep clinics and sleep specialists is provided 

to parents and professionals that they can contact if a child/teen has a higher-than-normal risk of 

having a sleep disorder. The SDIS, and now the SDIS-R, is being used by professionals at hospitals, 

clinics, private practices and schools nationwide as well as in several countries internationally.

http://www.SleepInventory.com
http://www.SleepInventory.com
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The SDIS-R questions can be viewed in this chapter’s appendices (see Appendix 1 and 

Appendix 2). All statistical data, journal articles and the sleep inventories can be accessed at www 

.SleepInventory .com.

19.9  CONCLUSIONS

The quality and quantity of sleep have a greater impact on an individual’s life and success than 

almost any other factors, except maybe the influences of nutrition and family love/support. We 

now have an abundance of research confirming that there are six major pediatric sleep disorders 

(i.e., SRBDs, PLMD, RLS, BIC/DSPS and narcolepsy), which if left unidentified and untreated can 

impair cognition, learning, behaviors, moods and/or health. The effects of these sleep disorders 

become accumulative the longer they go unidentified, causing increasing behavior problems and 

delays to academics, frequently resulting in special education placement,6, 46 and eventually they 

may jeopardize graduation24, 29, 43 and/or post–high school education/career training.81 If these sleep 

disorders persist into adulthood, many of these adults are subjected to severe personal, career and 

health consequences, including higher rates of early death.

Despite these harmful consequences of unidentified and untreated sleep disorders, most profes-

sionals, even pediatric professionals, do not use a validated sleep screening instrument and process 

to identify these children and adolescents and help them obtain the proper treatment. If they do use 

a sleep screening tool, they usually use one that has not been normed and validated properly in a 

national study using all 11 recommended psychometric steps of validation. This can result in many 

false positives or false negatives. As a result of poor screening or no screening, they are often mak-

ing diagnoses or prescribing medications or special education programs that would often not be 

necessary if these sleep disorders were corrected early.

One solution to resolving this dilemma is using the Sleep Disorders Inventory for Students-

Revised (SDIS-R), which has undergone the most thorough and extensive validation process of any 

sleep screening inventory in the United States. It not only has high sensitivity and specificity for 

a quick, easy sleep screener, but it can be accessed online by both professionals and parents. The 

earlier these children with a major sleep disorder are identified and treated, the more successful and 

healthier they will be, and the greater the cost savings will be to our educational systems, insurance 

companies, and government agencies. Only after these major sleep disorders are ruled out should 

professionals proceed to other assessments and diagnoses with confidence.
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APPENDIX 1

Sleep Disorders Inventory for Students-Revised-Children’s Form (SDIS-R-C): For ages 2 

through 10 years 
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APPENDIX 2

Sleep Disorders Inventory for Students-Revised: Adolescent Form (SDIS-R-A): For ages 11 

through 18 years 
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Circadian and Mitochondrial 

Effects of Light

Joshua Rosenthal

20.1  INTRODUCTION

Circadian biology will eventually become woven into the threads of all modalities of healing. It has 

yet to be appreciated to the extent that is needed to merge with current management for all forms of 

therapeutics. Circadian rhythms are present in all organisms and intimately connected to health and 

disease (Abbott & Zee, 2019). From gastrointestinal health, the microbiome, metabolism and car-

diovascular health to immunity, circadian rhythms are found to be connected to normal physiologic 

function and disease states (Katya Frazier, 2017; Panda, 2016; Portaluppi et al., 2012; Voigt et al., 

2019; Waggoner, 2020). Expansion of the circadian connections to physiology and pathophysiology 

are made almost every day. A greater understanding of the circadian mechanism and how its distur-

bance is created will allow more comprehensive treatments in all specialties. Besides considerations 

of therapy to adjust the rhythm back to normal, even drug and treatment administration have an 

optimal time (Sulli et al., 2017). Treatment of the actual circadian rhythm is now being considered 

as the therapeutic target (Ruan et al., 2021). Given its deep connection to health and disease, a holis-

tic approach to healing must incorporate circadian approaches in the treatment plan.

20.2  CIRCADIAN BIOLOGY

Sleep and circadian rhythms are linked as they apply to health. Hormones, classically defined as 

chemicals that are secreted into the bloodstream to act on distant tissues, often in a regulatory 

function, are seemingly well understood in the field of medicine. They are measured as sufficient 

or deficient and corrected biochemically to achieve the clinical improvements that come with bal-

ance. Hormone regulation connects to cell and organ optimal functioning and requires proper sleep 
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(Morris et al., 2012). Best studied are the fluctuating levels of biochemicals produced by the hypo-

thalamic–pituitary axis, such as cortisol, growth hormone (GH), prolactin (PRL), thyroid hormone 

via thyroid stimulating hormone (TSH), and the sex hormones (Brambilla et al., 2009; Nokin et al., 

1972; Sun et al., 2020; Weitzman, 1975) (Figure 20.1).

Other hormones and endocrine factors, such as insulin and adiponectin, have diurnal variation 

under light-dark control mechanisms (Scheer et al., 2010; Whichelow et al., 1974). Beside endocrine 

control of digestion, the vast expression of genes and secreted molecules involved in all aspects of 

metabolism appears to be under circadian gene control (Panda, 2016) (Figure 20.2).

There is almost always an interplay of hormones and related signaling molecules with the clock 

mechanism.

Sleep is the most obvious vital sign of circadian biology. In fact, the author believes it should be 

measured and trended as all the other vital signs are in medicine. When sleep is optimal, regenera-

tion and systemic hormonal balance are achieved. When sleep is dysfunctional, small disparities 

can slowly accumulate and eventually result in disease. Any disruptions in sleep, such as reduction 

of sleep time, night shift work or inappropriate nighttime exposure to light, has been associated with 

obesity and diabetes (Sridhar & Sanjana, 2016). There is no better explanation of sleep’s integral 

role in all human physiology than its direct connections to longevity and mortality. This association 

has been shown in a large meta-analysis where long and short sleep duration was associated with 

all-cause mortality (Cappuccio et al., 2011; Gallicchio & Kalesan, 2009). It remains when compar-

ing the sleep duration of diabetics and non-diabetics, with the comorbidity increasing the effect of 

short and long sleep (Wang et al., 2020) (Figure 20.3).

Short sleep duration, usually defined as less than or equal to 5–6 hours per night, is associated 

with obesity, reduced leptin, increased ghrelin, diabetes, hypertension, atrial fibrillation and cancer 

(Ayas et al., 2003; Cappuccio et al., 2007; Genuardi et al., 2019; Kakizaki et al., 2008; Mallon et al., 

2005; Taheri et al., 2004). Long sleep duration, generally defined as more than 8 hours per night, has 

also been associated with similar poor outcomes (Ayas et al., 2003; Buxton & Marcelli, 2010; Ma 

et al., 2016). Research has been devoted to identify biomarkers associated with these two conditions 

to better define the pathophysiology of this connection (Williams et al., 2007). The author believes 

that short sleep duration can be pathophysiologic in those without any other reason to have disease 

and that long sleep duration defines those with preexisting circadian disruption and poor-quality 

sleep, creating the drive for more sleep. In this way, short sleepers create the hormonal and gene 

expression abnormalities because of inadequate sleep time for their production, while long sleepers 

already have a broken system for which they are trying to compensate.

FIGURE 20.1 Time of day at which circulating levels of key endocrine factors peak in humans. GH, growth 

hormone; TSH, thyroid stimulating hormone; T3, triiodothyronine; RAAS, renin–angiotensin–aldosterone 

system; (F), females only; (M), males only. (Adapted from Gamble, K.L. et al., Nat. Rev. Endocrinol., 10, 

466–475, 2015.)
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FIGURE 20.2 Examples of circadian regulation of metabolic pathways and metabolic pathways affecting 

clock components. Cis-acting DNA elements are in green, RNA in blue, proteins in orange; metabolites are 

shown in black letters, and tissues are underlined. Any RNA, protein or metabolite (other than clock com-

ponents) known to show daily rhythms is marked with ↻. Secreted or systemic factors are highlighted in 

yellow, and behavior or environment factors that can affect the clock are highlighted in gray. (A) Light and 

food intake can interact through multiple tissues to modulate insulin release from pancreatic islet cells. (B) 

Feeding-induced glucose metabolism in the liver affects clock components. (C) During fasting, activation 

of glucagon receptor and AMPK impinges on clock components. (D) Fatty acid synthesis and degradation 

are under feeding-fasting and circadian regulation. (E) Circadian clock and feeding signals act together to 

produce a daily rhythm in protein synthesis. (F) Circadian regulation of urea cycle, SAM synthesis and poly-

amine production. Polyamines affect interaction between PER2 and CRY1. (G) Reciprocal regulation between 

circadian clock and NAD production. (H) Circadian production of heme and CO affects the function of core 

circadian clock components. (I) Fasting and circadian clock regulate cholesterol metabolism and production 

of several ligands for nuclear hormone receptors. (J) Reciprocal regulation between circadian clock and body-

temperature rhythm. (From Panda, S., Physiol. Behav., 176, 139–148, 2016.)
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Furthermore, the connection of sleep and the immune system may drive an understanding 

of the root cause of all inflammation. These have a bidirectional connection, whereby poor 

sleep weakens the immune system, and significant immune system activation worsens sleep 

(Besedovsky et al., 2019). Circadian rhythms control hormones, which of course, also inter-

connect back to the immune system. Sex hormones even have demonstrated photic feedback 

to the suprachiasmatic nucleus (SCN), which explains some sex differences seen in sleep and 

circadian rhythms (Mong et al., 2011). This further illustrates the bidirectional coupled nature 

of hormones and sleep-wake cycles. The linkage even connects further down to the gears of 

immunity, implicating etiologies for autoimmunity as well. Interleukin (IL)-17-producing T 

helper (Th17) cells are key immune cells that help clear pathogens and are associated with 

inflammatory diseases, but are also involved in autoimmune diseases such as multiple sclerosis, 

psoriasis, rheumatoid arthritis, inflammatory bowel disease, systemic lupus erythematosus and 

asthma (Bedoya et al., 2013). The cytokine production of these cells is pathogenic, and they 

remain future targets of treatments for autoimmune diseases (Yamagata et al., 2015). Th17 cell 

development varies diurnally and is linked to the circadian mechanism via the nuclear receptor 

Rev-erb α (Yu et al., 2013). Also, CD4+ T cells themselves contain circadian oscillators that 

drive their immune function via gene expression (Bollinger et al., 2011). All these links may 

explain the circadian symptomatology of many immunologic diseases and possible behavioral 

therapies aimed at restoring proper clock rhythms and sleep. Regardless, it is evident that sleep 

and the coupled circadian gene expressions are required for optimal health. By design, it seems 

that no physiologic system is immune to control by light-dark cycles and sleep in some fashion. 

When considering the clock regulation of hormones, the predominant hormone system coupled 

to light and dark is melatonin and cortisol.

20.3  MELATONIN

Melatonin, an N-[2-(5-methoxy-1H-indol-3-yl)ethyl]acetamide, was first discovered by dermatolo-

gist Aaron Lerner and colleagues in 1958 as a pineal gland factor that could lighten skin color and 

inhibited melanocyte stimulating hormone (MSH) (Lerner et al., 1958). While not successful as a 

treatment for diseases of pigmentation, melatonin was found to affect the brain and neuroendocrine 

FIGURE 20.3 Adjusted mortality risk according to sleep duration stratified by type 2 diabetes. (From Wang, 

Y. et al., Diabetologia, 63, 2292–2304, 2020.)
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system (Reiter et al., 1978). After further research on this chemical, it became evident that it was in 

fact connected to the neuroendocrine system but regulated by light-dark cycles (Wurtman, 1985). 

Melatonin secretion is also the chemical transduction of the photoperiod, globalized by the SCN in 

a circadian and circannual fashion (Reiter, 1991; Wehr, 1991). The action spectrum of melatonin in 

different monochromatic light shows a unique short wavelength–specific suppression, worse with 

increasing irradiance, which is highest in blue frequencies and decreasing in the green frequen-

cies, a result that is not consistent with the action spectra of scotopic and photopic visual systems 

(Thapan et al., 2001) Figure 20.4.

The pineal gland’s melatonin release is highly sensitive to low lighting intensities and driven 

by the non-visual photopigment of intrinsically photosensitive retinal ganglion cells (ipRGCs) via 

melanopsin (Prayag et al., 2019). However, melatonin in not just produced in the pineal gland; its 

production has been verified in the brain, retina, cochlea, airway epithelium, skin, gastrointesti-

nal tract, liver, kidney, thyroid, pancreas, thymus, spleen, immune system cells and reproductive 

tract as well as in almost all biologic fluids (Acuña-Castroviejo et al., 2014). There is a subcellular 

FIGURE 20.4 Sensitivity of plasma melatonin to monochromatic light exposure. (A) Percentage melatonin 

suppression at irradiance response curves for 424 (dark line), 472 (triangles), 496 (triangles), 520 (diamonds) 

and 548 nm (pale line). (B) Action spectrum for melatonin corrected for lens filtering (•), which best fits a rho-

dopsin template with λ max 459 nm (r2 = 0.74). (Adapted from Thapan, K. et al., J. Physiol., 535, 261–267, 2001.)
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production of melatonin, as is clearly shown by localization of the required enzymatic machinery in 

the mitochondria (Kerényi et al., 1975; Tan et al., 2016) (Figure 20.5).

In this way, melatonin is universally used as a direct connection to the environment to create the 

appropriate physiologic response inside every cell, including its many other beneficial biochemical 

and biophysical properties.

While melatonin is well understood as a hormone of darkness, its connection to circadian biol-

ogy should implicate connection with its production and daytime processes. In fact, morning tryp-

tophan intake with sunlight has been shown to increase nighttime melatonin secretion (Fukushige 

et al., 2014). Breakfast intake of the serotonin precursors tryptophan and vitamin B6 with morning 

sunlight has also been shown to improve morning chronotype when compared with intake without 

sunlight (Nakade et al., 2012). In this way, melatonin production is coupled to both day and night-

time signals, with its precursor building blocks being further activated during daytime and its night-

time secretion and globalization coupled to lack of appropriate light frequencies during nighttime.

Melatonin’s effects extend beyond its direct circadian control. Research has shown melatonin 

to reduce acute and chronic inflammation with multiple targets of inactivating the inflammasome 

(Tarocco et al., 2019) (Figure 20.6).

Wellness is nothing more than decreasing the damage of daily living, also known as inflam-

mation. One of the more important aspects of melatonin on health is its antioxidant properties. 

Melatonin can function as a direct free radical scavenger, stimulate synthesis of glutathione, pro-

mote antioxidative enzymes, augment other antioxidants and optimize mitochondrial electron 

FIGURE 20.5 The mitochondria produce melatonin. Unlike pinealocytes, which release melatonin into 

the cerebrospinal fluid and blood, non-pinealocyte cells make local mitochondria-synthesized melatonin for 

metabolic regulation, which is not released into the systemic circulation. Surgical pinealectomy significantly 

reduces concentrations of melatonin in the blood but has no impact on the much greater concentrations of 

melatonin in mitochondria. Melatonin, in addition to its functions inside this organelle, diffuses out of the 

mitochondria, where it feeds back onto melatonin receptors with automitocrine effects in the mitochondrial 

membrane as well as impacting the nuclear genome. Melatonin also likely has autocrine and paracrine effects 

after diffusing into the intracellular space. AANAT, arylalkylamine N-acetyltransferase; ASMT, acetylsero-

tonin methyltransferase. (Adapted from Reiter, R. et al., J. Pineal Res., 0–1, 2020.)
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chain transport, further lowering free radical production (Reiter et al., 2003). Its free radical scav-

enging ability has been shown to be more powerful than that of vitamin E, a comparison made 

because of its effective lipid-soluble antioxidant properties (Pieri et al., 1994). Melatonin is highly 

permeable to cell membranes and can cross the blood–brain barrier as well as affecting autophagy 

and modulating apoptosis via the mitochondrial permeability transition pore (Tarocco et al., 2019). 

This role in regeneration should be emphasized when trying to improve or reverse any disease state 

(Figure 20.7).

A less appreciated consequence of melatonin is its induction of mitophagy, allowing improved 

bioenergetics, which are required for proper cellular functioning. Understanding the importance of 

circadian rhythms and mitochondrial bioenergetics can be seen in many ways. Mothers with pre-

eclampsia have abnormal melatonin levels and abnormal circadian variation of blood pressure as 

well as adverse outcomes (Bouchlariotou et al., 2014). It has been shown that the appropriate circa-

dian rhythm and melatonin levels stabilize the physiology of mother and fetus (Reiter et al., 2014). 

In these ways, melatonin controls circadian rhythms, regulates local/regional inflammation and 

induces mitochondrial repair to improve cellular bioenergetics, making it one of the most important 

chemicals for generating optimal health. The correlation of all artificial lighting source frequencies 

to this action spectrum should raise concern after understanding how intimately health is connected 

to this physiology.

FIGURE 20.6 Anti-inflammatory effects of melatonin. Melatonin is mainly reported to possess anti-inflam-

matory properties by inhibiting inflammasome activation, thus inhibiting caspase-1 activation, release of cyto-

kines, and pyroptosis. In addition, melatonin can also inhibit the expression of the cyclooxygenase (COX) and 

inducible nitric oxide synthase (iNOS) by inhibiting nuclear NF-κB translocation. (From Tarocco, A. et al., 

Cell Death Dis., 10, 2019.)
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FIGURE 20.7 Summary of the interactions of melatonin with mitochondrial physiology in normal and cancer-

ous cells. In normal cells, glucose enters the cytosol via the glucose transporter (GLUT), where it is metabolized to 

pyruvate, which is mostly translocated into the mitochondria, where under the action of pyruvate dehydrogenase 

complex (PDC), it is metabolized to acetyl-CoA. Acetyl-CoA enters the citric acid cycle, which supports oxida-

tive phosphorylation (OXPHOS) in the inner mitochondrial membrane. Acetyl-CoA is also a required co-factor/

substrate for the rate-limiting enzyme in melatonin synthesis, arylalkylamine N-acetyltransferase (AANAT), which 

converts serotonin (5-HT) to the melatonin precursor, N-acetylserotonin (NAS), which is transformed into mela-

tonin. Melatonin also can be reverse-metabolized back to NAS. Melatonin and NAS directly scavenge partially 

reduced reactive oxygen species (ROS) generated during OXPHOS. Additionally, melatonin stimulates sirtuin 3 

(SIRT3), allowing the deacetylation of superoxide dismutase 2 (SOD2), leading to its activation, thereby reducing 

oxidative stress (OS). Pyruvate, rather than being shunted into the mitochondria normally, can be diverted by solid 

tumor cells and instead metabolized to lactate with the aid of the enzyme lactate dehydrogenase A (LDHA); lactate 

is then released in large quantities into the blood. Pyruvate does not enter mitochondria, since PDC is inhibited by 

the gatekeeper enzyme, pyruvate dehydrogenase kinase (PDK), which is upregulated in cancer cells. These meta-

bolic changes that cancer cells undergo are often referred to as the Warburg effect, which provides tumor cells with 

advantages in terms of tumor biomass enlargement, invasiveness and metastasis. Additionally, since acetyl-CoA is 

not produced in cancer cell mitochondria, they may not be capable of producing their own melatonin. Blood-borne 

melatonin has several pathways to enter the cytosol and mitochondria, where it will presumably inhibit PDK, allow-

ing the activation of PDC; melatonin thus reverses the Warburg effect and aids in halting cancer cell growth. Arrows 

indicate stimulation; blunt lines indicate inhibition. FADH2, flavin adenine dinucleotide; HIF-1α, hypoxia inducible 

factor 1α; NFAT, nuclear factor of activated T cells. (Adapted from Reiter, R. et al., J. Pineal Res., 0–1, 2020.)
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20.4  CORTISOL

Cortisol is the counter hormone to melatonin, with an important role in circadian physiology as 

well. Just as melatonin, which peaks at night, can be considered the hormone to create sleep, cortisol 

has the function of driving the waking-up process with its morning secretion. The cortisol awaken-

ing response is a robust increase in free cortisol secretion within the first 30 minutes of waking up, 

a circadian-controlled representation of the hypothalamic–pituitary–adrenal axis function (Wüst 

et al., 2000). Too much or too little cortisol in the morning or at the wrong time is associated with 

poor clinical outcomes. Abnormal diurnal secretion of cortisol is associated with many clinical dis-

orders, including increased pain, cardiovascular disease mortality, type 2 diabetes mellitus, obesity, 

depression and anxiety (Adam et al., 2011; Adam et al., 2014; Hackett et al., 2014; Kumari et al., 

2010, 2011; Mayes et al., 2014). Chronic insomniacs have been found to have higher than normal 

adrenocorticotropic hormone (ACTH) and cortisol levels at night compared with controls (Basta 

et al., 2007). It should be noted that cortisol production from the adrenal glands is related to the 

production of corticotropin releasing factor (CRF) from the paraventricular nucleus (PVN) of the 

hypothalamus (Raux-Demay & Girard, 1985). The response of PVN cells is increased with light of 

increasing color temperature and decreased with light sources that have less blue-frequency light 

(Yokoyama et al., 2019). This connects artificial light, heavy in the blue frequency spectrum, to 

circadian dysregulation of both melatonin and cortisol. Also, cortisol synthesis occurs with pro-

duction of pregnenolone from cholesterol and cortisol from 11-deoxycortisol occurring inside the 

mitochondria (Picard et al., 2018). With this information, it can be seen that adrenal fatigue actually 

begins with light stress in the eye, starting a physiologic response that is responsible for putting 

adrenal glands in overdrive, which can eventually lead to complete exhaustion if continued over a 

long time period.

20.5  CIRCADIAN OSCILLATORS

Timing of biologic processes is the function of circadian biology. The body has multiple rhythms, 

which are connected to the needs of the various physiologic systems. The term “circadian” origi-

nates from the Latin phrase “circa diem,” which means “around a day.” The field of chronobiology is 

dedicated to studying the timing and rhythm of biologic activities of living organisms. The rhythms 

include those shorter than a day but longer than an hour, such as ultradian rhythms, the circadian 

rhythm of a 24-hour day, and infradian rhythms, which extend for periods longer than a day. There 

are even circannual rhythms that span an entire year. Clock disorders are generally thought of as 

they relate to sleep. The American Academy of Sleep Medicine has published practice parameters 

on the treatment of “exogenous” circadian rhythm sleep disorders, such as shift work disorder and 

jet lag disorder, and “endogenous” circadian rhythm sleep disorders, such as advanced sleep phase 

disorder, delayed sleep phase disorder, irregular sleep-wake rhythm, and the non-24-hour sleep-

wake syndrome or free-running disorder (Morgenthaler et al., 2007). These include recommenda-

tions on the medical evaluation and treatment of these conditions. While very helpful clinically, 

it should be noted that these recommendations address clock dysfunction on a central scale only. 

Circadian oscillations can act centrally from the main clock, the SCN in the brain, but also must be 

coordinated in peripheral clocks in the local cells of targeted tissues and organs themselves (Dibner 

et al., 2010). In this way, cellular clocks are able to drive rhythms of gene transcription through 

mRNA both globally and locally to create physiologic change when appropriate for health (Duffield 

et al., 2002; Panda et al., 2002).

However, for optimal functioning of an organism, the clocks must keep accurate timing centrally 

and peripherally in a way that is responsive to environmental signals that require appropriate physi-

ologic adaptation. Even a transplanted SCN will maintain its rhythmicity in an organism (Ralph et 

al., 1990). It has also been shown in experimental models of peripherally attenuatable clocks that 

systemic central oscillators can maintain local gene expression even when the peripheral controllers 
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are absent (Kornmann et al., 2007). Gene expression must be regulated to meet an organism’s 

local and global needs, which can change in relationship to changes in temperature, photoperiod 

and seasonal availability of resources (Wehr, 2001; Wood & Loudon, 2014). Likely a vestige from 

our hibernating ancestors preparing for winter, humans have been shown to have weight changes 

based upon light timing and intensity (Reid et al., 2014). Many are aware of the recurrent depressive 

episodes of seasonal affective disorder created by the short photoperiod of winter, which despite 

this dysrhythmicity, still maintain normal winter-summer dexamethasone suppression testing 

(Rosenthal et al., 1984). Another well-known consequence of violating circadian rhythms consists 

of the psychomotor, sleep, gastrointestinal and mood disruptions seen when travelling across time 

zones, also known as “jet lag” (Rockwell, 1975). The circadian clock system is complex and inter-

connected, with varying robustness amongst individuals responsible for how well they can maintain 

optimal physiology in varying environments.

20.6  ZEITGEBERS AND MELANOPSIN

Defining human circadian oscillation starts by understanding the master clock or SCN, which 

takes light information via the retinohypothalamic tract from the eyes (Morin & Allen, 2006; 

Sadun et al., 1984). This clock runs at a time pace of just over 24 hours, 24.18 hours to be exact 

(Czeisler et al., 1999). To keep proper time, we must reset this clock daily so that we do not run 

over and eventually out of sync. This is performed by “Zeitgebers,” directly translated as “time 

givers,” or external cues that help to synchronize the biologic clock, a term coined by Jürgen 

Aschoff, a founder of the field of chronobiology. Of the many Zeitgebers, light appears to be the 

major entrainment cue, more so than food (Oishi et al., 2004; Refinetti, 2015). The human eye is 

extremely sensitive and has demonstrated the ability to perceive a single photon of light (Tinsley 

et al., 2016). Since there is already evidence that peripheral clocks utilize the central information, 

it should come as no surprise that even when food or other cues help to manage a rhythm, the 

main clock can modify this signal as necessary based on environmental information. When has 

become more important than what.

The most basic circadian mechanism of each cell is the clock genes. Clock genes have been 

well studied, with connections of physiologic processes being made every day. In an interview 

with Veronique Greenwood for Quanta Magazine, circadian researcher Satchin Panda said that 

“almost every cell in our body has a circadian clock.” The foundation of molecular clock genetics 

is based on a transcriptional-translational feedback loop consisting of transcription factors CLOCK 

and BMAL, which promote Per and Cry gene transcription, which allows the corresponding protein 

products to inhibit CLOCK and BMAL activity (Cox & Takahashi, 2019) (Figure 20.8)).

Evidence has suggested that this genetic clock machinery is intimately linked to the nuclear 

receptor family of 48 human transcription factors (such as PPAR-γ, ROR, REV-ERB, RXR and 

VDR), many of which have currently targeted clinical therapeutic drugs (Zhao et al., 2014). These 

nuclear receptors are the molecular mechanism that hormones, including the steroids, retinoids, 

thyroid hormones and vitamin D3, as well as other orphan molecules, utilize to control nuclear tran-

scription and gene regulation (Mangelsdorf et al., 1995). Many of these nuclear receptors, such as 

REV-ERB and the retinoic acid receptor, control physiologic processes and are pharmaceutical tar-

gets for treatment of diabetes, atherosclerosis, autoimmunity and cancer (Kojetin & Burris, 2014). 

With the significant number of already elucidated nuclear receptor pathways, control of health is 

additionally linked to the environmental light cues allowed, which instruct these molecular clock 

mechanisms.

When talking about time creation in the SCN, we must first begin in the eye. While the rods 

and cones in the retina translate color information into “images” that we see, there is another 

type of retinal cell, which functions to supply time information. The intrinsically photosensi-

tive retinal ganglion cells (ipRGCs) play little role in the visual process dominated by rods and 

cones. Now, at least five subtypes of these ipRGCs have been found, with some of these cells’ 
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roles not yet defined (Sonoda & Schmidt, 2016). In 2000, a novel photosensitive pigment known 

as melanopsin was found, which can allow phototransduction of night and day for the SCN 

(Hattar et al., 2002; Provencio et al., 2000). This blue light chromophore has also been found 

in the skin, adipose tissue and blood vessels (Kusumoto et al., 2020; Ondrusova et al., 2017; 

Sikka et al., 2014). This is another way in which environmental cues are not only conveyed to 

our main clock but also to peripheral clocks, tightly coupling physiology to the signals that we 

live in. Before melanopsin, it was believed that frequencies of about 500 nm in the blue/green 

region were responsible for photoentrainment (Takahashi et al., 1984). After the discovery of 

melanopsin, ipRGCs were shown using this novel opsin, which connected directly to the SCN 

to help keep time (Hattar et al., 2002). In fact, these cells were shown to wire also to other loca-

tions in the brain involved in the pupillary light reflex (Gooley et al., 2001; Hattar et al., 2002). 

The spectral sensitivity after further research has shown a curve with a peak around 480 nm 

and covering around 30–40 nm of decreasing sensitivity on both sides of the peak (Panda et al., 

2005; Wahl et al., 2019). (Figure 20.9).

FIGURE 20.8 The circadian gene network and layers of genome-wide regulation in mammals. At the core of 

the network, the transcription factors CLOCK and BMAL1 activate the Per1, Per2, Cry1 and Cry2 genes (here, 

we show Per2 and Cry1 as examples), whose protein products (PER and CRY) repress their own transcrip-

tion. The PER and CRY proteins are post-translationally regulated by parallel E3 ubiquitin ligase pathways 

(FBXL3 and FBXL21 for CRY and β-TrCP for PER), with PER levels being also regulated by CK1. CLOCK 

and BMAL1 also regulate the expression of the Nr1d1/2 genes, which encode the nuclear receptors REV-

ERBα/β, respectively. These nuclear receptors rhythmically repress the transcription of Bmal1 and Nfil3, two 

genes that are activated by retinoic acid-related orphan receptor-α/β (RORα/β). In turn, NFIL3 together with 

D-box binding protein (DBP), as well as CLOCK and BMAL1, regulates a rhythm in the REV-ERBα/β nuclear 

receptors. These three interlocked transcriptional feedback loops regulate the majority of cycling genes, leading 

to rhythms in various different physiological systems, from sleep to metabolism and aging (bottom of figure). 

Note that the E- and D-boxes and the RORE-binding regions are in cis upstream at the promoter; however, they 

are represented here as a stacked box for simplicity. Recent work has identified additional levels of regulation 

of circadian gene expression (outer layer of regulation in the figure), including rhythmic histone modifications, 

RNA polymerase II (Pol II) recruitment, circadian chromosomal conformation interactions and post-transla-

tional modifications (PTMs). (From Rijo-Ferreira, F. and Takahashi, J.S., Genome Med., 11, 1–16, 2019.)
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Melanopsin works via a light activated G-protein signaling to mobilize calcium or regulate gene 

expression (Brown & Robinson, 2004) (Figure 20.10).

This opsin contains a light-sensing vitamin A–coupled chromophore, 11-cis-retinal, which is 

transformed to all-trans-retinal in response to light (Sonoda & Lee, 2016). It turns out that this opsin 

is bistable, and the all-trans-retinal can be converted back to 11-cis-retinal with long-wavelength 

light (Panda et al., 2005). In this way, the vitamin A cycle is linked back to the circadian mecha-

nism and can be significantly disrupted with constant artificial blue light. However, it should be 

noted that increased all-trans-retinal can induce damage to the retina by reactive oxidative species 

(ROS), which is already implicated in age-related macular degeneration (Chen et al., 2012). Blue 

light–induced retinoid intermediates, including free all-trans-retinal, can cause toxicity, which may 

be manifested by plasma membrane permeability and mitochondrial oxidative stress–associated 

apoptosis (Maeda et al., 2009). Also, delayed clearance of all-trans-retinal leads to an increase of a 

condensation product, pyridinium bisretinoid A2E, which when further illuminated by 430 nm blue-

frequency light, damages DNA proportionally to the light exposure (Sparrow et al., 2003). It has 

been further shown that all-trans-retinal-induced photoreceptor degeneration occurs via increased 

ferrous (Fe+2) ion, decreased glutathione (GSH) and mitochondrial damage from a non-apoptotic 

cell death known as ferroptosis (Chen et al., 2021). Ferroptotic cell death is different from apoptosis, 

necrosis and autophagy, with iron-dependent accumulation of lipid ROS intimately involved in the 

mechanism of death (Dixon et al., 2012). The pathophysiologic processes of tumors, nervous system 

disease, ischemia-reperfusion injury, kidney injury and blood disease have been shown to be closely 

related to ferroptotic cell death (Li et al., 2020).

Ubiqinol, a reduced form of coenzyme Q10, found in the mitochondrial membranes can help 

control the lipid peroxidation that can trigger ferroptosis (Passegué, 2021). Q10 is a lipophilic mol-

ecule that plays a role in the mitochondrial membrane passing electrons down the respiratory chain, 

and its deficiency is associated with poor ATP production and increased ROS formation, which 

makes it an important target for potentially mitigating a variety of mitochondrial damage (Acosta 

et al., 2016). It has been previously shown that these potentially damaging aldehyde retinal isomers 

can bind to retinol-binding protein, but the resulting chromophore–protein created shows alterations 

in conformation and associated changes in the absorption spectrum (Horwitz & Heller, 1973). The 

FIGURE 20.9 Irradiance of the blue light hazard function. The blue light hazard function, according to ISO 

8980, represents the relative spectral sensitivity of the human eye to blue light hazards, based on the effec-

tiveness of radiation to induce photoreversal of bleaching. The emission spectrum of an ordinary smartphone 

screen on maximum brightness shows a distinct overlap in the potentially harmful blue peak area, melanopsin 

sensitivity, and also image-forming-related S-cone and rod absorbance spectrum. Normalized absorbance 

spectra are depicted according to J. K. Bowmaker, H. J. Dartnall, J. Physiol. 1980, 298, 501. (From Wahl, S. 

et al., J. Biophotonics, 12, 1–14, 2019.)
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author suggests this as a mechanism of transporting any vitamin A aldehydes created by excessive 

blue light outside the cell. While most of the published research involves all-trans retinal-induced 

retinopathies, given melanopsin’s additional presence in skin, adipose tissue and blood vessels, it 

could be suggested that further regional mitochondrial damage could be facilitated by free retinal 

release locally and also further downstream regionally via the bloodstream.

Artificial light can affect the circadian mechanism via melanopsin-mediated signal transduc-

tion, which leads to altered clock and timing functions of cells and chemical messengers. Excessive 

stimulation by the particular blue frequencies in artificial light sources can also create toxic vita-

min A isomers, which can create further damage locally and regionally. These are the melanopsin 

pathologic mechanisms that underpin the hazards of excessive artificial blue light. International 

guidelines by the International Commission on Non-Ionizing Radiation Protection (ICNIRP) show 

the blue light hazard function of damage to the retina to be over 0.8 from wavelengths of 415 to 460 

nm and over 0.1 from 400 to 500 nm (Ziegelberger, 2013). This is the definition of the spectrum of 

frequencies that are found in artificial light sources (see Figure 20.10), which are forever shining 

on the human melanopsin receptors by day and night. When will we start to recognize the effect of 

the frequencies of the electromagnetic spectrum that are allowed to change cellular functioning in 

these ways?

20.7  BIOPHYSICAL EVOLUTION

20.7.1  MITOCHONDRIAL CONNECTION

The first mitochondrial DNA (mtDNA) originated in Africa approximately 200,000 years ago. This 

gave rise to variant mtDNA, which appeared slowly with the migration patterns of early humans 

moving across Africa, and then other variants moving into Europe, and again in Asia and the 

Americas (Wallace, 2013). It is a logical assumption that these mutations would be random; how-

ever, evolutionary pressure would help select variants that could facilitate the survival of envi-

ronmentally optimized mitochondria. Over time, mitochondria accumulated specific epigenetic 

programming changes directly in their mtDNA engine makeup, known as haplotypes, which map 

geographically to this evolutionary migration of humans (Wallace, 2013) (Figure 20.11).

FIGURE 20.10 Melanopsin light transduction coupled to G-protein-coupled pathways. DAG, Diacylglycerol; 

IP3, Inositol 1,4,5-triphosphate; PIP2, PI4,5-biphosphate; PLC, Phospholipase C.
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From Doug Wallace’s work, we know that we inherit our mitochondria from our mother (Giles 

et al., 1980). This should make sense from an epigenetic evolutionary perspective. Nature decided 

to have the mother, the deliverer of the progeny, be the most sensitive to the environmental signals. 

The eggs in the mother’s body present at birth are a representation of the grandmother’s environ-

ment, for the mother’s original zygote cell accumulated exposure of the environment of her mother. 

Additionally, the mother’s eggs, already carrying information from the grandmother’s environment, 

are exposed to the life and environment of the mother, now accumulating information from this 

environment as well until fertilization. It is highly likely that egg selection occurs in a fashion that 

selects an egg which is best matched to the present environment. It is already established that mater-

nal intraovarian systems are in place to remove eggs with the most severe mitochondrial defects, 

optimizing function based on mitochondrial–nuclear coupling interaction (Fan et al., 2008; Hill et 

al., 2014; Latorre-Pellicer et al., 2019). This is how transgenerational epigenetics proceeds, able to 

select eggs with mutations and modifications that will allow the progeny to thrive. This assumes 

that the electromagnetic information communicated to the mitochondria in the egg cells is truly 

representative of the environment and not artificially created (Figure 20.12).

While it is clear that the mitochondria are energy producers of the cells, what is not as clear is the 

role of bioenergetics in disease. Mitochondria “produce about 90% of cellular energy, regulate cel-

lular redox status, produce ROS, maintain Ca2+ homeostasis, synthesize and degrade high-energy 

biochemical intermediates, and regulate cell death through activation of the mitochondrial perme-

ability transition pore” (Wallace, 2013). Mitochondrial energetics are mostly determined by the 

state of the mitochondrial genome, which is present right in the mitochondrion itself. While some of 

its genome is present in the cell’s nuclear DNA, 37 genes of its circular mtDNA are present directly 

FIGURE 20.11 Regional radiation of human mtDNAs from their origin in Africa and colonization of Eurasia 

and the Americas implies that environmental selection constrained regional mtDNA variation. All African 

mtDNAs are subsumed under macrohaplogroup L and coalesce to a single origin about 130,000–170,000 

YBP. African haplogroup L0 is the most ancient mtDNA lineage found in the Koi-San peoples, L1 and L2 in 

Pygmy populations. The M and N mtDNA lineages emerged from Sub-Saharan African L3 in northeastern 

Africa, and only derivatives of M and N mtDNAs successfully left Africa, giving rise to macrohaplogroups M 

and N. N haplogroups radiated into European and Asian indigenous populations, while M haplogroups were 

confined to Asia. Haplogroups A, C, and D became enriched in northeastern Siberia and were positioned to 

migrate across the Bering Land Bridge 20,000 YBP to found Native Americans. Additional Eurasian migra-

tions brought to the Americas haplogroups B and X. Finally, haplogroup B colonized the Pacific Islands. 

(Figure reproduced from MITOMAP, 2015) (Wallace, D.C., Cell, 163, 33–38, 2015.)
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next to the electron transport chain itself. In this way, ROS that are created nearby can and will 

cause damage to the mitochondrial genes, which then can limit the mitochondrion’s ability to create 

energy as efficiently. Therefore, a cell will have many mitochondria that are performing optimally 

and a varying degree with mtDNA mutations which are performing less optimally; this is called 

mitochondrial heteroplasmy (Figure 20.13).

The mitochondrial free radical theory of aging is linked to age-related disease expression bio-

energetically, and when considered with the heteroplasmy inheritance pattern, elucidates a possible 

mechanism (Sanz & Stefanatos, 2008). Understanding mitochondrial epigenetic and bioenergetic 

functions may explain why we see diseases starting younger and younger via transgenerational 

changes. Transfer of mitochondrial DNA variants has shown the ability to cause systemic changes 

FIGURE 20.12 Mitochondrial function is directly influenced by environmental changes, so the mitochon-

drion must have a central role in translating the environmental to genomic responses. High-energy molecules 

and even reactive oxygen species act as signaling molecules, along with protein modifications that regulate 

nuclear DNA (nucDNA) expression. These changes modify gene expression, altering expression of nucDNA- 

and mtDNA-derived proteins that act in and on the mitochondria – creating feedback loops. When energetic 

homeostasis can be re-established, health and longevity are preserved. However, if genetic or environmental 

circumstances cannot be overcome, energy production declines, leading to disease and even death. (Adapted 

from Wallace, D.C., Nature, 535, 498–500, 2016.)
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in the transplanted organism from its original mitochondrial type (Wallace, 2016). These mtDNA 

mutations are passed down through the generations through inheritance as well as being shaped by 

selection, and have been associated with pathogenesis of human disease (Wei & Chinnery, 2020). 

The heteroplasmy rate increases when there are fewer mitochondria in the most energy-efficient 

state and many others with acquired defects causing decreased energy production. This means that 

at certain decreased cellular energetic levels, biochemical systems will stop working, and disease 

“appears.” Hence, expected damage to mitochondria with decreased function is associated with 

aging (Chistiakov et al., 2014; Sanz & Stefanatos, 2008). This increased heteroplasmy of mitochon-

dria is responsible for transcriptional gene changes, which have been shown to affect phenotype 

(Picard et al., 2014). The energy production of the mitochondrial electron transport chain produces 

oxidative stress, which essentially comprises instructions from the environment that create epigen-

etic change through histone posttranscriptional modifications (García-Giménez et al., 2021). These 

are the mechanisms of either health or disease for current and future generations.

The mitochondrion in its very design contains the ability to transform electron information 

into differing levels of biochemical components, with NAD+ and NADH levels being important 

in this signal transduction (Logan, 2003; Massudi et al., 2012; Yang & Sauve, 2016). This is one 

way in which the electron transport chain can be responsible for messengers encoding food and 

environmental signals. The appropriate transfer of electrons is also an energy used to create the 

electrochemical gradient across the mitochondrial membranes, just like a capacitor in electronics 

FIGURE 20.13 Mitochondrial heteroplasmy and disease. Although homoplasty with completely undamaged 

mitochondria would be the optimal normal state, different populations of normal and dysfunctional mitochon-

dria may coexist in a cell, known as the state of heteroplasmy. Since division of the whole cell mitochondria 

during cellular replication is mostly random, daughter cells will have different ratios of normal to dysfunc-

tional mitochondria compared with the parent cell. If the population of mutant mitochondria in a cell reaches 

a certain threshold (70% in this example, but this will be highly variable based on tissue and disease), then 

the cell expresses dysfunction, and symptoms or disease can appear. (Adapted from White, A.J., Sex. Transm. 

Infect., 77, 158–173, 2001.)
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(Rottenberg, 1998). Mitochondria as cellular organelles can act independently, but they can also 

oscillate together, aligning their inter-mitochondrial junctions, which have been shown to correlate 

to both high -energy output of active muscle tissue lines and low-energy output of cancer cell lines 

(Picard et al., 2015). The many folds of a mitochondrion provide a huge surface area for this elec-

trical charge to be separated, which is used to create ATP via the ATPase spinning, which also by 

physics will create a magnetic field. This magnetism can further control and couple to the biochem-

istry in other ways. Since oxygen is paramagnetic, the mitochondrial components, when spinning, 

can magnetically attract oxygen as the final electron acceptor. It has already been shown that DNA 

information can be transduced through water with electromagnetic waves (Montagnier et al., 2015). 

Extremely low-frequency electromagnetic fields have been shown to interact with water and other 

biologic targets (Foletti et al., 2009). The mitochondrial cytochrome oxidase enzymes have been 

shown to emit light corresponding to a peak of 900 nm in the infrared range (Tuszyński & Dixon, 

2001). Surrounded by water, this light release can form the high-density crystalline exclusion water 

that Gerald Pollack has described, “shrinking” water and bringing the electron chain transfer com-

ponents closer together (Li & Pollack, 2020; Pollack et al., 2009). Shorter distances create lower-

energy barriers that facilitate mitochondrial electron tunneling (Moser et al., 2006). Improved 

bioenergetics, again, means fewer ROS and improved cellular efficiency. In time, biophysics will 

be shown as the main controller of all the molecular genetic and proteomic studies being published 

today, with the mitochondria as the cellular electromagnetic conductor.

There is no doubt that mitochondria are intimately connected to health. As well as control of 

respiratory metabolism by the clock genes, there is also an interplay of oxidative phosphorylation 

controlling the clock genes themselves (Scrima et al., 2016). The mitochondria control the produc-

tion of hormones and make melatonin, whose role in health is often underestimated. Controlling 

the energy dynamics of the cell and transforming environmental changes into signals to create 

favorable biochemistry should dictate the importance of these electromagnetic engines, whose full 

biophysical powers have yet to be discovered. Regardless, the preservation of function and strategies 

to repair and regenerate damaged mitochondria must be considered part of treating the root cause 

of disease.

20.8  DHA

Docosahexaenoic acid (DHA, C22:6) is the omega-3 polyunsaturated fatty acid (PUFA) provided 

from fish oil. The central nervous system has a high concentration of phospholipids, of which DHA 

is a major membrane component. This ancient nutrient has correlated with human evolution and 

expansion of cerebral function, with dietary access being needed, given poor endogenous synthesis 

ability (Bradbury, 2011). The impact of its presence brings antioxidant properties, memory function, 

neurogenesis, lipid raft signaling, inflammation balance and cardiovascular health (Hashimoto et al., 

2017). A major structural component of the outer segment membranes of the retinal photoreceptors, 

DHA may also function in a protective fashion for vascular and neurologic pathology via production 

of the many bioactive molecules it interacts with, such as eicosanoids, angiogenic factors, matrix 

metalloproteins (MMP), ROS, neurotransmitters and cytokines (SanGiovanni & Chew, 2005). 

The molecule of DHA, in additional to its G-protein-coupled phototransduction cascade, has been 

shown to add fluidity to cell membranes, which can modulate permeability, transport, membrane-

bound enzymatic activity and neurotransmission (Hashimoto et al., 2017; Gawrisch & Soubiasr, 

2014). This essential fatty acid also can produce resolvins, protectins and maresins, all synthesized 

mediators that help resolve and modulate the inflammatory response in positive ways (Duvall & 

Levy, 1998; Serhan & Levy, 2018). These many factors contribute to its biochemical benefits in liv-

ing organisms. It is also beneficial to mitochondrial energy production. Dietary supplementation of 

DHA has been shown to improve skeletal muscle mitochondrial function and endurance (Le Guen 

et al., 2016). Despite all these factors, one particular biophysical factor may be most important 

in why it is a fatty acid that has not been replaced in over 600 million years of animal evolution 
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(Crawford et al., 2013). Crawford et al.’s publication (2013) explains DHA’s quantum mechanical 

benefit for life on earth, which is the ability of its pi-electrons to function as a phototransducer of 

light-activated signals to electricity. This electrical signal is able to be conveyed through cytoskel-

etal elements of the cell as well as via the plasma membrane itself, creating a whole-body signaling 

network (Friesen et al., 2015; Shi et al., 2021; Wallace, 2010). DHA’s association with the eye and 

the neurologic system makes greater sense when considering its quantum properties.

Unfortunately, the incorporation of DHA into the mitochondrial membrane has been shown to 

be susceptible to peroxidation by ROS (Malis et al., 1990). This susceptibility would be vulnerable 

to attack by previously described free all-trans-retinal from blue light in photoreceptors as well as 

by excessive free radical production in phospholipid membranes. Stress on the brain, proven in an 

experimental stroke model, was also shown to release DHA, likely for its various neuroprotective 

effects (Bazan et al., 2005). Given its importance in the bioenergetics of an organism described 

earlier, its destruction and loss can be seen as a bioenergetic problem, which can lead to disease. 

Nicholas Bazan has helped to elucidate the replacement of DHA via two mechanisms, a long and 

short loop (Bazan, 2009) (Figure 20.14).

The long loop involves proper liver function to take linoleic acid (18:3) and synthesize docosa-

hexaenoic acid (22:3), which is then packaged in lipoproteins and returned to membranes in the 

brain and retina (Scott & Bazan, 1989). Photoreceptors themselves also have a short loop, whereby 

daily usage of DHA can be actively recycled back into use (Bazan et al., 1994). Understanding 

proper photoreceptor biology, the more blue light damage that is created, the more DHA should be 

supplemented to keep the circadian mechanism and cell signaling functioning optimally. The DHA 

molecule has a dipole moment from its π bonds, making it paramagnetic and therefore, attracted to 

magnetic fields such as those created by mitochondria (Alexander-north et al., 1994). Appropriate 

DHA intake is therefore necessary for the optimal bioenergetics of cell membranes, including mito-

chondria, and supplementation can be considered based upon suspicion of poor mitochondrial func-

tion and excessive blue light exposure.

20.9  BLUE LIGHT

The frequencies from 400 to 500 nm constitute light of blue frequencies. Blue frequencies are 

known to cause damage to the very retinal epithelium structures responsible for circadian light 

transduction (Pang et al., 1998; Seko et al., 2001). This blue light damage is caused by a variety 

of proposed mechanisms, including oxidative stress, photochemical damage, mitochondrial and 

inflammatory apoptosis, and mitochondrial DNA damage (Ouyang et al., 2020; Smick et al., 2013). 

Blue light exposure at 460 nm at night has been shown to increase EEG correlates of alertness as 

opposed to 555 nm green light (Rahman et al., 2014). These wavelength-dependent effects work 

FIGURE 20.14 Extracellular trafficking of DHA and neuroprotectin D1 synthesis in retinal pigment epi-

thelial cells. The liver-to-photoreceptor long loop is the transport of DHA through the bloodstream by lipo-

proteins. Yellow bricks depict DHA. Short loop retrieval of DHA through interphotoreceptor matrix after 

intermittent photoreceptor outer segment renewal. Wall in outer segment illustrates disc membranes; the red 

“fruit-like” structure represents rhodopsin molecules. (Modified and published with permission from Bazan, 

NG., Trends Neurosci., 29, 263–271, 2006; Bazan, N.G., Prostaglandins Leukot. Essent. Fatty Acids, 81, 

205–211, 2009.)
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to suppress melatonin, increase body temperature and increase heart rate to achieve their alerting 

response (Cajochen et al., 2005). Retinal photoreceptor apoptosis, which has been seen in age-

related macular degeneration (AMD), pathologic myopia, retinal detachment, retinoblastoma and 

other eye disease, can be induced by blue light exposure (Katya Frazier, 2017; Seko et al., 2001; 

Wu et al., 1999). In AMD, the blue light–mediated cell death has been shown to work via vitamin 

A cycle free retinal production of the phototoxic compound A2E, which impairs the cytochrome 

oxidase function of the mitochondria (Shaban & Richter, 2002). DHA and negatively charged phos-

pholipids protect from this A2E-mediated cell death (Bazan et al., 2011). As previously stated, DHA 

intake should be considered, based upon blue light toxicity, to facilitate and offset damage to the 

very structures needed for circadian phototransduction.

Godley et al. showed that after 3 hours of blue light exposure, mitochondrial DNA was shown 

to be damaged by ROS, while nuclear DNA was not affected. While some repair mechanisms were 

evident at 6 hours, there was still no improvement in the mitochondrial redox function of the cell 

at 9 hours, suggesting that this inefficient repair mechanism may further oxidative phosphorylation 

dysfunction, promoting more oxidative stress (Godley et al., 2005). Human beings were prepared 

for a small amount of damage protection, but not the current onslaught that artificial lighting tech-

nologies are producing daily.

20.10  TECHNOLOGY AND SCREENS

To understand the growing effect of excessive blue light, we must look at the societal changes 

towards technology in all aspects of daily living. The use of mobile technology such as smart-

phones, tablets and even older laptop/desktop computer technology is clearly on the rise in almost 

all age groups, with much published evidence of poor sleep and health associations (Christensen et 

al., 2016; Rosen et al., 2014; Stiglic & Viner, 2019). Use of this media relies greatly on light emit-

ting diode (LED)-based screens and monitors that are heavy in blue light frequencies. Add the 

variety of social media platforms, video communications and gaming prospects to fill free time, 

and it is no wonder that there are new health problems arising. Most youth and adults spend little 

time outdoors with natural sunlight exposure (Espiritu et al., 1994; Savides et al., 1986). Besides 

the lack of time outdoors, indoor screen time has psychological consequences. With or without the 

American Psychiatric Association adding new diagnoses such as “Internet Gaming Disorder,” it is 

obvious that there is an addictive psychology developed to keep consumers using blue light screens 

(Kuss & Griffiths, 2011; Kuss & Lopez-Fernandez, 2016). It is no surprise that the dopaminergic 

system relating to reward and addiction is controlled by circadian clock genes (Parekh et al., 2015). 

Studies have also shown fluorescent lighting exposure to decrease the amount of tyrosine hydroxy-

lase–positive dopaminergic neurons in the substantia nigra, an alteration associated with aging and 

Parkinson’s disease (Romeo et al., 2013). Does this imply that there is a physiologic addiction in 

addition to the psychologic addiction to technology?

While new energy-efficient lighting has no doubt saved many people from large energy bills, 

the excessive artificial light, both direct and indirect, is having a negative impact on human health 

(Irwin, 2018). It is evident from research that the amount of the earth’s artificially lit surface is 

growing by 2.2% per year, and the total irradiance is growing by 1.8% (Kyba et al., 2017). Since the 

amount of lighting is increasing, not only is this causing increases in energy expenditure, but this 

light pollution is having an impact on ecological function and human health (Bennie et al., 2014). 

The lighting emission of these technologies, even when compared with similar color temperatures, 

contains very different spectral frequency information (Blume, 2019) (Figure 20.15).

All artificial light sources tend to have significant emission in the blue frequencies, which match 

the frequencies associated with the blue light hazard, as well as absence of the red light frequencies 

found in sunlight.

The sun’s radiation is represented by about 43% of red and infrared light frequencies. This is 

a large proportion of the spectrum that finds its way to the earth and all the life found therein. 
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Nature’s design follows this in that the red light frequencies are utilized in the mitochondria, such 

that the nanomotor ATPase head spins at near 100% efficiency with exposure to near-infrared light 

(Kinosita et al., 2000; Sommer et al., 2015). The frequencies from artificial sources and screens are 

strongest at suppressing melatonin and therefore, ruin sleep, hormones and health (Heo et al., 2017). 

Continued usage of these sources at night creates a chronic circadian disruption and even worse, 

mitochondrial DNA damage via excessive free radical signaling (Godley et al., 2005). The study 

of red light therapy, also known as low-level laser therapy (LLLT) or photobiomodulation (PBM), 

has clearly shown its anti-inflammatory properties (Cho, 2016). Natural sunset has very specific 

changes of the blue to red light ratio, which occur as the sun hits the horizon (Johnson et al., 1967). 

Understanding of melanopsin biology and red light’s biophysical properties with water should allow 

inferences as to just how this changing information may be used by circadian rhythms to further 

fine-tune timing information centrally and peripherally. At the time much of this research was 

obtained, there was no understanding of melanopsin and the photopigment gears of the circadian 

clock, which make sense of these findings to further refine time in an organism. It should be no 

surprise that humans’ technology addiction and light pollution with a loss of the natural light signal 

are significant contributors to the health crises of current times.

20.11  LIGHT AT NIGHT

Much scientific research has been published that shows the dangers of this blue light circadian 

disruption without ever mentioning “blue light.” Artificial light at night (ALAN) is a term 

FIGURE 20.15 Spectral power distributions of common light sources in our environment. (a) Spectral power 

distributions of daylight at different correlated color temperatures (CCT; 4000 K; 6500 K; 10,000 K). Spectra 

are normalized to 555 nm. (b) Spectral power distributions of a white LED (top), a fluorescent source at 3000 

K (middle) and an incandescent source (tungsten-filament; 2856 K, bottom). All three artificial sources have 

the same luminous flux (normalized to 100 lm),and approximately the same color temperature (2700–3000 

K), but the spectra are very different in shape and scale (see y axis). (From Blume, C., Somnologie, 147–156, 

2019.)
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that generally represents any artificial source of light, which as already explained, is high in 

content of blue-frequency melanopsin-disturbing and melatonin- suppressing light. ALAN has 

been associated with obesity in women (Park et al., 2019). The most concerning associations of 

inappropriate light exposure at night are seen for cancer pathophysiology, which is associated 

with many of the dysfunctions that occur in the circadian phototransduction pathways (Jasser et 

al., 2006). This connection is further reinforced by epidemiologic studies of ambient environ-

mental light at night. Increased risk of breast cancer due to such light has been shown in many 

studies (Hurley et al., 2014; James et al., 2017; Xiao et al., 2020). Additionally, outdoor ALAN 

has been associated with prostate cancer and colon cancer (Garcia-Saenz et al., 2018, 2020). 

The light at night theory has even been hypothesized as the etiology of melanoma (Kvaskoff & 

Weinstein, 2010). More recently, a positive increased risk of 55% thyroid cancer incidence was 

seen with ALAN (Zhang et al., 2021). Whether it be through melatonin suppression, melanop-

sin damage, ROS, mitochondrial dysfunction or chronic circadian phototransduction systemic 

defects, the association is clear. Break nature’s circadian programming, and suffer from illness 

and disease.

20.12  BLOCKING THE BLUES

If artificial blue light is so damaging, and there is an endless supply of sources emitting these 

frequencies on humans all day and night, what can be done? From an evolutionary perspective of 

circadian health, simply not using any type of lighting or screens after sundown would suffice, as 

it has already been explained that melanopsin receptors for this type of light are present in the eyes 

and all over the body via skin, adipose tissue and blood vessels. As this may not be ideal for most 

modern-day humans, the next level of mitigation would be consideration of firelight sources such 

as candles or a fireplace, similar to human’s first lighting exposures in history. Even these types of 

firelight, which are much more predominant in red-frequency spectral distribution, create a small 

amount of melatonin suppression (Morita & Tokura, 1998). Further improvements can be made to 

eliminate sources by the choice of artificial bulbs. As seen previously (see Figure 20.15), incandes-

cent bulbs have much lower 400–500 nm frequency spectral emission than compact fluorescent or 

LED bulbs. An initial and foundational measure to prevent SCN clock disruption is to utilize blue-

blocking glasses after sundown, which block 100% of all blue frequencies from 400 to 500 nm as 

well as some blockage up to 550 nm. This incorporates the melatonin action spectra to prevent the 

previously discussed damage (Brainard et al., 2001) (Figure 20.16).

This maneuver only addresses melanopsin dysfunction at the retina level, directing the SCN 

closer to central circadian harmony and helping to reestablish healthy melatonin rhythms. Peripheral 

clock damage can be further mitigated by clothing, preventing the signaling on skin and soft tissues.

While not often discussed clinically, there is significant scientific research behind the use of 

blue light blocking modalities. Much more of blue light’s mechanism of damage has been dis-

cussed previously. Monochromatic blue light of 460 nm was shown to cause twice as much cir-

cadian phase delay and melatonin suppression as monochromatic light of 555 nm of equivalent 

photon density (Lockley et al., 2003). Amber blue light–blocking glasses used during nighttime 

light exposures prevented the melatonin suppression effects seen in controls (Kayumov et al., 

2005). Multimedia screen–using teenagers wearing blue-blocking glasses showed less evening 

melatonin suppression and less alertness before bedtime compared with controls using clear lenses, 

even when polysomnographically scored sleep stages were unchanged following usage (Van Der 

Lely et al., 2015). Insomniacs undergoing cognitive behavioral therapy using blue-blocking glasses 

showed a statistically significant decrease in subjective time to fall asleep, increase in subjective 

total sleep time and decrease in subjective anxiety compared with controls (Janků et al., 2020). 

Adult males exposed to regular smartphones with LED screens or smartphones with suppressed 

blue light LED screen emission showed significantly decreased sleepiness as well as increased 

body temperature, and lower melatonin secretion at a later time (Heo et al., 2017). Insomniacs 
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using amber glasses showed increased working memory and processing speed from the blue light 

blockade (Zimmerman et al., 2019).

All this data should start to convince the reader of the merits of blue-blocking technologies; 

however, literature searches may reveal some studies with mixed results depending on the end 

parameters evaluated in the study. It should be noted that there is no standardization of how blue 

blocking is performed, the required frequencies to be blocked for optimal results, quantification 

of the artificial light environment, or exposure to natural frequencies, which also contribute to 

the circadian rhythmicity. Many of the studies evaluating blue light blocking techniques fail to 

evaluate the status of the circadian rhythm to begin with and therefore, also lack the ability to 

make clear conclusions from the data. Combine this with the robustness of the physiologic system 

to absorb short-term circadian stress, and it should be clear that proper evaluation of the published 

data requires evaluation of whether or not the study design is even appropriate to make any sci-

entific conclusions. The readers of the chapter should have a foundational understanding of many 

shortcomings of already published research. Use of nighttime blue-blocking amber glasses is a 

noninvasive method of preserving circadian rhythmicity and melatonin secretion and avoiding 

free radical damage, and should be considered as a first-line modality in establishing holistic 

wellness.

Many have heard of sleep hygiene recommendations to facilitate quality sleeping conditions; 

however, it should be stressed that it is in fact the “light” that is allowed that creates the envi-

ronment for appropriate health repair during sleep. Understanding what “light hygiene” really 

means defines those who are truly able to reestablish optimal circadian rhythms, thereby allow-

ing regeneration and health to follow. Melatonin, blue light and melanopsin science has been 

well published but has not been widely understood by the mainstream or utilized for clinical 

outcomes. Protecting the eyes, skin and mitochondria from excessive damage is one of the single 

most important steps in any health journey. The ability to sustain appropriate cellular energy and 

signaling is required for any disease reversal attempt. Sleep and circadian rhythms are intimately 

connected to wellness and must be respected as a foundation of the optimal functioning of any 

human being.

FIGURE 20.16 This graph demonstrates the action spectrum for percentage control-adjusted melatonin suppres-

sion in 72 healthy human subjects. The filled circles represent the half-saturation constants of eight wavelengths 

from 440 to 600 nm that were normalized to the maximum response and plotted as log relative sensitivity. The 

open circle represents the estimated half-saturation constant derived from the 420 nm data. The solid curve portrays 

the best-fit template for vitamin A1 retinaldehyde photopigments, which predicts a maximal spectral absorbance 

(λmax) of 464 nm (Partridge and De Grip, 1991). There is a high coefficient of correlation for fitting this opsin tem-

plate to the melatonin suppression data (R2 = 0.91). (From Brainard, G.C. et al., J. . Neurosci., 21, 6405–6412, 2001.)
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20.13  CONCLUSION

Health and wellness can be seen as the byproduct of circadian rhythms, epigenetics and mitochon-

drial function. Anything that interrupts the circadian rhythm has systemic neuroendocrine effects 

that can change the organism’s phenotype. When environmental factors that destroy the clock 

mechanism, such as constant unfettered blue light technology exposure, also cause damage to the 

bioenergetic creation system, the mitochondria, synergistic damage results. Silent electromagnetic 

toxicity from these environmental signals is therefore a major contributor to the healthcare crisis 

seen today. Lifestyle changes and awareness can reestablish balance and allow physiology to cor-

rect itself when these epigenetic signals are mitigated. Any healing modality attempting to improve 

disease or optimize health should include this consideration, or the therapy will only fail in the long 

run due to the persistent faulty environment that created the problem. In this way, no disease state 

can truly be fixed without first improving the toxic environment that created it.

While complex and interconnected, circadian and mitochondrial dynamics are non-linear by 

nature of their connection to the properties of light. Small changes in these environmental signals 

can have much larger effects than would normally be expected. Seeing the sunlight in the morning 

and getting into nature, as well as blocking and mitigating harmful artificial frequencies, is really 

not that hard. Practitioners and patients can utilize the information in this chapter to help achieve 

better health, often without significant additional expense. Nature’s electromagnetics were respon-

sible for human evolution, and if we are able to accept the antagonistic role modern living and 

technology play in disease, we have found a missing piece in the recipe for health. May wellness be 

found in time for those who are ready.
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21.1  INTRODUCTION

In December 2019, an increasing number of patients with pneumonia of unknown origin were 

reported in the City of Wuhan, China. On January 7, 2020, Chinese authorities indicated that the 

causal agent was a coronavirus, and by January 10, the same authorities provided a full sequence 

analysis. Electron microscopy of clinical samples indicated a virus of between 60 and 140 nm in 

diameter and with characteristic corona spikes. Further sequence analysis was conducted by sev-

eral laboratories, apparently confirming a positive strand RNA virus with a total sequence length 

of around 29.8 kilobases. The genome organization was published in late January 2020.1 The viral 

genome encodes a series of non-structural proteins, an RNA-dependent polymerase, a spike (S) 

glycoprotein, a membrane (M) glycoprotein, an envelope (E) glycoprotein and a nucleocapsid (N) 

protein.

21.2  PROXIMAL ORIGIN OF VIRUS

The infective origin of the virus was originally suggested to be the Huanan Seafood market. 

However, the first documented case was not linked to the market. The assertion that the proximal 

origin of the virus is bat with the intermediate carrier being pangolin is also problematic, as 1) the 

overall nucleotide and amino acid sequence homology for the closest (to SARS-CoV-2) coronavirus 

from pangolin is less than for the closest coronavirus from bat and 2) no virus isolated so far from 

bat or pangolin has the unique polybasic furin cleavage site of SARS-CoV-2.2

Sequence analysis has also demonstrated very high similarity from different patients, much 

greater than the 85.5% to 92.4% sequence similarity to the pangolin virus.3 This implies that either 

the human virus evolved extremely rapidly or the virus had been in the human population for some 

considerable time. Studies on epitope mapping for T-cell reactivity are consistent with the assertion 

that we were exposed to something similar to SARS-CoV-2 some time before the current outbreak.4 

The fact that SARS-CoV-2 is so well adapted to humans has led to searching questions by a number 

of investigators as to the origin of the virus.5–7 Given the sequence homology, the most likely proxi-

mal origin is a bat coronavirus, such as RaTG13.7

Since the original outbreak of SARS-CoV-2, the virus has gone through a series of mutations. At 

the time of the last update of this chapter, the European Centre for Disease Prevention and Control 

has listed Beta, Gamma, Delta and most recently (November 2021), Omicron as variants of concern. 

By far the largest number of mutations are apparent in the receptor binding domain (RBD) of the 

Omicron variant. Currently, this variant is proving to be highly infectious; however, the disease for 

most individuals is relatively mild.

21.3  MODE OF VIRUS ENTRY INTO HUMAN CELLS

The infectivity of SARS-CoV-2 for particular cells (tropism) is attributable in large part to the way 

the RBD of the spike protein trimer interacts with angiotensin converting enzyme 2 (ACE2) within 

the membrane of human cells. The original SARS-CoV of the 2003 outbreak also used the ACE2 

protein as the receptor; however, RBD of SARS-CoV-2 is better adapted to binding the ACE2 pro-

tein.8 Paradoxically, despite being better adapted, the affinity of the entire spike is actually similar 

to or less than that of SARS-CoV.9 The reason for this is that the RBD is not fully exposed, and 

the spike requires a conformational change to allow the optimum binding of the RBD to ACE2. 

This conformational change is facilitated by proteolytic cleavage at the boundary between the S1 

and S2 subunits of the spike.9 The S1 subunit (N-terminal orientation) contains the RBD, whilst S2 
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(C-terminal orientation) contains the membrane fusion domain. Once cleaved at the S1/S2 interface, 

the RBD is optimally exposed, allowing strong interaction with ACE2 and also the further process-

ing of the S2 subunit to form S2′. In this way the S2′ subunit is able to fuse with cell membranes, 

allowing uptake of the main body of the virus and the release of genomic material (RNA coding 

sequence).

Processing at the S1/S2 interface can be performed by three mechanisms. The first is dependent 

on the presence of the enzyme TMPRSS2, transmembrane protease serine 2. As the name suggests, 

this enzyme is present within cell membranes, and it can cleave the spike protein at the S1/S2 inter-

face and also within S2 to produce S2′. The second mechanism is endosomal uptake of the virus. 

Once within endosomes, the virus must be released, and this is facilitated by cathepsin proteases. 

These cut the spike protein, allowing fusion with the endosome membrane and release of the virus 

genetic material into the infected cell. The third mechanism is arguably the most important, as it 

facilitates the pre-processing of the virus before cellular release. This relies on the presence of a 

polybasic furin cleavage site at the S1/S2 boundary. MERS-CoV and some other coronaviruses 

have furin cleavage sites, but this site was absent from SARS-CoV. Furin is a protease that cuts 

between the amino acids arginine and serine. However, to do so, the enzyme requires appropriate 

flanking amino acids. In the case of SARS-CoV-2, these are an 8–amino acid stretch, RRARSVAS. 

Whilst this is a core requirement, there is evidence from deletion mutants that amino acids flank-

ing this sequence alter furin interaction and therefore, enzyme activity. This core region shares 

exact amino acid homology with the furin cleavage site of the ENaC, the human epithelial sodium 

channel α-subunit.2 Three amino acids of this stretch plus proline (P) give PRRA, the SARS-CoV-2 

sequence that is not found in any other coronavirus and certainly not in viruses associated with bat 

or pangolin.

Given the similarity of this site to that of the ENaCα, this author has performed analysis on the 

gene coding for the ENaCα. Whilst the amino acids RRARSVAS are the same, the proximal amino 

acids at the N-terminus side of this sequence are completely different. For the ENaCα sequence, 

these are PPHGA, as opposed to QTNSP for SARS-CoV-2. Also, the base coding across the whole 

sequence is dissimilar. These observations strongly indicate that the furin site of SARS-CoV-2 is not 

derived by recombination within a human cellular system (in vivo or in vitro).

More recently, a second furin cleavage site has been identified in SARS-CoV-2 within the S2 

domain.10 This site appears to be important for infection; however, the relative roles of these two 

sites will be cell and context dependent.

Based on observations that furin pre-processing decreases stability of the spike protein,11 an 

intriguing hypothesis by Letarov et al12 is that shedding of S1 as a consequence of furin pre-pro-

cessing may allow more of the cellular ACE2 enzyme to be inhibited, increasing the pathological 

consequences of infection.

Whilst there appear to be three fundamental mechanisms for SARS-CoV-2 uptake, evidence from 

in vitro cell infection systems suggests that they operate together. The exception from the literature 

is the cell line Vero. These are kidney epithelial cells derived from the African green monkey. By 

passing clinical isolates of SARS-CoV-2 through several rounds of culture in these cells (passage), 

a number of investigators have noted the loss of the polybasic furin cleavage sequence within only 

a few passages. Sakaki et al.13 were able to show that for Vero cells modified to express TMPRSS2, 

the polybasic site remained intact. In Vero cells lacking TMPRSS2, uptake of the mutated SARS-

CoV-2 was achieved via the endosomal route alone. These observations beg the question as to the 

mechanism by which a loss of enzyme expression can induce a genetic change (the RNA of SARS-

CoV-2 is both template for protein synthesis and genome for the organism).

21.4  ORGAN DISTRIBUTION OF ACE2

The initial route of entry of SARS-CoV-2 is via the nasal passages and mouth (mucosal surfaces). 

The human olfactory epithelium, relative to upper airway epithelial cells, has considerably higher 
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ACE2 expression.14 This is likely the reason for one of the cardinal symptoms of COVID-19, 

namely, loss of smell. From the Human Protein Atlas (www .proteinatlas .org/), other tissues show-

ing high levels of ACE2 protein expression are duodenum, gallbladder, kidney, small intestine and 

testes. Lower-level expression of ACE2 is observed in the adrenal gland, colon, rectum and seminal 

vesicles. Given that a major target for infection is the lungs, surprisingly, expression of ACE2 here 

is below the limit of detection. This finding is repeated for a number of tissues where there is a 

disconnect between the presence of virus (as determined by reverse transcription polymerase chain 

reaction [RT-PCR] or immunohistochemistry for viral RNA or protein) and ACE2 expression. In 

the gastrointestinal tract, peak viral loads are seen in the colon, whilst ACE2 expression is high-

est in the small intestine. It may be that a few ACE2 molecules are sufficient to cause a productive 

SARS-CoV-2 infection, and this may explain the mismatch.

21.5  COVID-19 STAGES, SYMPTOMS, TREATMENT 
APPROACH AND DISEASE CLASSIFICATION

From initial infection with SARS-CoV-2, one can assign four phases to COVID-19, as indicated in 

Figure 21.1. From the uptake of the virus as respiratory droplets or airborne virus, an asymptomatic 

incubation period (phase I) lasts typically around 3–5 days, but it may be longer (up to 14 days). At 

sites of virus uptake (nasal cavity/nasopharynx and oral cavity), viral replication very much depends 

on the activity of the local innate immune system. Secretion of low-affinity secreted IgA antibod-

ies (sIgA) and antimicrobial peptides (AMPs) into mucins produced by nasal goblet cells provides 

one element of innate defense.15, 16 Other components of the innate response are neutrophils, natu-

ral killer cells (NK cells), macrophages and plasmacytoid dendritic cells (pDCs). The latter cells 

secrete type I interferons in response to single stranded RNA from virus uptake.17

Logically, one would assume that symptoms and severity would depend on viral load. So far, 

publications using samples from the nasopharynx and oropharynx have not shown this. The viral 

FIGURE 21.1 COVID-19 stages, symptoms and treatment approach.
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load in asymptomatic and symptomatic patients reported in the studies by Ra et al. and Yilmaz 

et al.18was similar. One of the problems with RT-PCR used for determining viral load in these 

studies is that the method cannot distinguish between intact virus and fragments of viral RNA. 

A possible scenario is that asymptomatic individuals have higher local innate immune defenses 

(sIgA/AMPs/type I interferons), but virus RNA fragments remain. From ex vivo studies, Le Bert 

et al.19have shown that asymptomatic individuals, as evidenced by seroconversion, have a more 

robust adaptive immune response in comparison to symptomatic individuals. Production of cyto-

kines representing T-helper 1 (Th1) lymphocytes is higher in asymptomatic than in symptomatic 

individuals, and this response is apparently balanced by the production of resolving cytokines, 

such as interleukin (IL)-10.

Following the incubation phase, the early symptomatic phase or viral phase (phase II) is char-

acterized by chills/fever, dizziness (“spaced out”), muscle or body aches (including headache), 

skin sensitivity, extreme fatigue, loss of smell, dry cough and possibly, nausea or vomiting and 

diarrhea.20Toward the end of the symptomatic phase, some individuals may experience shortness of 

breath or dyspnea, and this may be associated with falling SpO2
21. Not all symptoms manifest in all 

individuals infected with SARS-CoV-2.

Falling SpO2 signifies the transition to the early pulmonary phase, or stage III. This is a criti-

cal point, where the disease either progresses to a severe, life-threatening condition or resolves. 

At this stage, antiviral therapy must be complemented by agents that support antioxidant systems, 

that target immune cell activation and that target fibrosis, endothelial cell dysfunction and blood 

clotting. Figure 21.1 has suggested the timing of some of these therapies. The exact timing of the 

start of the pulmonary phase must be determined by clinical and if available, biochemical obser-

vations. For more information, the reader is referred to the work of Dr Shankara Chetty21 and the 

FLCCC Alliance.22

In particular, Dr Chetty’s work (and that of a growing number of other physicians) has revealed 

that it is vital to note precisely when dyspnea is first observed. At the time of the last update of this 

chapter, he has treated over 10,000 patients with no deaths. A particularly pertinent observation 

from this large cohort of patients is that COVID-19 is biphasic and therefore, a non-linear disease. 

Patients presenting with severe flu-like symptoms (typical of viral illness) over the first week do 

not necessarily transition into the pulmonary phase, and patients with more mild initial symptoms 

have been observed to transition. Of high significance is that following the start of the vaccination 

program for COVID-19, Dr Chetty has seen a considerable number of individuals who suffer early 

pulmonary phase symptoms without the early flu-like symptomatic phase. These observations and 

the treatment protocol21 he uses for both infection and post-vaccine responses will be discussed in 

more detail in the last section of this chapter.

For the purpose of further discussion, disease classification of COVID-19 is as follows: 1) mild, 

where initial viral symptoms, independent of severity, resolve without transition or where transi-

tion occurs into early pulmonary phase, but symptoms are mild and resolve quickly; 2), moderate, 

with transition and often a prolonged period of lung and systemic inflammation (which encom-

passes Long COVID); and 3) severe (advanced COVID-19), with transition into pulmonary phase, 

accompanied by prolonged life-threatening hyper-inflammation and often Long COVID for those 

who survive.

21.6  THE “CYTOKINE STORM” (HYPER-INFLAMMATION) AND 
CYTOKINE PROFILES IN MODERATE AND SEVERE COVID-19

A cytokine storm is generally considered a response to infection where there is a large increase in 

inflammatory cytokines that are associated with a hyper-inflammatory state. Webb et al.23 have per-

formed a review on the clinical parameters of severe COVID-19 in comparison to hyper-inflammatory 

states, including macrophage activation syndrome (MAS), secondary hemophagocytic lymphohis-

tiocytosis and cytokine release syndrome, and have come up with the term COVID-19-associated 
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hyper-inflammatory syndrome (cHIS). The four parameters that characterized advanced COVID-19 

most closely (leading to the separate classification of cHIS) were extremely low lymphocyte counts, 

extremely high D-dimer levels, extremely high fibrinogen levels and extremely high C-reactive pro-

tein (CRP). Whilst Webb et al.23 described IL-6 as moderate to high, studies by Herold et al.24 and 

Laguna-Goya et al.25 have revealed this cytokine to be predictive of the need for mechanical ventila-

tion, with optimal cut-off values of 80 pg/ml and 86 pg/ml, respectively (the concentration of IL-6 

in control serum normally is 5 pg/ml or lower).

Numerous cell types, including macrophages and dendritic cells, produce IL-6, and this has major 

consequences for T-cell plasticity during antigen presentation. IL-6 can inhibit T-cell polarization to a 

T-helper1 (Th1) phenotype. Th1 lymphocytes provide support for CD8+ cytotoxic T-cells, increasing 

their activity against virally infected cells. Sustained high levels of IL-6 also promote loss of endothe-

lial cell barrier function,26 and this is enhanced by co-produced tumor necrosis factor alpha (TNFα).27 

IL-6 is also involved in tissue repair and collagen secretion, and with transforming growth factor beta 

(TGF-β), it constitutes a major contributor to lung fibrosis,28 one of the serious complications of SARS-

CoV-2 infections and advanced COVID-19.29 In this respect, vitamin D may have potent anti-fibrotic 

properties in COVID-19, as the ligand-bound vitamin D receptor interferes with Smad3, a transcrip-

tion factor induced by TGF-β and involved in inducing an array of pro-fibrotic genes.30, 31

Binding of IL-6 to its receptor (IL-6Rα within the cell membrane or the soluble IL-6R via a tran-

signaling mechanism, where IL-6-sIL-6Rα complex binds gp130 in any cell type) results in the tran-

scriptional activation of STAT3.32 By inducing Smad3, which has been shown to interact with STAT3, 

TGF-β can enhance transcription of IL-6-responsive genes.33The interaction between IL-6 and TGF-β 

may have high significance for the endothelial mesenchymal transition (EndMT) that occurs in severe 

COVID-19.34 EndMT leads to the destruction of blood vessels, and both these cytokines appear to act 

in concert to induce such a transition.35 Based on work with SARS-CoV-1 (SARS), it is possible that 

the nucleocapsid (N) protein of SARS-CoV-2 also modulates TGF-β signaling (Smad3) to block apop-

tosis of SARS-CoV-2-infected host cells whilst enhancing TGF-β-induced fibrosis.36

IL-6 is also a driver of CRP synthesis in the liver,37 and CRP activates the antimicrobial comple-

ment cascade.38 Sustained activation of the complement cascade can lead to tissue damage.39

By longitudinal profiling of cytokines in COVID-19, Lucas et al.40 observed a core cluster of 

IL-1α, IL-1β, IL-17A, IL-12 p70 and interferon alpha (IFNα) common to all COVID-19 patients. 

Severe disease provoked a further set of cytokines, including thrombopoietin (TPO), IL-33, IL-16, 

IL-21, IL-23, IFNγ, eotaxin and eotaxin 3. Common to all severe COVID-19 and characteristic of 

a cytokine storm (with the exception of IL-10) were elevations of IL-1α, IL-1β, IL-6, IL-10, IL-18 

and TNFα. These are fundamental cytokines of the innate immune system (except for IL-10, which 

is produced both by innate and adaptive immune cells) that are induced following inflammasome 

activation41 by viral pathogen associated molecular patterns (PAMPs) binding to pattern recognition 

receptors (PRRs). Whilst the cytokine profiles noted by Lucas and colleagues40 provide evidence of 

adaptive immune system activation (T-cell responses), patients with more severe COVID-19 show 

substantial losses of CD4+ and CD8+ T-cells. Indeed, lymphopenia has been a consistent finding, 

and it differentiates severe and moderate COVID-19.42 The mechanism of lymphopenia may be 

similar to human immunodeficiency virus (HIV), as SARS-CoV-2 has been shown to infect T-cells 

by interacting with CD4.43

A particularly important finding from the study of Lucas and colleagues40 was divergence that 

occurred after 6–10 days from symptom onset (DfSO) for those whose disease resolved in compari-

son to those who progressed to severe disease. Prior to this time point (combined measurements 

from 113 patients were made over time spans of 1–5, 6–10, 16–20 and 21–25 days), patients with 

moderate and severe disease displayed similar blood profiles, including the core cytokine profile 

referred to earlier. For moderate disease, these markers declined steadily after 6–10 DfSO, and 

resolving factors, such as epidermal growth factor (EGF), platelet-derived growth factor (PDGF) 

and vascular endothelial growth factor (VEGF), which are mediators of wound healing and tissue 

repair, were detected. In contrast, core signature markers remained elevated as disease progressed 
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to severe, and additional correlations emerged with severe disease after 6–10 DfSO. Severe disease 

was particularly characterized by a large rise in neutrophil/lymphocyte ratio, a significant rise in 

eosinophils and evidence for the involvement of all Th arms of the adaptive immune system (Th1, 

Th2 and Th17), as well as strong activation of the innate immune system.

Paradoxically, a cytokine that is also characteristic of severe COVID-19 is IL-10.44 Meta-analysis 

of non-severe and severe COVID-19 patients from 18 combined clinical studies has identified IL-6 

and IL-10 as covariates that accurately predict disease severity.45 This is surprising, as IL-10 is usu-

ally considered anti-inflammatory and part of the resolving phase of infection. Certainly, it has been 

suggested that IL-10 is fundamental to the optimal balance of the immune system in asymptomatic 

individuals.19 From longitudinal profiling, Zhao et al.46 have shown that IL-10 and IL-1RA (IL-1 

receptor antagonist), both usually classed as anti-inflammatory cytokines, were increased within 1 

week of symptom onset for patients who went on to severe disease (measurements were made on 

patient samples every 4–7 DfSO).

Also raised 4–7 DfSO was IP-10 (interferon gamma-induced protein 10, also known as CXCL10). 

It remained raised in severe disease whilst dropping to control levels in mild cases. IP-10 is a che-

moattractant for a number of cell types, including macrophages and neutrophils, and its elevation 

is consistent with neutrophil influx into lungs with concomitant neutrophil extracellular trap (NET) 

formation47 and blood clotting.48

A finding from the study of Zhao et al.,46 consistent with the work of Le Bert et al.19 on asymp-

tomatic SARS-CoV-2-infected individuals (who seroconverted), was the observation of significantly 

raised RANTES in mild versus severe disease (the authors of this study noted that “patients with 

severe disease showed mild symptoms during weeks 1 and 2 and developed severe disease in weeks 

3 to 4 after the onset of symptoms”). RANTES or CCL5 is a chemokine produced by a number 

of cells, including T-cells, epithelial cells, platelets and mast cells. It functions as an attractant for 

monocytes, T-cells, dendritic cells, NK cells and eosinophils. The authors of this study have sug-

gested that elevation of CCL5 within the first week for those who after initial symptoms, went on 

to display mild disease in comparison to severe disease is due to production by virus-specific CD8+ 

T-cells (cytotoxic T-cells).

Although associated with allergy, tissue-resident mast cells act as one of the primary sensors 

of environmental stressors.49 One intriguing sensing mechanism is the extension of membranous 

projections into the lumen of blood vessels. Based on their innate sensing ability, an alternative 

explanation for the elevated production of CCL5 in mild in comparison to severe disease46 is that 

tissue-resident mast cells produce this chemokine in response to virus recognition by the PRRs, 

such as toll-like receptor 3 (TLR3). In turn, CCL5 production may lead to recruitment of antigen-

specific CD8+ T-cells as a means to limit infection.

Neumann et al.50 performed blood profiling and demonstrated markedly increased numbers of 

regulatory T-cells (Tregs) producing IL-10. However, this study failed to find evidence for a signifi-

cant increase in effector CD4+ T-cells (Th1, Th2 and Th17) in response to SARS-CoV-2 infection. 

Part of the reason for this may be lymphopenia, as SARS-CoV-2 would seem to infect CD4+ T-cells, 

possibly using the CD4 protein as a docking site, allowing the spike protein to interact with ACE2 

and be cleaved by the protease TMPRSS2.43 Another explanation for the apparent lack of specific 

Th-cell response may involve methodology.

By performing studies on bronchoalveolar lavage fluid (BALF) samples, McGregor et al.51 have 

shown that T-lymphocytes within these samples are Th1-skewed. In contrast, when they determined 

the T-cell distribution in peripheral blood mononuclear cells (PBMCs) obtained from whole blood, 

no significant differences in Th1, Th2 and Th17 lymphocyte types were apparent between control 

samples and COVID-19 samples. They suggested that “expression of the Th1 program is a specific 

feature of Th cells at the site of pulmonary inflammation where virus-specific T cells may be con-

centrated.” In support of a T-cell response to SARS-CoV-2, Grifoni et al.52 were able to detect T-cell 

responses to specific SARS-CoV-2 epitopes. Le Bert et al.19 have shown a distinct Th1 response in 

response to ex vivo SARS-CoV-2 antigen stimulation. So in the unstimulated scenario, the inability 
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to detect changes in Th-cell types probably represents the technical difficulty of detecting these 

cells amongst all other epitope-specific Th-cells in a sample of PBMCs isolated from whole blood.

The observation from the study of Lucas and colleagues,40 that IL-33 (also known as an alarmin) 

is elevated, is in line with the proposal of Zizzo and Cohen53 that when released from infected and 

damaged epithelial alveolar cells, it enhances TGFβ-mediated differentiation of Foxp3+ Treg-cells. 

In mild disease, where viral clearance has been successful, perhaps Tregs, via IL-10 production, 

drive the resolution phase of the disease, where alveolar macrophages transition to a scavenger and 

resolving (M2) phenotype,54 producing factors such as EGF, FGF and VEGF55 (as indicated in the 

blood profiling work of Lucas and colleagues40). Clearly, for individuals who progress to moderate 

and severe disease, the situation is rather different.

Returning to the early raised IL-10 (and perhaps increased abundance of Treg-cells) measured in 

the blood of advanced (severe) COVID-19 patients, a further strong possibility is that for infected 

cells, the N-protein of SARS-CoV-2 associates with the transcription factor Smad3, as was shown 

for SARS-CoV.36, 56 The significance here is that during antigen priming of naive CD4+ T-cells 

(antigen presentation), Smad3 is induced by TGF-β, and Smad3 increases transcription of the Treg-

specific factor Foxp3 (Forkhead box P3).57 It is also possible that the drive to the Foxp3 pathway 

leads to an increase in Treg-cells by “overwriting” recently differentiated Th-cell phenotypes. The 

work on CD4+-facilitated SARS-CoV-2 uptake has certainly demonstrated that virally infected 

CD4+ T-cells increase production of IL-10,43 a cytokine associated with Treg-cells.

Before leaving the Smad3 story for a while, Zhao et al.36 further demonstrated that whilst 

the viral N-protein enhanced TGF-β-mediated effects in lung epithelial cells, it blocked Smad3-

mediated apoptotic cell death. If this mechanism operates for SARS-CoV-2-infected CD4+ T-cells, 

viability may be maintained long enough to sustain several rounds of viral replication before the 

high cellular viral load perhaps induces cell death. Usually, virally infected cells of nearly all types 

are detected by CD8+ cytotoxic T-cells, and the infected cells are destroyed before extensive viral 

replication can take place. It would appear that a non-structural protein encoded by ORF8 of the 

SARS-CoV-2 genome potently downregulates MHC1 receptors,58 thereby blocking cytotoxic T-cell 

recognition of infected CD4+ T-cells. This is a situation where NK cells should act as a “fail safe,” 

as virally infected cells that lack MHC1 receptors provide a signal to activate NK cell cytotoxicity.

Whilst the described mechanisms may be involved in hyper-inflammation associated with 

COVID-19, clinical observations of Dr Shankara Chetty21 (and others) suggest that the hyper-

inflammatory phase of COVID-19 has its origin around 6–8 DfSO. This finding is reflected in the 

overview by Buszko et al.,59 where it is stated that an “inflection point of illness occurs typically 

between days 5 and 7 of illness.” They go on to suggest that “This interval is the time in which tar-

geted immunomodulatory therapy will probably be most beneficial in lowering mortality.”

So perhaps, increasing concentrations of viral fragments, together with increasing damage-asso-

ciated molecular pattern (DAMP) concentrations (including alarmins like IL-33) and rising anti-

body production from plasma cells (initially IgM), act as a trigger for a hypersensitivity response.

Dr Chetty has suggested that this could be a type 1 response, where antigens interact with cog-

nate IgE receptors that have become attached via Fc receptors (Fc-epsilon-RI) to mast cells in 

tissues surrounding and within blood vessel walls. Antigen binding to IgE induces cross-linking 

of rFc-epsilon-RI and mast cell degranulation, with the release of histamine and many other pro-

inflammatory mediators (including IL-6). If so, this response is later in the disease time course than 

one would normally expect for a type 1 reaction.

Given the timing of the transition from symptomatic to early pulmonary phase, a type 2 or a type 

3 hypersensitivity response (or both) might seem more likely. In the case of type 2, antibodies would 

be directed to a self-antigen. For type 3, insoluble immune complexes may be formed between 

antibodies and viral fragments attached to blood vessel walls, leading to vasculitis from comple-

ment activation and mast cell degranulation. One has to say that a rise in antibody titer sufficient 

to trigger a hypersensitivity response at around a week post symptom onset (and therefore, 10 days 

or so from infection) would suggest prior exposure to a similar coronavirus endowing a degree of 
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immunological memory. Indeed, data on vaccination with a spike protein–expressing vector would 

suggests such a prior event, as IgG levels rise significantly 10 days post first vaccination.60

A further possibility is the direct activation of mast cells by virus components acting via the 

recently identified MRGPRX2 receptor.61 This receptor can activate the high-affinity IgE receptor, 

Fc-epsilon-RI, in the absence of pre-formed IgE. If this is a mechanism for the transition from the 

symptomatic phase to the early pulmonary phase, then the rise in IL-6 that is noted for individuals 

who transition to the early pulmonary phase may reflect such a trigger. IL-6 is known to influence 

the polarization of the developing adaptive immune response away from a cell-mediated antiviral 

Th1 response and towards a humoral Th2 response. Using a rapid technique to determine the IgG 

antibody response in patients with mild, moderate and severe COVID-19, Deb et al.62 have pro-

vided preliminary data to suggest that persons suffering severe disease do indeed have an immune 

response skewed towards a type 2 or Th2 phenotype.

Further discussion on the trigger events for the transition from the symptomatic to the early pul-

monary phase will be presented in the overview discussion at the end of this chapter.

21.7  NUTRIENT TRANSFER, GUT MICROBIOME AND IMMUNITY

Whilst the stomach is essential for the initial processing of ingested food substances, most nutrient 

transfer occurs within the small and large intestine, and commensal microorganisms play a funda-

mental role in nutrient extraction.

21.7.1  GUT MICROBIOME AND GALT

It has been estimated that the colon harbors as many as a trillion bacteria per gram (microbiome) 

and this mass comprises more than 1000 different species of organism. In order to cope with this 

number of potentially invasive microorganisms, the gut has developed an efficient immune system. 

This defensive immune system is part of a wider group of tissues termed the GALT or gut-associated 

lymphoid tissue. These sites comprise a collection of multi-follicular structures, including tonsils, 

Peyer's patches, appendix, colonic and cecal patches, and a number of single follicular structures 

called isolated lymphoid follicles (ILF). These tissue structures are situated throughout the gastro-

intestinal tract, and with mesenteric lymph nodes (MLN), they help protect the host from infection 

following an epithelial barrier breach.

21.7.2  GUT MECHANISMS PREVENTING INFECTION

As a first line of defense, the gut lining (comprising different types of epithelial cells) must provide 

a barrier to prevent the bulk ingress of bacteria, components thereof and food components into the 

sub-epithelial spaces. Four major mechanisms are important here: 1) the secretion of AMPs into 

mucins produced by goblet cells, 2) the secretion of immunoglobulin A (IgA) antibodies (sIgA) 

from antigen-programmed plasma B lymphocytes and 3) regulation of the gap junctions between 

gut epithelial cells.63 These three processes interact to limit incursion of microorganisms in a way 

that allows, on a strictly limited basis, the “sampling” of antigens from gut microorganisms. These 

antigens are “presented” to immune cells in the spaces behind the epithelial cell barrier, and in 

response, IgA antibodies are manufactured and secreted (sIgAs) into the lumen of the gut. These 

sIgA antibodies, together with mucins, help prevent the adherence of microorganisms to luminal 

surfaces and also help in the transport of microorganisms along the gut canal.64

21.7.3  INNATE AND ADAPTIVE IMMUNE SYSTEMS OF THE GALT

The sub-epithelial spaces of the gut, which comprise an element of the GALT, are populated by 

innate immune cells, such as macrophages and dendritic cells, B-cells, different types of CD4+ 
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T-helper lymphocyte (Th-cells), CD4+ regulatory T-cells (Treg) and CD8+ cytotoxic T-cells. Some 

of these antigen-specific T-cells help in the production of secreted antibodies (Th2 cells), and some 

(Th1/Th17 and CD8+ cytotoxic T cells) help fight microorganisms that have managed to attach to 

the gut epithelium and then breach the gut barrier. It is the latter type of Th-cells and CD8+ cells, 

along with innate immune cells, that enhance the inflammatory response.

In addition to local gut effects, inflammatory Th-cells and cytotoxic T-cells can be carried via 

the systemic circulation to distant sites, where they can enhance an inflammatory response taking 

place due to damage or infection.65 This non-local influence of the gut is also determined by the 

integrity of the gut barrier, and this decreases with age.66

21.7.4  THE GUT–LUNG AXIS IN RESPIRATORY INFECTION

Severe COVID-19 is a virus-induced inflammatory disease, and as such, one might assume that the 

state of immune activation within the gut will have a bearing on the course of the disease. As indi-

cated earlier, the immune state within areas of GALT is established as an interaction between food 

components and the gut microbiome, and this “inflammatory tone” is transferred not only within 

the GALT but also further afield. One area of the body first identified to be under this influence was 

the synovial cavity of the joint.67

Since the first ideas on the non-local influence of the GALT, much has been written on the 

gut–brain interaction, and now, literature is accumulating on the gut–lung axis.68 This interaction 

is facilitated by the mesenteric lymphatic system. This system acts as a “drainage complex” where 

intact bacteria, their fragments, metabolites and gut-derived immune cells translocate across the 

intestinal barrier and from the mesenteric system, join the systemic circulation, and modulate the 

lung immune response.69

Age is associated with gut dysbiosis and as mentioned earlier, decreased barrier function.66 As 

a consequence, translocation of gut-derived components and delivery to the lungs via the systemic 

circulation increases with age. This may establish a pro-inflammatory environment in the lungs that 

enhances the local cytokine response to SARS-CoV-2 and exacerbates COVID-19 in older people. 

One way of controlling this could be inclusion in the diet of sufficient fiber and probiotic bacteria 

capable of digesting fiber to produce short-chain fatty acids (SCFAs).

21.7.5  GUT-DERIVED SCFAS AND RESPIRATORY VIRUS MODEL

A paper published in 2018 on a mouse model of H1N1 infection70 described how animals handled flu 

virus when fed a diet of high fiber (HFD) in comparison to low fiber. The results were astonishing. 

High fiber increased butyrate over 100-fold and had a large positive effect on survival. The authors 

found that although there was a small increase in viral load 5 days after infection, the high-fiber diet 

markedly reduced uptake of neutrophils into the lungs. These changes were reproduced by adding 

butyrate to drinking water 2 weeks prior to and during infection.

Further work revealed reduced expression by lung macrophages of the neutrophil chemokine 

CXCL1 in response to butyrate. This effect appeared to be due to butyrate shaping the phenotype of 

monocytes in bone marrow. On reaching the lungs, these cells differentiated into alternatively acti-

vated, IL-4- and IL-10-secreting macrophages (M2) with low inflammatory potential. In addition, 

butyrate increased antigen-specific CD8+ T-cells. The relevance of this study to COVID-19 is that a 

significant immune system response associated with lung damage is neutrophilia.71

In other cellular systems, butyrate would seem to impart a degree of trained immunity by increas-

ing macrophage antimicrobial effects without increasing inflammatory potential.72, 73

In view of the earlier discussion on the downregulation of the antiviral response by IL-10-

secreting cells, freeing a tissue of infection clearly requires an optimal balance between the degree 

of immune stimulation (inflammation) and the degree of immune suppression. Quite how this bal-

ance is achieved is not an easy question to answer.
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21.7.6  GUT MICROBIOME MODIFICATION FOR PROPHYLAXIS AND TREATMENT OF COVID-19

The gut microbiome has been shown to change during the course of COVID-19,74and given the influ-

ence of the gut microbiome on the lung, there have been calls for the use of prebiotics, probiotics, 

high fiber and indeed, butyrate in the treatment of COVID-19.75, 76 Dr William Shaver77 has used a 

combination of vitamin C, vitamin D and the prebiotic Kefir to successfully treat patients with early 

symptoms of COVID-19. Although not specifically related to COVID-19, Dr Shaver’s work is sup-

ported by a wide literature78 and in particular, an impressive study showing that a high–fermented 

food diet steadily increases microbiota (microbiome) diversity and decreases inflammatory mark-

ers.79 Wischmeyer et al.80 have demonstrated that daily Lactobacillus rhamnosus in a COVID-19 

exposure setting resulted in prolonged time to development of COVID-19 and reduced symptoms.

21.8  FOOD GROUP COMPONENTS AND THE 
INFLAMMATORY TRIGGER SETTING

21.8.1  THE CARBOHYDRATE–PROTEIN–FAT BALANCE AND INFLAMMATION

Much is currently written regarding the role of carbohydrate in the diet. Until some 5 years ago, the 

villain was fat, or more precisely, saturated fat. Now, this accolade is given to carbohydrates with a 

high glycemic index. Apart from the way they are metabolized, a fundamental difference between 

fats and “sugars” and indeed, proteins (amino acids) is the effect they have on autophagy. This is a 

“housekeeping process” whereby cellular components, both large (mitochondria) and small (mac-

romolecules), are reprocessed using a combination of vesicle trafficking and lysosomal degradation. 

As for many processes, but particularly so for autophagy, its activity falls with age. Fatty acids have 

no direct effect on autophagy, but carbohydrates and amino acids decrease autophagic flux. The 

mechanism for this is that both increase the activity of mTORC1, a nutrient-responsive (glucose and 

amino acids) terminal kinase of the PI3K-AKT cascade. Through various signaling mechanisms, 

mTORC1 inhibits autophagy whilst increasing anabolic processes. Indeed, autophagy is at the heart 

of many life-extension programs involving selective nutrient deprivation.81 The benefit of nutrient 

depravation may be due to the effect autophagy has on the inflammatory trigger setting of the body.

Autophagy and inflammatory pathways share some of the same components,82 and this gives rise 

to a reciprocal relationship between the two processes. Autophagy is also associated with a primary 

trigger of immune activation, namely, the inflammasome.83, 84

The inflammasome is a multi-enzyme complex that is activated within cells by PAMPs and 

DAMPs and various other factors, such as oxidants. Following the activation of PRRs by PAMPs 

and/or DAMPs, the transcription factor NFκB is induced, and this upregulates the expression of 

inflammasome components. A second step, often involving reactive oxygen species (ROS), is neces-

sary for full activation, resulting in the production of IL-1β and IL-18.85

Whilst no clinical studies have been undertaken, Hannan et al.86 make a strong case for the 

benefit of calorie restriction to upregulate autophagy in COVID-19. However, evidence has been 

presented that the SARS-CoV-2 genome codes for a protease (PLpro) that degrades the serine-

threonine kinase ULK187, a kinase regulating starvation-induced autophagy. If this is indeed so, 

then calorie restriction as a means to increase autophagic flux in SARS-CoV-2-infected cells may 

be rather ineffective unless PLpro can be inhibited.88

21.8.2  DIETARY POLYUNSATURATED FATTY ACIDS AND CONTROL OF INFLAMMATION

Omega-3 fatty acids comprise α-linolenic acid, docosahexaenoic acid (DHA) and eicosapentae-

noic acid (EPA). The latter two are fish oil associated, whilst α-linolenic acid is plant derived. 

As a component of membrane phospholipids, omega-3 polyunsaturated fatty acids (n3PUFAs) 

increase membrane fluidity89 and by doing so, alter G-coupled receptor signaling processes, SH2 
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domain tyrosine kinase signal transduction and TLR4-mediated inflammatory signaling.90 Also, 

the n3PUFA DHA binds to the peroxisome proliferator receptor gamma (PPAR-γ), a nuclear recep-

tor that forms a heterodimer with the co-transcription factor PGC-1α. Together, they have multiple 

effects on metabolism.91 DHA and EPA also bind to GRP120, and this has anti-inflammatory effects 

in macrophages and adipocytes, inhibiting both TLR and TNFα-activated pathways and decreasing 

insulin resistance.92

EPA and DHA also influence dendritic cell (DC) phenotype and function. DCs are critical to 

antigen presentation in lymph nodes near a site of infection. The type of helper T-cells generated 

very much depends on the co-stimulation that DCs received at the site of infection.

Whilst at the time of writing, there appear to be no reports of clinical trials involving PUFAs 

for COVID-19 prophylaxis or symptom de-escalation, evidence from sepsis and patients with acute 

respiratory distress syndrome (ARDS) have shown favorable results. Hosny et al.93 considered the 

efficacy of 7 days’ high-dose supplementation with DHA and EPA (9 g/d), along with 1 g/d ascor-

bic acid, 400 IU/12 h alpha-tocopherol (vitamin E) and 100 μg/d selenium, in patients with early-

stage sepsis. Compared with the control group, the supplemented group exhibited lower levels of 

CRP, IL-6 and procalcitonin, a lower need/shorter duration for mechanical ventilation, and reduced 

development of severe sepsis. A recent Cochrane review of patients with ARDS receiving EPA and 

DHA supplementation revealed significant improvement in blood oxygenation, a reduced need for 

ventilation, less organ failure, shorter length of intensive care unit (ICU) occupancy and reduced 

mortality at 28 days.94 Most reviews are now suggesting that appropriate supplementation with 

PUFAs such as EPA and DHA (4–6 g/day), under conditions where suitable antioxidant support is 

given, should be of benefit as a means of symptom de-escalation in COVID-19.95, 96

21.9  ANTIOXIDANT AND METABOLIC SUPPORT FOR COVID-19

21.9.1  CELLULAR OXIDATIVE STRESS AND INFECTION

The generation of free radicals (oxidants) is an inherent consequence of aerobic metabolism, but 

infection places further demand on cellular antioxidant systems. Whilst SARS-CoV-2-encoded 

proteins may interfere with mitochondrial function,97 leading to heightened mitochondrial oxidant 

generation, stress is often due to activation of oxidant-inducing pathways by infection-induced cyto-

kines, particularly IL-6.

This cytokine is a powerful inducer of the cytosolic enzyme system NADPH oxidase, and activ-

ity of this enzyme results in the production of superoxide, which is further converted to the pro-oxi-

dant H2O2. In the absence of sufficient catalase activity and/or glutathione/glutathione peroxidase, 

and in the presence of ferrous ions (Fe2+), H2O2 is converted to the highly damaging hydroxyl radi-

cal. To counter this, the extracellular concentration of iron is maintained at a very low level by the 

iron binding protein lactoferrin. Early in the COVID pandemic, work was presented suggesting that 

SARS-CoV-2 could be taken up by erythrocytes by binding to CD147 and CD26 receptor proteins 

and release iron through interaction with hemoglobin (Hb).98 This would not only swamp the iron 

binding capacity of lactoferrin; it would also result in anemia. The reduced oxygen-carrying ability 

of Hb could cause local tissue hypoxia, reducing mitochondrial function, and the free iron would 

induce cellular oxidative stress. These conditions could contribute to multi-organ failure, one of the 

outcomes of severe COVID-19. A further factor in this scenario is the ability of IL-6 to increase 

intracellular iron concentrations by inducing the synthesis of the intracellular iron binding protein 

ferritin.99

This pro-oxidant scenario is likely to play out through cytokine-induced clotting factors,100, 101 in 

particular by SARS-CoV-2-induced NADPH oxidase following viral RNA activation of the toll-like 

receptor TLR-7.102 The common link is that both IL-6 and SARS-CoV-2 infection induce NADPH 

oxidase, and subsequent oxidant generation induces NFκB and endothelial cell expression of tissue 

factor (TF), a primary trigger of coagulation.
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21.9.2  VITAMIN C (ASCORBIC ACID) AND SYMPTOM DE-ESCALATION

Ascorbic acid (AA) is a water-soluble antioxidant. Since the 1950s, it has been known that infection 

places a huge burden on the pool of vitamin C within the human body.103 This is now confirmed for 

SARS-CoV-2 infection. Xing et al.104 reported that AA levels dropped from around 9.23 mg/l (50 

µmol/l) in healthy volunteers to around 2.00 mg/l (11 µmol/l) in COVID-19 patients. This study also 

revealed that when provided intravenously (IV), vitamin C restored levels to around 13.46 mg/l (76 

µmol/l). Such a fall may have severe consequences for various redox systems that depend on AA for 

regeneration. One of these is the glutathione/glutathione peroxidase system (see section to follow). 

Another system is nitric oxide synthase (NOS). The production of NO from L-arginine requires 

NADPH, (6R)-5,6,7,8-tetrahydrobiopterin (BH4), FAD, FMN, heme and Zn2+. AA is required to 

maintain BH4 in its reduced form.105 These findings and observations suggest that oral AA should 

be used for prophylaxis against SARS-CoV-2 infection and also administered IV, in the form of 

sodium ascorbate, for symptom de-escalation.22, 106 Indeed, Dr Richard Cheng107 has pioneered the 

use of IV vitamin C against COVID-19.

From work on pulmonary endothelial barrier function, it appears that IV vitamin C is particu-

larly effective when used in combination with a corticosteroid.108Studies such as these have been the 

driving force for the work of Dr Paul Marik. He has used a combination of corticosteroids, vitamin 

C and thiamine for treating sepsis with good results.109

The mechanism for this successful combination has been explored by a number of authors.110, 
111 At the right dose, glucocorticoids are powerful anti-inflammatory agents, shutting down several 

arms of the immune system. However, the receptor to which they bind is negatively affected by oxi-

dants.112 This may be reversed by the administration of AA, which has been shown to restore gluco-

corticoid receptor function.113 In addition to this, there is evidence that the cellular uptake of AA is 

mediated by the sodium-vitamin C transporter (SVCT2), and this is downregulated in inflammatory 

states.114 Certainly, in a mouse cell culture model, Fujita et al.115 have shown that the glucocorticoid 

dexamethasone induces expression of the SVCT2.

It is the work on sepsis that has provided a basis for treating advanced COVID-19. Dr Paul Marik, 

with other Critical Care Physicians, has formed the Front Line COVID-19 Critical Care Alliance.22 

They have developed the MATH+ protocol for advanced COVID-19, which includes methylpred-

nisolone, IV vitamin C, thiamine, heparin and a list of other agents as indicated at their website. 

Their most recent addition is Ivermectin. The MATH+ protocol has so far been implemented in the 

treatment of COVID-19 patients at two hospitals in the United States: United Memorial Hospital in 

Houston, Texas and Norfolk General Hospital in Norfolk, Virginia. It has proved extremely success-

ful, reducing mortality from 15–32% (worldwide ICU figures) to around 5%.

21.9.3  VITAMIN E AND COVID-19

Although there are eight fat-soluble isoforms of vitamin E, the body preferentially uses α-tocopherol. 

α-Tocopherol functions as a chain-breaking antioxidant, preventing the propagation of extremely 

damaging free radicals within lipid–protein structures of cell and organelle membranes. A further 

important role is preventing the oxidation of low-density lipoproteins, which in an oxidized state, 

are pro-inflammatory.116 The paper by Soroki et al.117 provides the rationale for protecting lipopro-

teins in COVID-19, as it suggests that lipoproteins with oxidized phospholipids and fatty acids could 

lead to virus-associated organ damage via over-activation of innate immune scavenger receptors. 

No studies are reported on vitamin E supplementation alone for COVID-19, but a clinical trial was 

described for a combination of vitamin E with vitamins A, C, D and B.118 The results of this clinical 

trial were published in November 2021.119 The trial involved 60 ICU patients with severe disease 

(30 control and 30 in the treatment group). The intervention included 300  IU twice daily of vitamin 

E, 25,000  IU daily of vitamin A, 500  mg four times daily of vitamin C, 600,000 IU vitamin D 

(one assumes cholecalciferol) once during the study, and one “amp” daily of B complex for 7 days. 
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Patients were monitored at baseline and after 7 days of supplementation. Overall, treatment sub-

stances were significantly raised in serum samples after 7 days. In response, inflammatory markers 

were significantly reduced in serum samples, as was severity of the disease. There were four deaths 

in the control group but none in the supplemented group.

21.9.4  ASCORBIC ACID, L-LYSINE AND THE “BRADYKININ STORM”

A co-morbidity that increases the risk of severe COVID-19 is hypertension. In its extreme form, 

this condition is associated with damaged to major arteries, inflammation and vascular narrowing 

(atherosclerosis). Most of the current theories of atherosclerosis involve the interplay between endo-

thelial dysfunction (inflammation) and cholesterol-containing lipoproteins.120 An alternative view 

for the causation of atherosclerosis was presented in 1989 by Pauling and Rath.121 This hypothesis 

proposed that damage to the artery wall was due to a shortage of vitamin C in the diet; in other 

words, a sub-clinical form of scurvy. The link with what might loosely be described as “the choles-

terol hypothesis” was made by suggesting that insufficient AA leads to the deposition of a choles-

terol transport lipoprotein, lipoprotein (a) (Lp(a)), within the vessel wall. Over time, Lp(a) becomes 

oxidized, leading to immune cell involvement and inflammation.117 A fundamental aspect of this 

idea was that L-lysine could block Lp(a) binding to the arterial wall.

There is indeed evidence that Lp(a) has a lysine binding site that may contribute to fibrous plaque 

formation at the site of arterial damage.122 So, L-lysine might act as a decoy, preventing Lp(a) bind-

ing to the arterial wall. This may have implications for the vascular damage and clotting that is seen 

in severe cases of COVID-19.117, 123 L-lysine may also have a significant role in modulating the nitric 

oxide (NO) system that is activated after SARS-CoV-2 infection.

NO is a vasodilatory substance that counteracts the vasoconstricting effects of substances like 

angiotensin II (A2). A2 is part of the renin–angiotensin system (RAS). Its effect is diminished by 

the enzyme ACE2, which acts as the receptor for SARS-CoV-2 entry into cells. ACE2 converts 

angiotensin to Ang1-9 and Ang1-7 (the latter in cooperation with ACE, as A2 is converted to Ang1-7 by 

ACE2). So, under physiological circumstances, a balance is established between ACE (producing 

A2) and ACE2. Whilst the expression of ACE2 is rather low in lung tissue, work on bronchoalveo-

lar lavage (BAL) samples from SARS-CoV-2-infected individuals has demonstrated a very large 

upregulation of ACE-2 (around 200-fold).124 A significant effect of Ang1-7 and Ang1-9 is the induc-

tion of NO production.125 Whilst beneficial under physiological circumstances, under conditions of 

oxidative stress (for example, IL-6-induced superoxide (O2
−) overproduction), the presence of NO 

leads to the production of the peroxynitrite (ONOO−) radical. Peroxynitrite is implicated in sepsis 

and ARDS,126 and it is also overproduced in the advanced stages of COVID-19. NO production is 

dependent on cellular uptake of L-arginine, and this is competitively inhibited by L-lysine.127

An aspect of COVID-19 pathogenesis not so far discussed is the so-called “bradykinin storm.” 

This was the subject of the paper by Garvin et al.124 discussed earlier with reference to ACE2 in 

BAL samples from COVID-19 patients. Their work demonstrated that the RAS system was severely 

dysregulated in lung tissue infected by SARS-CoV-2. ACE expression in cells from BAL samples 

was decreased, whilst ACE2 expression was markedly increased. The overall effect will be a swing 

toward the production of Ang1-9 and bradykinin (BK). BK, like Ang1-9, induces vasodilation. Indeed, 

Ang1-9 appears to sensitize the BKB2R form of the bradykinin receptor to BK, and this is associ-

ated with vasodilation, sodium retention and hypotension. Overall, these changes cause vascular 

dilation, hyperpermeability and vascular inflammation. In addition, hyaluronic acid was highly 

over-expressed in BAL samples,124 and this would explain the presence of a viscous hydrogel-like 

substance that accumulates in lung alveoli of patients with advanced COVID-19, preventing gas 

exchange.

A fundamental aspect of Ang1-9 acting via AT2 receptors and BK acting via BKB2R receptors 

is the intracellular production of NO.125, 128 Under conditions of an associated cytokine storm, the 

peroxynitrite radical will be formed, leading to further tissue damage.
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Returning to L-lysine, this amino acid has been shown to decrease the synthesis of NO,127 and 

so in combination with IV vitamin C (as sodium ascorbate), L-lysine administration may provide a 

means of reducing vascular hyperpermeability and vascular inflammation in advanced COVID-19. 

L-Lysine has also been suggested to have antiviral properties.129

21.9.5  N-ACETYLCYSTEINE (NAC) SUPPORT FOR GLUTATHIONE SYNTHESIS AND RECYCLING

NAC is a thiol antioxidant, and via deacetylation, it is converted to cysteine, the precursor of gluta-

thione (GSH), one of the most important cellular antioxidants. NAC has an advantage over cysteine, 

as it more readily crosses cell membranes. In addition to its GSH-precursor role, it also induces Nrf2 

(nuclear factor erythroid 2–related factor 2). Nrf2 binds to an antioxidant response element (ARE) 

in the promoter region of genes of antioxidant enzymes and phase 2 detoxifying enzymes, leading to 

their transcription. Antioxidant enzymes and their support enzymes induced by Nrf2 include super-

oxide dismutase (SOD), glutathione peroxidase (GPx) and glutathione reductase. The last of these 

is particularly important, as it is responsible for recycling GSH.130 GSH is oxidized by enzymatic 

systems, such as glutathione peroxidase, and also by redox coupling with the oxidized form of AA. 

As a water-soluble antioxidant, AA is converted to dehydroascorbate, which is recycled back to AA 

using GSH. If AA is to be used in the treatment of COVID-19 (late symptomatic phase onwards), 

then it is essential to include NAC in the protocol to maintain vitamin C in its reduced form.

Shi and Puyo131 have reviewed the evidence regarding the use of NAC for respiratory infections 

and COVID-19, and have suggested a strategy whereby on first exposure to SARS-CoV-2, 600 mg 

NAC should be administered orally twice a day (BID). With symptoms, this dose is increased to 

1200 mg BID. On ICU admission, patients should receive 100–150 mg/kg/day NAC by an IV route.

21.10  MELATONIN

Melatonin is a hormone synthesized from serotonin in the pineal gland. The terminal enzyme in 

its synthetic pathway is rate limiting and sensitive to light-dark cycles. It is also produced in the 

gonads, the retina, immune cells such as macrophages, and the gut, where it may alter the micro-

biota and enhance goblet cell mucin production and antibacterial peptide synthesis.132

Despite endogenous synthesis, it is included in this review for reasons that have high significance 

for SARS-CoV-2 infection and COVID-19. Firstly, after 50 years of age, the diurnal rhythm of mela-

tonin (blood concentrations peak around 1–2 a.m.) is lost, and this is strongly reflected by a reduc-

tion in the total antioxidant capacity of serum.133 This is significant for COVID-19, as the infection 

fatality rate (IFR) for SARS-CoV-2 increases with age.134 Secondly, melatonin is unique among 

hormones in that it is a powerful antioxidant that targets mitochondria to support the glutathione/

glutathione peroxidase system. In studies where endotoxin was used to induce protein and lipid oxi-

dation, melatonin was more effective than the mitochondrial targeting antioxidant MitoQ.135

Unlike the pineal gland, where the activation of NFκB by PAMPS and/or DAMPS shuts down 

melatonin synthesis, in macrophages, NFκB induces melatonin synthesis.136 So, infection induces 

melatonin production in macrophages, and melatonin, acting in an autocrine fashion, reduces 

inflammasome activation, possibly via Nrf2.137 This will have the effect of dampening the inflam-

matory response and provides a rationale for its inclusion in a therapeutic regime for advanced 

COVID-19.

Using system biology combined with artificial intelligence, Artigas et al.138 have identified mela-

tonin in combination with pirfenidone as a promising candidate therapy to reduce SARS-CoV-2 

infection and to mitigate the cytokine storm of severe COVID-19. Pirfenidone is an antifibrotic 

agent with clinical utility for lung fibrosis.139 It inhibits furin, a protease involved in TGF-β produc-

tion and the cleavage of many protein sequences (often to activate the protein), including SARS-

CoV-2 spike protein, where it cleaves at the S1/S2 site and in so doing, allows the spike protein to 

fuse with a cell membrane. Melatonin also appears to have a role in virus uptake, as two of its three 
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membrane receptors, MTNR1A and MTNR1B, interact with GRP-78 (Glucose Regulated Protein 

78), another protein associated with SARS-CoV-2 uptake by cells.140 As noted earlier, melatonin 

may reduce inflammatory cytokines by decreasing NF-κB activation.141

Pirfenidone may therefore synergize with melatonin to reduce both TGF-β and IL-6, factors 

involved in lung inflammation and fibrosis, which characterize advanced COVID-19.

Melatonin is used as one of the fundamental components of the MATH+ protocol22 for advanced 

COVID-19, and given its potential to block the entry of SARS-CoV-2 into cells and therefore infec-

tion, it might also be considered for prophylaxis.

In some countries, melatonin is a prescription-only compound. However, there are numerous 

natural sources.142 Whilst the MATH+ protocol advocates the administration of 6–12 mg melatonin 

per day for hospitalized patients, levels in food sources are much lower. Despite this, blood con-

centrations can be increased significantly (140 pg/ml versus 32 pg/ml) by foods such as bananas.143 

Banana is estimated to contain around 1 μg/g melatonin. If bioavailability is anywhere near simi-

lar, one might assume that medical herbs such as St John’s Wort (around 2000–4000 μg/g) and 

Feverfew (around 2000 μg/g) would raise blood concentrations considerably more.

21.11  B VITAMINS AND COVID-19

Thiamine (B1) has been included in therapies (see MATH+ protocol of FLCCC Alliance) because it 

is an essential cofactor for the enzyme pyruvate dehydrogenase, which converts pyruvate to acetyl-

CoA for entry into the mitochondrial Krebs cycle.144 Thiamine insufficiency reduces aerobic respi-

ration, leading to a shift to less energetically efficient anaerobic pathway and a rise in tissue lactate. 

It also plays a role in metabolism of branched chain amino acids and in the pentose phosphate 

pathway that generates NADPH.

Niacin (B3) and its amide, nicotinamide, are precursors of NAD+ and NADP+ and therefore 

essential to mitochondrial and cytosolic energy transfer systems and for the production of reduc-

ing equivalents for pathways such as the pentose phosphate pathway. The latter is critical in the 

maintenance of GSH and the antioxidant status of cells, as indicated earlier. A hypothesis has been 

presented where NAD+ deficiency in COVID-19 (which increases with age) enhances inflammation 

by reducing activation of SIRT1, an NAD+-dependent deacylase.145 SIRT1 activity plays a funda-

mental role in major metabolic processes, and it reduces inflammation.146 A small clinical study has 

demonstrated dramatic improvement in the condition of several elderly COVID-19 patients treated 

with nicotinamide riboside.147

Folic acid (B9) is essential to supplying one-carbon or methyl groups for numerous metabolic 

reactions and for gene methylation.148 Critical to what is known as the “folic acid cycle” is the 

enzyme 5,10-methylenetetrahydrofolic acid reductase (MTHFR). It is estimated that one-third of 

the world’s population carry mutations in the MTHFR gene, and homozygous carriers have 20% 

of the normal enzyme activity. Acting within the folic acid cycle and in associated metabolic 

processes (methionine synthesis, methyl group donation and glutathione synthesis) are vitamins 

B6 (pyridoxal 5′-phosphate), B2 (riboflavin) and B12 (cobalamin). B3 is also critical for supplying 

reducing power in the form of NADPH for the MTHFR reaction, the product of which is 5-methyl-

tetrahydrofolate (5-MTHF). Zinc also plays a critical role as cofactor in these enzymatic processes. 

Without sufficient MTHFR activity, folic acid is not helpful, and supplementation with 5-MTHF 

is required.149

A hypothesis regarding mutation of MTHFR (the common C677T polymorphism results in 

50% of normal enzyme activity), involving the elevation in homocysteine as a consequence of 

low MTHFR activity in susceptible individuals, has been presented with regard to COVID-19.150 

Independently of MTHFR status, one should consider supplementing with 5-MTHF along with B12 

(as methyl cobalamin, the active form) and the other B vitamins, particularly from the point of view 

of providing reducing equivalents to lower oxidative stress due to SARS-CoV-2 infection.151

B vitamins, along with Zn and Mg, are important for the synthesis of melatonin.152
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21.12  MINERALS AND METABOLIC SUPPORT

Magnesium (Mg) is an essential mineral for mitochondrial ATP production. A deficiency in Mg 

has been linked to the release of cytochrome c (cyt c) into the cytoplasm of the cell, and this acti-

vates the apoptotic program. Studies from the United States show that intake of Mg has dropped 

from 450–485 mg/day in around 1900 to about 185–235 mg/day for large segments of the North 

American population.153

As part of a combination treatment with vitamin D (1000 IU/day) and vitamin B12 (500 μg/day), 

Mg (150 mg/day) reduced the proportion of clinically deteriorating COVID-19 patients and the 

requirement for oxygen support and/or intensive care support.154

Manganese (Mn) is an essential mineral required in many enzyme systems and metabolic pro-

cesses. One of its best-known functions is as a component of mitochondrial superoxide dismutase 

(MnSOD), the enzyme that converts superoxide to H2O2 and then with the help of glutathione/

glutathione peroxidase, to water.155 Mn deficiency has been linked with a number of metabolic 

diseases, such as metabolic syndrome, type II diabetes (T2D), obesity, atherosclerosis and fatty 

liver syndrome. The commonality between these conditions is metabolic stress, particularly oxida-

tive stress.156 A higher intake of Mn was associated with reduced T2D along with lowered levels of 

inflammatory markers.157

Given its essential role in processes that reduce oxidative stress, Mn should be included in symp-

tom de-escalation protocols for COVID-19.

Selenium (Se) plays a fundamental role in metabolic processes. Two of the essential requirements 

for Se are as a component of the antioxidant enzyme glutathione peroxidase and iodothyronine 

deiodinase, the enzyme that converts inactive thyroid hormone, T4, to the active hormone, T3.158

Early in the COVID-19 outbreak in China, a link between Se deficiency and disease severity was 

reported.159 Since then, articles have appeared suggesting the same,160 and it has been hypothesized 

that Se may prevent infection with SARS-CoV-2.161

Zinc (Zn) is the second most abundant mineral in the body. However, unlike iron, the most 

abundant mineral, there is no identified storage mechanism. Conditions related to Zn deficiency 

were first identified in the early 1960s.162 Since then, Zn is recognized as essential in aspects of cell 

physiology such as folic acid metabolism, thyroid hormone metabolism and action,163 and an array 

of other endocrine systems.164 It is an essential component of tissue remodeling enzymes known as 

metalloproteinases165 and also serves a critical function in the immune system.166 Zn also appears to 

be required for the transcriptional function of Nrf2.167

A hypothesis regarding Zn deficiency in COVID-19 was presented in June 2020, where a number 

of known attributes of Zn were listed.168 These included inhibition of SARS-CoV RNA-dependent 

RNA polymerase (RdRp) and synergism with hydroxychloroquine (HCQ). Numerous studies have 

shown efficacy of HCQ for COVID-19, and synergism with Zn is possibly due to HCQ acting as a 

Zn ionophore.169 Benefits of zinc for COVID-19 prophylaxis and therapy have been further elabo-

rated in a review article by Pal et al.170 Ivermectin, which is now being used for COVID-19 therapy, 

also acts as an ionophore for Zn.171

21.13  VITAMIN D AND COVID-19

Unlike vitamin C, strictly, vitamin D is not a vitamin, as it is synthesized within the body from 

7-dehydrocholesterol. The pathway involves UVB irradiation of skin to form pre-vitamin D in outer 

skin layers and then a non-enzymatic conversion to form cholecalciferol (D3) in deeper layers of the 

skin. Cholecalciferol is taken up by the liver and converted to 25-hydroxyvitamin D3 (25-OHD) by 

the enzyme CYP2R1 and then in the kidney to the active form, 1,25-dihydroxyvitamin-D3 (1,25-

OHD), by the enzyme CYP27B1.172

The majority of 25-OHD and indeed, the active form 1,25-OHD is transported in the circula-

tion bound to D binding protein (DBP) or albumin, and less than 1% is free. Whilst parathyroid 
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hormone regulates calcium uptake from the gut by increasing the activity of CYP27B1, it is the non-

hormonal, immune cell metabolism of 25-OHD, and the response to 1,25-OHD in an autocrine/

paracrine fashion, that is relevant to the situation of SARS-CoV-2 infection. Vitamin D, or strictly 

1,25-OHD, interacts with a member of the superfamily of nuclear hormone receptors,173 namely, the 

vitamin D receptor (VDR).

21.13.1  ANTIMICROBIAL EFFECTS OF VITAMIN D BINDING TO THE VDR

Over the past 10 to 15 years, the emphasis of investigations has moved from hormone to auto-

crine/paracrine effects of vitamin D; specifically, extra-renal synthesis of 1,25-OHD in cells of the 

immune system, especially macrophages and T-cells. The immune response to 1,25-OHD is one 

of both immune stimulation and inhibition. When concentrations of 1,25-OHD are sufficient, the 

VDR, which is mainly located in the nucleus, heterodimerizes with RXR (retinoid X receptor). 

This heterodimer binds to VDRE (vitamin D response element) in the promoter region of vitamin 

D–responsive genes and induces their transcription. The liganded VDR also interferes with the 

transcription of a number of genes either directly or through epigenetic mechanisms. Major targets 

for positive regulation by the VDR heterodimer are genes coding for AMPs such as cathelicidin 

and defensins.174In this important respect, the active form of cathelicidin, LL-37, has been shown to 

inhibit the binding of the SARS-CoV-2 spike protein to ACE2 on target cells.175

A critical aspect for AMP production is that CYP27B1 is induced following activation of PRRs 

(TLR1/2/4 and others) by PAMPs provided by the infective agent. This allows serum concentra-

tions of 25-OHD from around 20 ng/ml (50 nmolar) to begin driving 1,25-OHD production within 

macrophages and in turn, AMP production. Using human donor monocytes in an ex vivo model, 

Adams et al.176 found that concentrations of 25-OHD required for optimal AMP production varied 

with the age of the donors. In a cohort of older subjects, a twofold increase in monocyte cathelicidin 

levels required serum 25-OHD levels of around 80 ng/ml (200 nmolar). By contrast, monocytes 

from younger donors required 25-OHD levels of only 40 ng/ml (100 nmolar). The conclusion was 

that vitamin D functions as a “rheostatic regulator” of macrophage AMP production following TLR 

activation, where the magnitude of the effect is entirely dependent on the 25-OHD status of the 

individual.

Whilst the induction of CYP27B1 might appear specific to the PAMP and therefore, the type 

of PRR activated, a common element is the induction of NFκB, a factor essential to inflamma-

some activation and the production of IL-1β, IL-18 and IL-15.177 The last molecule has been shown 

to induce CYP27B1 and the VDR.178 Also known to induce IL-15 are type 1 interferons, such as 

virally induced IFNα.179

In the context of cooperation between the innate (macrophage) and adaptive immune system 

(Th-cells), PAMP-activation of PRRs (TLRs) leads to the upregulation of NFκB within macro-

phages and increased production of IL-15 (and the inflammasome-products IL-1β and IL-18). This 

circuit is amplified by IL-15 and IL-1β-driven Th1-cell proliferation180, 181 and the paracrine influ-

ence of Th1-cell-produced IFN-γ (an interferon responsive to IL-18), which via the transcription 

factor, STAT-1, increases NFκB signaling in macrophages. The net result is more IL-15 and IFN-

γ-induced CYP27B1, more IL-15-induced VDR expression, increased AMP expression, elevated 

antimicrobial autophagy with enhanced antigen presentation, and an overall increase in capacity for 

viral elimination. These pathways are outlined in Figure 21.2.

21.13.2  ANTI-INFLAMMATORY AND INFLAMMATORY EFFECTS OF VITAMIN D

The scheme shown in Figure 21.2 suggests that 1,25-OHD binding to the VDR reduces prolifera-

tion of Th1 lymphocytes. This is indeed a mechanism whereby the strong feedforward activation 

of the VDR by the cooperation between the innate (macrophage) and adaptive immune system 

(Th1 lymphocytes) produces enough 1,25-OHD to spill over in a paracrine fashion and bind to the 
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VDR within Th1-skewed lymphocytes to reduce their proliferation. As mentioned earlier in this 

chapter, McGregor et al.51 have shown that CD4+ T-cells from BALF of patients with COVID-19 

are indeed Th1 skewed. They have also demonstrated that VDR activation induces IL-10 produc-

tion, and that this cytokine is part of the shut-down process whereby T-lymphocyte proliferation 

is decreased.

Whilst macrophage collaboration with Th1-cells has evolved as a system to enhance pathogen 

elimination, SARS-CoV-2 may use part of the shut-down process to reduce antiviral effectiveness 

of recently differentiated Th1-cells that return from lymph nodes to the site of infection. This may 

occur within a SARS-CoV-2-target tissue (as suggested earlier) via a mechanism where after T-cell 

infection, the viral N-protein, by interacting with Smad3,36 increases Foxp3 expression, thereby 

establishing a transcriptional program for overwriting early differentiated (still relatively plastic) 

antigen-specific Th1-cells, converting them to a Treg phenotype. These cells secrete IL-10, and this 

cytokine reduces the aggressiveness of macrophage function. Also, IL-10 may inhibit the conversion 

of 25-OHD to 1,25-OHD and thereby reduce the VDR-induced drive to the antimicrobial system.

Not so far explained in the pathway diagram of Figure 21.2 is the arrow suggesting that VDR 

activation increases IL-1β synthesis and so, inflammasome activation. Studies on Mycobacterium 

tuberculosis infection have shown that the human IL-1β gene has a VDRE and that vitamin D 

induces IL-1β secretion.182 This response was apparent for all non-human primates but not for the 

mouse, rabbit or guinea pig, and so, the many experiments conducted on mouse cellular systems 

are not valid for human extrapolation. Vitamin D has also been shown to enhance IL-1β production 

from macrophages in response to the PAMP lipopolysaccharide.183

It would appear that IL-1β expression and protein secretion are dependent on the two-step pro-

cess of NLRP3 inflammasome priming and activation. Kelly et al.85 have described the process in 

detail. Through signal transduction pathways, IL-1β, TNFα and PAMPs/DAMPs activate NFκB, 

and this factor induces transcription of the gene for pro-IL-1β (and also IL-18) and the genes for 

inflammasome components. This is the priming step. The second step of activation is facilitated 

by a wide range of stimuli, including viral RNA, viroporins, ionic flux, mitochondrial dysfunction, 

lysosomal damage and oxidants.184

FIGURE 21.2 Pathways for the regulation of macrophage–T-cell interaction and the modulatory effect of 

vitamin D and SARS-CoV-2 infection (see main text for explanation).
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The ability of the activated VDR to induce the expression of IL-1β is likely a means of enhancing 

the antimicrobial response by driving antigen-specific Th1-cell proliferation. It may also be a means 

by which vitamin D can maintain a degree of antimicrobial defenses through neutrophil, NK cell 

and macrophage activation even if SARS-CoV-2 disables CD4+ Th1-lymphocyte function, thereby 

impairing support for cytotoxic CD8+ T-cells.185

Before returning to lymphocyte infection, the observation that mitochondrial dysfunction facil-

itates the activation step of the inflammasome,184 together with the observations on the activation 

of autophagy as a means of disposing of dysfunctional mitochondria (mitophagy), suggests that 

the activation of the inflammasome and autophagy are linked. It is likely that the VDR has a 

role in activating both the inflammasome and the autophagic process.186 The mechanism for this 

association most likely involves NFκB, IL-1β and the protein p62 (also called SQSTM1). In a 

similar vein to the way activation of the VDR by 1,25-OHD amplifies the magnitude of the AMP 

response to PRR activation, it is likely that the VDR serves to amplify the production of IL-1β 

in response to PAMPs/DAMPs. Transcription of the human IL-1β gene is induced by NFκB and 

also the VDR. A feedback loop is established, as the activation of NFκB is sensitive to signaling 

induced by IL-1β. So, 1,25-OHD will enhance NFκB activation and the transcription of genes sen-

sitive to this transcription factor. One of these genes codes for p62. This protein can specifically 

bind to dysfunctional mitochondria that have been tagged for autophagic destruction (mitophagy) 

by Parkin-induced poly-ubiquitination. These dysfunctional, oxidant-generating mitochondria are 

processed by mitophagy. and in so doing, oxidative stress is diminished, moderating inflamma-

some activation.187

With regard to lymphocyte infection by SARS-CoV-2, after a period of viral replication 

within CD4+ T-cells,43 possibly facilitated by an escape from CD8+ cytotoxic T-cell recognition 

of viral infection due to downregulation of MHC1 receptors58 as discussed earlier, increased cel-

lular viral load may eventually cause T-cell death.188. (Also see discussion to follow on viroporin 

and monocyte cell death.) Cells of the innate immune system will then be freed from virus-

induced IL-10 suppression. Although their phenotype may have changed under the influence of 

IL-10, they will now come under the influence of inflammatory factors produced by epithelial 

cells and endothelial cells exposed to increased concentrations of virus and cellular fragments 

from lymphocyte cell death. This will again expand their inflammatory potential. Despite what 

seems to be self-limiting inflammasome activation in response to mitochondrial dysfunction 

(leading to mitophagy and reduced mitochondrial oxidant generation), in the presence of exces-

sive intracellular oxidant generation (e.g. IL-6-induced superoxide in presence of NO, leading to 

peroxynitrite formation), an increase in lymphocyte cell death may signal a point in the disease 

at which vitamin D could enhance inflammation due to its potential to induce IL-1β expres-

sion.182, 183 For this reason, close attention should be paid to blood concentrations of IL-6, lym-

phocyte counts and oxygen requirements 5–10 DfSO. These parameters may herald transition to 

the pulmonary phase and poor prognosis. At this stage, it is vital that vitamin D supplementation 

is supported by antioxidant provision to moderate inflammasome activation184, 189 that otherwise 

could become unregulated.

The preceding discussion has linked vitamin D to enhanced antimicrobial effectiveness by way 

of increasing macrophage inflammasome activation, antigen presentation and AMP expression 

and also limiting the overshoot in the inflammatory process. Vitamin D may also be involved in 

mitigating the initial effect of CD4+ T-cell infection by SARS-CoV-2. As discussed earlier, the 

N-protein of the virus, by activating the Smad336/Foxp3 pathway, may lead to conversion of recently 

differentiated Th1-cells to IL-10-secreting cells (certainly, infection increases output of IL-10 

from Th1-cells43), and this will impose an early block on the antiviral effectiveness of the mac-

rophage–Th-lymphocyte system. However, the ligand-activated VDR has been shown to interfere 

with Smad3 transcriptional function.30, 31 Vitamin D may therefore block a virus-induced change in 

T-cell phenotype. Also, in an environment rich in IL-6 (a cytokine that increases again at the tran-

sition between the symptomatic and the pulmonary phase21), Smad3 would be expected to recruit 
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STAT3 (a transcription factor driven by IL-6) to the promotor region of the RORγt gene, a master 

regulator of the Th17 phenotype.190 Work by McGregor et al.51 has demonstrated that in the absence 

of vitamin D, IL-6 added to Th-cells induces IL-17, whereas in the presence of vitamin D, IL-10 is 

produced. Further to this, these investigators demonstrated that STAT3 was involved in the response 

to IL-6 in the presence of vitamin D.51

Based on all this, it would appear most likely that sufficient dietary provision of vitamin D 

(to provide 25-OHD in the range 40–60 ng/ml) will prevent the subversion of the macrophage–

Th1-lymphocyte antimicrobial system by SARS-CoV-2. In the presence of vitamin D, the macro-

phage–Th1-lymphocyte system will maintain its full antiviral activity, and so, the low level of viral 

infection of CD4+ cells will be insufficient to block MHCI expression, preserving the ability of 

CD8+ cytotoxic T-cells to seek out and kill infected CD4+ lymphocytes. 1,25-OHD will therefore 

be able to drive the shut-down process to limit inflammation (with the production of IL-10) when 

the virus has been eradicated.

This scenario concerning the role of vitamin D in cooperation between the innate and adap-

tive immune system, combined with numerous other findings, suggests that the concentration of 

25-OHD within the blood of SARS-CoV-2-infected individuals will be one of the major deter-

minants of the course of COVID-19. The clinical evidence for this assertion will now be briefly 

summarized.

21.13.3  VITAMIN D DEFICIENCY, SARS-COV-2 INFECTION AND COVID-19 SEVERITY

It is widely accepted that in northern latitudes, vitamin D deficiency, defined as 25-OHD levels of 

20 ng/ml (50 nmolar) and below, is highly prevalent. Surprisingly, vitamin D status is also poor in 

Middle Eastern countries.191 Within these regions, ethnicity, obesity, age and institutionalization 

further contribute to low vitamin D status.192, 193 From a global perspective, vitamin D is recognized 

as being effective in protecting against respiratory infection.194

Although only a statistical correlation, solar irradiation shows an inverse relationship with 

SARS-CoV-2 infection and COVID-19 severity.195 This work is now corroborated by a multitude of 

studies showing that vitamin D status (measured as 25-OHD) correlates with SARS-CoV-2 posi-

tivity, inflammatory markers and COVID-19 disease severity. Indeed, the evidence base is now so 

extensive that only a few representative studies can be mentioned here:

• The SHADE study has demonstrated that a high proportion of asymptomatic or mildly 

positive PCR “cases” turn negative on short-term, high-dose supplementation (60,000 IU 

of cholecalciferol for 7 days) vitamin D.196

• Vitamin D status with 25-OHD in excess of 40 ng/ml (100 nmolar) is associated with a 

large reduction in PAMP-induced IL-6, TNFα and IP10,197 and vitamin D deficiency is 

associated with an increase in inflammatory markers and disease severity.198

• 25-OHD level at admission to hospital is associated with disease severity and mortality,199 

and vitamin D deficiency is inversely associated with COVID-19 incidence and disease 

severity in Chinese people.200.

• Serum concentrations of 25-OHD when determined from records over the months preced-

ing illness show a strong correlation with COVID-19 severity.201

• Estimates suggests that nine out of ten COVID-19 deaths could be accounted for by vita-

min D deficiency, defined as <20 ng/ml or 50 nmolar.202

• Numerous clinical trials are completed or ongoing on vitamin D supplementation. The 

study of Annweiler et al.203 in frail elderly COVID-19 patients demonstrated that vitamin 

D supplementation improved outcomes when provided over a period of months before 

COVID-19 was diagnosed.

• At the time of the final update to this chapter, meta-analysis conducted on 207 treatment 

studies suggests a highly significant positive effect of vitamin D for both early and later 
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treatment (but particularly early) and a highly significant effect of vitamin D status on 

survival.204 The greatest positive responses have been observed with the use of calcifediol. 

This meta-analysis is being continuously updated as studies are published.

Doctors’ groups have been advocating the use of vitamin D since mid-2020.205–207 Many are of the 

opinion that there is nothing to lose and everything to be gained by supplementing those at risk of 

infection (front line staff), the elderly and those with co-morbidities. Dosing regimes must realize 

25-OHD levels of at least 30 ng/ml (75 nmolar) and preferably, in the region from 40 to 60 ng/ml 

(100 to 150 nmolar). In order to achieve this, most individuals will require a loading dose of at least 

10,000–12,000 IU/day of cholecalciferol for 3 weeks (possibly considerably longer in some cases), 

after which a maintenance dose of around 4000–5000 IU/day should be taken.208 Wherever pos-

sible, dosing regimens should be monitored by measuring blood levels of 25-OHD. For symptomatic 

individuals who have not previously dosed with vitamin D, one must take into account that conver-

sion of cholecalciferol to 25-OHD is determined by initial dose. Vitamin D3 (cholecalciferol), when 

given as a very large dose (100,000–500,000 IU) as in many studies, is stored in adipose tissue and 

released slowly to provide 25-OHD. For therapy, it is more efficient to provide cholecalciferol in 

smaller divided doses, for example 12,000 to 24,000 IU/day.209 Much preferred in the hospital set-

ting is oral supplementation with 25-OHD (calcifediol).22

21.14  PHYTONUTRIENTS

These constitute a vast array of plant-derived compounds, and their properties with respect to SARS-

CoV-2 inhibition and potential COVID-19 therapy have been reviewed early in 2020.210 For the pur-

pose of this chapter, the specific focus will be on two flavonoids, quercetin and epigallocatechin 

gallate (EGCG), the tetracyclic alkaloid berberine, the polyphenol resveratrol, and artemisia annua.

21.14.1  QUERCETIN

Found in a variety of fruits, vegetables, seeds, nuts, flowers, barks and leaves, quercetin is a poly-

phenolic compound with wide-ranging attributes in biological systems. These include protective 

roles in cancer, atherosclerosis and neurodegeneration as well as antibacterial and antiviral proper-

ties. Whilst the polyphenolic nature of quercetin endows the compound with oxidant-scavenging 

ability, many of the biological protective effects of quercetin may derive from an ability to activate 

Nrf2, a master transcriptional regulator of antioxidant enzyme systems. Indeed, as an oxidant scav-

enger, quercetin may act as a local pro-oxidant, and this may facilitate the canonical mechanism by 

which Nrf2 is activated.211 Also of high significance is the finding that Nrf2 supports mitochondrial 

function by ARE-mediated induction of nuclear respiratory factor 1 (NRF1).212 NRF1 is a transcrip-

tional regulator of mitochondrial biogenesis that stimulates expression of nuclear-encoded mito-

chondrial transcription factor A (Tfam). Tfam helps regulate mammalian mtDNA copy number.213

It may be that the ability of quercetin to reduce oxidant formation is the reason for reports sug-

gesting that quercetin inhibits inflammasome-induced IL-1β production and also IL-6.214

In addition to oxidant and metabolic control, quercetin has been shown to have direct antiviral 

effects by way of blockade of viral entry and inhibition of viral proteases and RNA-dependent RNA 

polymerase (RdRp).215

Combination with vitamin C has been suggested to be particularly effective in limiting SARS-

CoV-2 replication,216 and a combination of 500 mg quercetin with 500 mg vitamin C has been found 

effective as prophylaxis.217

Extensive studies on quercetin and EGCG have revealed that both compounds act as zinc ion-

ophores.218 These findings are of particular significance, as zinc inhibits viral RdRp,219 and the 

combination of quercetin or EGCG with zinc may increase intracellular zinc sufficiently to block 

SARS-CoV-2 replication.
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A further interesting possibility was suggested from in silico studies where quercetin and vita-

min D were a potent combination to reduce the expression of multiple SARS-CoV-2 targets. This 

response was further enhanced by the addition of estradiol.220

Again, from in silico supercomputer studies, quercetin has been shown to dock with the ACE2 

SARS-CoV-2 receptor protein,221 and this has been confirmed in real-world biochemical studies.222

From clinical practice, Dr David Moskowitz has been treating patients with quercetin since April 

2020 with extremely good outcomes. It should be noted that quercetin is a mast cell stabilizer (see 

discussion on mast cells to follow).

21.14.2  EPIGALLOCATECHIN GALLATE

Whilst quercetin is showing promise for prophylaxis and symptom de-escalation for SARS-CoV-2 

infection, EGCG, a catechin flavonoid, may be similarly effective, with perhaps additional benefits 

in advanced disease. EGCG is the major ingredient in green tea and accounts for 50% to 80% of 

a brewed cup of green tea. As mentioned earlier, EGCG also acts as a zinc ionophore, and being 

water soluble (in comparison to quercetin, which is rather insoluble in an aqueous environment), 

may access different tissue compartments.

Whilst the combination with Zn may inhibit viral replication by inhibiting RdRp, another target 

is the viral main proteinase (Mpro), also called 3CL protease (3CLPro). This protease controls the 

activities of the coronavirus replication complex and is absolutely essential for virus propagation.223 

EGCG has been shown to inhibit 3CLpro, and so too have black tea–derived theaflavins,224 suggest-

ing that these compounds have a role in prophylaxis and the early stages of SARS-CoV-2 infection.

In addition to antiviral activity, positive effects of EGCG have been observed in a range of 

autoimmune conditions that involve over-activation of the innate and adaptive immune systems. 

Menegazzi et al.225 have convincingly outlined benefits of EGCG in rheumatoid arthritis, Sjogren’s 

syndrome, multiple sclerosis and inflammatory bowel diseases. The responses observed could not 

be ascribed to the antioxidant capacity of EGCG alone but rather, to inhibition/activation of specific 

cellular pathways: Specifically, the inhibition of JAK/STAT-mediated pathways and as for querce-

tin, the activation of the Nrf2/ARE pathway. Menegazzi et al.225 make a strong case for the use of 

EGCG in COVID-19 as both an antiviral agent and one that may reduce hyper-inflammation and 

lung fibrosis in advanced COVID-19. Of particular importance is the suggestion that the sepsis-like 

overproduction of the alarmins, S100A8/A9 and HMGB1, which contribute to a condition similar to 

disseminated intravascular coagulation (DIC) often seen in advanced COVID-19, might be reduced 

by EGCG. An overall conclusion reached by Menegazzi and colleagues was that “timely admin-

istration of EGCG to COVID-19 patients is most likely crucial, we suggest administering EGCG, 

orally, at the dosage of 600–900 mg/day, once the symptoms aggravate and/or the blood C-reactive 

protein, or other markers of inflammation (e.g. IL-6), increase.”

21.14.3  BERBERINE AND RESVERATROL

Berberine is a quaternary ammonium salt of the group of benzylisoquinoline alkaloids derived from 

plants such as the evergreen shrub Berberis. Resveratrol is a stilbenol and natural phenol produced 

by plants under stress. It is best known as a compound found in grape skins and indeed, many purple 

fruits. Berberine activates 5' AMP-activated protein kinase (AMPK), an enzyme that responds to 

nutrient deprivation, suppresses anabolic processes, activates autophagy, increases mitochondrial 

biogenesis and improves fitness by activating mitophagy.226 Resveratrol activates the deacetylase 

SIRT1, and deacetylation activates PGC-1α, a master regulator of mitochondrial biogenesis. PGC-

1α acts as a co-activator of nuclear respiratory factors NRF1 and NRF2 (SIRT1 has been discussed 

previously in relation to vitamin B3 deficiency, PGC-1α has been discussed in relation to PUFAs, 

and NRF1 has been discussed in relation to quercetin). PGC-1α is also activated by AMPK, and so, 

it is likely that berberine and resveratrol will synergize to increase mitochondrial function.227, 228
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The significance of these findings for immunological control in relation to infection is that 

metabolism in recently differentiated and activated effector T-cells (such as Th1 and Th17) is 

skewed somewhat away from mitochondrial ATP generation and toward glycolysis. This is particu-

larly pronounced for Th17 cells, where glycolysis is driven by hypoxia-inducible factor (HIF)-1α.229, 
230Pharmacological blockade of glycolysis was shown to direct cells away from Th17 differentiation 

towards Treg-cells.229

Whilst these metabolic changes are clearly important to the early adaptive immune response to 

infection, they also provide a target for therapeutic manipulation. Caslin et al.231 have demonstrated 

increased glucose uptake, glycolysis and mitochondrial oxidative phosphorylation by mast cells in 

response to IL-33 and that reducing glycolysis with 2-deoxyglucose decreased IL-6 and TNF pro-

duction. In addition, they demonstrated that metformin, which is known to increase AMPK activ-

ity,232 significantly decreased IL-6 production from mast cells in response to IL-33. They were also 

able to show that a synthetic SIRT1 agonist decreased IL-6 production.

Collectively, these observations provide a rationale for using a combination of berberine (AMPK 

activator) and resveratrol (SIRT1 activator) towards the end of the symptomatic phase of COVID-19. 

At this time point in the disease, it is likely that virus-damaged cells release IL-33 (amongst other 

DAMPs and alarmins), which increases the reactivity of mast cells to degranulating stimuli with the 

release of numerous pro-inflammatory and pro-fibrotic factors.

It may be no coincidence that a co-morbidity for COVID-19 is diabetes, and various agents 

directed to the activation of AMPK, SIRT1 and indeed, Nrf2 are of significance in reducing insulin 

resistance.233 So, the link between diabetes and a more severe outcome following SARS-CoV-2 

infection is likely to be dysregulated immuno-metabolic signaling.

21.14.4  SWEET WORMWOOD

Artemisia annua, often referred to as sweet wormwood, is a plant native to temperate Asia. It is used 

widely in Traditional Chinese Medicine for the treatment of malaria, particularly in many African 

countries. Artemisinin, a sesquiterpene lactone, appears to be a principal active compound in sweet 

wormwood. The derivatives, artesunate and artemether, apparently exhibit improved pharmaco-

kinetic properties, and they are key ingredients of WHO-recommended anti-malaria combination 

therapies.

In vitro experimentation has demonstrated potency of wormwood extracts, artemisinin, arte-

sunate and artemether against SARS-CoV-2.234 A further study has indicated that potency against 

SARS-CoV-2 replication may also be due to unexplored compounds in sweet wormwood extracts.235 

This study, in particular, suggests that extracts of wormwood have promise as antiviral therapy 

throughout the symptomatic phase of COVID-19.

21.15  OVERVIEW DISCUSSION AND CONSENSUS NUTRITIONAL 
RECOMMENDATIONS (CONSENSUS-COVID)

Clinical observations since the start of the pandemic rather firmly indicate that COVID-19 is in 

fact two diseases with a common cause, namely, infection with SARS-CoV-2. Whilst Figure 21.1 

provides a generic outline of the disease progression, with suggested staging of therapy, clinical 

observations, particularly by Chetty,21 reveal that there is a distinct change in disease characteristics 

after about the first week of symptoms. Some patients who have more or less recovered from the 

symptomatic phase report the return of body aches, followed by dyspnea and falling SpO2. This 

time point corresponds to the changes seen in the longitudinal cell and cytokine profiling described 

by Lucas et al.,40 as discussed earlier.

Also apparent from Dr Chetty’s work is that the severity of the somewhat confusingly assigned 

symptomatic phase is not a predictor of transition to the more serious pulmonary phase, where 

symptoms are more extreme. His observations reveal that individuals with severe initial symptoms 
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often fail to transition, whilst those with more moderate initial symptoms can transition. He has 

formulated the clinical opinion that this transition is due to type 1 hypersensitivity.21 By treating 

patients (10,000 and counting) at the first signs of transition with the corticosteroid prednisone, the 

antihistamine promethazine, and the leukotriene receptor antagonist montelukast,21 he has not lost 

a single person. Most recently, his protocol has been modified to use an antihistamine, like pro-

methazine and montelukast, at the first signs of transition and then to follow up (if necessary) with 

methylprednisolone (see: https://gig .regenerise .com/).

COVID-19 is therefore an eminently treatable disease, but the timing of treatment is critical.

In view of the success of Dr Chetty’s therapeutic regimen, the requirement for ICU therapy must 

be considered a failure to provide timely early therapy. Indeed, many healthcare systems have aban-

doned individuals to their fate, and interaction has only occurred when individuals transition to the 

pulmonary phase. As a result, and particularly in 2020, COVID-19 has become synonymous with 

the hyper-inflammatory phase, and the most critical time at which treatment should be applied was, 

and still is in some cases, entirely missed.

With respect to hypersensitivity, McMillan et al.236 have provided a review of current evidence 

and the role they consider antibodies raised to soluble ACE2237 play in this response. Their view is 

that other types of hypersensitivity may also have a significant role in disease progression. Before 

discussing other types of hypersensitivity, it is appropriate to consider flu vaccines that induce an 

IgE response.238 If a person is vaccinated and then later exposed to the same strain of flu to which 

the vaccine was raised, the course of the flu can be significantly worse, and the cytokine storm, in 

severe cases, is likely to be a combination event caused by infection and an allergic reaction. Death 

following flu infection in susceptible individuals is often wrongly characterized as septic shock. A 

more likely reason is anaphylactic shock caused by type 1 hypersensitivity.239 This scenario is some-

what similar to COVID-19, except that for a type 1 response, the reaction in COVID-19 is rather 

delayed. An intriguing connection between flu vaccination and COVID-19 is that flu vaccines are 

generated using chicken eggs, and chicken eggs are contaminated with coronaviruses.238 Chicken 

egg proteins have high homology to SARS-CoV-2.238 One possibility for why some individuals suf-

fer severe early symptoms is prior vaccination for flu and their viral symptoms being exacerbated 

by an allergic response.

As an alternative to an early (in symptomatic phase) type 1 hypersensitivity response, a delayed 

response could be a mechanism for transition if genetically susceptible individuals, who have previ-

ously been sensitized to a related coronavirus under a Th2-skewing environment (see discussion to 

follow on breaking tolerance), respond to a particular component of the virus, the concentration of 

which only reaches the required threshold around 6 to 8 DfSO. This component could be the spike 

protein (see later discussion on vaccines).

Returning to the other classes of hypersensitivity, McMillan et al.236 have explored types 2 to 

4 and conclude that all these may be involved in the hyper-inflammatory phase. In particular, and 

based on their earlier theory of an immune reaction to a chimera between soluble ACE2 and the 

spike protein ACE2 binding site,237 they suggest that type 2 could result in an initial IgM-mediated 

complement activation (fixation) and vascular damage (vasculitis). This could then be followed by 

an IgG-mediated response some days later. A type 3 hypersensitivity response would manifest as 

insoluble immune complexes formed between IgG antibodies and viral debris. The trigger would 

be the increasing amount of viral antigens and a threshold concentration of IgG. The timing of the 

rise in detectable IgG may be compatible with the clinical observation of Dr Shankara Chetty,21 

particularly for those who have been previously infected with a similar virus, giving rise to cross-

reactive memory B-cells. A type 4 hypersensitivity response is T-cell driven. It is a typical response 

to viral infection and involves Th1-cells and CD8+ cytotoxic T-cells. However, when targeted to 

self-antigens, it is considered an autoimmune response. Coeliac disease is an example of CD8+-

mediated cellular damage.240

Appearing in 2020, around the same time as the paper by Chetty,21 Sanchez-Gonzalez et al.241 

published a theoretical paper that also explored the role of hypersensitivity. These authors suggested 

https://gig.regenerise.com
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that COVID-19 demonstrated many of the disease characteristics of a hypersensitivity pneumonitis. 

They proposed a therapeutic strategy very similar to that most successfully used by Chetty.21

A further informative finding from the work of Dr Shankara Chetty is that transition from the viral 

to the early pulmonary phase is apparent from measurement of IL-6 and CRP, which can increase 

many times above normal at around 7 to 10 DfSO. This finding is most consistent with a hypersensitiv-

ity response of types 1, 2 and 3, as each of these processes involves mast cell activation/degranulation. 

Whilst mast cells have large quantities of stored histamine, they are also able to synthesize IL-6 in 

response to degranulating stimuli provided by antigen-induced IgE-bound Fc receptor cross-linking 
242 or in response to complement protein fragments in the form of anaphylatoxins such as C5a.243, 244

Rather than an origin due to mast cell degranulation as a result of a hypersensitivity reaction, the 

rise in blood concentrations of IL-6 at the end of the symptomatic phase, when body aches return, 

might reflect an event that precedes mast cell degranulation. This might be the primary trigger 

event. Such a situation might arise from accumulation of a critical threshold number of viroporin 

ion channels formed by ORF3a-encoded proteins and from the SARS-CoV-2 E proteins after suc-

cessive rounds of viral replication. Viroporins have been shown to induce NLRP3 inflammasome 

activation (second step in inflammasome activation; see Kelley et al.85 and Nieto-Torres et al.245) and 

also pyroptotic cell death.246 Although lymphopenia has already been discussed in terms of viral 

infection via CD4+ and cell death, monocyte cell death has also been reported via inflammasome-

dependent pyroptosis following SARS-CoV-2 infection.247 It is therefore possible that the secondary 

rise in IL-6 is due to simultaneous pyroptosis of populations of virally infected cells. The release 

of viral PAMPs and cellular DAMPs will activate inflammasomes of surviving immune and tissue 

cells, and these will release a range of inflammatory cytokines, including IL-1β and IL-6. In this 

respect, the N-protein of SARS-CoV-2 has been shown to interact with the NLRP3 inflammasome 

to increase its activity.248 This would enhance PAMP- and DAMP-induced inflammasome activa-

tion of virally infected cells.

DAMPs will include alarmins, of which IL-33 is a known activator of mast cells as well as acting 

as a co-stimulus for TGF-β in driving Treg formation. For individuals who transition to the early 

pulmonary phase, it has been suggested by Zizzo and Cohen53 that the IL-33 pathway is over-acti-

vated, possibly by a combination of raised IL-33 and polymorphisms in ST2, the receptor for IL-33. 

They propose that with TGF-β, this leads to “increased expression of the canonical Th2 transcrip-

tion factor GATA-binding factor 3 (GATA3), which impairs the suppressive function of Treg cells.” 

They further suggest that “the dysregulation of GATA3+ Foxp3+ Treg cells might result in impaired 

immunological tolerance and increased secretion of type 2 cytokines, thus promoting autoinflam-

matory lung disease.” GATA3 is the transcriptional regulator for IL-4, IL-5 and IL-13. The last 

cytokine has been shown to enhance production of the eosinophil chemotactic factor eotaxin.249 

Eosinophilia in lung tissue is indeed observed in COVID-19.40

The proposal of Zizzo and Cohen53 also ties in with work presented earlier on the N-protein of 

SARS-CoV increasing Smad3 transcriptional activity.36 Smad3 is a transcription factor that responds 

to TGF-β, a pathway that increases Foxp3 transcription.57 So, infection of CD4+ lymphocytes within 

the lung may synergize with IL-33 released from damaged cells (monocytes, lung alveolar epithelial 

cells and others) to subvert Treg-cells, endowing them with a Th2-like phenotype.

To re-iterate, the initial trigger for the transition from symptomatic phase to early pulmonary 

phase may occur at a point where virus-induced viroporin ion channels activate the NLRP3 inflam-

masome to an extent sufficient to induce pyroptotic cell death of immune and tissue cells. These 

cells will release numerous DAMPs and alarmins such as HMGB-1, ATP, DNA, IL-1α, S-100 pro-

teins and also IL-33. The last is intimately involved in mast cell activation,231, 250 and it may enhance 

mast cell degranulation provoked by viral components (particularly the N-protein) binding to the 

MRGPRX2 receptor, a receptor specific to mast cells.61 This receptor activates the high-affinity 

Fc-epsilonRI in the absence of pre-formed IgE. Against this background, susceptible individuals 

may react at this time to the release of the spike protein. This may give rise to what might be 

considered “the perfect storm,” where in addition to the generalized response outlined earlier, the 
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release of this protein induces the cross-linking of IgE bound to mast cells (see discussion to follow 

on vaccine and spike toxicity). Spike protein may be released due to cell death or more specifically, 

by an increase in furin protease expression, which may occur around this time in response to virus-

enhanced TGF-β signaling.36, 251 As mentioned near the beginning of this chapter, furin is a protease 

that promotes pre-processing of the virus spike, but this reduces the stability of the spike, allowing 

shedding of the S1 subunit.11

Whilst these various scenarios may provide the initiating event in the transition from symptom-

atic to early pulmonary phase, subsequent inflammatory responses, as discussed throughout this 

chapter, are likely to follow. The severity of these events most probably depends on environmental 

factors (e.g., nutrition), co-morbidities, and epigenetic and genetic factors.

In light of the preceding discussion, the provision of nutritional supplements for COVID-19 

should be considered with respect to 1), likelihood of limiting infection and viral replication at an 

early stage, 2) downgrading symptoms and 3) their effects as adjuvants to pharmaceutical agents, 

such as steroids, antihistamines and leukotriene receptor blockers (for details of compounds used, 

see Chetty21) to prevent transition to the pulmonary phase.

Of all the nutritional agents discussed in this chapter, it is the author’s conviction that a sufficient 

blood concentration of 25-OHD of between 40 and 60 ng/ml (100 and 150 nmolar) is paramount for 

prophylaxis and early disease control. The seven short rapid responses to the editor of BMJ entitled 

“Sixty seconds on vitamin D”252echo this conviction. In the era of the highly infectious Omicron 

variant, it is highly unlikely that vitamin D will prevent infection in all cases. However, by increas-

ing the effectiveness of the innate immune response and the early cooperation between the innate 

and adaptive immune system (e.g., macrophage Th-cell system), it is highly likely that vitamin D 

will reduce viral load. This will not only reduce initial symptoms; it will also decrease the potential 

for transition to the pulmonary phase.

A confounding observation of relevance here is that individuals who seemingly have mild viral 

disease (initial symptoms) can suffer falling SpO2 around 6–8 DfSO and transition to the pulmo-

nary phase. This begs the question as to what determines the initial symptoms. Unfortunately, due 

to the way the COVID-19 pandemic has been managed in many countries around the world, we 

still have little information on the immunological changes in the early to mid-symptomatic phase 

of COVID-19.

The closest approach to this problem may be to consider flu virus infection. Of the so-called 

early cytokines produced at the site of infection, IFNα, TNFα, IL-1β, IL-6, the neutrophil chemoat-

tractant IL-8 and monocyte-attracting chemokines are elevated.253 These cytokines are produced as 

part of the innate immune response to infection, and one assumes that a similar response (perhaps 

with the exception of a weaker type 1 interferon response) will be apparent during the early symp-

tomatic phase of COVID-19.

It is likely that symptom severity of the viral phase (or symptomatic phase) of COVID-19 is 

dependent on the response of the upper respiratory tract to virus in terms of cytokine production. 

The response is not necessarily a function of the amount of virus, as viral load between asymptom-

atic and symptomatic individuals is not so different.18 13From studies on asymptomatic individuals,19 

it would also seem that the adaptive immune response is stronger than in symptomatic individuals. 

Perhaps coupled with more efficient type 1 interferon response and robust NK cell activation, this 

would allow the virus to be cleared without provoking the production of inflammatory cytokines 

and chemokines to an extent that induces symptoms (of various degrees). This idea is perhaps borne 

out by studies showing that cold symptoms, for individuals infected with rhinovirus, are dependent 

on the degree to which the innate immune system is activated.254 This unique study demonstrated 

that individuals suffering chronic stress were more prone to developing a cold due to glucocorticoid 

resistance. This resistance reduced negative regulation by the glucocorticoid-activated glucocorti-

coid receptor on virus-induced cytokine production. The take-home message here is that symptoms 

result from a reaction of the immune system to the virus rather than a direct effect of the virus on 

cellular systems.
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Of significance with respect to cell death and potential therapy targeted to the transition from the 

symptomatic to the pulmonary phase of COVID-19 are observations on glycine. Since the pioneer-

ing work on modes of cell death beginning in the 1970s, studies have shown how the amino acid 

glycine is able to prevent necrosis. In 1987, it was reported that necrosis can be a regulated process 

and that glycine induces cytoprotection.255 This cytoprotection would appear to be due to the ability 

of glycine to inhibit the membrane-associated changes that are induced during pyroptotic cell death. 

Given that SARS-CoV-2 induces NLRP3 inflammasome activation (through mechanisms discussed 

earlier) and that over-activation of the NLRP3 inflammasome initiates pyroptosis,247 glycine may 

have a role in therapy for COVID-19. If, as suggested earlier in this discussion, transition from the 

symptomatic phase to the early pulmonary phase is marked by simultaneous cell death events, 

dietary inclusion of glycine as suggested by Li,256 at an amount corresponding to 0.5–1.0 g/kg/day, 

may block transition. Also, where early therapy has not been provided, glycine may protect lung 

tissue later in the disease process.

Returning to vitamin D, what is clear from clinical experience is that its use in COVID-19 is by 

no means infallible. Individuals treated with vitamin D can still suffer disease, and on occasion, this 

can be serious. A fundamental consideration here is how long an optimal concentration of 25-OHD 

is maintained prior to and after SARS-CoV-2 exposure. Despite this caveat, all the currently avail-

able information on vitamin D suggests that it reduces the odds of progressive infection and seri-

ous disease.204 For reasons given earlier, vitamin D may also have an important role in preventing 

fibrosis that occurs after transition to the pulmonary phase, and it may reduce the cleavage of the 

S1 subunit of the spike protein at this transition point. Both these effects could be due to the role 

that vitamin D might play in reducing TGF-β pathway activation,31 as TGF-β induces expression of 

furin,251, the enzyme that cleaves the spike protein at the S1/S2 region.

Based on what has been presented in this chapter, Table 21.1 provides a list of supplements to 

support vitamin D for prophylaxis and early-stage COVID-19. The core regime comprises vitamin 

C, vitamin D, zinc, magnesium, selenium and B vitamins. The last can be provided as high-dose 

multi-vitamin B supplements. Here, individual B doses should be chosen that approach those of 

Table 21.1. These core agents (shaded regions in Table 21.1) have been selected based on their known 

antiviral effects and an ability to provide immune support.

For early-stage symptomatic COVID-19, the dose of vitamin D should be increased to 24,000 

IU/day with the addition of quercetin whilst keeping the other supplements as per prophylaxis. For 

the later symptomatic stage (6–8 DfSO), possibly with signs of transition to the early pulmonary 

phase (as evidenced by rising IL-6 and CRP and falling SpO2), high-dose vitamin D (24,000 IU/

day) should be provided with further antioxidant support by way of NAC, nicotinamide, omega-3 

fatty acids, vitamin E, quercetin, EGCG and melatonin. These compounds are especially important 

to complement pharmaceutical agents such as antihistamines, leukotriene receptor blockers, and 

glucocorticoids such as methylprednisolone.21 It is also recommended that berberine and resveratrol 

are provided at this stage to limit mast cell activation by IL-33.231

In the clinic or outpatient setting, it would be preferable to provide vitamin D as calcifediol (25-

OHD). A suitable dose might be 20,000 IU on day 1 followed by daily doses of 4000 IU. This will 

avoid problems of conversion of cholecalciferol to 25-OHD.

Some of the compounds presented in Table 21.1, particularly quercetin and EGCG, have mixed 

activity in terms of antiviral and antioxidant effects. This poses a dilemma, as during the early stage 

of symptomatic COVID-19, the antiviral effect of inflammasome activation should be maintained 

for maximal antiviral effectiveness. There is evidence that compounds like quercetin increase 

Nrf2,211 and this transcription factor increases antioxidant enzyme expression. This may reduce the 

antiviral effectiveness of the innate immune system by reducing inflammasome activation. Despite 

this, it is considered that the ionophore effects of quercetin to deliver Zn to the intracellular envi-

ronment (and hence, antiviral effectiveness) may outweigh these considerations, and it is recom-

mended that quercetin is used relatively early in the symptomatic phase. Perhaps of even greater 

importance (see following discussion) is the finding that quercetin is a mast cell stabilizer that acts 
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to reduce the release of histamine, leukotrienes and inflammatory cytokines, such as IL-6, from 

mast cells.257, 258 For this reason, the dose of quercetin should be increased to 1 g twice a day at any 

sign of lowered SpO2 or breathing difficulty. Other agents, such as EGCG, are restricted to the later 

symptomatic phase to provide additional antiviral activity and antioxidant support (and to act as 

mast cell stabilizers).

The same consideration is appropriate for L-lysine. It is likely that this amino acid plays a role in 

downgrading oxidative stress caused by virally induced bradykinin and cytokine storms. L-lysine 

has also been proposed as an antiviral agent.129 Whilst based on the evidence this appears possible, 

it is perhaps more appropriate that L-lysine is used to treat more advanced COVID-19 in order to 

mitigate vascular hyperpermeability and vascular inflammation.124

As evidence is growing that the transition from the symptomatic to the pulmonary phase involves 

mast cell degranulation241, 259, 260 triggered by the release of PAMPs, DAMPs and viral antigens from 

TABLE 21.1

Consensus Nutritional Supplements for COVID-19 Prophylaxis and Early and Late-Stage 

Symptomatic COVID-19 (Consensus-COVID)

Compound 

category Compound formulation

Prophylaxis/early-stage 

symptomatic

Later symptomatic (days 5–7)/

early pulmonary phase/hospital 

admission

Vitamin C Ascorbic acid Prophylaxis: 1 g/day 

Symptoms: 0.5–2 g three 

times/day 

0.5–2 g three times/day

Vitamin D Cholecalciferol Prophylaxis: Loading dose of 

12,000 IU/day for 3 weeks 

followed by 4000 IU/

dayEarly symptomatic: 

24,000 IU/day for duration of 

symptoms, then 4000 IU/day

At least 24,000 IU/day for duration of 

symptoms, then maintenance dose 

of 4000 IU/dayIn hospital setting, 

preference is calcifediol 20,000 IU 

day 1, followed by 4000 IU/day

Zinc Zinc sulphate Prophylaxis: 50 mgEarly 

symptomatic: 50 mg BID

50 mg BID

Quercetin Early symptomatic: 500 mg 

BID

1000 mg BID

EGCG 600–900 mg/day

Berberine 500 mg/day

Resveratrol 500 mg/day

N-acetylcysteine 

(NAC)

1000 mg/BID

Vitamin E 800 IU/day

Vitamin B3 Nicotinamide 1000 mg/day 1000 mg/day

Omega-3 fatty 

acids

DHA and EPA 4 g/day combined DHA/EPA

Magnesium 200–500 mg/day 500 mg/day

Manganese 10 mg/day

Selenium 200 μg/day 200 μg/day

Melatonin 12 mg/day

Vitamin B12 Methylcobalamin 250–500 μg/day 500 μg/day 

Vitamin B6 Pyridoxine 25–100 mg/day 100 mg/day

Vitamin B1 Thiamine 100 mg/day 200 mg/BID

Folic acid Preferred, 

methyltetrahydrofolate

250–1000 μg/day 1000 μg/day
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infected cells, nutritional supplements that stabilize mast cells should be considered. Vitamin C,261 

vitamin D,262 quercetin61 and EGCG 263may be particularly important in this respect, especially in 

combination. In light of higher glycolytic activity of mast cells stimulated by IL-33,231 it is important 

to note that the transcriptional regulator of glycolysis, HIF-1α, is a substrate for prolyl hydroxylase, 

and when hydroxylated, HIF-1α is marked for ubiquitinylation and proteosomal degradation. A co-

substrate for prolyl hydroxylase is ascorbic acid (vitamin C).264

Mast cell activation syndrome (MCAS), a condition where mast cells are hypersensitive to acti-

vating stimuli, could greatly contribute to the transition from late symptomatic phase to early pul-

monary phase of COVID-19, and MCAS may also have a significant part to play in the lingering 

symptoms of Long COVID.265

Another particularly important consideration regarding mast cell activation is the functional state 

of the glucocorticoid receptor (GR) under conditions of rising oxidative stress. It has been noted that 

at transition between the late symptomatic and early pulmonary phase, IL-6 begins to rise, and as 

indicated in the section on antioxidants, this cytokine induces NADPH oxidase, an enzyme that 

catalyzes the production of superoxide. In the presence of superoxide dismutase and Fe2+, superox-

ide is converted to the highly damaging hydroxyl radical, a powerful oxidant that has been shown 

to reduce the transcriptional activation of the GR.112 As glucocorticoids such as prednisolone and 

methylprednisolone are important therapeutic agents at transition,21 GR function must be supported 

in particular by vitamin C and the thiol antioxidant and glutathione precursor N-acetylcysteine.

Further to the specific effect of glucocorticoid damping on mast cell activation, the ability of the 

hypothalamus–pituitary–adrenal system (HPA) to respond to pro-inflammatory cytokines (PICs) 

like IL-6, by producing sufficient cortisol and catecholamines (CAs, adrenaline and noradrenaline) 

to moderate inflammation,266 is an important factor not so far considered for COVID-19. As part 

of the stress response to infection, CAs produced from sympathetic nerve endings and the adrenal 

medulla (in response to PICs) increase the concentration of cAMP, and this signaling molecule acti-

vates protein kinase A (PKA). Pace et al.267 have demonstrated that the transcriptional activity of 

the GR is increased by PKA, and so both cortisol and CAs are required for the full transcriptional 

activation of the GR.

The clinical consequence of a strong adrenal response to the severe stress of infection was real-

ized during Ebola virus disease (EBOV) outbreaks in West Africa from 2001 onwards. Leroy et 

al.268 noted that individuals who survived Ebola infection were able to mount a much stronger 

adrenal response and produced more cortisol. Around 7 days after Ebola infection, survivors pro-

duced two to four times as much cortisol (morning cortisol up to 1 μM) as those who died. The 

HPA was apparently able to respond to the high levels of PICs and produce enough cortisol (and 

also adrenaline) to moderate the hyper-inflammatory response whilst maintaining the production of 

anti-inflammatory cytokines, such as IL-10.269

Whilst no studies can be found in the literature regarding the cortisol response at the beginning 

of the early pulmonary phase, significantly lower morning cortisol concentrations were found in 

hospitalized patients.270 Whilst adrenal insufficiency may indeed be a factor in more advanced 

COVID-19,271 of greater importance to progression of COVID-19 is how the HPA responds to rising 

PICs at transition from the late symptomatic to the early pulmonary phase. This is when it is most 

important to support adrenal function, and supplements suggested in Table 21.1 are most suitable in 

this respect. A specific example is that AA is a cofactor for CA synthesis,272 and it has been shown 

that adrenocorticotropic hormone (ACTH), which drives adrenal cortisol synthesis and secretion, 

also causes the secretion of AA from the adrenal gland.273

It is clear from Table 21.1 that no recommendations have been made for advanced, life-threat-

ening disease (advanced pulmonary phase). This stage of the disease requires specialist care, and 

the reader is again referred to the MATH+ protocol of the FLCCC Alliance.22 Their protocol274 is 

designed for hospitalized patients in both the early pulmonary and late pulmonary phases (the latter 

requiring ICU admission). One of the critical elements of the MATH+ protocol is the provision of 

IV methylprednisolone dependent on oxygen requirement or abnormal chest X-ray.
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Earlier, ivermectin was mentioned as part of the MATH+ protocol.22 The evidence for the benefit 

of ivermectin throughout the clinical course of COVID-19 is cited in Chaccour et al. (2021), Lawrie 

(2021) and Kory et al. (2021).275–277

Given the number of people infected worldwide, this chapter would be incomplete without 

expanding a little on Long COVID. A cohort study from Wuhan278 of 1733 patients following hos-

pitalization for COVID-19 (half younger than 57 years) revealed that 6 months after infection, 63% 

of those who had recovered suffered from fatigue or muscle weakness, 26% suffered sleep distur-

bances, and 23% suffered anxiety and/or depression. Patients who survived severe COVID-19 had a 

lingering impairment of pulmonary diffusion capacity and abnormal chest imaging. Many of these 

long-term effects may be due to continuing disturbance of the immune system. Ex vivo stimulation 

of PBMCs from patients recovering from severe disease (with SARS-CoV-2 antigens) has shown a 

greatly enhanced response of innate immune cells.19 This indicates that symptoms of Long COVID 

could be due to a low-level inflammatory response, either as a constitutive response to unspecific 

activators or due to the continuing presence of viral fragments or even pockets of live virus. Of high 

significance here is the work of Patterson et al.279 showing that the S1 component of the spike trimer 

is present in CD16+ monocytes of individuals up to 15 months after infection. This protein may be 

responsible for a continuing inflammatory response.

For these reasons, it is suggested that individuals suffering from Long COVID use the protocol 

suggested here for the late symptomatic phase of COVID-19 (Table 21.1). This protocol combines 

several elements, including antiviral, antioxidant and mast cell stabilization. MCAS has been sug-

gested as one of the contributing factors for Long COVID syndrome.265 A particularly important 

consideration might be that long-term inflammation through the acute phases of COVID-19 induces 

epigenetic changes in bone marrow monocyte progenitors. The phenotype of monocytes derived 

from stem cell progenitors may be altered by COVID-19 to give rise to more inflammatory macro-

phages.19 Here, it may be particularly important to consider the role of vitamin D in combination 

with a plentiful supply of antioxidants, such as vitamin C,280 as vitamin D is a known modulator of 

cellular epigenetic status.

At the time of the final update of this chapter, in April 2022, the vaccine program for COVID-19 

has been running for well over a year in most countries around the world. Data from major reporting 

systems, such as the UK Health Security Agency (UKHSA), have suggested that the mRNA prod-

uct from Pfizer-BioNTech, BNT162b2 (also known as COMIRNATY), the adenovirus vector-type 

vaccine from Oxford–AstraZeneca, AZD1222 (sold as Covishield and Vaxzevria), and the Moderna 

vaccine, mRNA-1273, sold under the brand name Spikevax, lead to reduced hospitalizations and 

deaths for people testing positive for SARS-CoV-2. Whilst the UKHSA Vaccine report to week 

13281 shows a reduction in hospitalizations and deaths, infection rates for the vaccinated are appar-

ently higher than for the unvaccinated. These observations concerning infection are consistent with 

other countries, such as Israel, where the vaccinated appear to have a higher chance of becoming 

infected than the unvaccinated. If these observations represent a real effect, then the innate immune 

system, acting within the upper respiratory tract and mucosal surfaces, must be adversely affected 

by vaccination.

A strategy adopted to increase the stability of mRNA vaccines has been to replace uridine bases 

with N1-methylpseudouridine. This may have the unintended consequence of reducing the innate 

immune response to infection (in general). Toll-like receptors 3, 7 and 8 and also RIG-1 receptors 

are involved in recognizing RNA structures,282, but they fail to recognize methyl and pseudouri-

dine-modified RNAs.283, 284 Depending on the tissue residence time of vaccinal mRNAs, the innate 

immune system may be partially blind to infection,285 and this may have the effect of increasing 

infection rates in the vaccinated. A further unintended consequence may be the reactivation of 

latent viruses such as herpes zoster, HHV6/HHV7 (pityriasis rosea) and Epstein–Barr post mRNA 

vaccination.286, 287 A loss of innate immune surveillance could also be problematic with respect to 

nascent cancer cell division and tumor growth. In vitro studies, the purpose of which were to look 

at antibody V(D)J recombination in B-cell immunity, have demonstrated that the spike protein 
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of SARS-CoV-2 enters the nucleus. 288 Within the nucleus, the spike protein apparently impedes 

the recruitment of BRCA1 and 53BP1, reducing DNA damage repair. It should be noted that the 

mutated form of BRCA1 came to widespread attention as a hereditary risk factor for breast cancer. 

Presence of the mutated gene endows a 60% risk for developing breast cancer.

Whilst immunization with mRNA or adenovirus constructs does seem to produce strong IgG 

and IgA responses,289 the choice of spike protein as antigen is problematic for a number of further 

reasons. From the clinical observations of Dr Shankara Chetty,290 it is clear that vaccinated indi-

viduals often become ill with many of the symptoms of the early pulmonary phase. He describes 

this as “spike protein illness” and treats with the same protocol as for natural infection.291 Many 

physicians and scientists now concur that the spike protein is indeed a toxin. Work conducted by 

the pathologists Professors Arne Burkhardt and Walter Lang have clearly demonstrated spike pro-

tein in the blood vessels of persons dying some months after vaccination. They performed detailed 

histopathology and immunohistochemistry and show spike protein associated with vascular endo-

thelial cells together with marked lymphocyte infiltration and destruction of normal blood vessel 

architecture.292 They also describe onion skin lesions or concentric circumvascular fibrosis in the 

spleen, a pathology seen in autoimmune conditions such as systemic lupus erythematosus. The pres-

ence of the spike protein, lymphocyte invasion and vascular destruction were found in the organs of 

deceased individuals, including, for example, the spleen, the heart, the liver, the kidney, the ovary, 

the thyroid gland, the salivary gland and the dura mater, some months after vaccination. These 

observations are consistent with an autoimmune attack on tissue structures.

Observations on spike protein toxicity from clinical practice and from post-mortem studies are 

supported by work showing that the RBD of the original Wuhan strain of SARS-CoV-2 is highly 

antigenic, much more so than the entire spike protein. 293 By subjecting the 3D structure of this 

region to epitope prediction, 9 sites were identified, 7 of which contained amino acids with sequence 

similarity to 12 pathogenic bacterial species, 2 malaria parasites and influenza virus A. Indeed, 

the 7 sites showed molecular similarity to 54 antigens from these bacteria, parasites and influenza 

virus. Particularly notable was that all seven sites showed antigenic similarity to Mycobacterium 

tuberculosis and Plasmodium falciparum. Also most intriguing was the antigenic similarity of four 

of these sites with Borrelia burgdorferi, the infective agent of Lyme disease. The author of this 

paper commented that

most of the antigenic determinants found in pathogenic microorganisms were related to antigenic pro-

teins having established function as toxin(s) and proven role in virulence and pathogenicity. Besides 

this, other antigenic determinants found similar to Mycobacterium antigens having role in persistence 

and survival of pathogen in host cells. Some antigenic determinants from HA and NP of influenza virus 

A were also in antigenic sites of SARS-CoV-2 and these antigens from influenza virus have role in 

assembly of newly budded virions in case of influenza virus A.

Although not undertaken in the study by Dakal,293 as the variant had yet to be discovered, the author 

of the current chapter has considered the amino acid mutations in the Omicron variant.294 Three of 

the seven sites identified as highly antigenic had mutations in Omicron that would probably reduce 

similarity to antigenic sites in all the identified bacteria, parasites and influenza virus A. The great-

est change in antigenicity of Omicron is for antigens of the original Wuhan sequence that were 

shared with Mycobacterium tuberculosis and Plasmodium falciparum. These changes may go part 

way to explaining why the Omicron variant is less virulent than the previous variant of concern, the 

Delta. Also noted by the author of this chapter is that some versions of Omicron completely lack the 

polybasic furin cleavage site. This is very likely the reason for observations showing that cellular 

uptake of Omicron is by the endosomal pathway.295

In addition to similarity with antigenic determinants of microorganisms, the spike protein shows 

sequence similarity to a number of human proteins. Sorensen et al.296 have indicated that 78.4% of 

the spike protein of SARS-CoV-2 has similarity with known human proteins. The authors of this 



405COVID-19 

paper suggest that “if all epitopes on the 1,255-amino acid long SARS-CoV-2 spike protein can be 

used by antibodies, then there will be 983 antibody binding sites which also could bind to epitopes 

on human proteins.” As the engineered spike protein, delivered via mRNA transfection or adeno-

virus vector, is substantially similar to the wild type from SARS-CoV-2 infection, there is a high 

possibility for autoimmunity. These concerns have been shared by many, including Vojdani and 

Kharrazian297 and Kanduc and Shoenfeld,298 and they are realized in the post-mortem observations 

of Burkhardt and Lang.292

Of further significance with regard to toxicity of the spike protein is that in addition to the incor-

poration of N1-methylpseudouridine and an increase in the GC content of the engineered RNA 

sequence,299 the mRNA codes for two substitute prolines in the S2 fusion domain at around 987 in 

the amino acid sequence.300 This change was introduced to maintain the spike in an “open” con-

figuration, preventing fusion with cell membranes but allowing attachment to ACE2. Translated 

spike protein that exits the cell will therefore bind to ACE2 of surrounding cells (or leave in extra-

cellular vesicles, see later discussion) and remain attached without internalization. Suzuki et al. 

(2021)301 and Suzuki and Gychka (2021)302 have shown that the spike S1 subunit suppresses ACE2. 

Angiotensin II will not be so efficiently converted to Ang1-7, and so, a large part of the damage 

inflicted by the spike protein may be due to oxidative stress, as angiotensin II is a potent inducer of 

NADPH oxidase.303 These inhibitory effects on ACE2 are clearly at odds with the work presented 

earlier on bronchoalveolar lavage (BAL) samples.124 This report revealed that expression of ACE2 

was increased 200-fold in BAL samples from COVID-19 patients in comparison to non-COVID-19 

samples. One can only assume that conditions in the lung during advanced disease give rise to a 

compensatory feedback loop that increases the expression of ACE2.

In addition to an ability to suppress ACE2 activity, the spike protein itself has been shown to 

induce angiotensin II type 1 receptor (AT1)–mediated signaling in endothelial cells, increasing the 

release of IL-6.304 IL-6 also induces NADPH oxidase. Lei et al. (2021)305 demonstrated that a pseudo 

virus with SARS-CoV-2 S1 protein caused inflammation of arteries and lungs of mice, and in endo-

thelial cells, it reduced mitochondrial function and increased glycolysis. A significant finding was 

that the antioxidant and glutathione precursor, NAC, reversed these effects. These studies confirm 

that the spike protein, without the rest of SARS-CoV-2, is toxic for blood vessel endothelial cells 

and other cells expressing ACE2.

The finding on the apparent effect of the spike protein to activate the AT1 receptor can also 

explain the observed rise in IL-6 apparent for some individuals around a week after vaccination.290 

Also, for individuals who transition into the early pulmonary phase, around 6–10 days after symp-

tom onset, the observations reported earlier reinforce the idea that there is a release of spike protein 

components from infected and damaged cells (see earlier discussion on viroporins and PAMP and 

DAMP release) at this time. The release of spike protein components is likely to be related to furin 

destabilization of the spike protein and the shedding of the S1 subunit.

Of concern for the longer-term effects of vaccination are prion-like elements within the spike 

protein. Prion-type proteins have characteristic glycine zipper motifs (GxxxG). They become toxic 

when α-helices misfold as β-sheets and the protein loses its normal membrane function.306The 

native amyloid protein, the amyloid-β precursor protein (APP), has four glycine zipper motifs. The 

SARS-CoV-2 spike glycoprotein has five. Tetz and Tetz307 have suggested that the prion-like nature 

of the spike protein may enhance binding of the RBD to ACE2.

Adjacent to the RBD of the spike protein is a heparin binding site. This is thought essential for 

initial binding (anchoring) of the spike protein to cell membrane heparin sulphate glycocalyx poly-

saccharides. Initial anchoring allows more favorable interaction of the RBD with cellular ACE2.308, 
309 Whilst this may be the situation following infection with SARS-CoV-2 and where heparin admin-

istration may block binding of the virus to cell membranes, for the vaccine-derived spike protein, 

it is already in a configuration allowing more favorable binding of the RBD to ACE2. As such, the 

heparin sulphate binding site of the S1 region is exposed, allowing interaction with other heparin 

binding proteins. In this respect, Idrees and Kumar310 have shown that “the SARS-CoV-2 S1 RBD 



406  Nutrition and Integrative Medicine for Clinicians

binds to a number of aggregation-prone, heparin binding proteins including Aβ, α-synuclein, tau, 

prion, and TDP-43 RRM.” This suggests that spike proteins that are expressed in or transported to 

the brain (perhaps by way of exosomes originating in other parts of the body311) could act as nuclei 

for the accumulation of toxic aggregates of misfolded brain proteins.

In addition to the long persistence of the S1 component in monocytes (15 months after infec-

tion),279 the spike protein has been shown to be a component of extracellular vesicles (exosomes) 

4 months after vaccination312 These long residence times within the body raise the question as to 

whether the spike protein is continuously synthesized or whether its half-life is greatly extended 

under certain conditions. A group from MIT and Harvard University have conducted a series of 

experiments that suggest the SARS-CoV-2 RNA can be reverse transcribed and integrated into the 

human genome.313 They found chimeric transcripts containing SARS-CoV-2 sequences in patients 

who recovered from COVID-19. Whether this could happen to transfected mRNA from vaccine 

preparations is a major question. In a study using the liver cell line Huh7, Aldén et al.314 have demon-

strated that mRNA from Pfizer-BioNtech BNT162b2 is taken up by these cells and is indeed reverse 

transcribed to DNA. The endogenous protein with reverse transcriptase capability responsible for 

this is likely to be long interspersed nuclear element-1 or LINE-1. Their work showed increased 

nuclear distribution of this enzyme after exposing cells to BNT162b2.

SINEs (short interspersed nuclear elements) and LINEs belong to a class of genetic elements 

called retrotransposomes. They can copy and paste DNA to new sites via RNA as an intermediate. 

In fact, nearly a third of the human genome comprises these mobile DNA elements. This may be 

particularly pertinent to sperm cells, as they express high levels of LINE 1, and testes are a site for 

vaccinal mRNA uptake. Sperm cells can reverse transcribe exogenous RNA to cDNA and deliver 

this as cDNA plasmids to fertilized eggs. Remarkably, these extrachromosomal structures survive 

to adulthood and can be passed to progeny as a template for protein synthesis.315 LINE-1 is also 

expressed in cancer cells and in immune cells in autoimmune diseases, such as systemic lupus ery-

thematosus, Sjogren’s and psoriasis.316

As suggested earlier, the continued presence of spike protein after the acute symptoms of 

COVID-19 have abated most probably accounts for many of the symptoms of Long COVID. The 

symptoms of Long COVID cross over with those of post-vaccine illness, in particular, fatigue and 

exercise intolerance. It is most likely that the continuing presence of the spike protein is responsible 

for this too, and the spike-induced activation of stress-associated pathways alters metabolism, slew-

ing it toward glycolysis and away from mitochondrial oxidative phosphorylation.

Based on studies of the effect of SARS-CoV-2 spike on cell signaling systems and on oxidative 

stress, a clear strategy for treatment of vaccine adverse effects would be to support antioxidant path-

ways. The compounds discussed in this article, such as ascorbic acid, NAC, quercetin, nicotinamide 

and melatonin (a powerful mitochondrial antioxidant), at the doses suggested in Table 21.1 (for the 

later symptomatic phase), would be most appropriate. It would also be appropriate to maintain 

25OHD by supplementing daily with at least 4000 IU cholecalciferol and to maintain the concen-

trations of fundamental minerals and B vitamins, as suggested for the later symptomatic phase. 

Indeed, it would be wise to start supplementation before vaccination and to maintain for at least a 

month after vaccination. The dose of quercetin may be particularly important. It is recommended 

that 1 g is taken twice a day.
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Life can only be understood backwards; but it must be lived forwards.

Soren Kierkegaard (Kierkegaard & Hannay 1996)

The author’s Psychodynamic Synergy Paradigm (PSP) is an integrative approach to the psycho-

therapy of patients with deeply embedded emotional injuries and relational scars resulting from 

unmastered traumatic experiences in their past, compromising the quality of their lives in the pres-

ent, and undermining their dreams for the future. PSP is a method of treatment that aims to advance 

patients from psychological rigidity to psychological flexibility such that once they have come to 

understand their life backward, they can focus on living it forward.

22.1  INTRODUCTION: A SYNERGISTIC APPROACH TO MENTAL HEALTH

PSP (Stark 1999, 2016, 2017) was developed by the author, a psychoanalyst and integrative psychia-

trist who has long been interested in both the complex interdependence of mind and body and the 

actual process by which psychotherapy patients (whatever their level of health or psychopathology) 

are released from the toxicity of their past and empowered to embrace love, work, and play to their 

greatest potential going forward.

Elaborated over the course of 30 years and drawing upon the finely honed wisdom of both long-

term, in-depth treatments (most of which are psychodynamically informed) and short-term, inten-

sive treatments (many of which use brain-based strategies), PSP features five models – the first four 

of which focus on the relationship between the past and the present, and the fifth of which focuses 

on the relationship between the present and the future.

Whereas Models 1–4 (representing, respectively, the classical psychoanalytic perspective, the 

self psychological perspective, the contemporary relational perspective, and the existential-human-

istic perspective) are all in the tradition of understanding our history as our destiny (which we are 

condemned to repeat unless we can remember it), the author’s freshly minted Model 5 focuses on 

our destiny as our choice (which is ours to create if in the present, we can take embodied ownership 

of our desire to extricate ourselves from the ties that bind us to our past and create a new narrative 

for ourselves going forward).

Whereas Models 1–4 focus on recognizing the entangled relationship between past and present 

and understanding, on the deepest of levels, all the ways in which the toxicity of the past is suffusing 

the essence of the present, Model 5 focuses on disentangling the past from the present, envisioning 

the possibility of an alternative, preferred reality for the future, and committing to action in align-

ment with that vision going forward.

Put simply, whereas Models 1–4 require that we take ownership of our past, Model 5 requires 

that we take ownership of our future.

Finally, whereas Models 1–4 focus on ferreting out, and working through, early relational trau-

mas, Model 5 focuses on challenging outdated, maladaptive narratives – constructed as a result of 

those early relational traumas – in order adaptively to update them.

For example, consider the case of a patient who resists venturing into new social situations 

for fear of being shamed. Models 1–4 would focus on exploring the origin of this irrational fear 

and would then incrementally work it through. Model 5, however, would highlight the fact of the 
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patient’s expectation of being shamed as maladaptive and outdated and would then, repeatedly and 

decisively, challenge this learned expectation in order to update it to a more adaptive, realistic, and 

appropriate expectation of being, say, accepted (Small 2015).

As will later be elaborated, in Model 5, adaptive updating of narratives and jumpstarting forward 

movement will be the result of ongoing and embodied challenging of preconceived, ill-founded 

expectations with new experiences (whether real or simply envisioned) that violate those expecta-

tions, thereby disconfirming the conditioned responses.

22.1.1  OLD BAD AND NEW GOOD PSYCHIC STRUCTURES

Despite their different lexicons, all five models involve transformation of psychological rigidity into 

psychological flexibility. Where Models 1–4 use the language of rigid defenses and flexible adapta-

tions, Model 5 uses the language of outdated narratives and updated narratives.

Whatever the model being referenced, however, throughout this chapter, old bad and new good 

will be terms used to represent, respectively, psychic structures that are rigid, outdated, and growth-

disrupting and psychic structures that are flexible, updated, and growth-promoting.

Parenthetically, it has been suggested that defenses are the lies we tell ourselves in order to avoid 

the pain in our lives, and adaptations are the things we come up with in order to make the best of 

bad situations.

22.1.2  A QUANTUM-NEUROSCIENTIFIC APPROACH TO HEALING

The author’s Model 5 is a quantum-neuroscientific approach to healing. It is an action-oriented, 

solution-focused, future-directed model that conceives of the mind as holding infinite potential and 

of memory as dynamic and continuously updating itself on the basis of new experience.

More specifically, at the heart of the therapeutic action in Model 5 is the synergy of mindfulness 

(paying embodied attention) and intentionality (setting impassioned intention). Mindfulness asks of 

patients that they pay attention to the wisdom of their body in order to access the outdated, disem-

powering narratives fueling their inertia and thwarting their growth; intentionality asks of patients 

that they use their quantum mind to envision an alternative, preferred reality and then, going for-

ward, that they set the intention to act in alignment with that vision so that they can overcome their 

inertia and jumpstart their growth.

Whereas Models 1–4 focus on our lives as predetermined, Model 5 is more uplifting and hope-

ful. Its focus is on envisioned possibilities, commitment to action, empowerment, personal agency, 

freedom, ownership of desire, realization of dreams, and actualization of potential.

An amusing aside: In The Marvelous Mrs. Maisel (a comedy-drama TV mini-series), Abe 

Weissman (played by Tony Shalhoub) – angry that the housekeeper has gone into his office to clean 

it – complains, “Just because there is a door, does not mean you use it! A door does not represent 

infinite possibilities. Leave that room the way it is!”

With respect to the quantum piece, as we shall see, the quantum mind can envision an infinite 

array of possibilities. By engaging the quantum mind, patients will become able to distance them-

selves from the maladaptive patterns of thinking, feeling, and acting that have become part of their 

identity. At the same time, they will be able to accept the possibility that, going forward, there 

are alternative perspectives and more adaptive ways of acting, reacting, and interacting. After all, 

thoughts are just thoughts and need not define who we are or how we behave; thoughts are no more 

powerful than we allow them to be (Hayes et al. 2016).

With respect to the neuroscientific piece, as we shall see, repeated embodied juxtaposition of old 

bad learned expectations with new good envisioned possibilities will create decisive – and poten-

tially transformational – mismatch experiences. If these mismatch experiences are repeated often 

enough, forcefully enough, and dramatically enough within the critical time frame of 4 to 6 hours 

(dubbed the reconsolidation window by neuroscientists), then these ongoing violations of learned 
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expectation will eventually trigger energetic decoupling of the patient’s toxic past from her present 

and advancement of the patient from entrenched inaction to intentioned action as disempowering, 

growth-impeding narratives are replaced by empowering, growth-promoting ones.

Indeed, the freshly revitalized neuroplastic concept of memory reconsolidation (central to the 

therapeutic action in Model 5) is at the heart of learning and of how old memories – consolidated 

and stored in long-term memory – can be subsequently updated and reconsolidated in response to 

ongoing and embodied new experience. In essence, the brain is continuously modifying itself – 

structurally and functionally – at the level of the neural synapse in order to stay current and relevant. 

This reconstructive process (involving both the destruction of old neural networks and the construc-

tion of new ones) speaks to the adaptive capacity of the brain and the dynamic nature of memory.

Rewiring the brain (by reconfiguring its neural networks) and reprogramming the mind (by 

revamping the outdated narratives encoded by those networks) will create the possibility for deep, 

enduring psychotherapeutic change.

22.1.3  WHEN ONE DOOR CLOSES, ANOTHER DOOR OPENS

Disentangling the past from the present in order to eliminate its toxic impact necessarily involves 

not only dismantling old, negative, and disempowering narratives that had been constructed by the 

developing child in a desperate attempt to make meaning of her world but also crafting new and 

empowering narratives that will reframe, or recontextualize, those traumatic experiences in a more 

positive, self-compassionate, and reality-based light.

To the point here are the pithy words of the neuroscientist Iryna Ethell (2018), “To learn we must 

first forget.”

And, the neuroscientist Joe Dispenza (2013) highlights the need to “break the habit of being 

yourself” in order to “reinvent a new self” and, more specifically, the need to “lose your mind” in 

order to “create a new one.”

Indeed, one door closes and another door opens when old, outdated memories are deconsolidated 

and forgotten, and new, updated narratives – specifically designed to take their place – are recon-

solidated and locked in.

22.1.4  THE NARRATIVE CHANGES BUT THE EPISODIC MEMORY REMAINS

When therapeutic memory reconsolidation updates a traumatic memory, what exactly is it that 

changes, and what is it that remains the same? Importantly, the fact of the event underlying the trau-

matic memory will not change – the episodic memory itself will remain intact. What will change, 

however, will be the affective coloring of the experience, how the patient positions herself in relation 

to it, and the relational narrative she constructs about self, others, and the world as a result of it.

Again, the conscious memory of the actual event will remain, but the narrative constructed as a 

result of it will have changed, as will the patient’s emotional relationship to it.

22.1.5  MARIA GAINS PERSPECTIVE AND REFRAMES HER FATHER’S ABUSE

By way of example, when Maria was a young girl, she had experienced frequent emotional abuse at 

the hands of her rageful, alcoholic father and, in a desperate attempt to make sense of that abuse, she 

had decided that it must have been she who was the bad one, she who was at fault.

But Maria, within the context of her secure attachment to a therapist who understood the trans-

formational power of therapeutic memory reconsolidation, was fortunate enough to be offered a 

rapid-fire series of disconfirming experiences that repeatedly and forcefully challenged Maria’s 

learned expectation of being always a victim.

These juxtaposition experiences took place in conjunction with reactivated memories of her 

father’s abuse, such that Maria was eventually able to update her self-negating narrative. No longer 
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did she experience herself as ever at risk of being abused. Instead, Maria came to realize that it was 

her alcoholic father who had been the victimizer and she who was innocent.

Importantly, despite now having an updated narrative that offered a fresh, more reality-based 

perspective, Maria still remembered the fact of her father’s abusive rages, but she was no longer con-

vinced that she had deserved the abuse and that the world was a dangerous, unsafe place. In essence, 

she was able to re-interpret the entire scenario as a story not about herself as ever vulnerable to 

being abused but about her father as an often out-of-control alcoholic who would periodically fly 

into irrational and unjustified rages.

22.1.6  ALLOYING THE PURE GOLD OF ANALYSIS

The author’s recent addition of a fifth, quantum-neuroscientific model to her psychotherapy paradigm 

– almost 30 years after the first models were conceived – is in the tradition of Freud’s (1919) even-

tual acknowledgement that, in order to broaden its range of applicability, the “pure gold of analysis” 

might well need to be “alloyed” with the “copper of direct suggestion … and hypnotic influence” (p. 

168). Although the concept of creating an alloy might imply the creation of something inferior or 

debased, alloys are also associated with desirable qualities such as hardness, lightness, and strength.

Indeed, Model 5 is a problem-oriented, solution-focused, action-oriented, goal-directed, and 

future-focused model that directly targets the seemingly intractable stuckness of patients who 

refuse to take embodied ownership of their need to change. It is a no-nonsense model that insists 

upon commitment to action in order for transformational healing to take place. It explicitly privi-

leges not just thinking and feeling differently but actually doing differently.

Furthermore, Model 5 becomes particularly relevant whenever Models 1–4 have been advancing 

psychodynamic awareness (that is, understanding life backward) but not providing sufficient impe-

tus for empowered and goal-directed action (that is, living life forward).

22.1.7  BRIEF OVERVIEW OF THE FIVE MODES OF THERAPEUTIC ACTION

Briefly, Model 1 is the classical psychoanalytic perspective – an approach that involves enhance-

ment of knowledge, emphasizes interpretation, and becomes relevant in those moments when the 

focus is on the patient’s neurotic conflictedness.

Model 2 is the deficiency-compensation perspective of self psychology – an approach that 

involves provision of experience, emphasizes empathic immersion, and becomes relevant in those 

moments when the focus is on the patient’s narcissistic vulnerability and relentless pursuits.

Model 3 is the intersubjective perspective of contemporary relational theory – an approach that 

involves engagement in relationship, emphasizes authentic relatedness, and becomes relevant in 

those moments when the focus is on the patient’s compulsive and unwitting re-enactments.

Model 4 is the existential-humanistic perspective – an approach that involves facilitation of sur-

render, emphasizes a holding environment, and becomes relevant in those moments when the focus 

is on the patient’s schizoid retreat and psychic withdrawal.

Model 5 is the quantum-neuroscientific perspective (and the primary focus of this chapter) – an 

approach that involves envisioning of possibilities, emphasizes quantum consciousness and thera-

peutic memory reconsolidation, and becomes relevant in those moments when the focus is on the 

patient’s implicitly held memories and deeply embedded relational expectations.

22.1.8  UNDERSTANDING LIFE BACKWARD BUT LIVING LIFE FORWARD

It was only more recently that this psychoanalyst author, although a bit late to the game, came to 

appreciate that going forward was just as important as looking backward. Amusingly relevant here 

is a TV commercial about Kia’s line-up of SUVs: “The problem with hanging on to the past is that 

when you’re always looking back, you can’t see what’s coming.”
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With respect to the looking backward encouraged by Models 1–4: It is sometimes simply not 

enough that the patient become more aware of the price she has paid for her past (Model 1), more 

accepting of the heartbreak she has experienced along the way as a result (Model 2), more account-

able for her often misguided attempts to engage in relationship with others (Model 3), and more 

accessible despite her longstanding, deep-seated fears (Model 4). Rather, it is critically important 

that the patient be encouraged to look forward – that she embrace her power to release herself from 

the ties that bind her to her past, take embodied ownership of her need to change, and commit to 

taking action to create her future going forward.

Echoing this sentiment are the evocative words of Joe Dispenza (2013): “The best way to predict 

your future is to create it.”

Models 1–4, in keeping with the psychoanalytic tradition in which they are rooted, tend to focus 

on the patient as passively receiving and permanently retaining the cognitive-emotional-visceral 

imprint of her unmastered early relational experiences. Model 5, in the tradition of constructivist 

psychologies, tends to focus on the patient as a more active participant in constructing her world-

view and in shaping the meaning she makes of her life as a result of all the early privations, depriva-

tions, and insults sustained along the way.

Models 1–4 focus on the cumulative impact of relational traumas in the past and the patient’s 

gaining of insight into their toxic impact on her life in the present. Model 5 focuses on outdated 

and maladaptive narratives as potentially able to be rewritten and interpreted anew – narratives 

constructed by the patient during her formative years in a desperate attempt to make sense of her 

world. Instead of sealing her fate, they are seen as holding the potential for reconfiguring her future.

Models 1–4 strive to facilitate, often by way of grieving, in-depth healing of emotional injuries 

and relational scars deriving from the patient’s past. Model 5 aims to facilitate focused action spe-

cifically designed to overcome the patient’s inertia and actualize her potential.

Paraphrasing only slightly the words of the psychologist and coach Carol Kauffman (2006), “As 

a [psychodynamic] therapist, I follow the trail of tears to healing; as a coach, I follow the trail of 

dreams to actualization.”

22.1.9  MEMORY INTEGRATION (MODELS 1–4) VERSUS MEMORY RECONSOLIDATION (MODEL 5)

Whereas the therapeutic action in Models 1–4 (understanding life backward) is subtle and gradual, 

as the patient slowly but steadily gains psychodynamic awareness and advances step by step from 

reflexive defense to reflective adaptation, the therapeutic action in Model 5 (living life forward) is 

abrupt and dramatic, as jolting mismatch experiences prompt the overriding of paralyzing inaction 

and thwarted potential by way of triggering committed action and decisive movement forward.

Parallel to this clinical distinction between therapeutic movement that is nuanced and under-

stated and therapeutic movement that is more sudden and striking, cognitive neuroscientists have 

been making a similar and very exciting distinction between memory integration (the term they use 

to describe the elaboration and refinement of already existing mental schemas) (Gisquet-Verrier & 

Riccio 2019) and memory reconsolidation (the aforementioned term they use to describe the com-

plete eradication of mental schemas and the locking in, or reconsolidation, of entirely new ones) 

(Schiller et al. 2010; Ecker et al. 2012, 2013).

In 2019, David Feinstein, an experienced clinician and eloquent advocate for this compelling 

clinical and neuroscientific distinction, writes, “Memory integration appears to be more applicable 

for new experiences that augment an earlier learning, leading to incremental changes. Memory 

reconsolidation appears to be more applicable when a new experience decisively contradicts an old 

learning at its emotional roots.” Feinstein continues, “Both theories are supported by evidence, and 

further research will determine how they interact and the conditions under which each has greater 

explanatory power” (p. 346).

Memory integration (with its incremental integration of new meanings into already exist-

ing and interrelated but long since outdated narratives – as happens in Models 1–4) and memory 
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reconsolidation (with its precipitous and dramatic deleting of old programs and their replacement 

with new ones – as happens in Model 5) are therefore contrasting but complementary mechanisms 

whereby the brain is continuously being rewired and the mind continuously reprogrammed when 

optimally challenged with new information and experience.

22.1.10  DE NOVO PROTEIN SYNTHESIS

Of note is the fact that whereas refinement of already existing neural networks (memory integra-

tion) does not require the synthesis of new proteins (Gisquet-Verrier et al. 2015), erasure of outdated 

memories and their replacement by new, more updated memories (memory reconsolidation) does 

indeed appear to involve de novo protein synthesis (Nader et al. 2000; Alberini et al. 2006).

More specifically, just as the consolidation of labile, short-term memory into more stable, long-

term memory (long-term potentiation) requires of the brain that it synthesize new proteins on the 

postsynaptic membranes of downstream neurons in order both to reinforce the fragile memory 

traces and to facilitate the transfer of these engrams from short-term storage in the hippocampus to 

long-term storage in distributed neocortical networks, so too, memory reconsolidation involves de 

novo synthesis of receptor proteins on the postsynaptic membranes of the downstream target cells 

(Alberini 2005; Gold 2008).

Not surprisingly, studies have confirmed that memory reconsolidation, like memory consoli-

dation, is blocked by protein synthesis inhibitors, such as the antibiotic anisomycin (Nader et al. 

2000). In other words, if protein synthesis is inhibited within a few hours after the new learning 

has occurred, then what had been newly learned never actually gets locked in, that is, gets neither 

consolidated nor reconsolidated, and is essentially forgotten.

This discovery that protein synthesis is required for the formation of memories was the result 

of laboratory experiments conducted in the 1990s on rodents that were then unable to reintegrate a 

learned fear when exposed to chemical agents that disrupted protein synthesis (Nader et al. 2000). 

“Because the learning could not be reintegrated, it was as if the fear had been permanently erased” 

(Feinstein 2019, p. 346).

Unfortunately, anisomycin is toxic to humans, which has obviously limited its usefulness in 

clinical trials, although the injection of anisomycin into the hippocampus (which plays such an 

important role in the consolidation of information from short-term to long-term memory) has been 

rather boldly proposed by several investigators (Wang et al. 2005) for selective removal of traumatic 

memories.

In any event, in contradistinction to this requirement for de novo protein synthesis when memo-

ries are being consolidated and reconsolidated, scientific research has demonstrated that protein 

synthesis inhibitors have no impact on memory integration. This makes sense, because when mem-

ory integration is involved (and not memory reconsolidation), no new memories are actually being 

formed, only elaboration and further refinement of already existing networks of mental schemas 

(Gisquet-Verrier et al. 2015).

22.1.11  INHIBITION OF MEMORY RECALL BY THE BETA-BLOCKER PROPRANOLOL

The drug most frequently used in humans to “reduce the saliency of emotional memories” is pro-

pranolol, a beta-adrenergic blocker that (peripherally) dampens the stress response and (centrally) 

inhibits protein synthesis.

In a landmark 1994 study, Cahill and his colleagues demonstrated that propranolol taken just 

prior to viewing an emotionally disturbing short story significantly impaired later recall of the story 

but did not affect recall of a closely matched, but more emotionally neutral, story (Cahill et al. 1994).

Since that time, many studies have replicated this finding that dampening stress-induced hyper-

arousal and inhibiting protein synthesis with propranolol will interfere with later recall of emo-

tionally charged memories. Furthermore, because (as noted earlier) memory reconsolidation is 
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essentially a recapitulation of memory consolidation, researchers have extended their studies to 

include the inhibitory impact of propranolol on the locking in of new memories in the place of old, 

emotionally arousing ones (Lonergan et al. 2013).

22.1.12  OPTIMAL STRESS WITHIN THE WINDOW OF TOLERANCE

All five models, whatever their lexicon or particular focus, involve the judicious and ongoing use of 

optimal stress (Stark 2015) within a window of tolerance (Siegel 1999; Ogden et al. 2006). In other 

words, all five models involve the therapeutic use of just the right balance of challenge (to precipitate 

disruption) and support (to allow repair) within the context of secure attachment to a therapist whose 

finger is ever on the pulse of the patient’s level of anxiety and capacity to tolerate further stress.

Like the three bowls of porridge sampled by Goldilocks – one too hot, one too cold, but one just 

right (which is the one that worked best for her) – so too the dose of stress provided by the therapist’s 

interventions will be either too much, too little, or just right (which will be the one that works best 

for the patient).

The ultimate goal of optimally stressful PSP interventions is to facilitate advancement of the 

patient from mindless (defensive) reactivity to intentioned (adaptive) activity as outdated narratives 

that distort reality are replaced by updated narratives that are more accurate renderings of self, 

others, and the world. Simultaneously, the patient will advance from psychological rigidity and 

defensiveness to psychological flexibility and adaptability.

22.2  JUMPSTARTING ANALYSIS PARALYSIS

Models 1–4 are all informed by time-honored psychoanalytic concepts and focus on the working 

through of traumatic experiences that had once been overwhelming and therefore defended against 

but that can now, in the context of a solid therapeutic relationship characterized by empathic attun-

ement and authentic engagement, be processed, integrated, and adapted to.

As we know, the goal in all four models is to help patients gain an in-depth and comprehen-

sive understanding of how they have come to be as they are. The emphasis is on insight, aware-

ness, understanding, knowledge – and not on action. Of course, the therapist’s hope is that patients, 

inspired by all that they have come to know, will simply find themselves modifying their behavior 

and changing how they relate to self, others, and the world as an offshoot of their ever- evolving psy-

chodynamic awareness. But if the psychodynamic therapist needs her patient to take action or needs 

her to get better, then the therapist will be faulted for having too much therapeutic zeal (Freud 1919).

So, what about patients who remain stuck and fundamentally unfulfilled in their lives despite 

having acquired deep insight into their inner workings (the goal in Model 1), despite having con-

fronted and grieved heartbreaking truths about the objects of their desire and the futility of their 

relentless pursuits (the goal in Model 2), despite having taken ownership of the dysfunctional rela-

tional dynamics they compulsively re-enact on the stage of their lives (the goal in Model 3), and 

despite having dared to let themselves be found such that they can now experience at least occa-

sional moments of meaningful and joyous connection with others (the goal in Model 4)?

22.2.1  REFRACTORY INERTIA AND THWARTED POTENTIAL

It could be said that such patients are suffering from a form of analysis paralysis. They might 

indeed be now more aware (Model 1), more accepting (Model 2), more accountable (Model 3), 

and more accessible (Model 4) and, on some level, their lives might indeed be now working better 

for them as a result; but, on another level, they are not loving, working, or playing to their greatest 

capacity, realizing their dreams, or fulfilling their potential.

A prime example of thwarted potential was the young man this author saw in consultation a long 

time ago – a man who had been in a psychodynamic treatment (and on medication) for many years 
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and had come to know himself deeply but was still very stuck in his life and desperately unhappy. 

He reported to the author that every single day after work, he would sit in the dark in his living room, 

hour after hour, doing nothing, his mind blank. By his side would be his stereo and a magnificent 

collection of his favorite classical music. The flick of a switch and he would feel better – and yet, 

night after night, overwhelmed with immobilizing despair, he would never once touch that switch.

It was this young man’s story and the sobering stories of countless other therapy patients who 

have found themselves paralyzed in their efforts to move forward in their lives that prompted the 

author to expand her PSP to include a fifth mode of therapeutic action – one that would more explic-

itly address the importance of actual behavioral change for the promotion of overall well-being.

In the prophetic words of Lao Tzu – “If you do not change direction, you may end up where you 

are heading.”

22.2.2  DOCUMENTED EFFECTIVENESS OF SHORT-TERM, INTENSIVE TREATMENTS

Further incentivizing was the fact that over the course of the past 10 to 15 years, the author has had 

the opportunity to broaden her therapeutic horizons by immersing herself in the study of a variety 

of short-term, intensive treatments, including Acceptance and Commitment Therapy (ACT) (Hayes 

et al. 2016), Eye Movement Desensitization and Reprocessing (EMDR) (Shapiro 2017), Intensive 

Short-Term Dynamic Psychotherapy (ISTDP) (Frederickson 2013; Coughlin 2016), Accelerated 

Experiential Dynamic Psychotherapy (AEDP) (Fosha 2000), Neuro-Linguistic Programming (NLP) 

(Bandler & Grinder 1982), Internal Family Systems (IFS) (Schwartz 1997), Somatic Experiencing 

(SE) (Levine 1997), Sensorimotor Psychotherapy (Ogden et al. 2006), Pesso Boyden System 

Psychomotor (PBSP) (Pesso 1969), Narrative Therapy (Schafer 1994), Motivational Interviewing 

(Miller & Rollnick 1992), Hypnotherapy (Braid 2019), Emotional Freedom Techniques (EFT)/

Meridian Tapping (Craig 2011), and Energy Psychology (Eden & Feinstein 2008) – all of which 

have had impressive and documented success in the relief of problematic symptoms and, more gen-

erally, in the treatment of psychological and physical disorders across a broad spectrum.

Patricia Coughlin (2004), a world-renowned mental health practitioner at the forefront of clinical 

research on the therapeutic process and its effectiveness, has asserted that the methods of time-lim-

ited treatments are the “gold standard of therapy” and enable patients to achieve dramatic results, 

often within weeks. She notes that the cost-effectiveness of brief treatments is a major advantage of 

these brain-based approaches.

Coughlin (2016) cites the 1986 meta-analytic research done by Howard (2009), who studied the 

relationship between length of treatment and patient benefit. Howard’s data were based on more 

than 2,400 patients and spanned more than 30 years of research. Coughlin summarizes Howard’s 

impressive findings as follows: 30% of the patients studied were early responders and improved 

by the second session; 60–65% experienced significant symptomatic relief within seven sessions; 

70–75% within 6 months; and 85% after a year.

Additionally, with respect to the Intensive Short-Term Dynamic Psychotherapy (1977) approach 

originally developed by the Boston-trained psychoanalyst Habib Davanloo (a vocal proponent of 

fostering a collaborative therapeutic alliance in order to unlock the unconscious), Coughlin (2016) 

asserts, “ISTDP is a scientifically validated method of psychotherapy that dramatically accelerates 

the process of change, such that patients will see measurable results within weeks and months, 

rather than years.”

Indeed, rather than the long-term, incremental, step-by-step psychodynamic process, with its 

ongoing cycles of disruption and repair as the patient gradually evolves from illness to wellness, 

the aforementioned time-limited, targeted treatments are more solution focused, action based, goal 

directed, and future oriented – and in the right hands, can indeed often produce rather dramatic and 

abrupt symptomatic relief and observable modification of behavior.

A number of neuroscientifically inclined clinicians (Ecker et al. 2012, 2013; Feinstein 2019) 

have advanced the hypothesis that most of the above-referenced short-term therapies rely upon 
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therapeutic memory reconsolidation as the mechanism whereby the brain can update itself on the 

basis of new experience. Their contention is that this brain-based strategy is the organizing principle 

that transcends the theories and techniques of the different schools of psychotherapy and provides 

an overarching, unifying conceptual framework for understanding the therapeutic action of these 

time-limited, targeted approaches.

22.2.3  IMMEDIATE AND DRAMATIC RELIEF OF SYMPTOMS

The following two transformational vignettes had a profound impact on the author and further 

incentivized her to delve into the neuroscientific literature on learning and memory so that she 

would be able to broaden and deepen her understanding of how the brain can be rewired and the 

mind reprogrammed, thereby enabling her to expand her psychotherapy paradigm to be more inclu-

sive. Both patients appear to have experienced immediate, seemingly miraculous relief of their 

symptoms as a result of having had their brains exposed to sudden, shocking jolts that the author 

hypothesizes must have triggered resynchronization of disturbed patterns of neural activity.

22.2.4  JUANITA’S MIND-BOGGLING EXPERIENCE WITH AN OPIOID

What follows is something that Juanita (a psychotherapy patient on whom the author did a consulta-

tion several years ago) shared with the author.

Juanita had been struggling to get over the pain of her grief about the loss of a man she had felt 

was the love of her life. Together for almost 10 years, she and Eduardo had shared what appeared to 

be almost a storybook life together – although her own, not yet fully processed history of having been 

sexually abused by her stepfather made her a reluctant sex partner, sadly for both Eduardo and her.

One day, Juanita accidentally discovered, to her absolute heartbreak, that Eduardo had been hav-

ing an affair with one of his colleagues at work. This precipitated a series of major arguments and, 

ultimately, a breakup, with Eduardo finally moving out.

Juanita, not only overwhelmed with grief at the loss of Eduardo but also unable to forgive herself 

for the part she knew she had played in his straying because of her unresolved issues, then found 

herself experiencing such acute psychic distress that she became profoundly and immobilizingly 

depressed – and even found herself contemplating suicide as a possible escape from the pain of it all.

One evening, exhausted from the effort of having struggled through each and every day since 

their breakup, Juanita, someone who ordinarily shunned the idea of using recreational drugs and 

even medications prescribed by doctors, blindly reached for a few of the hydrocodone pills that she 

still had in her possession from the time when her wisdom teeth had been extracted. Her intent was 

not to kill herself but to find oblivion in reduced consciousness and sleep.

Fortunately, Juanita did not die. Instead, after becoming sedated, somewhat numbed, and a bit 

calmer, eventually fell into a deep, opioid-induced sleep. Upon awakening hours and hours later 

and more refreshed than she had felt in weeks, she suddenly realized – to her total amazement and 

delight – that the pills prescribed by her dentist to relieve physical pain had actually obliterated her 

psychic pain. As Juanita reported it to me, it was almost as if she, in discovering the possibility of 

living without deep psychic pain (by virtue of the opioid-induced numbing), was able to reframe her 

entire experience of loss as a manageable, albeit still heartbreakingly sad, way of living.

In any event, Juanita’s mind-boggling experience of an opioid-induced repositioning of herself 

in relation to what had felt like unbearable grief is a dramatic demonstration of how changes in the 

state of the brain can impact mental health.

22.2.5  ALINA’S MIRACULOUS RELEASE FROM THE TYRANNY OF OBSESSIVE LOVE

Particularly distressing for Alina (a friend of the author’s) was her obsessive love for Josh, a man 

she knew would not be right for her. Among other things, he was married. Although she and Josh 
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had had very little actual contact, the several times they had run into each other had been extremely 

exciting for Alina, and she was finding herself becoming increasingly obsessed with fantasies about 

him and the possibility of having a future with him – despite the fact that there were no indications 

that his marriage was in trouble or that he was even all that interested in her.

A therapist herself and in a long-term psychodynamic therapy, Alina had come to understand 

that her intense longing for Josh was probably related, at least in part, to unresolved oedipal feelings 

that she still had in relation to her dad, a very seductive man with whom she had had a very intimate, 

albeit complicated, relationship.

But despite Alina’s ever-evolving awareness that some of what she was experiencing in relation to 

Josh was fueled by unmastered yearnings for her dad, she remained tormented by her obsessive love 

for this inappropriate (for a whole mix of reasons) and unavailable man – fantasies that, although 

pleasurable and compelling, were also self-defeating and filled her with self-loathing and shame.

One day, Alina was unfortunately involved in a serious car accident and suffered a bad concussion. 

Although she recovered fairly quickly, she did sustain some permanent memory loss, most especially 

with respect to the events leading right up to the accident. Even though an investigation was done 

into the cause of the two-car accident, and the scene was reconstructed, Alina’s retrograde amnesia 

persisted, and she herself was never able to retrieve the memory of the events preceding the crash, 

which made it more difficult to figure out the insurance piece and which driver had been at fault.

In any event, it was shortly thereafter that Alina, with mixed feelings of relief and disappoint-

ment, suddenly realized that after the car accident she had simply stopped obsessing about Josh! In 

fact, all thoughts of Josh had miraculously vanished – and it had happened through no conscious 

intent on her part!

As the author later came to formulate things, Alina was probably engaging in her favorite guilty 

pleasure, namely, fantasizing about Josh, as she was driving and right up to the moment of actual 

impact with the other car. The retrograde amnesia that she suffered as a result caused her to forget 

not only the pre-crash events but also her obsessive thoughts about Josh!

Alina’s miraculous release from the tyranny of obsessive love as a result of her retrograde amne-

sia was something that prompted the author to think ever more seriously about including in her PSP 

a more brain-based approach to the therapeutic action – one that would take into consideration not 

just psychodynamic awareness but also the brain’s microarchitecture and its complex synaptic web 

of neural circuits.

22.2.6  RETROGRADE AMNESIA – RICHARD RUBIN AND HIS TEAM OF RESEARCHERS

The idea that deeply entrenched traumatic memories could be erased if certain conditions were met 

was actually the result of a cleverly designed study conducted over 50 years ago by the behavior 

therapists Rubin, Fried, and Franks (1969) – all the more remarkable because, back in the 1960s, 

most neuroscientists still embraced the idea that once a deep emotional learning had been acquired, 

it was forever.

Although it was not appreciated at the time for the significance that it was later to assume, the 

experiment that Richard Rubin and his team of investigators devised is now being widely quoted 

by proponents of memory reconsolidation. Rubin and his group came up with the innovative idea 

of capitalizing upon the well-known retrograde amnesia “produced by the disruptive effect of elec-

troconvulsive therapy (ECT) on memory trace consolidation” at the level of the memory trace’s 

“structural encoding” (Rubin et al. 1969, p. 37).

Earlier studies involving the use of ECT had generally been conducted on subjects who were 

anesthetized and therefore unconscious during their treatments. But Rubin and his colleagues for-

mulated the following, testable hypothesis: “If the patient’s attention is strongly directed … to his 

most disturbing feelings and imagery … and if he is instantly given ECT (awake), there should 

result a significantly greater amelioration and reduction of symptoms than that obtained when ECT 

is given in the usual way” (Rubin et al. 1969, p. 39).
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The investigators specifically selected subjects who were suffering from obsessions, delusions, 

and hallucinations. Then, in order to reactivate the neural mechanisms encoding the “psychopatho-

logical imagery” underlying these distorted perceptions of reality, the subjects were instructed to 

focus their attention on their symptoms. Rubin reasoned that having them focus their attention in 

this way would return the neural networks fueling the symptoms to a malleable state, which would 

render those circuits vulnerable to being disrupted. ECT was immediately administered with the 

subjects being kept awake throughout the treatment.

Of the 15 patients in Rubin’s study, 7 had been previously treated anywhere from 5 to 28 times 

with routine ECT (and anesthesia) – but those treatments had been ineffective. These seven patients 

therefore served as their own controls.

Following a single treatment with ECT, all 15 of the patients “improved dramatically for periods 

of three months to three years [the duration of the study]. One relapsed after nine months but recov-

ered after another treatment” (Rubin et al. 1969, p. 40). The authors go on to write, “The probability 

of the effectiveness of this treatment resulting from chance factors only is less than 0.1%. This 

estimate is based on the number of previous, ineffective treatments” (Rubin et al. 1969, p. 40). To 

calculate this percentage, they used Fisher’s exact test, more accurate than the chi-square test and 

recommended when the total sample size is less than 1000.

Rubin and his team (Rubin et al. 1969) astutely concluded that their study was proof that, at least 

in principle, the mental schemas fueling the symptoms must have been entirely obliterated, because 

treatment with ECT prompted complete remission of symptoms only when those mental schemas 

were reactivated in subjects who were awake while given the electroconvulsive shock – and not 

when those mental schemas were lying dormant with the subjects unconscious.

Parenthetically, although Rubin’s brilliantly conceived study appeared to demonstrate eradica-

tion of old bad, it did not specifically address the introduction of new good. In other words, although 

the subjects appeared to be released from the tyranny of their obsessions, delusions, and halluci-

nations, it was not clear what, if anything, got locked in, or reconsolidated, in the place of those 

pathological perceptions of reality.

That notwithstanding, Rubin’s trailblazing experiment was ingenious and, although largely 

ignored by the neuroscientific community until the 1990s, laid the groundwork for future research 

efforts.

22.2.7  INTERDEPENDENCE OF THE FIVE MODELS

In order to optimize therapeutic effectiveness, the PSP therapist can shift back and forth from one 

model to the next based upon what she, in the moment, intuitively senses is the point of emotional 

urgency for the patient, that is, whether it is the patient's resistance to awareness (the classical psy-

choanalytic perspective of Model 1), her relentless pursuit of the unattainable (the self psychological 

perspective of Model 2), her re-enactment of unmastered early relational traumas (the contemporary 

relational perspective of Model 3), her relentless despair and retreat from the world (the existential-

humanistic perspective of Model 4), or her refractory inertia, refusal to change, and relentless inac-

tion (the quantum-neuroscientific perspective of Model 5).

PSP therefore involves the complex interplay of all five modes of therapeutic action, each gaining 

momentum by virtue of advancement in the other four. In essence, all five models are interdepen-

dent and, in order to bring about enduring, broad-ranging, characterological change, symptomatic 

relief, behavioral modification, and actualization of potential, all will come into play at various 

points in a serious, long-term treatment – as the therapeutic process evolves through healing cycles 

of destabilization and subsequent restabilization at ever higher levels of adaptive capacity, resil-

ience, and psychological flexibility.

Furthermore, because for the most part the psychodynamically informed Models 1–4 encourage 

the patient to take the lead and to talk about whatever comes to mind for her, such treatments often 

run the risk of either getting bogged down or straying off course – and of then becoming “analysis 
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paralysis” or, ultimately, “analysis interminable” (Freud 1937). It is when this happens that aspects 

of the more action-oriented and goal-directed Model 5 can be introduced into a longer-term, in-

depth psychodynamic treatment in order to restore its focus, clarity, direction, and purpose.

Unlike Models 1–4, Model 5 does indeed spotlight vision, commitment, action, and results, that 

is, living life and not just understanding it.

An anonymous quote claimed by many captures the essence of Model 5: “Eyes forward. Mind 

focused. Heart ready. Game on, World.”

22.3  THE DYNAMIC NATURE OF MEMORY: REWIRING THE 
BRAIN AND REPROGRAMMING THE MIND

Neuroscientists had long thought that once a new learning was consolidated in long-term memory, it 

would be permanently installed. Perhaps, it could then be modified, or even eclipsed, by subsequent 

experiences, but it would nonetheless remain intact, lurking beneath the surface and ever vulnerable 

to being reactivated – and subsequently reinforced.

But, that has begun to change.

Over the course of the past two decades, a dedicated group of cognitive neuroscientists (Nader 

2003; Verkhratsky & Butt 2007; Schiller et al. 2010; Dudai et al. 2015), ever intent upon teasing 

out the neural mechanisms underlying the dynamic nature of memory, have been using advanced 

neuroimaging techniques to deepen their understanding of how the brain continuously updates itself 

on the basis of new experience. Their interest is in understanding what actually happens, at the level 

of the neural synapse, when a thought is being thought, a feeling felt, or a memory remembered.

22.3.1  BRAIN IMAGING TECHNIQUES TO MAP BRAIN ACTIVITY

Advanced neuroimaging techniques, including functional magnetic resonance imaging, scanning 

microscopy, and optogenetics (a new technology that allows genetically modified neurons in the 

brain to be selectively turned on and off using an optical probe to deliver the light), are being used 

to map brain activity – and, as a result, to provide windows into the mind.

Indeed, researchers have made the groundbreaking discovery that when memories (traumatic and 

otherwise) are retrieved, the network of synapses encoding those memories will become unlocked 

for a time-limited period (Ecker et al. 2012, 2013; Lee et al. 2017; Feinstein 2019). This unlocking, 

or deconsolidation, signals the opening of the reconsolidation window – a brief window of oppor-

tunity when memories will become malleable, flexible, and therefore transiently sensitive to input 

from the outside. This time-limited reconsolidation window, which appears to last anywhere from 

4 to 6 hours, must be utilized if there is to be major resculpting of the neural networks encoding 

those memories.

22.3.2  VIOLATION OF EXPECTATION

More specifically, for eradication of deeply embedded emotional memories to be permanent, neu-

roscientists hypothesize that violation of expectation (caused by the unanticipated introduction of 

something new that disconfirms the learned expectation of something old) must take place within 

this 4- to 6-hour reconsolidation window (Schiller et al. 2010). In the neuroscientific literature, 

this mismatch is referred to as a prediction error or novelty detection (Schlichting & Preston 2015; 

Wang 2018); in the clinical literature, it is referred to as a juxtaposition experience or mismatch 

(Ecker et al. 2012; Feinstein 2019; Armstrong 2019).

Broadly speaking, a prediction error or juxtaposition experience is a surprising and jolting mis-

match between the learned, habitual expectation of old bad and the reality-based, present-focused, 

future-oriented experience of new good (be that experience real or simply envisioned). Intuitively, 

the idea that abruptly, rapidly, unexpectedly, and decisively introducing the element of surprise in 
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order to provoke change certainly makes sense, as does the idea that when new information directly 

contradicting a previous learning is repeatedly juxtaposed with what had come to be expected, the 

old memory will eventually be forced adaptively to update itself.

Put simply, introducing an unanticipated (or even random) element or event will disrupt the 

brain’s routine ways of organizing information, which will force the brain to reorganize itself in 

order to include the unexpected input, thereby altering neural patterns of connectivity.

22.3.3  EXPANSION AND CONTRACTION OF GLIAL CELLS

Neuroimaging studies demonstrate that opening the transient 4- to 6-hour window is initiated by 

the action of several types of glial cells (particularly astrocytes and microglia) – neuroimmune cells 

that reside in the brain’s extracellular matrix (or interstitial space) and ensheathe the brain’s neurons 

(Verkhratsky & Butt 2007).

Glial cells had long been known to nourish, protect, and support the nerve cells to which they 

were attached. More recently, however, brain imaging studies have been able to demonstrate that 

glial cells also play the critically important role of regulating synaptic connectivity, which they do 

by way of either their expansion or their contraction – alterations in size that result in either inhibi-

tory or excitatory synaptic transmission.

More specifically, neuroimaging studies indicate that the swelling of glial cells inhibits the 

transmission of nerve impulses from the pre-synaptic to the post-synaptic membrane, whereas 

the shrinking of glial cells facilitates the propagation of nerve impulses across the synaptic cleft 

(Verkhratsky & Butt 2007).

22.3.4  THE INTRODUCTION OF SOMETHING NEW

When a memory is reactivated, the glial cells surrounding the synaptic junction will shrink in size, 

rendering the synapse transiently plastic (synaptic plasticity) – variously described as malleable, 

sensitive, fragile, and vulnerable to disruption by environmental input (Eroglu & Barres 2010; 

Rossouw 2014). In other words, when the glial cells contract, the network of synapses encoding 

the reactivated memory will become temporarily deconsolidated, or unlocked, such that something 

new can be introduced.

If the something new that is introduced is a positive experience that disconfirms the learned 

expectation of something negative, and if that mismatch is presented repeatedly enough and force-

fully enough, then the new experience (and the fresh perspective to which it gives rise) will end up 

deleting the destabilized synapses and prompting the locking in, or reconsolidation, of new syn-

apses encoding an updated, reality-based, growth-promoting, empowering narrative in the place of 

the old, outdated, maladaptive, growth-disrupting, disempowering one.

In other words, a more relevant narrative that reflects a fresh, more adaptive, healthier perspec-

tive will be constructed – a narrative that will then become incorporated into the intrinsic fabric of 

the patient’s life and, going forward, will become the new filter through which the patient experi-

ences self, others, and the world.

In essence, therapeutic memory reconsolidation will be taking place once the glial cells (appro-

priately named after the Greek word for glue) return to their swollen state and lock in, or reconsoli-

date, the new, more adaptive meaning in the place of the old, maladaptive one.

In the neuroscientific literature, it would seem that little specific attention is paid to whether 

the glial cells contract whenever a memory is being reactivated or if the glial cells contract only 

when a memory has been reactivated and, at the same time, a new experience is being presented 

– a new experience that mismatches the old one. This is a point of confusion in the literature and, 

quite frankly, glossed over by most researchers. In reading between the lines, however, this author 

has come to believe that reactivation of memory alone suffices to prompt glial cell contraction and 

destabilization of the synapses encoding the memory, thereby laying the groundwork for either 
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therapeutic memory reconsolidation (if something new is presented) or simply reinforcement of the 

memory (if nothing new is presented).

22.3.5  EYE MOVEMENT DESENSITIZATION AND REPROCESSING (EMDR) THERAPY

A brain-based strategy designed to promote therapeutic memory reconsolidation is EMDR therapy, 

a highly effective psychotherapeutic method that, in order to recontextualize and detoxify traumatic 

memories, capitalizes upon the use of bilateral alternating stimulation to engage both sides of the 

brain, thereby bringing to bear the analytic wisdom of the present-focused left brain on the emo-

tional knowledge harbored in the past-focused right brain (Shapiro 2017).

The patient is instructed to focus her mind’s eye on a distressing and unmastered traumatic expe-

rience, memory, or image and to let herself re-experience whatever thoughts, feelings, and sensa-

tions are evoked as she dares to remember. Alternately, repetitively, and rhythmically, the clinician 

then stimulates both sides of the patient’s brain (whether visually, auditorily, or tactilely) – left, 

right, left, right, left, right, and so on.

Activating both sides of the brain in this way will bring to bear the rationality and perspective 

of the more evolved left brain on the processing of the reactivated traumatic memory stored, unpro-

cessed, in the patient’s less evolved right brain, where it has been festering and fueling her maladap-

tive symptoms and dysfunctional behaviors.

The bilateral sensory stimulation can involve the eyes, the ears, or touch. Early research, how-

ever, suggests that movement of the eyes back and forth behind closed lids is particularly effective 

in evoking the desired retrieval of traumatic memories (Shapiro 2017).

Intuitively, this makes sense, inasmuch as taking a minute to close your eyes when you have 

misplaced your keys, say, or forgotten where you have parked your car will often make it easier to 

recover the memory. And when faced with a difficult task, people often spontaneously close their 

eyes or look away. Doing so appears to enhance visualization by minimizing distractions and facili-

tating focus. In fact, eye closure is described in the literature as an instinctive reaction designed to 

reduce cognitive load (Vredeveldt et al. 2011).

Once the traumatic memory has been reactivated, the window of opportunity will open for 

replacement of old bad with new good.

Indeed, as the patient is revisiting – visually, cognitively, emotionally, and somatically – the 

unprocessed traumatic experience, she is being continuously reminded by the clinician that she is 

now in the present. That was then, and this is now.

Prompting the patient to focus her attention on both the past (as the traumatic memory stored in 

her right brain, or body consciousness, is being reactivated) and the present (as the analytic wisdom 

of her left brain, or brain consciousness, is being brought to bear) is designed to capitalize upon the 

patient’s capacity for dual awareness. In other words, dual awareness is being fostered when the 

patient is being asked to focus her attention on what she is experiencing in the moment at the same 

time as she is being encouraged to step back from that experience in order to detach herself from 

the traumatic memory, gain distance, and recover perspective.

As the bilateral alternating stimulation continues, the clinician is prompting the patient to assume 

a stance of detached compassion, repeatedly offering the patient such mesmerizing statements as:

Imagine yourself watching it all on a movie screen or a TV. But it’s in the past – it’s old stuff. Just notice 

it and let it go. Imagine yourself riding on a train and the images, thoughts, and feelings that you are 

having are just scenery passing by – but it’s over now and you’re safe. It’s history – just watch it go by. 

Imagine yourself driving in a tunnel – but just keep your foot on the pedal and keep moving forward. 

That’s right. That’s good.

The therapeutic action in EMDR (as in Model 5) involves helping the patient maintain this dual 

awareness so that the traumatic experience can be tamed, detoxified, and integrated as the patient 
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moves toward a more adaptive resolution, one that no longer triggers cognitive, emotional, somatic, 

or behavioral reactions.

22.3.6  LAKISHA – FROM POWERLESS VICTIM TO EMPOWERED SURVIVOR

Lakisha presented to the author for a consultation. She reported that she was struggling to make her 

peace with a trauma that she had experienced years earlier when she had accepted a ride home from 

a party with an attractive man whom she had just met – a man who had then attempted to rape her. 

He had driven her into a secluded area in the woods and tried to force himself on her. By dint of her 

incredible determination and instinct for survival, however, Lakisha had managed to wrest herself 

free, to jump out of his truck, and to flee for safety. But, Lakisha was haunted by the memory of the 

attempted rape and was having difficulty forgiving herself for having allowed herself to be seduced 

into accepting a ride from this man whom she barely knew.

The author did one session of EMDR on Lakisha, which, in fairly short order and felicitously, 

enabled her to reposition herself in relation to the traumatic event, such that instead of experienc-

ing shame because she had allowed herself to be seduced by this man, she came to feel good about 

herself, her survival skills, and her ability to outsmart him. By the end of the session, Lakisha 

still remembered what had happened in the woods that dark night, but it was no longer a source of 

excoriating pain and charged with emotion. Rather, she reported that she was now feeling a sense of 

pride – and empowerment – that she had managed to save herself from being abused by this seduc-

tive and dangerous man.

In essence, Lakisha, by tapping into the analytic wisdom of her brain consciousness, was able 

to get enough distance from the trauma (the internal record of which had been stored in her body 

consciousness) that she was then able to reprocess and detoxify the experience. In essence, she was 

able to desensitize the traumatic experience enough that she was able to update the narrative she 

had constructed of herself as gullible, vulnerable, and disempowered to one of herself as strong, 

determined, and empowered.

22.3.7  HEBBIAN THEORY AND ASSOCIATIVE LEARNING

When a memory is being reactivated, whether the new experience that gets introduced during the 

4- to 6-hour reconsolidation window is in line with what had been expected or at odds with what had 

been expected, the updated memory that gets reconsolidated will conform to Donald Hebb’s (2002) 

neuroscientific postulate that nerve cells firing together will wire together.

In order to demonstrate Hebbian theory in action, we return now to Lakisha. The EMDR ses-

sion that was done enabled her to reposition herself in relation to the near-rape experience that had 

traumatized her years earlier, such that she was able to construct an updated narrative of herself as 

no longer a powerless victim but an empowered survivor.

How might Hebbian theory explain this transformation?

In response to instructions from the author (and after installing a safe place as a comforting back-

drop for the more challenging work that was to follow), Lakisha reactivated the traumatic memory 

of her near-rape by continuously focusing, in her mind, on what had happened in the woods that 

fateful night and by simultaneously reliving, in her heart and in her body, the outrage, devastation, 

shame, and sick feeling in her gut that were accompanying the reawakened, and excruciatingly 

painful, memory.

Had there been no new cognitive-emotional-somatic experience introduced at this juncture, then 

reactivating the traumatic memory and having Lakisha simultaneously relive the horror of it all 

would simply have served to strengthen the intensity of the horrifically traumatizing memory.

Indeed, in accordance with Hebbian theory, revisiting a trauma over and over again – without at 

the same time introducing a fresh, new perspective that will reframe, or recontextualize, the trau-

matic experience – will simply reinforce the synaptic connection between the fact of the event and 
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both the traumatizing emotions associated with it and the disempowering narrative to which that 

traumatizing experience had given rise.

After all, Hebb’s postulate has it that nerve cells firing together will wire together.

But, this is not what happened for Lakisha during her EMDR session because, as a result of 

repeatedly and persistently tapping into the analytic wisdom of her left brain by way of stimulating, 

alternately, both sides of her brain, a fresh, new perspective was indeed being continuously intro-

duced, such that the traumatic event of the near-rape was ultimately being reframed as a story not 

about Lakisha as a defeated victim but about Lakisha as a triumphant survivor.

Again, in accordance with Hebbian theory, the repetitive linking of the fact of an event with a 

more positive recontextualization of it will prompt the rewiring, and reconsolidation, of updated 

synaptic connections between the fact of the event and now more modulated emotions and a more 

empowering narrative.

After all, Hebb’s postulate has it that nerve cells firing together will wire together – except that 

now, Hebb’s postulate can be seen as providing support for the concept of synaptic plasticity and 

associative learning. In essence, Hebb’s postulate lends further credence to the way in which the 

brain (and its synapses) can be rewired and the mind (and its narratives) reprogrammed, which is 

what happens with therapeutic memory reconsolidation – and in Model 5.

22.3.8  THE BRAIN’S NEUROPLASTICITY

In truth, the brain has a remarkable ability to adapt to changing conditions (Martin et al. 2000). 

Both memory integration and memory reconsolidation are complementary processes whereby the 

brain is continuously updating itself on the basis of contemporary information and experience – 

either incrementally through cycles of disruption (in reaction to challenge) and repair (in response to 

support) or more abruptly and decisively as a result of perceived mismatch between the envisioned 

experience of something new and good and the anticipated experience of something old and bad.

Admittedly, both memory integration and memory reconsolidation remain topics for much 

heated debate in the scientific literature. But, the dedicated group of neuroscientists who study 

learning and memory and the neuroscientifically inclined mental health practitioners who are simi-

larly impassioned all agree that the brain must be doing something miraculous to be bringing itself 

continuously up to date on the basis of new experience.

Whether memory integration (with its incremental integration of new meanings into already 

existing and interrelated but long since outdated narratives) or memory reconsolidation (with its 

precipitous and dramatic deleting of old programs that have long since outlived their usefulness), 

the brain is continuously, and adaptively, updating itself in order to keep itself current and relevant.

Reference is here being made, of course, to the newly revitalized field of neuroplasticity, that 

is, reprogramming of the mind and rewiring of the brain – aptly described by the psychoanalyst 

Norman Doidge (2007) as “the brain that changes itself.”

22.4  MODEL 5 QUANTUM DISENTANGLEMENT STATEMENTS

22.4.1  THE NEUROPLASTIC SYNERGY OF MINDFULNESS AND INTENTIONALITY

As noted repeatedly throughout this chapter, the author has come to appreciate the transformational 

power of therapeutic memory reconsolidation and believes that one way to capitalize upon this brain-

based concept of replacing old bad with new good is by prompting the patient to pay embodied 

attention to old bad and to set impassioned intention for new good – such that juxtaposition of those 

two mismatched experiences will precipitate a rewiring of the brain (as a result of remodeled neural 

circuits) and simultaneously, a reprogramming of the mind (as a result of updated mental schemas).

The cutting edge of the therapeutic action in Model 5 will entail the therapist’s targeting the emo-

tional knowledge harbored in the patient’s body consciousness – that is, the embodied emotional 
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learnings and procedurally organized relational expectations underlying the patient’s maladaptive 

symptoms and self-defeating behaviors – and then bringing to bear the analytic wisdom of the 

patient’s brain consciousness.

More specifically, the internal cognitive-emotional-somatic tension created through the judi-

cious and ongoing use of optimally stressful Model 5 interventions highlighting the dramatic con-

trast between what has been (accessed by way of mindfulness) and what could be (introduced by 

way of intentionality) will provide the impetus needed for reprogramming the patient’s outdated 

mental schemas and rewiring the complex web of neural networks in the patient’s corticolimbic 

system encoding them.

22.4.2  MINDFULNESS – COMPASSIONATE WITNESSING OF THE PRESENT MOMENT

Mindfulness refers to cultivating the practice of being a compassionate and nonjudgmental witness 

to the present moment of one’s internal experience.

In the current context, mindfulness (paying attention to old bad) will allow the experiential 

emergence of implicit knowledge into explicit awareness. Mindful awareness, in conjunction with 

the hard-earned psychodynamic awareness achieved by way of the therapeutic action in Models 

1–4, can then be used to inform intentionality (setting intention for new good) going forward.

22.4.3  INTENTIONALITY – HARNESSING THE PLURIPOTENT POTENTIAL OF EVERY MOMENT IN TIME

In the current context and borrowing from quantum theory, intentionality refers to recognizing 

that the quantum realm holds an infinite array of possibilities and that every moment in time holds 

limitless potential.

When we set an intention, we are directing our focused attention toward the expression of a posi-

tive outcome and the actualization of a preferred reality. More specifically, by way of our conscious 

intent, we are hoping to influence our subconscious mind to manifest a latent possibility, the poten-

tial for which was there all along, just waiting to be discovered.

Understanding the transformational power of intentionality requires an appreciation for, and 

even a reverence for, the impact of the energetic realm (which is physically imperceptible) on the 

material realm (which is physically perceptible). In other words, intentionality involves mind over 

matter – a mystical concept that, for some, is difficult to grasp and, for others, completely obvious.

Put simply, living your life without intention has been likened to getting into your car and having 

no destination in mind. But if you live your life with intention and purpose, then you get into your 

car and drive to your desired destination.

22.4.4  A QUANTUM APPROACH TO THERAPEUTIC CHANGE

Model 5 is described as not only a neuroscientific approach to healing but also a quantum approach, 

because it capitalizes upon the quantum concepts of entanglement, disentanglement, and superpo-

sition. These constructs provide a coherent conceptual framework for understanding a critically 

important piece of the therapeutic action in Model 5, namely, (1) that the toxicity of the past, across 

time and space, is continuously and energetically infusing the present (quantum entanglement); (2) 

that this toxic past must be energetically decoupled from the present (quantum disentanglement); 

and (3) that every precious moment in time and space, once energetically disentangled from the 

past, holds infinite potential and hope for the future (quantum superposition).

22.4.5  FROM DETERMINISM TO FREE WILL

So, how exactly do the concepts of quantum entanglement, quantum disentanglement, and quantum 

superposition come into play in Model 5?
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The adhesiveness of the id (fueled as it is by both libidinal and aggressive energies) was one of 

the constructs used by Freud to explain the tenacity with which patients, unwittingly, cling to their 

infantile attachments, their relentless pursuits, and their compulsive repetitions, that is, cling to the 

toxicity of their past (Erwin 2003).

The author’s decision to develop a model that draws upon quantum theory was informed, at least 

in part, by her desire to find a more contemporary way to explain why a patient’s present – even 

though decades later – might be still infiltrated by the toxicity of her bygone past. The concept of 

quantum entanglement fitted the bill. Albert Einstein (Isaacson 2008), after struggling for years 

to understand the laws governing the mysterious nonlocal forces that characterize quantum inter-

actions between entities that are separated in time and space, famously derided this strange phe-

nomenon by dubbing it spooky action at a distance – shorthand for capturing the essence of these 

enigmatic interactions that defy the laws of Newtonian physics.

Indeed, Model 5 confronts head-on the quantum entanglement of the patient’s present with the 

toxicity of her past, that is, the spooky coupling of her present dysfunction with the implicitly held, 

deeply embedded, disempowering, relational constructs about self, others, and the world that the 

patient, as a young child, had constructed in a desperate attempt to make sense of things.

The goals in Model 5 are therefore quantum disentanglement from these outdated and dysfunc-

tional misconceptions; the construction of more adaptive, more flexible, more reality-based, more 

present-focused, and more future-oriented mental models; and, going forward, passionate commit-

ment to intentioned, coherent, and embodied action in conformity with these updated and more 

empowering narratives – such that, ultimately, more fulfilling realities can be realized.

Model 5 also draws upon the uplifting idea that the quantum universe holds infinite potential, 

relevant for the patient if she can but extricate herself from the erroneous relational preconceptions 

that she has about self, others, and the world – false beliefs that have been providing the propulsive 

fuel for her trauma-related symptoms and dysfunctional behaviors. This concept of quantum super-

position, which is related to both the wave–particle duality and the Heisenberg uncertainty principle 

of quantum theory, speaks to the idea that an entity will exist in all possible states simultaneously 

until it is observed, measured, or (in the author’s words and at the heart of the therapeutic action 

in Model 5) intended – at which point the wave will collapse to a particle and will then be the only 

reality that is expressed.

In order to operationalize the concept of pluripotent potential, imagine that you are holding a 

coin in the palm of your open hand. Either the head or the tail will be visible. Now, toss the coin 

up into the air. As long as it is in motion (and has not yet landed), it will hold the possibility of 

both head and tail simultaneously. Either the head or the tail will manifest only once the coin lands, 

that is, only once the wave collapses. By the same token (so to speak), the author will be suggest-

ing that a wave of infinite possibilities will collapse into finite, observable behavioral change only 

once it interacts with a patient’s intentioned commitment to change – akin to the observer effect of 

quantum theory.

The automotive titan Henry Ford is credited with having quipped, “Whether you think you can, 

or you think you can’t – you’re right.” This aphorism speaks directly to the daunting impact of our 

intentionality on what is subsequently expressed and is a poignant reminder of our power to create 

our own destiny.

22.4.6  THE CREATION OF DESTABILIZING AND GALVANIZING 

INTERNAL TENSION TO PROVOKE CHANGE

Against the backdrop of empathic attunement and authentic engagement, optimally stressful Model 

5 quantum disentanglement statements are specifically designed to create destabilizing and galva-

nizing tension within the patient by juxtaposing verbalization (in the first part) of growth-disrupt-

ing narratives constructed in the past with verbalization (in the second part) of growth-promoting 

visions designed for the future.
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Quantum disentanglement statements rely upon mindfulness to promote bottom-up (from body 

consciousness to brain consciousness) retrieval of old programs and intentionality to promote top-

down (from brain consciousness to body consciousness) installation of new programs.

Mindfulness facilitates remembering and reactivating; intentionality facilitates reprocessing and 

eventual reconsolidation.

The first part of the statement – informed as it is by mindful attention – activates the patient’s 

limbic system as she retrieves, from body consciousness to brain consciousness, the implicitly held, 

procedurally organized, growth-disrupting emotional learnings and relational expectations that 

have been festering inside and maintaining her recalcitrant symptoms and maladaptive behaviors. 

In essence, the first part of the statement involves bringing to mind the internal record of unmas-

tered early relational traumas stored, unprocessed, in her right (emotional) brain and the self-limit-

ing narratives that were constructed as a result.

The second part of the statement – informed as it is by intentioned action – deactivates the limbic 

system arousal and activates the prefrontal executive functioning of the brain as the patient looks 

ahead and, from brain consciousness to body consciousness, envisions an alternative, preferred real-

ity, takes growth-promoting ownership of her need to change, and, going forward, commits to action 

in alignment with that inspired vision. In essence, the second part of the statement involves bringing 

to bear the analytic wisdom of her left (rational) brain and therefore, a more evolved perspective.

22.4.7  MINDFUL AWARENESS

More specifically, the first part of a quantum disentanglement statement privileges the power of 

mindfulness and is designed to address one, two, or three of the elements of the growth-disrupting 

triad of target symptom, formative experience, and constructed (derivative) narrative underlying 

the patient’s refractory inertia.

By way of mindful attention to the present moment and facilitated by closing of the eyes, this first 

part of the statement promotes mindful retrieval and reactivation of outdated narratives deriving 

from unmastered early traumatic experiences. It encourages the patient both to visualize elements 

of the toxic triad and to verbalize everything that gets triggered inside her as she begins to remember 

what her body cannot forget. The patient is guided to pay especial attention to, and make explicit, 

the somatic elements, physical sensations, visceral reactivity, and sensorimotor perceptions that 

are being evoked as she delves ever more deeply into remembering and reactivating old memories.

22.4.8  INTENTIONED ACTION

More specifically, the second part of the statement privileges the power of intentionality and is 

designed to address one, two, or three of the elements making up the growth-promoting triad of 

envisioning of possibility, ownership of need to change, and commitment to action in alignment 

with what truly matters.

As will soon become apparent, the pivotal experience of jolting mismatch prompting adaptive 

updating of narrative (which constitutes the therapeutic action in Model 5) will be created by the 

juxtaposition of the first and second parts of these disentanglement statements. Importantly, this mis-

match will be triggered when a learned expectation is repeatedly and decisively placed side by side 

with either an experience that is real in the present or an experience that is envisioned for the future.

In fact, research studies have demonstrated that setting the intention to experience something 

positive that disconfirms the learned expectation of something negative can be almost as powerful 

as the actual experience of something positive that disconfirms the learned expectation of some-

thing negative.

More specifically, a growing body of evidence supports the finding that simply visualizing some-

thing, even though it occurs entirely in the mind, is almost as effective as actually doing it. According 

to a study done at the Cleveland Clinic (Ranganathan et al. 2004), participants were able to strengthen 
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muscles simply by visualizing physical movement. This impact simply requires concentrated mental 

practice, namely, “the cognitive rehearsal of a physical activity [without movement]” (Saimpont et al. 

2013, p. 1). In fact, a recent study demonstrated that subjects wanting to master a particular skill were 

able to decrease by 50% the number of actual practice hours if they visualized mastery of it (Miller 

2018). Indeed, there is mounting support for the idea that mental practice, in combination with physi-

cal practice, can improve performance remarkably (Arora et al. 2011).

22.4.9  CO-CONSTRUCTED MODEL 5 QUANTUM DISENTANGLEMENT “I” STATEMENTS

Unlike the optimally stressful statements in Models 1–4 (which are crafted by the therapist and 

use the pronoun “you” to signify the patient), Model 5 interventions are statements created collab-

oratively by both patient and therapist and use the pronoun “I” instead of “you.” Indeed, because 

quantum disentanglement statements require of the patient that she take embodied ownership of her 

need to change, and that she therefore set the intention to commit to action in alignment with that 

going forward, it is better both that the patient contribute to the crafting of the statements and that 

the interventions be “I” statements.

A particularly useful exercise is to have the patient write down a series of such statements so that 

she can review them periodically.

The following Model 5 statements (co-created by the author and several of her patients) are, of 

course, out of context. Hopefully, however, they will offer the reader a sense of how powerfully 

effective they can be in creating jolting and embodied mismatch experiences that will then prompt 

adaptive updating of old, disempowering, and growth-disrupting narratives and jumpstart inten-

tioned action designed to actualize potential.

Even though I feel damaged and broken inside because of how my brother sexually abused me for all 

those years, I can envision the possibility of someday feeling better about myself as I take more owner-

ship of the fact that I was not really a victim of his abuse because I really liked the attention he was pay-

ing me and certainly could have stopped doing it with him at any point. I got more from him than I was 

getting from my alcoholic parents. And, although I hate to admit this, it made me sad when it stopped.

I always feel so worried that no one will listen to me. I feel that I do not have a right to speak my 

truth. I was never allowed to speak up in my family and was always silenced. I was made to feel so 

invisible – and so irrelevant. I remember how awful it felt to be ignored all the time. My body trembles 

as I remember – and I feel sick to my stomach. I just hated being pushed to the side and being told that 

I did not matter. It hurt so much. My chest is feeling so tight. I used to try to make myself really small 

so that I would not take up too much space. It was awful!

But I can envision the possibility of someday feeling good enough about who I am that I will be able 

to present myself to the world without apology and without self-consciousness. I will have a voice and 

will use it to express how I really feel. I know that I will need to start taking risks that, to this point, 

I have avoided taking because I was so afraid. But I know that I need to speak up and let my voice be 

heard. I want this so bad. I am so tired of holding myself back and being always in the shadows. I’ve 

got this! I can do it!

I shun social contact and hide myself away and carry a gun to try to feel safe in this community 

where so many men now in power were my “johns” when I was a child. They held me in their power and 

tormented me. But I can now almost envision expanding the safety I feel in my church to a larger world.

I feel the cold dread of my stepfather’s driving me to have sex with strange men. I want to flee and 

hide away, but I can see there must be another way out toward safety. I just need to commit to making 

myself take care of myself and to believing that I am no longer that vulnerable child I once was.

I feel dirty and hate myself, but I know I deserve better. I know I deserve to love myself and to feel 

good about who I am. I am hereby committing to showering and washing my hair daily.

Even though I cannot imagine ever finding work that would enable me both to express myself and to 

make enough money to support myself because my parents were always undermining how I felt about 

myself and my ability to make good choices for myself, I can imagine that I might someday be able to 

give myself permission to go where my heart leads me and to find creative ways to figure out the finan-

cial piece – so I hereby commit to exploring, with greater freedom, my range of options going forward.
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22.5  CONCLUSION

At the heart of the therapeutic action in Model 5 is the neuroplastic synergy of mindfulness (that 

is, paying attention to the present moment, always with compassion and never judgment, in order to 

discover the self-limiting and disempowering beliefs that are fueling the patient’s refractory inertia) 

and intentionality (that is, setting the intention to commit to action in the present that will enable the 

patient, going forward, to live in more harmony with the vision that she has for her future).

The repetitive and ongoing generation of embodied mismatch experiences is the sine qua non for 

therapeutic memory reconsolidation, the net result of which will be quantum disentanglement of the 

past from the present, elimination of the target symptom and its behavioral sequelae, and advance-

ment of the patient from refractory inertia to intentioned action – a result of updating the mental 

programs that had been maintaining the patient’s paralysis and thwarted potential.

Indeed, whereas the psychodynamically informed Models 1–4 involve understanding life back-

ward and appreciating that the patient’s history is her destiny, the constructivist Model 5 involves 

living life forward and appreciating that the patient has within her the power to create her destiny 

– such that, going forward, she will be able to embrace love, work, and play to her greatest potential.

Ann Landers’s (1996) simple but profound advice is very much to the point here: “Nobody gets 

to live life backward. Look ahead, that is where your future lies.”
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Mind, Consciousness and 

the Design Nature of Sound

John Beaulieu and David Perez Martinez

23.1  INTRODUCTION

The unique vibratory range that comprises the sound spectrum has organizational and design proper-

ties that largely structure the physical world and all of our mental activity. The physical world is cre-

ated by subatomic processes subject to vibrational frequencies and patterns that direct matter and the 

mind into innumerable configurations, forms and mental processes. The mind is a manifestation of 

consciousness, the bridge between the physical and the immaterial. When we state that the mind and 

body are one, we are reaffirming the role that consciousness plays in bridging the mind with the physi-

cal world. Sound is a perfect tool for understanding this relationship because it mimics the vibratory 

nature of the universe, organizes matter into its many forms and serves as a vehicle for consciousness 

in creating a sense of self and reality, social identity, physiological activity and different states of mind. 

Language, music, art, mathematical theory, physics, neuroscience and anatomy illustrate clearly the 

relationship that exists between mind, consciousness and the design nature of sound.

We can logically conclude that since we are a part of the universe, then who we are reflects an 

aspect of the universe. When we describe ourselves, we are also describing an aspect of the universe. 

Our material bodies reflect the physical nature of the universe and as such, are subject to the same 

set of dynamics that determine the behavior of all matter. Our minds, awareness and sense of self 

reflect the conscious nature of the universe as manifested in living organisms. Scientific research 

into the nature of mind and consciousness is still in its infancy, with little agreement on what it 

is and how it emerges. Modern cosmology, however, postulates that the early universe was not 

physical in nature. It was a quantum sphere of light, subatomic particles, vibration and movement 

stemming from electromagnetism, gravity, spin, charge and other fundamental manifestations. The 

“reality” of the universe therefore cannot be reduced to its material aspect. We are multidimensional 

beings existing in a vibratory/informational universe of quanta, patterns and possibilities. Living 

organisms in general, and perhaps human beings in particular, are designed and shaped by these 

fundamental qualities and processes and programmed by consciousness.

23.2  VIBRATION

Modern cosmology postulates that the universe came into existence as a big explosion that set 

everything in motion. Movement/vibration is arguably therefore the most fundamental aspect of the 
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FIGURE 23.2 Water on a metal plate organized by vibration.

universe; “everything” is constantly moving with characteristic frequencies, rhythms and patterns. 

This is the foundation underlying the first principle of Therapeutic Sound Healing Practices: We are 

vibrational beings living in a vibrational universe. Movement creates change and establishes new 

relationships that are the engine for the diverse multiplicity observed in the universe. We now know 

that it is the underlying vibratory field that gives matter its form and shape: This is the second prin-

ciple of Therapeutic Sound Healing Practices, unwittingly uncovered in 1787 by German physicist 

Ernst Chladni. He observed that when sand is placed on a metal plate, and a violin bow is dragged 

across the edge of the plate, the sand on the plate vibrates into different geometric designs based 

on the frequency of the sound.1 The changing sand patterns allow us to see invisible frequencies of 

sound waves that are fundamental to Schrödinger’s wave function equation, which shows that all 

matter has unique wave-like properties2 (Figure 23.1).

Dr. Hans Jenny, MD, from Basel, Switzerland updated Chladni’s work. He called his experi-

ments cymatics, which means the study of wave phenomena. He attached an oscillator on a metal 

plate and used high-speed photography in order to capture the sonic designs created by different 

frequencies (Figure 23.2).

If you were in Dr. Jenny’s laboratory during a cymatics experiment, you would hear the pitch of 

the sound with your ears, feel the plate vibrating the mechanoreceptors in your skin and see a design 

FIGURE 23.1 Chladni sound patterns created on a metal plate by a violin bow dragged across the edge of 

the plate.
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form on the plate. Any change in frequency would simultaneously create a change in the geometric 

design, and the same frequency always produced the same structure. A cymatic sound design may 

look static as a photograph; however, it is continually vibrating in resonance with its frequency. 

If you were to attempt to change the design without changing the vibrational frequency, it would 

immediately return to its original design. And if the vibration were to cease, the design could no 

longer be sustained.

David Perez Martinez, MD, psychiatrist, expert in the therapeutic use of sound and a self-

described “cymatic phenomenologist,” has created a unique process of documenting vibrational 

patterns and cymatic designs in natural and manufactured objects and processes using nothing more 

than a cellular phone and observation. This process uncovers the principle of Dr. Jenny’s work by 

documenting still and moving images of mundane everyday scenes, objects and events. Water pud-

dles, sidewalks, cloud patterns, flowers and vegetables, rusting garbage dumpsters, fungus grow-

ing in rocks, flowing water, pothole covers, trees, architectural structures, etc. are all examples 

of images documented. Dr. Perez calls them “frozen sound” images that mimic the underlying 

vibratory field of the physical world and uncover organizational and design patterns that illustrate 

the vibrational nature of human consciousness. The fact that the same cymatic images observed 

in nature, from the micro to the “microsphere,” are omnipresent in human design across cultures 

that have had no contact suggests that consciousness is tied somehow to the vibratory fabric of the 

universe. As an exercise, try to look at these images from a vibrational design perspective without 

it having to be “something,” i.e., sidewalk, mud puddle, broken glass, etc. The “something” of each 

photo will be listed at the end of the photo section, but while observing, try to perceive the vibra-

tional aspect of the image and what it says to your intuition about the nature of “things” out there, 

who you are and how you operate.

Since Dr. Perez Martinez’s process does not require a laboratory or specialized equipment, any-

one with a smartphone can do it. He introduced his process to a group of 50 students in 2019 as 

part of a class on Sound and Consciousness in Stone Ridge, NY. The students worked in groups of 

four and were given an hour to work with the following process, take photos and pick three of their 

favorite sound designs. The group photos were uploaded into a PowerPoint presentation, and each 

group shared their vibratory experiences, after which the class did their best to guess the object 

label. Everyone learned to be less involved with labels and more aware of the universal vibratory 

nature of sonic design in all aspects of life.

The Perez Martinez Process used in class:

 1. Make sure you are safe. Safety can be signs warning of danger or/and in general taking 

photos in a state of mind where you are aware of your surroundings while at the same time 

prepared to take safe behavior if necessary. This state is like “highway hypnosis,” in which 

your mind is drifting while driving, and if something catches your awareness, you instantly 

come back to normal driving behaviors.

 2. Be mindful, relax your eyes and observe. This is known as having “soft eyes” or listen-

ing with your eyes. When something “catches your eye,” take a photograph of it with 

your smartphone. In fact, if you are inspired, take photos from different distances and 

angles.

 3. Look at your photographs and mindfully tune into the vibratory quality of the different 

designs. After viewing a number of photographs, you will develop an ability to sense vibra-

tional changes.

 4. Once you become confident in your experience of vibration and design, the next step is to 

compare your vibrational experience with the labels and associations you have with the 

object you have photographed.

 5. Share your photos with others without telling them what they are. Allow them to share 

their experience, and when it is time, let them know what the photo is, i.e., a mud puddle in 

your backyard, a tree trunk, etc.
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FIGURE 23.4 Photo 2.

Dr. Perez Martinez’s work is displayed in the following photos as described in step 3. For steps 

4 and 5, see the photographic descriptions in the next section after the last photograph (Figures 

23.3      –23.10).

23.3  CYMATIC PHENOMENOLOGY DESCRIPTIONS

Photo 1: As I was walking in Chelsea, New York City around April 2019 I noticed that the glass in 

a commercial light box in a bus stop had been vandalized, producing a classic vibrational pattern 

of expanding concentric circles. Soon I saw other bus stops with vandalized signs and began pho-

tographing them. About a week later the news media reported that the incidents were the work of 

a vandal that the police was actively looking for and within days he was apprehended. While upset 

about the vandalism, I was grateful for the images and the teachings extracted from them.

The image illustrates the wave particle duality as represented by the concentric circles (waves) 

and the linear projections (particles) radiating from the core. It’s a visual representation of the vibra-

tional energy released by the Big Bang.

FIGURE 23.3 Photo 1.
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Photo 2: Garbage dumpsters in front of construction sites are common in Manhattan and have 

become one of my favorite places to find cymatic images. The dumpsters are metallic and are typi-

cally repainted many times over in different colors to hide the rusting metal. As the paint heats and 

dries, it cracks and forms stress patterns that visually demonstrate the underlying vibratory forces 

FIGURE 23.5 Photo 3.

FIGURE 23.6 Photo 4.
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FIGURE 23.8 Photo 6.

FIGURE 23.7 Photo 5.
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creating the phenomenon. The concentric circular patterns around the main structure is a physical 

consequence and visual manifestation of the energy created and released by the heat/paint/metal 

complex.

The image reminds me of the energy that comes from within and surrounds the physical body 

(aura), but also of the consequences when too much energy is accumulated without an outlet when it 

doesn’t flow. As a psychotherapist, I see many individuals with the tendency to hold things in until 

they explode.

Photo 3: Another classic concentric circle cymatic image formed by gasoline falling on wet 

pavement. This dirty, toxic pollutant creates a beautiful image that illustrates sonic vibrations 

FIGURE 23.9 Photo 7.

FIGURE 23.10 Photo 8.



452  Nutrition and Integrative Medicine for Clinicians

(concentric circles) correlated with light frequencies (colors). It illustrates the principle that every-

thing is vibrating and what differentiates one from the other is essentially its unique vibratory rate 

(color). It shows how we are designed to detect and respond to sonic and photonic frequencies and 

how consciousness detects and organizes these patterns into the perceptions and sense of reality 

that we experience.

Photo 4: Image of Sun Over Mountain in blue coffee mug. For years I noticed that my tea and 

coffee cups often formed beautiful images. Later I realized that they are cymatic in nature and 

began photographing them regularly. I call them “Coffee Cymatics.”

This image of the sun/fire over mountain is the Lu Hexagram in the I Ching: The Wanderer. It 

instructs us to never rest in the quest for illumination. The wanderer mimics universal vibrational 

dynamics and as such is always moving, changing, open to new experiences, never holding on to 

anything, aware that light and darkness, pleasure and pain, are two sides of the same coin and that 

one leads to the other. Here we cannot tell if the sun is going down or coming up and it doesn’t mat-

ter. One will always lead to the other and we move, wander through it riding the vibrations.

Photo 5: When I first learned about cymatic images I immediately recognized the patterns in 

manhole covers all over the world and began photographing them. This image from Mallorca, 

Spain depicts movement both linear and circular resembling particle wave duality emanating from 

a central source. It is not a coincidence that manhole covers are circular. It is a culmination of the 

tendency of certain particles to spin (rotational vibration), and the only shape that prevents the cover 

from falling into the hole.

Photo 6: Recently I was admiring a new performing arts space in Manhattan’s Hudson Yards and 

wondering when I would see my first performance there. As I turned to leave, I noticed reflections 

from the performance center in windows across the street and forming moving cymatic images. As 

I walked, the images and patterns in each window changed as my position did. I started moving and 

dancing while filming the windows. Alas, my first Hudson Yards performance!

Photo 7: Walking along 7th Ave in Manhattan I spotted a potential gold mine for a cymatic 

phenomenologist: a white, soapy scummy lump of something moving slowly in the water towards 

the sewer with all kinds of wave and circular spiral movements internally displaying innumerable 

forms and structures coming in and out of existence. The image is a snapshot that illustrates many 

different vibrational currents. It was taken from above but imagined sideways is reminiscent of The 

Great Wave of Kanagawa or a river bed.

Photo 8: This image summarizes for me the vibratory nature of mind and consciousness. It is an 

image of a living entity in its own aura exposed to vibratory frequencies all around it. The inner core 

is pentatonic, the primary musical scale of most ancient cultures and civilizations and the basis of 

the five-pointed star and DaVinci’s Vitruvian Man representing our concurrent existence in physical 

and ethereal planes.

I feel a deep spiritual connection to this image and approach it as a source of “good vibes”, infor-

mation and inspiration.

23.4  NEUROANATOMY/HEARING/NEURAL SCIENCE

Life from the very beginning has been structured by its vibratory field and designed to interact with 

it. All the manifestations of consciousness observed in humans and other “higher” animals can also 

be observed in the simplest, earliest organisms. Every living organism has structural, functional and 

behavioral attributes naturally “designed” to resonantly respond to the vibratory patterns in their 

environment. Early organisms possessed a motoreum and sensorium that allowed them to scan their 

surroundings, evaluate environmental conditions, and move towards or away from desired versus 

undesirable conditions.3, 4 They also had the ability to store information (memory) even before hav-

ing organized genetic material and used it to make behavioral decisions. Initially, these prokaryotic 

organisms had a ciliated flagellum used for balance, feeding, locomotion and defense. About half a 

billion years ago, flagellated cilia evolved into “mechanosensory” hair cells – widely considered to 
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be the precursor of all exteroceptors – and bony fish developed an auditory labyrinth, the precursor 

of the ear and source of hearing in vertebrates. Amphibians were the first to transform these excit-

able sensory hair cells in their “bony labyrinth” into a nervous system sensitive to sound and move-

ment. The nervous system and the anatomical structures of the hearing apparatus in vertebrates 

since then have developed under the influence of and in response to sound and vibration.5

The auditory pathway in humans is driven by sound and movement and travels from the external 

ear to the thalamus, where it is relayed to the auditory cortex. It has tonotopic organization and 

is lined with neurons designed to fire only at certain frequencies (Hz). Vibrational information 

carried by the auditory nerve is picked up by the medial geniculate body (MGB) of the thalamus. 

Whereas early views of the MGB were that it served as a simple one-way gate to the auditory cortex, 

numerous studies have demonstrated that the MGB, auditory cortex and cerebral cortex are linked 

together to form a vast network of sensory information network that converges at the MBG.6 The 

thalamus via the MGB serves as a central hub that receives and passes on auditory information to 

every site in the network.

Auditory information is interpreted and abstracted via consciousness in two different ways. 

Information received by the MGB is a sonic design, as demonstrated by the work of Dr. Jenny, 

which is relayed to the auditory cortex, where it is interpreted as “something.” The practice of mind-

fulness, i.e., mindful listening or mindful viewing, creates a synchronization between the auditory 

cortex, its cerebral cortex network sites and the MGB that allows one to phenomenologically expe-

rience a resonance between physical reality (something) and sonic design (waves and geometric 

pattern). Dr. Perez’s phenomenological cymatics allows the viewer to tune into sonic designs that 

manifest in physical reality while at the same time being aware of the many interpretations that may 

be given to those designs. When the experience of the sonic design and interpretations, i.e., mean-

ings given to different sonic designs, come into sync, a resonant neural coherence is achieved that 

allows the mind to perceive that which allows the abstraction and interpretation of all information 

– consciousness.

Nothing illustrates the relationship between mind, consciousness and vibration more clearly than 

language and the implications for self-exploration and social/communication development. To the 

extent that mammals expanded the range of acoustic possibilities, their consciousness expanded. 

Mammals were the first vertebrates to develop separate divisions of the auditory nerve into branches 

for movement (vestibular) and sound (cochlear). They were the first animals to hear above the 16 Hz 

range and thus, the most acoustically sophisticated. Initially, mammals were very small, vulnerable 

and dependent at birth, requiring communication and cooperation for survival. They communicated 

privately around large animals by vastly improving their hearing apparatus and neural circuitry 

as well as the capacity to emit high-pitched sounds that only they could hear. Eventually, certain 

sounds were associated with aspects of survival versus safety and wellness, and responses to them 

were codified, “wired” into the DNA and passed onto future generations, in some cases across dif-

ferent species. Language as we know it began when a particular sound that we are anatomically 

equipped to hear and produce was associated with a consensually designated meaning that was 

shared with others. Over time, these sounds were associated with visual symbols and codified into 

a language or code that serves as a tool for self-expression and communication. Over time, hearing 

capabilities continued to evolve parallel to the evolution and expansion of consciousness as mani-

fested in increased mental activity, social interaction and culture in humans.

23.5  CONSCIOUSNESS

Movement is a change in the vibratory field that yields information. Information is the observance 

of change created by movement. Observance is an act of consciousness, a poorly understood qual-

ity of the universe that allows perception of change, patterns and in humans, awareness of self. It is 

because of consciousness that we are able to perceive the information created by changes in pressure 

waves (sound), create a symbol to represent it and designate meaning and value to it. There is no 
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inherent meaning or value to anything in the universe; there is only information, because change 

is the only thing that can be perceived. The rest is created by consciousness on the basis of experi-

ences. The key to understanding all this lies in the word create. We are creators of our self-identity 

and reality depending on the pattern(s) of change, the vibratory changes that our consciousness can 

perceive and the state(s) of mind experienced. Our ability to conduct vibrations through our mind 

and body will ultimately determine our state of mind. The more states of mind we have available to 

us, the more we will be able to adapt to the infinitely changing currents within a vibrational ocean 

of possibilities. There are an infinite number of states of mind potentially emerging as responses to 

patterns in the environment.

The Nada Bindu Upanishad, written around 100 BCE, is a sacred Vedic treatise that understood 

and described this relationship between sound, mind and consciousness. In Sanskrit, Nada means 

sound, Bindu refers to consciousness as a point or vortex from which universal energy originates 

and Upanishad means to sit near one’s teacher with devotion. The Nada Bindu Upanishad is intrin-

sic knowledge about sound, mind and consciousness. This is learned by listening to sound with 

devotion. It states that “The mind exists as long as there is sound.” And, it goes further into the 

transcendent and healing aspects experienced in other states of consciousness when it continues:

[B]ut with the cessation of sound there is a state of being above the mind. Through deep listening the 

mind becomes absorbed in an everlasting soundless state. The soundless state is the supreme seat. 

When we become absorbed in the soundless state our attachments to the mind’s vibrational patterns are 

neutralized. There is no doubt about it.7

Sound is therefore a vehicle for consciousness to manifest as mind and a meditative tool to help 

attain states of consciousness beyond the mental.

When we listen deeply to sound, we intuitively experience at a macro level the vibrational behav-

iors that mimic the quantum behaviors that physicists are observing and measuring at a micro level. 

“The mind exists as long as there is sound” is a way of saying that the mind is frequency. At a 

micro level, different states of mind can be visualized as frequencies that organize quantum waves/

particles into “reality structures.” At a quantum level, according to Planck, each energy element (E) 

is proportional to its frequency (v). Similarly, at a macro level, sound is measured in frequencies 

that create geometric structures (E), which are expressed as different organized shapes, designs 

and networks that are proportional to the frequency of the sound. The founders of quantum physics 

realized that other cultures and traditions had developed a knowledge of the vibrational behaviors 

they were observing at the quantum level. They wondered how these ancient contemplative tradi-

tions could have arrived at an understanding of a vibrational universe without modern mathematics 

and scientific technology. They discovered that the phenomenological practice of deep listening was 

the experimental basis for their understanding of mind and consciousness.8 Erwin Schrödinger, a 

pioneer of quantum physics, understood that sound has been used for thousands of years to explore 

the relationship between mind and consciousness. He said: “The unity and continuity of Vedanta 

are reflected in the unity and continuity of wave mechanics.”9

The understanding that consciousness derives from vibration is not new. Eastern and Western 

contemplative and indigenous shamanistic traditions have been listening to and playing sound in 

different forms as a method of inquiry into the vibrational nature of mind and consciousness for 

thousands of years. Each tradition has created a unique culture, language and music, and sound 

practices are found to guide individuals into an inner understanding of themselves as conscious 

vibrational beings and to communicate better among themselves. The sound practices used in these 

traditions are based on deep listening and include singing, chanting, drumming and many others. 

Making and listening to sound in these traditions is more than entertainment and is often misun-

derstood because it is a subjective phenomenological approach to consciousness, healing and well-

ness. Following this line of thought is the philosopher David Chalmers, who suggests that the “hard 

problem” of consciousness is qualia.10 Qualia is the inner experience of vibration received through 
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sensory perception, i.e., listening to sound. Qualia is a hard problem for researchers because it is 

subjective and cannot be quantified. As mental health professionals, we have worked with qualia for 

many years. We listen to our client’s inner experiences and allow ourselves to enter into and experi-

ence their reality at a vibrational level. Suspending one’s rational mind in order to learn from our 

intuition by having the inner experience of playing and listening to sound is contrary to objectively 

observing, labeling and quantifying sounds. It is one thing to measure sound and another thing 

altogether to have the intrinsic experience of what musicians call “being in a sound.” When we 

enter into a vibrational state of consciousness through sound, we are not bound by rational thought 

processes, and thus, we become open to our intuition.

23.6  CONCLUSION

Movement/vibration is a fundamental aspect of the universe that creates change and yields informa-

tion. Consciousness manifests itself as an awareness that allows perception of change and process-

ing of information and allows the mind to become a bridge between our bodies, the material world, 

and the vibratory fields and patterns that define our existence. Like everything else, consciousness 

is vibratory in origin. The brain is part of the physical substratum that sustains the mind, and it is 

essentially organized structurally and functionally as a pattern recognizer. The brain is thus struc-

tured and organized by responding to information generated by change in the vibratory field and the 

nature of consciousness. It is the vibratory field and consciousness that direct biology, not the other 

way around. When a person has a stroke and cannot walk, it is the desire and attempt to walk that 

recreates the neural circuitry needed to do so; a person does not develop new structures or circuitry 

without actively trying. Clinical research has demonstrated that neuroplasticity is influenced by 

emotional and psychological factors and promoted by meditation and music. This is the essence of 

the relationship between mind, consciousness and the design nature of sound.
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24.1  INTRODUCTION

In our chapter, we present an integrated approach to sound and color in the healing arts. We are 

a group of healing artists coming from different professions, optometry, counseling, naturopathic 

medicine and creative arts therapy, who recognize that mind–body coherency is necessary to sup-

port and enhance the effectiveness of all specific treatments. We also recognize that when a client is 

coherent, conditions that we may be trained to treat oftentimes resolve as part of a holistic healing 

process. For this reason, there is an important distinction to be made between specific evidence-

based treatments and general holistic practices that have been shown to enhance mind-body coher-

ency. Sound and color, when correctly understood and integrated into a healing arts practice, will 

induce a relaxation response similar to what we seek when we are in nature. For example, when 

we sense that we are out of balance, we may naturally go to the ocean and listen to the sound of 

the waves or view the colors of a sunset in order to seek internal coherence. Afterwards, we feel 

refreshed, energized and relaxed. Research suggests that the relaxation response lowers our heart 

rate, normalizes blood pressure and oxygen consumption, as well as alleviating the symptoms asso-

ciated with a vast array of conditions, including arthritis, insomnia, depression, cancer, anxiety, 

vision disorders and aging.1 In other words, our body is self-regulating and will produce all that is 

necessary in the right amount to achieve balance.

Our focus is on using sound and color practices to create a coherent internal mind–body envi-

ronment that will prevent the onset of physical and mental conditions as well as support profes-

sional treatment for diagnosed conditions. To be sure, sound and color can be used for specific 

treatment of conditions; however, we have chosen to present three approaches to sound and color 

practices that can be used by everyone as preventative medicine as well as being suitable to 

integrate into professional practices to supplement specific treatment goals. The first approach, 

presented by Dr. Jerry Wintrob, OD, is the successful integration of sound into syntonics, the 

optometric practice of viewing colors to correct vision disorders. The second approach, presented 

by Thea Keats Beaulieu, is an intuitive sensory-based model based on feeling tones created by 

color imagery integrated with sound. Both use sound and color to establish a coherent self-reg-

ulating body–mind environment that is able to spontaneously adapt to life changes. We call the 

third approach Sound and Color Frequency Resonance. This is an experimental method inspired 

by Dr. Wintrob’s work in Syntonic Phototherapy and Dr. Beaulieu’s work with sound healing 

designed to phenomenologically explore sensory integration through the use of pure sound and 

color frequencies.

24.2  HOLISTIC SYNTONIC PHOTOTHERAPY AND SOUND HEALING

Syntonic phototherapy is the viewing of colored light filters by a client in order to rebalance their 

autonomic nervous system (ANS). Syntonics was first discovered by Harry Spitler, MD, in the 

1930s, when he documented the effect that the application of colored light would have on the brain 

and result in subsequent changes in visual problems.2 The ANS is comprised of the sympathetic 

and parasympathetic nervous systems. Syntonics uses color to balance the ANS to reduce stress, 

improve vision and help clients perform at their peak potential. The five main colors used by syn-

tonic practitioners are given Greek names: Red is alpha, orange is delta, green is mu, blue is upsilon, 

omega is violet. The colors on the red end of the spectrum stimulate the sympathetic system, and 

colors on the blue end stimulate the parasympathetic system. Green is the color of balance, and 

patients view green in a process called nascentization in order to enter into a receptive state of bal-

ance that enhances treatment with different color combinations (Figure 24.1).

In optometry, syntonics is used to treat vision problems within the modality called vision ther-

apy. Syntonics can also be part of a holistic optometry approach to health and wellbeing. Balancing 

the sympathetic and parasympathetic nervous systems through color creates a whole-body physi-

ology that improves vision as well as the whole person mentally, emotionally and physically. The 
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holistic effectiveness of colored light therapy cannot be overemphasized. Using the methodology of 

balancing the ANS with the use of colored light filters for specific visual conditions is quite effec-

tive. For example, strabismic patients who exhibit esotropia, a condition where one eye turns in, 

have an overactive parasympathetic system. As standard, they are treated with colors on the red end 

of the spectrum, for example alpha delta, a red/orange combination. These patients often present 

emotional challenges regarding how they relate to their peers. The alpha omega filter combination 

(red/violet) is a way to balance the patient and treat the emotional component of the visual problem. 

By using the two ends of the spectrum, we are creating an internal balance that will help to give a 

patient the emotional support necessary to enable a more holistic form of treatment. Patients must 

be understood from a multifaceted approach. Treating a patient is necessary from an emotional as 

well as a visual perspective.

A new analysis of clinical reports and existing research suggests that stress is both consequence 

and cause of vision loss, which impacts the eye and brain due to ANS dysregulation. Continuous 

stress and elevated cortisol levels negatively impact the eye and brain due to autonomous nervous 

system (sympathetic) imbalance and vascular dysregulation; hence, stress may also be one of the 

major causes of visual system diseases such as glaucoma and optic neuropathy.3 Stress reduction 

techniques such as sound healing and music help to create an internal mind–body environment that 

enhances syntonic treatments as well as possibly preventing or reducing vision loss. Integrating 

color with sound simply increases the holistic effectiveness of treatments as well as treating specific 

vision problems.

In the following extract, Dr. Wintrob presents his case experience with color and sound. The 

names of his patients have been changed, and he is speaking in the first person.

David is a 14-year-old boy. His schooling is very rigorous, and he is in school 12–14 hours per day. If 

his schedule wasn’t challenging enough, his visual findings presented a very difficult case. He has had 

two strabismus surgeries and now presented as a moderate hyper esotrope, a condition where one eye 

turns in and up. He was coming for weekly vision therapy sessions. With all my cases, I have them 

do 20 minutes of daily home syntonic exercises. I believed that his case had a significant emotional 

component, so his daily syntonic prescription was alpha omega (red/violet) for 10 minutes followed 

by alpha delta (red/orange) for 10 minutes. He also did an in-office treatment of just alpha omega (red/

violet) for 10 minutes. In my experience, patients like David often have poor results from therapy. The 

strabismus surgery is so invasive that it is very hard to get a good outcome. As an adjunct to David’s 

therapy, I introduced sound healing using Biosonic C and G tuning forks and almost immediately 

his mood changed. I observed that his anger began to dissipate, and his mother reported seeing a 

large improvement in his performance at school. I was pleasantly surprised when after 12 sessions 

of integrating sound and color he began to show fusion, stereo, and an appreciation of depth. There 

is no question in my mind that the integration of Biosonic tuning forks with color treatments was the 

deciding factor (Figure 24.2).

24.2.1  BIOSONIC C AND G TUNING FORKS

The Biosonic Body Tuner™ tuning forks which sound C and G were developed by Dr. John Beaulieu 

and are the primary tuning forks used by sound healers in the world today.4 Biosonic tuning forks 

are designed to scientific standards using the highest-quality aluminum alloy. They are precisely 

FIGURE 24.1 Autonomic nervous system balance.
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tuned within 0.5% of the indicated frequency at 20°C. There are two methods that are used to sound 

the Biosonic C and G tuning forks:

 1. Knee Tap or Apple Tap: Hold the tuning fork by the stem with moderate pressure and 

gently tap the flat side of the prongs on your knee cap. Do not hit or slap your knee cap. If 

you do not want to tap your knee cap, then tap the tuning fork on an apple or hard rubber 

surface.

 2. Together Tap: Hold the stems of the tuning forks in your left and right hands and gently tap 

the edges of the prongs together. Play with creating an easy sounding tap versus a banging 

tap when too much force is used. When you tap them together, move them around off your 

body. Do not bring the tuning forks directly to your ears.

24.2.2  BIOSONIC TUNING FORK RECORDINGS

A recording of Biosonic tuning forks is included for use with this chapter. The recording includes 

Biosonic C and G Bodytuners™, a special tuning fork sound color concert called Sound Rainbows, 

and the individual tones for each color. The Biosonic C and G Bodytuners™ and Sonic Rainbows 

recordings can be used with all the sound color exercises. The recordings can be listened to with 

speakers or headphones while viewing a color and can be used with any color visualizations or 

phenomenological learning exercises in this chapter if Biosonic Body Tuner tuning forks are not 

available. The recording can also be used with color visualizations if the Biosonic color glasses are 

not available. The colors in the Color Sensibility and Sound section are the same colors used in the 

glasses. Mindfully view the color, close your eyes and then visualize the color while listening to the 

recording of the color.

The Biosonic Tuning Fork Recordings can be accessed via the Supplementary Material section 

at www .routledge .com /9781032110127.

According to Dr. John Beaulieu, C and G Biosonic tuning forks have been shown to cre-

ate an immediate relaxation response that is associated with the downregulation of stress via 

the release of nitric oxide (NO), leading to ANS balance. He and his collaborators published 

a peer-reviewed article suggesting that NO provides the physiological pathways through which 

sound and music operate by hypothesizing that sound stimulates the release of anandamide, an 

FIGURE 24.2 Biosonic C and G tuning forks.

http://www.routledge.com
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endogenous endocannabinoid that in turn stimulates the release of cNO in immune cells, neural 

tissues and human vascular endothelial cells.5 In technical terms, nitric oxide is a “gaseous dif-

fusible modulator” that moves through the entire body and central nervous system in waves or 

puffs of gas. The release of nitric oxide counteracts the negative effects of adrenergic overstimu-

lation. Adrenergic stimulation in the presence of norepinephrine/adrenaline results in a racing 

heart, high blood pressure, anxiety and greater vulnerability to pain. This in turn triggers a 

relaxation response to sound by the effects of a wave of nitric oxide gas that signals a reduction in 

blood pressure, lower heart rate, increased pain tolerance and an overall lowering of metabolism. 

This positive reaction also appears to inhibit vascular dysregulation and promotes healthy blood 

flow to the visual system.

In another case, Dr. Wintrob presented Sophie, a 5-year-old girl with refractive amblyopia:

This is a condition where the two eyes have dramatically different prescriptions. Her left eye has a low 

farsighted prescription and she easily corrected to 20/20 at both distance and near. Her right eye had a 

high amount of farsightedness and astigmatism. As a result, in this eye, her best corrected acuity was 

20/80 at both distance and near. Her ability to use the two eyes together, i.e., her binocularity was very 

poor. Testing revealed a significant suppression of the right eye (the brain was ignoring the input from 

the eye). The reason for this is that she did not wear glasses prior to the age of 3. The right eye did not 

get the proper stimulation to enable the cells of the macula (the area of the eye used for sharp vision) 

to develop properly. Normal vision therapy consists of weekly visits for 45 minutes coupled with home 

syntonics and other vision exercises. In my experience with refractive amblyopia patients, improvement 

of vision in a patient’s eye to 20/40 within a year’s time was considered to be exceptional progress. 

Sophie received the recommended Syntonic Combination of Alpha Delta (red/orange) to stimulate the 

eye and improve its sight with the addition of the use of Biosonic C and G tuning forks twice a day. After 

just seven months of therapy, her eye sight improved to 20/20 distance and near, her depth perception 

improved, and her social skills and general mood were elevated.

In discussing cases, it is difficult to know which intervention caused the shift, or whether it is the 

combination of interventions that produced the change. David’s and Sophie’s cases suggest that 

syntonic color treatments are enhanced when they are complemented with stress reduction prac-

tices such as sound healing. We need more clinical studies to confirm the causal role of stress in 

vision loss and different low-vision diseases in order to evaluate the efficacy of different anti-stress 

therapies such as sound healing for preventing progression and improving vision recovery in holistic 

optometry. We are optimistic about the positive effects the integration of sound and color has had in 

the successful treatment of eye conditions.

24.3  COLOR SENSE ABILITY AND SOUND

People are getting interested in waves, now more than ever. We want to connect to something; we 

sit at the computer, many hours a day, searching on Google for something to connect to. Light from 

the sun comes in waves; movement in nature shows us its beauty and its force in waves, as in the rise 

and fall of the ocean or the delicate flutter of a hummingbird’s wing. Light travels in waves. Sound 

travels in waves. Color is a sonic wave of light.

When you see a rainbow, that vibrant miraculous performance of color, how does it make you feel? 

When does it happen? Unexpectedly and brilliantly after it rains and the sun peeks through? When we 

see a rainbow, we see the world through a technicolor lens refracting and bending our thoughts. The 

rainbow bends the light of the sun into radiant colors in perfect strands, arching across the sky like a 

magic wand.6

The rainbow imagery is designed to activate feeling tones associated with the experience of view-

ing the colors a rainbow. Emotional information embedded into sound and color frequencies can 

be positive or negative depending on one’s relationship with the embedded memories, thoughts and 
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emotions. From a vibrational perspective, a rainbow is a visual color keyboard sounding a chord 

that creates a tone. When mental and emotional information is embedded in that tone, it becomes a 

carrier wave for thoughts and emotions. If the reader were to close their eyes and become mindfully 

aware of the sensations streaming through their body and less aware of their thoughts and emotions, 

they would be able to tune into the vibration of the feeling tone. Although feeling tones cannot cur-

rently be reduced to mathematical frequencies, they are nevertheless frequency based and have a 

direct effect on one’s mental, emotional and physical state.

The following color sense and sound stories and affirmations show how you can use tuning forks 

with color images to bring your body to a right environment, where the color goes on a healing 

journey. The goal is to allow the color and sound feeling tones activated by the stories to stream 

through your mind and body as pure vibration. It is important to let your intuition be your guide. 

Tune in, listen and go with the color you feel the most strongly. Tuning into and trusting body sensa-

tions in this way is contrary to traditional wisdom, which says it is important to engage in logical 

deliberative process before making a choice. Research says otherwise. Studies have found that when 

it comes to making important life choices, such as intuitively choosing sounds and colors for heal-

ing, trusting your intuition can lead to better outcomes than logical thinking processes. It is called 

the “deliberation-without-attention” hypothesis, which has been confirmed in a number of studies.7

LET YOUR INTUITION GUIDE YOU IN MAKING YOUR COLOR CHOICES. GO WITH 

WHAT COLOR COMES TO YOU.

 1. Sit in a safe place, close your eyes and mindfully tune into the sound of your breath.

 2. Intuitively choose a color that resonates with you.

 3. Breathe the color in; as you exhale the color, make a humming sound in resonance with the 

color.

 4. Read the color story, or have someone read the story to you. Tap the tuning forks, close 

your eyes, and tune into the feeling tones of the story and allow them to stream through 

your body.

24.3.1  GREEN

I am standing barefoot in the middle of the forest, and I can smell the scent of the pines and feel the 

cool breeze on my face relaxing. The warm sun feels good, and I raise my arms up toward the sky 

and open them up to the sides, letting my head fall back and jaw relax. I concentrate on the upper 

part of my body, taking the color green into every cell in my body and breathing out. I appreciate all 

that is. I feel more alive than ever before. Holding my hands to my heart, I see myself being calm, 

finding peaceful solutions to the harmony with Nature.

Tap your Biosonic Body Tuners.

24.3.1.1  Affirmation for Green

I am willing to listen and respect other’s points of view without compromising my integrity. Peace 

and quiet are mine to enjoy now. I have the ability to listen even if I don’t agree. Peaceful solu-

tions come my way easily and effortlessly. Anything is possible to bring joy and peace to my world 

(Figure 24.3).
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24.3.2  BLUE

I am standing on a beach, looking out at the horizon, as far as I can see is an endless expanse of 

blue space. I let my face, my throat and my jaw relax as I take a deep breath in and let it all shake 

out as I breathe out. I breathe in the color blue to every part of my body, let it go to any area of my 

body that wants it most. I feel the space opening around my joints and the organs in my body. Each 

organ of my body knows which one wants more space around it. Breathe blue in and breathe blue 

out. All I can see is endless infinite space. I feel my jaw and throat relax as I take a deep breath in 

with the color blue. I can sing. I can dance. I am like a butterfly landing lightly on a flower petal, 

able to spring off with a happy heart.

Tap the Biosonic C and G tuning forks.

24.3.2.1  Affirmation for Blue

Blue: I express myself and speak the truth with courage. My voice is clear. My thoughts come out 

as I intend them to. I am understood and appreciated. I stand up for what I believe in (Figure 24.4).

24.3.3  RED

I am sitting in my favorite room in a house I feel safe in. I sit in my favorite chair, surrounded by pil-

lows. I can adjust them in different ways to find the perfect amount of comfort that is perfect for me. I 

feel relaxed and comfortable. I get up and walk outside to my beautiful garden. It is a beautiful sunny 

day, and the smell of the earth is so strong, I kneel down to take a handful in my hand and bring it to 

my nose to smell. I smell the freshly sprouting herbs I have planted. I see the fruits and the vegetables 

coming to life after a long winter, I feel my body like a tree, able to bend with the wind. I am flexible 

and rooted deep in the earth, nourished by water. I can grow in my own way in my own time.

Tap the Biosonic C and G tuning forks.

FIGURE 24.3 Color green.

FIGURE 24.4 Color blue.
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24.3.3.1  Affirmation for Red

I can warm up any place I go. My presence alone stimulates and inspires all around me (Figure 24.5).

24.3.4  ORANGE

I step slowly into a beautiful pool of clear water on a hot summer day. Easing myself into the water, 

I let my body relax. I feel the cool sensation on my skin, smell the scent of the sea air, and feel the 

water slide as I move gracefully swimming around anything that comes my way, I hear the water lap 

up on the shore in the distance, and see a school of fish underneath me. I am thankful and at peace 

with myself and others. I can adapt and change to new situations.

Tap the Biosonic C and G tuning forks.

24.3.4.1  Affirmation for Orange

Creative solutions come to any problem coming my way (Figure 24.6 ).

24.3.5  YELLOW

Take a moment to visualize or think of something you really want. You don’t have to say this out 

loud since it is only for you. Take the first thing that comes to mind. Don’t think too much about it. 

Now put that image across the room. See it clearly, what is the energy, or element you need to get it. 

Now sit in a comfortable chair and read the following words out loud to yourself or another.

I am running as fast as I can on a sandy beach with the sun beating down on my back and shoul-

ders. I am strong and capable. I surge forward with determination and feel my purpose with every 

step. My eyes are focused and I see my path clearly. I jump easily over rocks and sticks and I listen 

to the sound of the waves lapping up on the shore. Nothing can stop me. As long as I am safe, I 

will continue forward, honoring my feelings, but not being overwhelmed by them. I go fearlessly 

towards what I want with purpose and determination, while feeling the warmth of the golden sun.

Tap the Biosonic C and G tuning forks.

FIGURE 24.5 Color red.

FIGURE 24.6 Color orange.
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24.3.5.1  Affirmation for Yellow

I take action with purpose and enthusiasm (Figure 24.7).

24.4  THERAPEUTIC DISCUSSION

Feeling tones are an explanation for sound and color systems that assign different and sometimes 

contradictory therapeutic qualities to sounds and colors. For example, in one system, the color blue 

may be associated with being down and out, i.e., “the blues,” and in another system, the color blue 

is associated with peace and tranquility. The color blue, i.e., from light blue to dark blue, is a wave 

of light consisting of different frequencies. The color blue has no emotion or thought. It does not 

know right or wrong or sad and happy. It is a frequency perceived as blue that comes and goes just 

as rainbows refract the light of the sun to appear and disappear. Similarly, music consists of frequen-

cies of sound that become music in the ear of the beholder. A music composition may be uplifting 

for a listener and depressing for another listener. In the 1950s, rock and roll music was exciting for 

teens and “the devil’s music” for parents. Today, those teens are grandparents who are uplifted by 

listening to rock and roll tunes.

Thoughts and emotions are embedded into a sound and/or color. They can be positive or negative 

depending on one’s relationship with the event in which they were embedded. For example, a nega-

tive experience with rainbows, which is highly unlikely but nevertheless possible, will activate a very 

different feeling tone response than a positive one. The colors of the rainbow act as a carrier wave 

for the feeling tone. This is the process of mindfully focusing on the felt sense vibration of the feeling 

tone. In other words, regardless of the “right or wrong,” agreements or disagreements, or any emo-

tions that may be associated with the feeling tone, the event cannot be changed. When thoughts and 

emotions are reduced to a feeling tone, vibration is allowed to pass through the mind–body as a fre-

quency. What we are left with are the colors of the rainbow without an embedded feeling tone. This 

is the basis of somatic psychotherapy, in which a client is asked to focus on the sensations of a thought 

and/or emotion rather than the story of a challenging event. The sensations can then be appreciated as 

pure frequency and allowed to stream through the body as a neutral carrier wave frequency.

By learning about pure sound and color frequencies through direct experience, one can become 

aware of the feeling tone information that has been unconsciously embedded into these sounds 

and colors. Sounds and colors are neutral frequencies of energy waves seeking to move through 

the body–mind. They have the ability to become carrier waves for emotions and thoughts that can 

be positive or negative. When we can consciously differentiate sound and color frequencies from 

embedded feeling tones, then we have the ability to keep, modify or remove feeling tone informa-

tion from the carrier wave. We can also choose to consciously add new feeling tone information to 

any color or sound.

The ability to understand and embed feeling tones is fundamental to music and art as well as 

indigenous shamanistic practices. Musicians and painters understand that sounds and colors are 

carrier waves for feeling tones.8 They learn basic scales and color palettes that are not embedded 

FIGURE 24.7 Color yellow.
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with thoughts and emotions. During master classes, musicians focus on expressing feelings through 

sound through tonal color. This is why a listener may prefer one pianist playing the same piece of 

music over another, e.g., Arthur Rubinstein’s Chopin over Vladimir Horowitz’s Chopin. The notes 

are the same, and their playing techniques are masterful, but the feelings embedded in the sound 

create different colors through the tone. The Sanskrit term Raga, which describes the classical 

music of India, means to use sound to color the mind with emotion.9 Life is filled with waves of 

emotion that are expressed through sound and color. This is what Thea Keats Beaulieu calls “Color 

Love” and perhaps the reason why every progressive artist and composer at the turn of the century 

was interested in correspondences between music and visual art.10 Wassily Kandinsky, the painter 

of sound and vision, said in his journals: “Color acts upon the human body, it is the key touched by 

man to obtain the appropriate vibration from his creative spirit.”11

24.5  SOUND AND COLOR FREQUENCY AND RESONANCE

Dr. John Beaulieu and Dr. Jerry Wintrob have developed an experimental sensory integration sys-

tem using Biosonic tuning forks tuned to special Biosonic color glasses to work with the integration 

of sound and color frequencies. Sensory integration is the perception of vibrational resonances 

between the senses. The experience of sensory integration is normal and is an important component 

of wellness. It is an important component of any natural healing processes that leads to greater 

mental and physical adaptability in all aspects of life. Because our senses are limited in vibrational 

range, we see and hear only a small part of the vibrational spectrum. When our senses are organized 

and working together in a state of neural coherence, we enhance creativity and problem-solving 

skills.12 For example, research suggests the importance of integrating sound and vision to enhance 

an athlete’s motor outcomes.13 The golfing industry has discovered that the sound of a golf shot on 

impact is very important. Golf club manufacturers work overtime to perfect the sound of their driv-

ers. Scott Mase, a professor of mechanical engineering at California Polytechnic State University 

says, “it’s important to hear that sound, and it’s also important from manufacturers’ point of view 

at a point of sale.”14

Seeking integration between sound and color is not new. Many cultures have developed systems 

of sensory integration for healing and enhanced wellbeing. In India, China and Japan, sound and 

color have always been integrated with all the senses and integral to the healing arts and arts. In 

Ayurveda, the natural healing system of India, the sounds of mantras are associated with differ-

ent colors, emotions and tastes. For example, the sound of the mantra “Lam” is associated with 

the color red, sweet tastes and fear. In ancient Greece, the Pythagoreans paired colors with musi-

cal notes, which resonated within a system of universal harmony they called “the music of the 

spheres.”15 Aristotle advocated the existence of a harmony of colors that resonated with the har-

mony of sounds.16 In 1590, the Italian painter Guiseppe Arcimboli created a system of colored fab-

rics to be played by musicians. In 1646, the German artist Athanasius Kircher developed a system of 

correspondences between musical intervals and colors.17 The Russian composer Alexander Scriabin 

believed that the integration of sound and color created a powerful psychological resonance within 

listeners. His composition Prometheus, Poem of Fire is scored with musical notes and colors.18 In 

1704, Sir Isaac Newton proposed in his treatise Optics a parallel between colors and notes of the 

musical scale. Newton mathematically divided the visible light spectrum into seven colors, which, 

he proposed, resonated with the notes of a musical scale.19

We determine sound and color resonance by raising or lowering sound and color frequencies 39 

to 41 octaves. An octave is a doubling or a halving of a frequency. Doubling or halving an inaudible 

sound in octaves in order to hear it is a common practice in modern research. For example, research-

ers use octaves to transpose the sounds of dolphins, whales and bats from the ultrasonic range into 

the range of human hearing.20 Astronomers raise the subsonic sounds of pulsars, planets and black 

holes into an audible range to better research them.21
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Frequency Resonance Chart for Biosonic Tuning Forks and Colored Glasses

Tuning (Hz) Tuning (nm) Glasses Color

256 533 Green

288 473 Blue

320 426 Indigo

341.3 399 Violet

384 710 Red

426.7 640 Orange

480 568 Yellow

24.6  BIOSONIC COLOR GLASSES

The intention of sound and color frequency and resonance is to allow resonant sound and color 

frequencies to simultaneously enter the body through visual and auditory channels to promote an 

enhanced mind–body coherence through sensory integration. To work with sound and color fre-

quency resonance, we use biosonic tuning forks and developed special biosonic colored glasses that 

are tuned based on peak light transmission through color gels. To ensure accuracy and consistency, 

each color gel is checked against a scientifically generated set of light transmission parameters. The 

color gel is then inserted into the color glasses frame (Figures 24.8 and 24.9).

24.6.1  HOW TO USE BIOSONIC COLOR GLASSES

 1. Try on the color glasses. Adjust the temple tips so that the glasses are snug over the back of 

your ears and the bridge fits comfortably over your nose, allowing effortless viewing. The 

color glasses can also be adjusted to fit comfortably over your normal glasses.

 2. Ideally, go outside to view the sky, but if you are inside, view a neutral wall, preferably 

while illuminated by full spectrum light. If this is not possible, view a lighted area without 

focusing on objects or anything distracting. We will call this mindful viewing.

 3. Viewing the color glasses over your regular glasses or contact lenses will not have the same 

effect. These lenses decrease the absorption of light. Do not be concerned about what you 

are actually seeing, and just try to be with the color.

FIGURE 24.8 Biosonic color glasses.
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24.7  PHENOMENOLOGICAL SENSORY INTEGRATION (PSI) EXERCISES

The high quality of the color gels and the tuning forks creates an opportunity for systematic 

phenomenological exploration that has the potential to generate ideas for more research into 

sensory integration. Because tuning forks and color glasses have a common tuning baseline, 

it is possible to systematically record, discuss and correlate experiences with others. When we 

learn to detach from emotional and intellectual information associated with a sound and/or 

color, we can then begin to phenomenologically explore the direct effect of any sound and/or 

color on our mind and body.

All PSI exercises begin with the establishment of coherence through breath and sound. Coherent 

breathing promotes comfort and relaxation as well as pleasantness, vigor and alertness. This in turn 

reduces anxiety, depression, anger and confusion. This leads to greater heart rate variability and 

central nervous system coherence.22 Find a safe, comfortable place to practice coherent breathing. 

Close your eyes and focus on your natural breath, and when you are ready, breathe in for 5 seconds 

and then out for 5 seconds for approximately 1 minute.

24.7.1  PSI EXERCISE 1: C AND G

As explained in the Holistic Syntonic Phototherapy and Sound Healing section, C and G is a sonic 

interval that can enhance the effect of any color.

 1. Choose a color to explore and put on your color glasses.

 2. Close your eyes, tap C and G Bodytuner tuning forks, and mindfully listen.

 3. Open your eyes and mindfully view the color for a specific length of time.

24.7.2  PSI EXERCISE 2: SPECIFIC SOUND AND COLOR EXPLORATIONS

 1. Choose a color and resonant sound to explore and put on your color glasses.

 2. Close your eyes and tap the tuning fork that resonates with the color you have chosen.

 3. Hum a sound in resonance with the tuning fork.

 4. Open your eyes and view the color.

 5. Take a deep breath and hum the sound of the color.

FIGURE 24.9 How to perform phenomenological sensory integration (PSI) exercises.
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24.7.3  PSI EXERCISE 3: THE PURPOSE OF THIS EXERCISE IS TO BUILD 

TRUST IN YOUR SENSORY INTEGRATION ABILITIES

 1. Without tuning forks or color glasses, imagine a color and hum until your humming sound 

comes into resonance with your visualized color.

 2. Color Balloon Breathing: An example of a therapeutic application through a variation of 

sound and color integration.

Imagine a color filling the space in whatever part or organ of your body needs your attention at this 

time, maybe a part that hurts you or is giving you pain, If it could give you a color, what color would 

it give you? Take that color and breathe it into your body, filling up your lungs like two balloons, and 

then gently exhale a humming sound in resonance with the color. Repeat as often as you like, targeting 

the area. Imagine your diaphragm filling up like a balloon, let the color freely change if it needs to. Let 

your intuition be your guide.

24.7.4  PSI EXERCISE #4: A RESULT OF WORKING WITH TUNED SOUND 

AND COLOR RESONANCES IS THE ABILITY TO DEVELOP AND 

TRUST YOUR SOUND AND COLOR SENSIBILITY

 1. Tune into and view a color in your environment and hum until your humming sound comes 

into resonance with the color.

 2. When a sound attracts you, tune into it. Hum with the sound and simultaneously visualize 

a color until it comes into resonance with the sound.

24.7.5  PSI DISCUSSION

PSI exercises can be used to tune into and explore colors in many ways to develop and gain confi-

dence in our sensory integration abilities. For example, in 1850, the chemist William Henry Perkins 

accidentally discovered the first synthetic organic dye in history, which he called the color mauve 

(Figure 24.10).

24.7.5.1  Mauve

He was looking for a way to obtain affordable quinine to treat malaria when he accidentally discov-

ered a purple-blue residue in the bottom of his test beaker. Although his experiment failed, he soon 

realized that he had made the first synthetic organic color dye in history. He called the bluish-purple 

color mauve. Before his discovery, the only way to obtain the color mauve was through the mucus 

of the predatory sea snail Bolinus brandaris. Perkins’ discovery of mauve inspired a revolution 

in medicine and fashion. Mauve is used in medicine to color cells in order to study chromosomes 

under a microscope and played an essential role in the discovery of the bacillus responsible for 

FIGURE 24.10 Color mauve.
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tuberculosis and in chemotherapy research. The discovery of mauve led to an explosion in the world 

of fashion. In 1862, Queen Victoria wore a long mauve gown, and in the next 5 years, 28 dye fac-

tories sprang up across Europe to produce all the fashionable garments dyed with the color mauve. 

Historians referred to this time as “The Mauve Decade,” the color that changed the world.23 In order 

to phenomenologically explore mauve, we created mauve tuned color glasses with a resonant tuning 

fork frequency of 341 Hz. One can look at the color, visualize and hum in resonance with the color, 

and then compare one’s humming sound with the sound of the tuning fork.

24.8  OVERVIEW AND CONCLUSION

There is much more that could be written about and researched in the area of sound and color 

integration. What is most important is that the experience of sensory integration be understood as 

normal and further researched as an important component of a natural healing process that leads 

to greater mental and physical adaptability in all aspects of life. The integration of sound and color 

has been in the past and ideally, going forward into the future a place where science and art meet. 

Seeing and simultaneously hearing colors as sounds or sounds as colors used to be considered a rare 

congenital condition called synesthesia, in which sensory stimuli cause unusual experiences that 

are associated with neurological dysfunction and mental illness.24 Many people who reported syn-

esthetic experiences risked being labeled as strange or weird or worse, being diagnosed as schizo-

phrenics or drug addicts and consigned to mental hospitals. This resulted in the erroneous belief 

that the experience of sensory integration might be an indicator that something is physically or 

mentally out of balance. Whereas previous studies indicated that synesthesia occurred at a rate of 

1 in 25,000, newer studies have suggested that synesthesia is a common condition, with a rate of 

1 in 23 people who demonstrate over 150 different forms of synesthesia.25 Today, people are pay-

ing for training designed to increase synesthetic experiences in order to enhance cognitive ability 

and increase neural plasticity, leading to greater creativity and problem-solving skills.26 In the field 

of consciousness research, the experience of synesthesia is a gateway into the neural correlates of 

consciousness.27, 28 We suggest that the term synesthesia gives way to sensory integration, a term 

that allows the freedom for everyone to explore sound and color integration and for researchers to 

systematically show the many specific healing effects found in sound and color practices.
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When you think vibrationally and then act on it with discipline, you open the doorway to new 

possibilities.

John Beaulieu, ND, PhD

25.1  INTRODUCTION

Sound healing practices have been used by humans for thousands of years across many cultures to 

span all continents. The use of musical instruments and the human voice for healing still remains 

widespread throughout the world. The following pages present a compelling stance that the human 

voice is possibly the most powerful sound healing instrument that exists for human beings. For is 

it not from the human vocal tract that many musical instruments were modeled in the first place? 

And many wind instruments cannot be operated without the player’s breath … breath from which 

the individual tone and timbre of the player’s natural voice adds to the quality of sound produced 

by the instrument.1

Vocal cords and ears are two obvious pieces of proof that we are designed to make, interpret and 

function in response to sound. You will learn in the coming pages that they are by far not the only 

ones. And, the instinctive development of language amongst every human culture is testament that 

not only are we designed to make sound, but we are compelled to use it as a source of creative power 

by means of communication and affirmation. Our vocal tracts are instruments that can be played to 

create anything we choose – art, healing or destruction.

It is the human voice that has created much chaos in the way of wars. And, it is the human voice 

that can create peace. It is the human voice that allows us to make change in our external lives by 

transforming our living, working and social situations with conversation, discussion and debates, 

and by voicing our needs and wants. What we say has impact. It has potential to have both positive 

and/or negative effects on others, our environment and ourselves. The intention and emotion of 

what we say adds even more power to our words as we experience their effects, steering the course 

of our lives.

The human voice also allows us to make changes to our internal lives, our physical and emotional 

health and wellbeing. Through vocal healing practices such as mantra and prayer, as well as simply 

voicing words of love and compassion to others, we open our hearts to self-awareness and intuition. 

We open doors to our self-guidance systems of knowing what is right for us. The vibration of our 

own voice even has the power to initiate healing changes on a cellular level within our own bodies.

25.2  WHAT IS SOUND?

What humans call sound is the spectrum of vibrational frequency that can be sensed by our ears and 

transmitted to the brain to be interpreted as something we hear. Sound is energy that is conducted as 

a wave via pressure gradients through any medium, such as air, water, glass or metal. These waves 

are measured in frequency, which is the speed at which they are vibrating in oscillations or cycles 

per second (also expressed as Hertz). Since sound is vibration, which is a wave of pressure, then it 

has physical force. It has the ability to affect all that is in its environment.

In a two-dimensional drawing as shown in Figure 25.1 (bottom), we see a sound wave in air as 

a sine wave, or a curved line. However, in our three-dimensional world, a sound wave is really a 

traveling disturbance caused by pressure to particles in the air – as shown in Figure 25.1 (top).

25.2.1  WAVE PROPAGATION

Vibration is an oscillation or back and forth movement about a point of equilibrium. When there is 

a focal disturbance to a medium, the particles (molecules) within it that were exposed to the distur-

bance begin to vibrate. Let’s again use air as an example. The air around us is made up of molecules. 
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Air is mostly composed of nitrogen (78%) and oxygen (21%), but also contains trace amounts of 

other molecules such as carbon dioxide, argon, neon, methane, helium, hydrogen and others.2 When 

molecules in the air become disturbed they vibrate and collide with adjacent particles. Then those 

particles become disturbed and collide with particles next to them, and so on, to create a chain of 

motion, a wave of pressure. The particles transmit the waves but do not travel with them. Thus, a 

wave transfers energy without transferring matter.3

The movement of air flowing with sound oscillates back and forth with an overall propagation in 

the direction that the sound wave is traveling. What we get are periods of alternating compression 

(increased density) and rarefaction (decreased density) of the air particles,4 as shown in Figure 25.1 (top).

25.3  EVERYTHING IS VIBRATION

Quantum theory tells us that everything in the universe, whether visible or invisible, is vibrating 

and in a constant state of motion. In physics, the word quantum is defined as “the minimum amount 

of any physical entity involved in an interaction.”5 In simple terms, quantum refers to the smallest 

possible unit of something. Most (if not all) physics and chemistry books will tell us that all mat-

ter, living or nonliving, is made up of cells. All cells are made up of molecules, which are made up 

of atoms. An atom broken down consists of subatomic particles, which are protons, neutrons and 

electrons – the smallest possible units of anything.

Consider the Newtonian structure of an atom, the version many of us learned about in chemistry 

class. It depicts a neatly packaged nucleus of protons and neutrons orbited by spherical electrons on 

a seemingly preorganized fixed and orderly path. How neatly predictable, right? Well, not so much. 

As Bruce Lipton, PhD, explains in his revolutionary book Biology of Belief, the field of quantum 

physics (versus Newtonian physics) has determined that atoms are actually made entirely of “vorti-

ces of energy that are constantly spinning and vibrating.” These tiny vortices are called quarks, and 

each one spins or “wobbles” to its own rhythm. Each quark and each atom has its own unique energy 

imprint. Thus, each collection of atoms also vibrates at its own frequency.6 Each object, organism, 

person, everything vibrates a unique frequency into the universe. These frequencies can change in 

FIGURE 25.1 The top wave depicts a three-dimensional sound wave showing particle disbursement – peri-

ods of alternating compression (increased density) and rarefaction (decreased density) of the air particles. The 

bottom depicts a sound wave as a two-dimensional sine wave.
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response to influencing factors. For example, if a person’s physical, mental and/or spiritual life cir-

cumstances change, this may affect their overall health (by way of affecting the spin and vibration 

of the atoms that make up their body) and thus, their net vibrational frequency that is being emitted 

into the environment.

Dr. Lipton also explains that if viewed under a high-powered microscope, atoms have no struc-

ture and are actually invisible. If viewed on low power focus, from more of a distance, an atom 

may appear as a hazy orb. However, the more closely we look with the microscope the more and 

more invisible the atom becomes until there is no structure at all. It does not appear as a Newtonian 

atom. There is just invisible energy, which appears as nothing, “a physical void.” Thus, everything 

is energy, it is movement, it is vibration … and matter does not even really exist.6

25.3.1  VIBRATION IS THE UNIVERSAL LANGUAGE

Since everything in the universe is vibration, then it is this level through which everything can com-

municate with everything else, at which everything is on the same playing field. Vibration is the 

language that everything speaks and thus, becomes an interdimensional bridge for communication 

between all forms, a meeting place for resolution of all conflict and a transformational platform 

from which all may expand.

Vibrations exists in many forms. Sound is the form of vibration that is most accessible to human 

beings, which is most evident in the fact that we are designed with highly sophisticated mechanisms 

with which to make and interpret it. The human voice is unique in that it successively recruits energy 

through various dimensions. It begins in the spiritual realm of thought but then rapidly enters the 

physical realm as it triggers neurons in the brain to fire the appropriate synapses for the physical body 

functions necessary for vocal tract expression of sound in the form of speech. The original thought 

vibration is transduced through a series of dimensions until it ends up in audible form within the ethe-

ric realm, the air, where it then has the capacity to reach the spiritual thought-space of others – because 

it can then be heard. Sound bridges us not only between dimensions but also between each other.

25.4  VOICE

Voice is any type of sound produced within and transferred through the vocal tract. The human 

voice originates at the vocal cords. Its primary sound source is vocal fold vibration and includes 

talking, humming, singing, laughing, crying, screaming, yelling, shouting, etc. There are other 

sounds emitted through the vocal tract that convey meaning or emotion, such as sighing, huffing, 

blowing, etc. However, these do not require the involvement of the vocal cords. These sounds are 

produced by passive air friction and thus, are not referred to as “voice.”7

The vocal tract refers to the cavity through which sound travels from its source at the vocal cords 

to its exit from the mouth and/or nose. It includes the larynx, pharynx, oral cavity, nasal cavity and 

interior aspect of the lips. The entire vocal system also includes the lower respiratory tract, since the 

source of exhaled airflow comes from the lungs.7, 8

Larynx: Includes the rami glottis (the opening or space between the vocal cords), the vocal 

folds, laryngeal muscles that alter the position and tension of the vocal cords, and the sub- 

and supra-glottal lumens.

Pharynx: Includes muscles that change the quality of sound by adjusting the shape of the 

pharyngeal lumen. It is also a primary resonating cavity of the human vocal tract.9

Oral cavity: Includes the tongue, lips, hard and soft palates and teeth. The tongue, mandible 

and lips are a few major articulators that shape the vibrating air into distinct words and 

sounds as it flows through the oral cavity to exit the mouth.9

Nasal cavity: Includes the nasal conchae and turbinates. Air is streamed through the nasal 

cavity when pronouncing nasal consonants and other nasal sounds during speech.8
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Human voice production is divided into three main parts by current literature: “respiration, vibra-

tion and articulation.”8

 1. Pressurized airflow is supplied by the lower respiratory tract in order to produce the force 

of exhaled air necessary for voice production.

 2. Vibrating the air occurs as it passes between vocal cords, thus creating the source of sound. 

Changing the position and tension of the vocal cords alters the frequency of vibration that 

is imparted onto the out-flowing air. This changes the quality of the sound produced.

 3. Shaping the sound source into distinct units of sound, such as phonemes, syllables and 

words, is the process of articulation. As the vibrating air flows through the vocal tract, it 

is shaped with the very fine-tuned intricate motor capability of the articulator muscles of 

the larynx, pharynx and oral cavity (most significantly the tongue). It then flows into the 

atmosphere and is picked up by our ears and interpreted by our brains as speech or song 

sound.

Articulation is the process of purposefully “shaping” the vocalized sound into meaningful speech8 

or melodious song. It conveys meaningful content in the form of language and artistic content in the 

form of singing. In the case of singing, even though sounds may be formed that convey no cognitive 

meaning, voice quality such as tone, pitch, prosody (rhythms of accent and intonation in speech) and 

volume are skillfully manipulated to create a desired sensation in melody and emotion.

25.5  VOICE PRODUCTION REQUIRES THE ENTIRE BODY

By definition, the vocal tract is considered a fairly finite space. However, the process of vocalization 

does not even begin without the cooperation of nearly the entire body. Before we can even engage 

the vocal tract we must first access an array of other physiological mechanisms which work in coop-

erative effort to produce meaningful sound. In some way, almost every part of our physical bodies 

is touched by the power of the voice.

The respiratory tract: In order to speak or sing we must first take an inhalation. We must delve 

deep within the body, all the way down to even the tiny alveoli of our lungs, waking up the cellular 

components of gas exchange at the interface of capillary walls. The change in gas concentrations in 

our blood and pressure differences between the respiratory tract and the outside environment cause 

us to exhale. It is the pressurized air from the lungs that creates the force of exhaled air through the 

vocal tract which becomes our voice.

Through respiration we involve not only the movement and shaping of air through our bodies in 

the process of vocalization. We also involve the blood and the entire vascular system. As we inhale 

before speaking we oxygenate our blood which circulates nourishment to all organs and tissues. 

As we speak or sing we exhale, simultaneously excreting unneeded carbon dioxide and other gases 

from the body. Here we must also include the bones and marrow, the birth place of blood cells from 

the start.

I find it interesting that respiration, a most vital, life-sustaining bodily process, is absolutely 

required for the functioning of the human voice. Our need for oxygen parallels our ability to voice. 

In order to use our voices, we must oxygenate our blood. The two cannot be separated. Voice is a 

form of self-expression that is cast from the body. It is the body function that reaches the further-

most outside of us. The vital exchange of gases during respiration is the most intimate process 

and is the body function that reaches the centermost within us. Voice (sound) bridges these two 

extremes of our being – the innermost with the outermost.

Nervous system: In order to explore the full “reach” of voice, we must meander all the way up 

into the cerebrum of the brain, where thought premeditates our every spoken word, and where 

emotion predetermines spontaneous vocalizations of passion or fear. This involves both cognitive 

and emotional centers of the brain. Additionally, as we will discuss later, the process of hearing is 
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highly linked with speech. Therefore, the entire ear apparatus and auditory centers of the brain are 

also involved in voice production.

Cerebrospinal fluid: Even more primal than the respiration of air via the lungs is primary res-

piration. This is an inherent involuntary mechanism within the central nervous system (CNS) that 

involves the entire body and can be palpated by trained practitioners from anywhere in the body.10 

Dr. William Garner Sutherland, founder of cranial osteopathy (although he credited the discovery 

to Dr. A.T. Still, the founder of osteopathy), called it the breath of life. It is inherent motion, a rhyth-

mic expansion and contraction of the CNS (the brain and spinal cord) in synchronization with the 

fluctuation of cerebrospinal fluid (CSF).11

Primary respiration is influenced by secondary respiration. Evidence supports that thoracic inha-

lation significantly promotes CSF fluctuation, whereas holding the breath actually decreases it. CSF 

that is in direct contact with the thoracic paraspinal epidural venous plexus system senses pressure 

changes during thoracic respiration. This directly affects the direction and force of CSF flow.12

The diaphragm: If we must use the respiratory tract for vocalization, then we must also consider 

the accessory structures required for its proper functioning and all of the interconnecting fascia in 

between. The diaphragm is the main muscle for respiration. 13 Its expansion and contraction during 

respiration greatly affects all other organ systems and musculoskeletal structures via pneumatic 

pressure differences and fascial interconnections.13, 14

The diaphragm forms the floor of the thoracic cavity and the roof of the abdominal cavity. It 

directly attaches to the xiphoid process and symphysis of the sternum, costal cartilage of ribs 6 

through 10 and directly to ribs 11 and 12, the spine at thoracic vertebra T12 and lumbar vertebra 

L1-3, the anterior longitudinal ligament at those levels, the medial and lateral arcuate ligaments, 

the fascia of quadratus lumborum and psoas major.13

The diaphragm has three major openings through which vital structures pass, thereby affecting 

these as well. The esophageal hiatus contains the esophagus and the posterior and anterior vagal 

nerves, the vena cava opening allows passage of the inferior vena cava and sometimes the phrenic 

nerve (the diaphragm’s own innervation via cervical spinal nerves C3, 4 and 5). The aortic hiatus 

passes directly behind and adjacent to the diaphragm between the left and right crus. This passage-

way contains the aorta, the azygos vein and the thoracic duct.13

The diaphragm plays the largest role in creating pressure differences between the thoracic and 

abdominal cavities and the atmosphere. Contraction of the diaphragm moves it inferiorly into the 

abdominal cavity, thereby increasing intrathoracic volume and decreasing intrathoracic pressure. 

Intrathoracic pressure decreases to lower than atmospheric pressure which encourages air to flow 

into the lungs. Relaxation of the diaphragm moves it superiorly, reversing the process and allowing 

passive exhalation.13, 14

Through its fascial connections diaphragm movement can affect pretty much the entire body. For 

example, fascia is continuous from the diaphragm all the way up to the superficial and deep cervi-

cal structures, soft tissues and bones. From there it even continues to the cranial bones, through the 

foramina and all the way up into the dura. It continues downward to the pharynx, larynx, lungs and 

heart.14

The ribs and intercostal muscles also play a major role in inspiration and thus, voice production. 

Their contraction and relaxation “pumps” the rib cage and sternum, adjusting intrathoracic volume 

and pressure in harmony with respiration, echoing the effects of the diaphragm.

The spine and spinal cord move during respiration. During inhalation all of the spinal curves 

flatten. The entire cervical, thoracic and lumbar spine moves with every inhalation and exhalation. 

Additionally, as mentioned earlier, the thoracic and lumbar vertebra are diaphragm attachments and 

subsequently move with its contraction and relaxation. The cervical spine also contributes to respi-

ration by supplying the innervation of the diaphragm via the phrenic nerve, cervical spinal nerves 

3–5.13 Spinal cord motion, especially in the antero-posterior direction, is affected significantly by 

respiratory influences. The cervico-thoracic and thoraco-lumbar junctions are two areas that have 

shown the most movement.15
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Sacrum: During inspiration the sacrum counternutates as the thoracic and pelvic diaphragms 

descend. During exhalation the sacrum nutates as the thoracic and pelvic diaphragms ascend.

The pelvic diaphragm and pelvic floor muscles change tension and configuration with sacral 

movement.

The head and neck are involved in sound and speech production. As previously discussed, air 

flows through from the lower respiratory tract to the trachea, larynx, between the vocal cords and 

then to the pharynx. It then exits through the oral and nasal cavities. On its way through the vocal 

tract it is also shaped into distinct sounds or words. The articulator muscles are responsible for this. 

They are located in the larynx, pharynx and mouth as well as all muscles associated with the jaw, 

cheeks, teeth, gums, lips, palate and tongue. The feeling and emotion associated with what we voice 

involves all of the muscles of facial expression. The cranial sinuses act as resonators for the sound 

produced by the vocal cords. These include the frontal, sphenoid, ethmoid and maxillary sinuses.

25.6  OUR BODIES ARE RESONATORS FOR SOUND

Here we must explore the concept of space. Just as it is required of the body to supply the nerve 

impulses, muscles and blood supply for the proper working of the vocal cords, it must also supply 

the room for them to work – the space. The body responsibly validates its purpose in vocalization by 

ensuring its fullest expression. We are well equipped with resonating cavities with which to express 

our words and song to all that is around us. Even the empty space within our bodies is hollowed with 

purpose, such as to carry and amplify its own voice.

Most musical instruments also contain resonators (empty spaces or cavities), which intensify 

the original sound waves to increase their strength or volume. Resonance occurs when the moving 

sound waves contact the sides of a cavity or chamber, causing it to vibrate and amplify the original 

sound waves. For example, the body of a guitar is an air-filled cavity. It resonates the sound pro-

duced from the plucked, vibrating guitar strings.

Our bodies’ living resonators are quite remarkable compared with those of the guitar or other 

instruments, because they are not fixed in shape. They are flexible and dynamic. They can voluntarily 

change shape, thus having very fine control of the essence (tone, pitch and quality) of sound produced. 

Voice resonators are responsible for the idiosyncrasies that uniquely identify each one of our voices.

Our natural voice resonators include the “empty space” of the vocal tract itself – the larynx, 

pharynx, and oral and nasal cavities. The pharynx is a very effective resonator due to its flexibility. 

Whereas the oral cavity is largely involved in resonance of vowels and the nasal tract for conso-

nants, all vocalized sounds have equal resonance through the pharynx. The dynamic nature of 

the pharynx is due to its interdependence on several surrounding structures, to include the larynx, 

velum, tongue and mandible.9

Other resonators include the frontal, sphenoid, ethmoid and maxillary sinuses. Research support 

for the function of paranasal sinuses as voice resonators is still underway16 but personal experience 

tells us that they are resonators to at least some degree. When our sinuses are irritated or inflamed 

our voices change significantly. In fact, the sound of a blocked cranial sinus is very distinct and we 

can tell at once that the speaker has a cold or sinus inflammation.

25.7  THE VOCAL CORDS

The source of vocalized sound begins at the vocal cords. Vocal cords, or vocal folds, are tissue folds 

in the larynx that impart vibration onto the air flowing out of the lungs in order to produce sound. 

The rima glottis is the opening or space between the vocal folds. The geometry of the glottis is 

highly dynamic in that it changes in response to the position and tension of the laryngeal muscles 

and thus, the vocal folds.7 Very detailed control of glottal geometry is necessary for speech and 

contributes to the individual nuances in each of our voices. It accounts for even subtle changes in 

intonation that convey great variation in meaning and emotion in language.
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During normal breathing, the glottis is open, as air flows passively in and out of the lungs. The 

vocal cords are not tensed during relaxed breathing. The glottis is wide open, allowing free flow 

of air and full respiration. Sound produced here is due to passive air friction and not considered 

“voice.”7 It is the closure of the glottis (adduction of the vocal folds) causing resistance against the 

airflow that triggers the vocal cords to vibrate. We voluntarily tense the vocal cords when we speak, 

for example, which decreases the amount of space within (closes) the glottis. This in turn obstructs 

the airflow, which sets the vocal cords vibrating.

Phonation is the process of producing sound via the alternating opening and closing (vibration) 

of the vocal folds. The vocal folds open in response to high-velocity air pressure from the lungs. The 

vocal folds close as a result of the Bernoulli effect, which is a principle that is defined as “an increase 

in the speed of a fluid that occurs simultaneously with a decrease in its static pressure or potential 

energy.”17 What this means for phonation is that right after high air pressure from the lungs opens 

the vocal folds, the resultant decrease in pressure forces the vocal folds shut again. This action is 

repeated as air continues to stream through the vocal folds, causing the rhythmic opening and clos-

ing action (vibration)9 (Figure 25.2).

25.7.1  MUSCLE ANATOMY AND FUNCTIONS OF VOCAL CORDS

The intrinsic laryngeal muscles are responsible for the detailed manipulation of glottal geometry 

(and vocal cord tension) that is needed for phonation (particularly for speech). This fine motor con-

trol of vocal fold position and glottal geometry must also instantaneously coordinate with thought, 

emotion, reasoning and response-related neurological networks in order for communication to 

occur fluently. Thus, the mind is involved, which takes us out of the physical body altogether. Vocal 

cords provide the perfect connection, or bridge, between the body and the mind.

FIGURE 25.2 Superior view of the vocal cords showing the glottis (space between the vocal folds) and 

the intrinsic laryngeal muscles involved in vocal fold tension and control. (Image by Henry Vandyke Carter, 

Public domain, via Wikimedia Commons – https://commons .wikimedia .org /wiki /File :Gray960 .png)

https://commons.wikimedia.org
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The vocal folds are attached to the arytenoid cartilages which articulate with the cricoid carti-

lage. There are controlled degrees of both rotational and sliding motions around the cricoarytenoid 

joint. There are motions along both a long and a short axis, very finely controlled.7 When the intrin-

sic muscles of the larynx contract, they pull on the arytenoid cartilages, which causes them to pivot. 

The major muscles involved are the thyroarytenoid, lateral cricoarytenoid, posterior cricoarytenoid, 

interarytenoid and cricothyroid. All are innervated by the current laryngeal nerve except for the 

cricothyroid which is innervated by the superior laryngeal nerve. Both nerves are branches of the 

vagus nerve.18 Contraction of the posterior cricoarytenoid muscle abducts the vocal cords, contribut-

ing to opening the rima glottis. The lateral cricoarytenoid muscle adducts the vocal cords, closing 

the rima glottis.7 Table 25.1  outlines the actions of the major intrinsic laryngeal muscles involved in 

vocalization. Refer to Figure 25.2  for an illustration of them (Table 25.1).

25.7.2  VOCAL FOLD STRUCTURE

Contrary to what one might assume from the simple rope-like structures that we have tradition-

ally seen from a superior view with a laryngoscope, the vocal cords are not just thin horizontally 

oriented strands. The vocal folds are comprised of an elaborate “three-dimensional” multilayered 

composite of highly differentiated tissue layers.7 Each layer has highly specialized function so as 

to achieve the very fine control of vocal fold tension and position. Precision determines the glottal 

geometry which is necessary in order to convey the numerous, yet intricate and oftentimes subtle, 

nuances in vocal sounds, pitch, tone and parody that exist within languages. A very subtle differ-

ence in overtone can convey a great difference in meaning.

Figure 25.3 shows these layers. The deep layer is the vocalis muscle. Over that (more superficial) 

is a tissue layer that varies in thickness vertically (thicker at the top). Moving outward is the external 

mucosa, the superior portion of which is the vocal fold tip, composed of tissue similar to that of 

skin. A space exists just beneath the external mucosal layer, Reinke’s space, permitting autonomous 

movement of the external mucosal layer, free from the other tissue layers. The vocal folds are highly 

elastic. It is this quality plus the freedom of movement of the external mucosal layer that allows 

them to vibrate at very high frequencies.8

25.7.3  WAVE MOTION OF THE VOCAL CORDS

Notice the tissue differentiation both medial-laterally and vertically. It is this quality of vertical tis-

sue differentiation plus the ability of the external mucosal layer to move independently that permits 

a vertical change in air pressure. There is a “vertical phase difference in vocal fold surface motion.” 

This is also called a “mucosal wave” that is happening only at the surface layer along the longitudi-

nal (vertical) length of the vocal fold mucosa. During vibration this surface layer moves in and out in 

TABLE 25.1

Actions of the Major Intrinsic Laryngeal Muscles Involved 

in Vocalization

Muscle Acton on Vocal Folds Effect of Glottal Shape

Thyroarytenoid Adducts Closes

Transverse Arytenoid Adducts Closes

Posterior Cricoarytenoid Abducts Opens

Lateral Cricoarytenoid Adducts Closes

Vocalis Tenses None

Cricothyroid Tenses None
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a repetitive motion. However, the entire longitudinal length of this layer does not necessarily vibrate 

as one unit.7 Motion varies at each level and synchronizes as a wave-like movement.

25.7.4  THE GREAT UNKNOWN

Nerve impulses from the brain control the muscles that alter the position and tension of the vocal 

cords, but they cannot account for the vibration. Although it seems apparent that airflow between 

the vocal folds starts them vibrating, it is still not known what sustains the vibrations. Hence, the 

actual “origin of vocal cord vibration” is still not known. It was postulated by a French speech and 

language therapist, Raoul Husson, in 1950 that each vocal cord vibration is stimulated by a single 

impulse from the recurrent laryngeal nerve.19 But this theory doesn’t hold up, because brain-to-

vocal cord nerve impulse transmission cannot attain the high speeds at which the vocal cords are 

capable of vibrating. At high pitches nerve transmission speed simply cannot keep up with the vocal 

cords. Therefore, it is not purely the work of nerve impulses that causes vocal cord vibration.8

The “myoelastic-aerodynamic theory,” previously proposed in 1958 by Dutch speech scientist 

Jan Willem van den Berg, accounts for vocal fold vibrations, but with obvious unknowns. Although 

it describes an apparent energy transfer between the vocal folds and the air itself, which is the basis 

of “self-sustained” vocal fold vibration, exactly how the exchange occurs has still not been found. 

But it seems clear that energy is transferred from the airflow to the vocal cords due to differences in 

intraglottal pressure between the opening and closing phases of vocal cord vibration.7

Despite the remaining mystery of how vocal cords are able to sustain vibrations at such high 

frequencies, we can rest assured that whatever the answer, it seems to be at least somewhat governed 

by the laws of Mother Nature. The human female voice, for example, has a fundamental frequency 

FIGURE 25.3 Schematic depicting the three-dimensional structure of the vocal folds. (Reprinted with kind 

permission from Henrich, N., Logopedics Phoniatrics Vocology, 31, 15–16, 2006.)
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range of 165–255 Hz20 which includes that of the average wing beat frequency of honeybees, at 

about 230 Hz.21 We will explore in the next section how the articulation, or shape, of our voices also 

aligns with nature … as the expression of speech sound.

25.8  SPEECH SOUND

Speech is a universal means of expression for the human soul.

Rudolf Steiner

Speech is the glue of society. It is the glue within and between all cultures. Although a vast number 

of species on earth communicate in some way via sound, the human species is the only one that 

articulates sound into intellectually and emotionally meaningful content. It is quite extraordinary 

that from the moment of birth we are in full use of our vocal cords. Our very first exhalation results 

in a cry, the first expression of our own unique sound.

However, even before birth, long before we have the ability to produce sound, the formative pro-

cesses of embryogenesis have already prioritized developing the means by which to hear it. Humans 

have the ability to hear before birth. We are able to listen to speech originating outside the womb in 

order to prepare for speaking it at a later time in life.22

The first signs of embryological development of the ear are visible to us at about 4 weeks of 

gestation. They begin as two otic placodes, one on each side of the cephalad end of the neural tube. 

These are essentially metabolic fields of thickened ectoderm created as a result of the compressive 

forces at play during neural groove development. These metabolic fields serve as “gardens” for fur-

ther growth and development of the ears.23

It has been shown that fetuses can begin to hear sounds originating outside the womb sometime 

during the second trimester of pregnancy.24 Studies have reported evidence of fetuses hearing extra-

uterine sounds as early as 18–19 weeks of gestation.25 Research outcomes support that the first 

acoustic stimuli sensed by the developing fetus are its mother’s own voice and heartbeat. The fetus 

actually recognizes its mother’s voice by the third trimester and responds to it (versus another voice) 

autonomically with an increased heart rate.26

The fetus has an innate preference for its mother’s sounds. It has been shown that prenatal expo-

sure to the maternal voice, versus any other voice, “stimulates language related cortical regions of 

the brain.” Perceiving the mother’s heartbeat and voice increases the neuroplasticity of the auditory 

cortex and stimulates both the language and emotional processing areas of the brain (orbitofrontal 

cortex and amygdala). What the fetus hears affects memory storage and sets up neural connec-

tions for further development of hearing and learning language after birth.26 The outcomes of these 

studies reveal to us the close developmental relationship between hearing, speaking and emotional 

processing.

25.8.1  SPEECH LEARNING IN INFANCY

Let’s consider these conclusions along with those of Guenther’s research, published in 2006, which 

describes the mechanism of speech learning after birth. In doing so we can presume that during 

early fetal development we are already preparing for speaking after birth. And this “preparing” 

begins with hearing.

Generating speech and language requires the coordination of neuronal activity between a mul-

titude of areas located in both the cortical and subcortical brain. These areas include, but are most 

likely not limited to, the temporal, parietal and frontal lobes of the cerebral cortex for the audi-

tory, somatosensory and motor aspects of speech sounds, respectively. The subcortical structures 

include the cerebellum, basal ganglia and brain stem, which accommodate the vast number of neu-

ronal interconnections at the rapid speeds required in order to achieve real-time fluency in speech. 

This degree of intricacy is required in order to generate even very simple speech sounds. Imagine 
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the complexity involved in orchestrating the additional synapses necessary for incorporating the 

thought, intention and emotion required for meaningful, fluent speech.27

During infancy the first step in speech production is a “babbling phase,” where indiscriminate 

sounds are vocalized in order to calibrate the neurologic feedback system between sensory and 

motor functions. When an infant hears a sound, this perception results in activation of a small group 

of neurons which collectively become associated (and activated) with only that sound. This phase 

of speech learning establishes a neurosensory–motor feedback mapping system with which to later 

learn specific speech sounds and eventually, an entire language.27

It’s important to note that hearing sounds first is important in speech learning and development. 

When sounds are heardthey initiate synaptic activity to the auditory cortex of the brain. There, 

“auditory targets” for each sound are developed. They are then stored in memory and will be uti-

lized as a guide for future vocalized attempts at mimicking those sounds. Hearing a sound (sensory) 

stimulates the same group of neurons that are later involved in speaking (motor) that same sound. 

In other words, the same group of neurons synapse for both hearing and producing any particular 

sound. This synaptic connection is the result of mirror neurons.27

Mirror neurons play a huge role in mirroring another’s actions, which is what occurs when infants 

are learning to speak. Similar to hearing and speech, the same group of mirror neurons fire when 

an individual performs an action as when she/he observes another person doing that same action. 

Evidence also suggests that they help infants understand the empathy and intention behind another’s 

actions. Mirror neurons were first discovered in monkeys and are not exclusive to humans.28

As an infant voices garble in its attempts to “hit” an auditory target it becomes more and 

more accurate with each try. There is an error feedback system that senses any difference 

between the attempt and what was actually voiced. As volume, tone, pitch and articulator 

muscle accuracy improves, each attempt gets closer and closer to its target. Once it is “hit,” i.e., 

the word is spoken with enough accuracy, the error feedback system is no longer activated. It 

no longer picks up a difference between the target and what was voiced. At that point a neuro-

logical feed forward system is established for that word. Eventually, fluency within the entire 

language is obtained.27

As far as I have discovered, hearing is the only sense, aside from touch, that picks up stimuli 

across the different dimensions of fluid media on either side of the womb. Touch, however, does not 

convey the cognitive and emotional information that sound does. Hearing allows us the ability in 

utero to perceive information in preparation for life outside of the womb. Thus, sound bridges the 

abrupt transformation of life from one fluid medium to another – from liquid to air.

25.8.2  THE POWER OF THE WORD

Once we transition to a life in air, we exist in a medium that connects us to everything else within it. 

Air is freedom and expansion, but at the same time it is exposure and vulnerability. No longer does 

the liquid compartment of the womb protect us from earth’s atmosphere at large, where all other 

elements are shifted and transformed through the volatile quality of air.

Knowing what it’s like to be human, the ego-possessing, opinionated, emotional creatures that 

we are, it may seem obvious that our bodies would highly prioritize the ability to hear and speak – 

to communicate. Speech, after all, may be the glue of society, but it can also be a repellant between 

societies, cultures and families. Given the degree of genetic planning in making sure that at the 

time of hearing development in utero, we are already getting the neurologic connections ready for 

language skills after birth, we cannot assume for one second that the privilege of speech affords 

us simply the ability to “get our points across to others.” Perhaps there is more to the evolutionary 

privilege of speech with which our species has been blessed.

Perhaps there is more power in our words than most of us realize. Sure, given the array of emo-

tions such as compassion, love, guilt or rage that words can trigger in others, they certainly have the 

power to stimulate reactions and result in change. However, thanks to the extraordinary work of a 
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few philosophers, teachers and scientists, it is becoming more and more evident that our words have 

the power to manifest much more change (and much faster) than we have ever realized.

Next, I present the work of a few extraordinary minds that have helped bring to the surface of 

human awareness the remembrance of our species’ true power of being – the power of the word.

25.8.3  VISIBLE SPEECH – AERODYNAMIC SOUND FORMS

It was Rudolph Steiner (1861–1925), an influential Australian philosopher and esotericist, who first 

theorized in the early 1900s that spoken words are expressed as “visible sound forms.” Even without 

the equipment at that time to scientifically explore laboratory evidence for this, he was able to “see” 

them forming their own unique shapes in air as they exited the mouth.8

Steiner believed that not only does speech express itself as air form, but it also expresses itself 

through body form. Speech can also be expressed both artistically and in a healing capacity through 

body gestures and movement. This concept became one of the core bases for a healing practice that 

he developed and named therapeutic, or curative, eurythmy.29 Steiner voiced his hope that someday 

a method would become available to observe the speech air forms. This would help support the core 

principles of therapeutic eurythmy.8

Decades later, in the 1960s, Johanne Zinke (1901 to 1990), a German Waldorf School teacher in 

Dresden, attempted to find out if Steiner’s theories were valid. By using cigarette smoke to illumi-

nate the developing air forms, she was able to visualize, photograph and video record air shaping 

into forms just outside the mouth during speech. She validated Steiner’s theory of “visible sound 

forms!”8

But even more astonishing is that these “speech sound figures” proved to be reproducible. Each 

“spoken sound” consistently formed its own unique flow pattern in air independent of other fac-

tors, such as volume and speaker. Interestingly, the air flow patterns moved in vortices. Each sound 

seemed to be its own process of forming, unfolding and dissolving spirals into the surrounding 

atmosphere. These “external phonatory turbulences” show that speech is more complex than just 

any sound. Here, an important distinction must be made between sound and speech sound. Whereas 

sound is vibration, speech sound is more than vibration – it is gesture.8

With great foresight Steiner had actually detailed the exact shape morphology of certain sounds. 

The more sophisticated laboratory equipment necessary to see and record the air forms was avail-

able to Zinke. We now know that he did in fact describe the air form patterns with astounding 

accuracy. The images in Figures 25.4 and 25.5 show Zinke’s photos of the sound forms of two of 

the five vowels with Steiner’s predictions of their shapes 50 years earlier. The images presented here 

are screen shots taken from a video by speech scientist Serge Maintier, PhD, that accompanies his 

book Speech: Invisible Creation in the Air.30 Time stamps are included to allow the reader to easily 

locate the image in the video (Figure 25.4 Figure 25.5).

These images are still shots of Zinke’s video of the air form for the vowel “ah” (Figure 25.4) 

and the vowel “ē” (Figure 25.5) with Steiner’s own words describing what he thought the air forms 

would look like. For the vowel “ah,” he described: “As an air gesture, this ah is shaped by a stream 

of air that flows outward but then becomes bowl shaped as it encounters the density of the air out-

side.” For the vowel “ē,” he described: “When we speak ē we basically let it develop right at the front 

of mouth which gives it a sharply tapering energy. The ē streams out into the density of the external 

air in form of a sharp arrow-like jet of air, like a sword cleaving the external air.”30

The revolutionary work of Serge Maintier, PhD, a German speech artist, scientist and Waldorf 

teacher in Germany, confirmed Zinke’s findings with intriguing accuracy. He also expanded upon 

her work by showing incredibly detailed “morphodynamics” of the air flow patterns and by reveal-

ing the phenomenon of “coarticulation in speech.”

He used a high-speed camera, laser light and a microphone to simultaneously monitor the sounds’ 

movements as they were being spoken. He used oscilloscope and spectrogram recordings to track 

the sounds’ voltages (vocal cord vibration) and signal strengths (“loudness”), respectively, over time. 
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FIGURE 25.5 Time stamp 10:43 from www .youtube .com /watch ?v =i6eFtohBEWA 21 (From Maintier, S., 

Accompanying video to Speech, invisible creation in the air.)

He also added audio to the recordings, a missing component in Zinke’s experiments. In doing this 

he was able to capture what these air formations sounded and looked like as they were being spoken 

and heard simultaneously. Analyzing such detailed morphodynamics along with audio allowed him 

to reveal the “temporal connection” between vision and sound.8 Figure 25.6 shows the beautifully 

detailed morphology of a voiced vowel “ē.”

25.8.4  COARTICULATION IN SPEECH

Maintier also demonstrated the concept of coarticulation in speech. Coarticulation refers to the 

changes in air flow patterns of sounds that occur with pairing vowels and consonants together. A 

particular vowel’s air shape pattern, for example, changes depending on its preceding or following 

consonant. Likewise, what comes before or after a consonant may change its flow pattern as well.30 

FIGURE 25.4 Time stamp 7:24 from www .youtube .com /watch ?v =i6eFtohBEWA 21 (From Maintier, S., 

Accompanying video to Speech, invisible creation in the air.)

http://www.youtube.com
http://www.youtube.com
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Figure 25.7 shows the variation of air forms of the consonant “k” (which is very sensitive to coar-

ticulation) with various preceding vowels.

In showing the correlation of pronunciation of vowels paired with consonants in relation to the 

intention of the human being, let’s look at two sounds that were examined in Maintier’s video: “an” 

(pronounced “ahn”) and “na” (pronounced “nah”). The air forms of the vowel “ah” and the conso-

nant “n” each reveal very different qualities depending on where they are placed in the syllable. 30

When “an” is voiced, the air form of “a” is soft and “n” is strong. When “na” is voiced, the air form of 

“n” is soft and “a” is strong. We may be able to hear these differences, but even more interesting is that 

we can see them in the air forms. Because these air formations were difficult to capture in screen shots, 

I will refer you to Maintier’s video at the time stamp 21:19 that shows the air forms of both syllables.30

FIGURE 25.6 Time stamp 1:05:40. This is a still shot example of the detail and complexity of the air form 

patterns that Maintier was able to capture. The vortices are clearly visible. This is the sound of the vowel “ē.” 

Image from www .youtube .com /watch ?v =i6eFtohBEWA (From Maintier, S., Accompanying video to Speech, 

invisible creation in the air.)

FIGURE 25.7 Time stamp 39:03. This still shot shows coarticulation of the consonant /k/. There is great 

variation of the air forms with various preceding vowels. Image from https://www .youtube .com /watch ?v 

=i6eFtohBEWA (From Maintier, S., Accompanying video to Speech, invisible creation in the air.)

http://www.youtube.com
https://www.youtube.com
https://www.youtube.com
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FIGURE 25.8 Two spirals right outside the nostrils with pronunciation of the consonant “mm.” Image from 

https://www .youtube .com /watch ?v =i6eFtohBEWA (From Maintier, S., Accompanying video to Speech, invis-

ible creation in the air.)

The field of linguistics has previously shown that “vocalization is most active in the vowel core 

of the syllable.” Yet, when voicing “an,” the vowel here seems calmed by the following consonant. 

Rudolf Steiner, decades before, said that the sound “an” causes us to “hold back into ourselves,” to 

“linger within.” In order to calm the strength of the vowel we follow it with a consonant that cap-

tures it to “go within.”30

If we reverse the syllable, we see that the forces of each sound are also reversed. When voicing 

“na,” the shape of the “a” here is strong. It’s almost as if the consonant is “throwing” the vowel, or 

setting it free, rather than capturing it as it did with pronouncing “an.” Steiner’s words 50 or so years 

prior said that when we say the sound “na,” “we merge to the outer world.”30

25.8.5  THE NASAL CAVITY

With consonants, in some cases, the lips are closed, forcing the exhaled air through the nose. Video 

reveals that air exhaled through the nasal cavities during vocalization is also spiraled. Voicing the con-

sonant “m,” for example, completely closes the lips. All air is forced through both nasal cavities, creating 

two vortex jets (Figure 25.8). Due to the lack of flexibility and articulator muscles like those contained 

in the oral cavity, the nasal cavity spirals its airflow with the shape and position of the nasal turbinates.30

The effect of nasal turbinates is to increase the contact surface area for air to warm and humidify 

as it is inhaled through the nasal cavity. The concha bones themselves are spiral shaped. This fur-

ther increases the surface area but also spins the air flow into vortices. Vortical flow results in tur-

bulence, allowing more vigorous contact with the mucosal walls, slowing due to the chaotic nature 

of the flow, and increased time for air mixing and filtering before it enters further into the body 

through the respiratory tract31 (Figure 25.9).

Let’s recall that Zinke and Maintier have demonstrated that exhaled air (speech) is spiraled. But 

why would air need mixing on its way out of the body? In answering this question, we refer back to 

Maintier’s work which has shown us the true “gesture like nature of speech sound.”

25.8.6  SPEECH IS GESTURE

As the video tracking shows, these “external phonatory disturbances” are continually transforming 

vortices, forever unfolding, even as they dissolve away into the open atmosphere.8 Whether speech 

https://www.youtube.com
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exits the mouth or the nares, it is vortexed; it gestures as it leaves the body. The boundless realm of 

ether receives the spiraling speech forms and absorbs them as they fade and then disappear from our 

visible and audible spectrums. Butthey still exist in the effects they create.

Air is the medium on which the arrow of speech soars. Our ears are the target. When we say 

something, we have a reason to be heard. We have a target audience, a target purpose. Speech 

is gesture; it is sound actualizing. As it enters the atmosphere it begins the actual formative 

process of creating what we say. But how? As we have already discussed, the language of the 

universe is vibration, motion. The language between human beings is vibration with gesture, 

the vortex.

25.9  THE VORTEX – A PHENOMENON OF NATURE

The vortex is a natural phenomenon found in all of nature. It has no mass and consists entirely of 

energy – it is pure motion. Vortices themselves are invisible, but we can see their motion in nature’s 

fluid mediums. In physics, simply put, fluids are defined as substances that cannot stop flowing 

against an applied external force. Fluids are liquids, gases and plasmas.

Vortices are the result of contrast. They occur when two or more fluid mediums of differing 

make-up, quality or behavior meet. The purpose of the vortex is to buffer opposing forces until 

there is harmony amongst the elements. Both “pools of substance” are changed in the mixing, 

even if only a little bit. And in a world that pretty much is contrast, the purpose of the vortex 

is to integrate.32

We see vortices in water when a mountain stream flows into a lake of dissimilar composition. 

We see them in air as winds of varying pressure and temperature collide. We can see vortices in the 

fluids and particles that they displace, such as the dust and debris of a tornado and the star dust and 

interstellar gases that reveal the spiraling formation of galaxies.

In my own words, the vortex is the great integrator of life. It creates the turbulent chaotic state 

necessary for allotting sufficient space-time for all mixing parties of various composition to agree, 

or at least compromise. It is the peacemaker between all that is.

FIGURE 25.9 In a computed tomography front view cross section of a normal nose, notice the spiral shaped 

conchae. (Image obtained and modified for resolution quality from Wikimedia Commons contributors, “File  : 

Norm  alNos  e -CT-  Front  -cros  s -sec  tion-  commo  n  -wik  i .jpg ,” Wikimedia Commons, the free media repository, 

https://commons .wikimedia .org /w /index .php ?title =File :NormalNose -CT -Front -cross -section -common -wiki 

.jpg &oldid =487315137 (accessed March 10, 2021).)

https://commons.wikimedia.org
https://commons.wikimedia.org
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How does this relate to speech? Speech “exists solely in the element of air,” which is the element 

that connects all terrestrial things on earth. Air is a fluid medium and behaves as such, forming 

vortices as it blends. Likewise, the speech carried on that air follows the same laws of fluid dynam-

ics in nature – it spirals. We see the great integrator at work with the human voice just as it is with 

everything else. Only this time, we are integrating sound gestures that carry deliberate intent and 

the power to create.

Air is the medium on which the arrow of speech soars.

Speech is the medium on which the arrow of intent soars.

Speech is the carrier of change. Just as a small body of streaming of water forms a vortex as it 

meets a larger one, so do our words as they flow into the open atmosphere. Our words fulfill them-

selves as blooming vortices to alchemize with all that is around them. They blend with the words 

and intentions of all other humans, to ultimately rest on one collective reality. It is likely that each 

speaker’s words change the collective whole to a small degree and their own personal experience 

to a larger degree.

The power of the word is buffered in its degree of materialization. What we say will be mani-

fested only to the extent allowed by an intelligence much greater than our own. When we speak 

meaning and intention that emits a vibration in close proximity to that of nature, the tangible 

results of our desires seem easier and greater. There is less opposition between the two mixing 

substances.

Although weather and galaxies can eventually agree, unfortunately, it seems, humans cannot. 

But we cannot hurt ourselves too much … not immediately, anyway. Our words, no matter what 

their intention, are buffered in their blending before coming to fruition with the current state of 

perceived reality of the collective human consciousness. Thus, we can thank our lucky stars for this 

great buffering system that even protects us from ourselves.

Not only that, but the respiration required for voicing anything insists that we oxygenate our 

blood. Whether in the act of voicing empathy or antipathy, it is required that we vitalize our bod-

ies with oxygen at the same time. Thus, even voicing negative gestures sustains our own lives. 

Thankfully we will feel the dissonance of these two contradictory events, and the worst harm is 

done to ourselves.

Voicing anything also contributes to the wellbeing of other life forms, as those gestures are 

carried on the carbon dioxide we exhale as a product of speech. Even negative words offer vital 

nutrients to other beings on earth with which we are in symbiotic relationship via gas exchange. 

No matter what we say or do, we must breathe. No matter how hard we try we cannot be all bad, 

because the very fact that we live requires that we harmonize with the natural world.

25.10  THE CREATIVE POWER OF SPEECH IN ANCIENT ARTWORK

Support for the notion that spoken words become our reality is seen not only in their formation of 

vortical gestures but in the great complexity of them. The great work of Zinke and Maintier has 

shown us that the variations between even just voiced syllables show vast, yet uniquely identifying, 

changes in their aerodynamic behaviors and three-dimensional shape formations. Even a simple 

syllable knows what it is! And it becomes itself as it is voiced. It is added to the collective reality of 

life experience on earth and perhaps even within the whole universe.

It seems that ancient cultures already knew this. The spiral is seen throughout ancient drawings, 

sculptures and even enormous works of architecture across the globe. Ancient civilizations on every 

continent have left evidence of their knowledge of the significance of the vortex. And they took 

great effort in displaying this wisdom in the form of art and architecture. Was this because, like 

speech, all artistic expressions have the power to manifest? Or was it because they somehow knew 

that humanity would turn, would forget the power of their own being?
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Figure 25.10 shows the Romanesque capital in the church of Oberstenfeld. It shows the creation 

of life forms and sustenance with speech. I came across this picture in Theodor Schwenk’s book 

Sensitive Chaos and in Serge Maintier’s video. I use it again here because it literally shows the 

manifesting power of speech. The ancients knew this before Rudolf Steiner himself spoke of it and 

before Zinke and Maintier validated it. This surviving artwork supports their findings, hundreds or 

even thousands of years later.

Figure 25.11 is an image of the Vézelay Marie-madeleine South Nave capital showing “The 

Spirits of the Four Winds” using antique bellows to blow creation into being. Wind, the element of 

air, was used to create and to connect heaven and earth. A further look into the symbolism on one 

face of the architecture shows one human clothed and the other naked, indicating transformation.33

The ancients portrayed the power of speech in their art. There is also an art to speech. Its craft is 

in its precision. Its precision intensifies power. Just as a laser is condensed light, spoken words are 

condensed commands. We can choose our words, organize them and vary their content to thought-

fully craft the architecture of our own lives. Wouldn’t all forms of art allow us to do this? Is it possible 

that the artistic expression of the human being in any form is a means through which we manifest?

Our vocal tracts are instruments that can be played to create anything we choose. If we have the 

power within us to have such great effects with just syllables, then what about with words? Sentences? 

Stories? And how does this change with intention and emotion? The power of the word can cultivate 

unity or it can create war. All wars begin with words. They begin with a simple exchange of words 

between parties that do not agree. And then further exchange of words can create insults, anger, 

threats. We can use our words in any way we wish. Human beings have conscious choice. We can 

premeditate what we want and then create it. Even if we don’t agree we can create balance. I don’t 

think we’re even supposed to agree! We have all heard the well-known philosophy of many ancient 

sages that the whole purpose of our life experience is to learn how to come together in tolerance and 

compromise. As in the natural selection and mixing of genetic pools biologically, the greater the 

variation between the individuals compromising to create one community, the greater its collective 

intelligence. The greater its potential.

FIGURE 25.10 Time stamp 1:08:45. The “spirits of the four corners of the earth,” Romanesque capital in 

the church of Oberstenfeld. Image from https://www .youtube .com /watch ?v =i6eFtohBEWA (From Maintier, 

S., Accompanying video to Speech, invisible creation in the air.)

https://www.youtube.com
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25.11  THE SENSORY CYCLE

Earlier in the chapter we discussed human hearing and speech development both in utero and dur-

ing infancy. In researching this process something quite extraordinary occurred to me. This highly 

resembles an ancient and very sacred “call and response” type of healing practice known as kirtan 

(which we will discuss later in the chapter). Speech learning in infancy is a form of kirtan. It is the 

first kirtan, for which we are preparing to participate even before birth.

To me, this demonstrates a genetically prioritized sensory cycle between hearing and speech. 

Embryogenesis determines that both hearing something and speaking it are controlled by the exact 

same nerve bundle. More specifically, hearing our own speech is the only means by which we can 

assess its quality. As infants we must self-assess our own speech in order to mimic auditory targets 

to learn language and perfect the accuracy of our speech. As adults we must self-assess our own 

speech in order to improve not its accuracy but its content. It is the content of our speech that reflects 

its intention, which then reveals our state of mental and emotional health.

25.11.1  THE MIRROR OF THE SOUL

Through voice, our thoughts are manifested into physical waves and spirals that apply force to all 

ear drums within audible range. These vibrations ultimately end up as perceptions in the brain that 

affect emotions and may even cause others to react. What we say actually vibrates a physical part of 

someone else’s body. What we say must be self-assessed, as we have such great power to potentially 

affect all that is around us.

Sensing our own voice allows us to “see” ourselves, moment to moment, through what we 

say. Once voiced aloud, the impact of our words can become stark, and oftentimes, we regret 

what we say. Speech has great power in intention, yet it is ethereal and can be instantaneously 

corrected. In the form of speech, then, sound becomes our truest and most malleable mirror. 

It becomes the mirror that reflects back to us the image of our own intentions. Speech is the 

mirror of the soul.

FIGURE 25.11 “The Spirits of the Four Winds” at Vézelay Marie-madeleine South Nave capital. “The Four 

Cardinal Points” represented gateways between man and the heavens, where the Winds could enter man’s 

world. (Image used with kind permission from https://compostela .co .uk /symbols /vezelay -spirits -four -winds/

https://compostela.co.uk


493The Human Body: A Biological Sound Healing Instrument 

Through our speech, we can receive wisdom from higher sources. Have you ever really under-

stood or realized something only after you have voiced it to someone else or an audience? The popu-

lar notion that teaching something helps us to learn it is true. It is because when we say something 

aloud, we can “see” it. When lecturing to an audience about a subject that inspires us, we sometimes 

spontaneously incorporate brand new information right there in the moment. This knowledge is 

coming from a higher source, channeled to us via the open doors that we create through inspired 

action. And it’s not just speech through which we channel. It can be done through any form of 

inspired art. But it is the sound we produce that allows us to hear ourselves. We can then access 

the most receptive sensory cycle organ, the ear, poised perfectly to reflect our innermost state of 

wellbeing.

25.12  THE EAR

Although not involved in sound production, the ear is involved in sound perception and interpreta-

tion. Primitively, the ear is one of the most delicate yet crucial sensory organs necessary for human 

(and land-dwelling vertebrate) survival. This is evident, at least in part, from its highly protected 

and hidden location. As we voyage through the three main compartments of the ear we retreat 

further and further away from the outer world towards the center of the cranium, where its most 

sensitive parts are encased in the hardest bone found in the human body.34

Dr. Maintier describes three routes of “dialogue between the ear and larynx,” ways in which our 

own voices come back to us. Our voice travels to our own ears via air directly from mouth to ear and 

after it has been modified by the surrounding environment on its way to our ears. Vocal vibrations 

are also conducted from their source at the vocal cords directly through the bones of the skull8 to the 

cochlea via the otic capsule (the bony labyrinth) of the inner ear.35 Figure 25.12 shows a schematic 

of the outer, middle and inner ear.

25.12.1  THE EXTERNAL EAR

In sensing our own sound, the spiraling air forms of speech are introduced to the ear via another 

spiral – the inward spiral of the auricle. Again, the mirror – the resting inward spiral – receives its 

mirror image, the vortexing outward spiral. Stillness receives motion. Even in life experience, quiet 

perception receives answers.

The auricle of the external ear funnels sound waves into the external auditory canal, where 

they are oriented to “hit” the ear drum/tympanic membrane (TM) at right angles (so that sounds 

retain their relative frequencies).36 This causes the TM to vibrate, thereby starting a chain reaction 

of transmission through various mediums that carry the sound waves on a “journey through the 

elements.”32

Let’s now take that journey to discover how the human body converts airborne sound waves 

into brain perceptions. It does this by first amplifying the wave’s force, but only to break it in the 

cochlea, thereby sending it on a succession of transduction events which end up as nerve impulses 

to the brain that affect our interpretation and impressions of the environment around us.

25.12.2  THE MIDDLE EAR

Via the TM the pressure waves are passed from air to the bones in the middle ear. Here, we see 

the conversion of wave energy to mechanical energy. The main goal of the middle ear is to provide 

“impedance transference”36 of the sound waves, which matches each sound wave’s pressure with the 

increased force needed to transition it from air to the denser fluid/membrane medium of the inner 

ear. The vibrations are amplified as they are passed along a chain of ossicles, the malleus, incus 

and stapes, that act as “mechanical levers” to increase and concentrate the wave energy.34 There is 

also an increase in acoustic energy as the pressure waves travel from the large TM to the stapes 
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footplate that contacts the small oval window.36 The decrease in area between the TM and the oval 

window increases wave pressure, contributing to the increased force needed to match each specific 

frequency as it passes into the fluid environment of the cochlea.

25.12.3  THE INNER EAR

The inner ear is comprised of a bony labyrinth that houses the organs of hearing and balance, the 

cochlea and vestibular apparatus. Together, they reside in a membranous labyrinth that floats inside 

the bony one. Just as the brain and spinal cord are protected within the buoyant fluid environment 

of CSF, so is the endolymph filled membranous labyrinth as it floats within the liquid perilymph of 

the bony labyrinth.37 The perilymph communicates directly38 and the endolymph indirectly39 with 

the CSF. In this way the inner ear brings the soul’s reflection of sound deep within the cranium to be 

gazed upon by the most intimate parts of ourselves – the central nervous system.

The cochlea is a conical fluid-filled cavity within the bony labyrinth that contains the sensory 

organ for hearing (the organ of Corti). Its job is to convert the altered sound waves delivered by the 

ear ossicles into electrical energy to be transmitted as nerve impulses via the auditory nerve to the 

brain. The cochlea consists of three liquid compartments running in parallel, all coiling together, 

FIGURE 25.12 Schematic of the outer, middle and inner ear; cochlea and vestibular apparatus. (Image 

modified for resolution optimization from original source: Wikimedia Commons contributors, “File:Blausen 

0329 EarAnatomy InternalEar .pn g,” Wikimedia Commons, the free media repository, https://commons .wiki-

media .org /w /index .php ?title =File :Blausen _0329 _EarAnatomy _InternalEar .png &oldid =501289841 (accessed 

March 10, 2021).)

https://commons.wikimedia.org
https://commons.wikimedia.org
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forming a spiral of about 2.5 turns (in humans).34 The two perilymph-filled chambers, the scala 

vestibuli and scala tympani, are divided by the endolymph-filled scala media flowing between them 

(see Figure 25.13) The ionic composition of each pool of fluid varies, the endolymph-filled scala 

media being very high in potassium and the perilymph high in sodium.40

The organ of Corti comprises specialized sensory epithelia consisting of outer and inner sen-

sory hair cells situated along the length of the basilar membrane, a dividing barrier between the 

endolymph and perilymph compartments, as shown in Figure 25.13. Each hair cell has stereo-

cilia embedded at its apex that project into and are bathed in the potassium-rich endolymph of the 

scala media.41 The stereocilia project upward and close to, but not touching, the overlying tectorial 

membrane.

Through the oval window, which sits at the base of the cochlea, mechanical vibrations from the 

middle ear enter the scala vestibuli and propagate as traveling waves along the basilar membrane 

of the cochlea, from its base toward its apex.40 Each wave “breaks” at a place along the cochlea 

that corresponds with its wavelength (frequency). The cochlea is frequency mapped so that high-

pitched sounds that have shorter wavelengths break at the base of the cochlea, shortly after they 

enter the perilymph. Low-pitched sounds with longer wavelengths travel further and break closer 

to the apex.37

The outer sensory cells of the organ of Corti are disturbed at the point at which the wave breaks 

along the basilar membrane, thereby opening pores and exposing them to the high-potassium envi-

ronment of the endolymph above them. The potassium-rich endolymph has high positive electri-

cal potential42 which depolarizes the cells. The outer cells muscle contract towards the inner cell 

hair cells, and due to the wave break elevating them, their stereocilia touch and move the tectorial 

FIGURE 25.13 Cross section of the cochlea, which shows the three fluid compartments and the organ of 

Corti. (Image modified for resolution quality from Wikimedia Commons contributors, “File :Cochlea -cross-

section . svg,” Wikimedia Commons, the free media repository, https://commons .wikimedia .org /w /index .php 

?title =File :Cochlea -crosssection .svg &oldid =510916813 (accessed March 10, 2021).)

https://commons.wikimedia.org
https://commons.wikimedia.org
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membrane. Through the endolymph, this force is passed to the inner hair cells, disturbing and depo-

larizing them as well.37 This causes the release of neurotransmitters which trigger action potentials 

in the auditory nerve.41

If we glimpse a bird’s eye view of this “journey through the elements” we can see the energy 

transduction from sound waves in air, to mechanical energy via osseous levers in the middle ear, 

to fluid traveling waves, to muscle contraction and electrical energy in the inner ear, and finally, to 

nerve action potentials that travel to the brain. As beautifully portrayed by Theodor Schwenk in his 

book Sensitive Chaos, “The passage into the cavity of the inner ear is like a journey through the 

elements, from air via the solid medium to the liquid, and every form on the way reveals its origin 

in the archetypal movement of fluids.”32

25.12.4  THE VESTIBULAR SYSTEM

The vestibular system senses head movement and acceleration via two types of end organs, the cris-

tae and maculae, respectively. The membranous vestibule consists of three fluid-filled semicircular 

canals, a utricle and a saccule, all housed together with the cochlea within the bony labyrinth of 

the inner ear. Head rotation in various planes of motion is sensed by the cristae located within the 

ampulla of the semicircular canals. Acceleration along various axes of motion is detected by the 

maculae, also known as the otolith organs, which are located in the utricle and saccule. The utricle 

and saccule are housed in the bony recesses that separate the vestibule from the cochlea.40 (See 

Figure 25.12.)

Why are the sensory organs of hearing and movement housed together? Both the cristae and 

maculae are specialized sensory epithelia that contain hair cells similar to those found in the 

cochlea.40 The hair cells of the vestibular system sense body motion, whereas the hair cells of the 

cochlea sense wave motion. In my thinking, the common denominator here is movement. They 

develop and evolve together because they are both sensing motion. And since everything in the 

universe is motion (vibration), then this sensory ability is of the utmost importance. The vestibular 

apparatus senses motion of the head – movement originating within the body. The cochlea senses 

vibrations in the form of sound waves originating outside the body.

25.13  VOICE AS A HEALING INSTRUMENT

Now that you see how the expressed air forms of speech sound affect us from without and all that is 

around us, let us explore how we can harness the power of voice to affect and heal us within.

Since ancient times, the power of voice has been utilized for purposes way more expansive than 

inter-human communication. It is true that voice is the root of language, the glue between cultures. 

However, the human voice may also be used as a self-healing musical instrument.

It is even theorized that early man’s first spoken language was sung, and it mimicked the sounds 

of nature. More evidence can simply be observed in children, who oftentimes instinctively sing their 

sentences and move their bodies in playful (or agitated) romping rhythms in sync with the melody of 

their mood.43 Music is instinctively expressed through our every motion at every turn. As Wallace 

Stevens writes in his poem “Life Is Motion,” our body’s movements and actions become our dance 

with life, our “marriage between air and flesh.”44 Withal, our body’s voice becomes our song of life, 

our marriage between air and self-expression.

Most, if not all, ancient cultures such as Hindu, Tibetan, Chinese, Sumerian, African, Egyptian 

and others, practiced some form of self-healing with voice. Although not performed as widely 

among the human race as in ancient times, these practices are still utilized throughout the world 

today. In addition to speaking with kindness and purpose, ways to heal through voice include 

practices such as tonal singing, mantra and direct vibration through body tissues. These prac-

tices bring dormant or passive forces of healing already present within us to the forefront of our 

consciousness.
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25.13.1  THE CHAKRAS AND AURAS – THE BODY’S ENERGY TEMPLATE

The body’s physical topography is paralleled by a vibrational (energy) template. This template is 

structured with seven main energy centers, or chakras, positioned adjacent to corresponding endo-

crine glands and organs.45–47 Chakras are vortical energy channels that filter energy flow to and 

from the outside environment, encouraging balance among the body, the earthly environment and 

the heavens or spirit world.46 Just like all vortices in nature, chakras serve to integrate. They occur 

when two substances of varying quality meet. Chakras form in response to the contrast between our 

bodies and the outside environment, whether earthly or spiritual. They also create balance among 

the various energy layers of the body’s aura.47 Each chakra is the vibrational equivalent of its syn-

onymous physical body parts and functions.45, 46 Figure 25.14  shows the location and vortical shape 

of the seven chakras.

The human aura is also called the human energy field or subtle energy body.45, 47 All living 

beings have auras that enclose the physical body. They are created by the totality of energy emitted 

from the whole being. It has also been postulated the other way around, that the physical body is the 

result of energy condensation of the original spiritual layers of being. In the books Hands of Light 

by Barbara Brennan and The Book of Chakras by Ambika Wauters, the human aura is described as 

consisting of seven layers of various energy bodies. Each body exists within a plane of energy that 

is encased by the one above it. Each has defining qualities and purpose, and each corresponds to a 

particular chakra.46, 47

FIGURE 25.14 Chakra anatomy showing the shape and location of the seven main chakras of the human 

body.
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FIGURE 25.15 Aura anatomy showing the location and the seven layers of human auras.

The seven auric layers are depicted in Figure 25.15, although they are named differently accord-

ing to various sources. Table 25.2 identifies the endocrine glands, emotional aspects and body physi-

ology as they correlate with the seven chakras and auric layers. The state of health and wellbeing 

of the body is reflected in the quality of the aura and can now be photographed and diagnosed with 

Kirlian photography.48

Table 25.2 shows the seven auras and their associated chakras, emotions, endocrine glands, phys-

iology and musical tone.45–47

Chakras are of great importance to our physical, emotional, mental and spiritual health. On a 

physical level, when they are activated, they are capable of triggering hormone release from their 

corresponding endocrine glands. Endocrine glands are ductless; hence, they secrete hormones 
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directly into the bloodstream, thereby affecting our physical and emotional health quite quickly. 

Chakras also work to affect us spiritually, as the emotional aspects of each connect us with our own 

karmic lessons and life purpose.

The vibration of each chakra resonates at a frequency that can also be represented by musical 

tone; therefore, one powerful way to access and awaken chakras is through voice. We can do this 

by simply singing along to songs we love, by voicing a chakra’s specific musical tone and/or its 

meaning with sacred words. Doing this initiates a vibrational force using a physical body part – the 

vocal cords. The gesture of voice once again demonstrates itself as a bridge between the physical 

and energy bodies, allowing them to communicate and harmonize.

25.13.2  VOCAL TONING

Vocal toning is voicing or humming in harmony with sacred musical scales, or simply sustaining 

any note that feels good in the body. The vibration of the vocal cords resonates the power of those 

vibrational frequencies through your body and activates the corresponding chakras. Vocal toning 

also physically resonates vibration into the cranium via bone conduction.49 Direct vibration though 

the facial bones resonates to all other articulating cranial bones and to their soft tissue attachments, 

including the dura and brain.

Vocal cords vibrate the nasal bones most strongly, according to recent literature.49 Vibration is 

then transferred from the nasal bones to the ethmoid and then to the sphenoid bone, within which 

the pituitary gland sits. This results in activation of the pituitary gland itself, thus stimulating hor-

mone release that affects growth, metabolism, thyroid function, cardiovascular and sexual health 

and health during lactation and pregnancy. When voice is used with good intention, such as for 

kindness to others or self-healing, pituitary function is affected positively, encouraging a healthy 

balance of all body systems involved.

As resonance continues, the pineal gland is activated, affecting melatonin production and circa-

dian and seasonal body rhythms. It resonates the vibration through the chest, opening up the heart 

and lungs. It sends vibrations into the spine, aligning posture and straightening our bodies to allow 

room for proper organ function, blood flow and lymphatic drainage. And when the sacred tones 

access our spirit, emotional healing parallels that of the physical. Sometimes this comes in the form 

of sorrow or grief, as the contrast between where we are and where we should be is revealed. But 

this pain is brief and very much worth the effort.

25.13.3  MANTRA

Other types of voice healing include mantra and kirtan, which involve chanting sacred words. 

Mantra is the utterance of sacred words or groups of words that produce spiritual awakening. Kirtan 

TABLE 25.2

Auras and Chakras

Aura 

(Brennan) Chakra Emotion

Endocrine 

Gland Body Systems Note

Etheric Root Trust Adrenals Spine, kidneys C

Emotional Sacral Creativity Gonads Reproductive system D

Mental Solar Plexus Power Wisdom Pancreas Gastrointestinal/CNS E

Astral Heart Love, Healing Thymus Cardiac/circulatory, CNS F

Etheric Throat Communication Thyroid Vocal/respiratory tract G

Celestial Third Eye Awareness Pituitary Ears/nose, left eye, lower brain A

Ketheric Crown Spirituality Pineal Right eye, upper brain B
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is the act of chanting a mantra that is then repeated or “answered” by another person or group of 

people. It is a call and response approach, which heightens the collective spiritual awakening of the 

group.50

There are many types of mantra, such as Bija (seed), Saguna (with form) and Nirguna (without 

form). For example, Bija Mantra in particular is the “seed mantra.” It consists of “one-syllable seed 

sounds” that when spoken aloud, with discipline and in repetition, create sound vibrations that reso-

nate through the body and empower various aspects of the soul.51 The combination of each word’s 

meaning, articulation and tone is divinely matched to create a harmony that awakens certain core 

energy centers in the body. When spoken in certain ordered sequences, they become even more 

specific and powerful.

Chanting mantras activates the sacred seeds within us, allowing us to express them in whichever 

way exemplifies our own truth. Although we may all chant the same seed sounds, they blossom dif-

ferently within each of us, creating infinite flavors of expression of self-awareness and truth.

Here are the Bija seed sounds, pronunciations, associated chakras51 and meanings:

LAM (LUM) for the earth chakra (1) – Red – Root Chakra – I am.

VAM (VUM) for the water chakra (2) – Orange – Sacral Chakra – I feel.

RAM (RUM) for the fire chakra (3) – Yellow – Solar Plexus Chakra – I do.

YAM (YUM) for the heart chakra (4) – Green – Heart Chakra – I love.

HAM (HUM) for the throat chakra (5) – Blue – Throat Chakra – I speak.

AUM (OM) for the third eye (6) – Indigo – Third Eye Chakra – I see.

Silence, AH, OM for the crown chakra (7) – White light/Violet – Crown Chakra – I heal.

When matched with the divine tone of its chakra (Table 25.2), the seed sound becomes more precise 

in its healing. For example, voicing the word “LUM” in a C note aligns vocal cord vibrations with 

the root chakra in both seed meaning and tone. You can voice any tone, but voicing a C with LUM 

will add more precision to the vibrational effect.

Similarly to when infants learn to speak, we adults learn to speak new words when we chant 

mantra. Mantra includes the added task of voicing the musical tone with the word, which adds 

another dimension of brain function to the challenge. Both hearing and voicing svaras in tones that 

we have never voiced before triggers the brain to develop new auditory targets. Auditory targets are 

instinctively and automatically developed during infancy. When the adult brain attempts to establish 

new auditory targets, brain function that is merely a remnant of our infancy is reawakened and put 

back to work.

Healing through vocal vibrations is a perfect representation of what my dear mentor and friend, 

Dr. John Beaulieu, ND, PhD, once told me in conversation. “When you think vibrationally and then 

act on it with discipline, you open the doorway to new possibilities.” This is exactly what is happen-

ing here. Our intention is to use voice as the vibrational force to heal and integrate body, mind and 

soul. Then, we act in discipline by taking the time and effort to sit with intention to harmonize our 

breathing with the correct sounds, sequences and melodies, in combination with positive intentions, 

to produce a deliberate healing effect.

25.14  ALANKAR – MY PERSONAL EXPERIENCE WITH 
SOUND HEALING THROUGH VOICE

During my quest for research on the healing power of voice and speech sound, I came across 

an Indian “voice yoga” teacher, Lakshmi Santra, who teaches a type of the vocal healing called 

Alankar.

Alankar is an ancient Indian practice that, like Bija Mantra, voices sacred words with intent 

and correct tone. Alankara literally means “adornment” or “decoration.” Alankar is the personal 

creative process of decorating or embellishing a piece of music or musical genre based on ancient 
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Indian principles and classical music. Alankars are composed of a succession of svaras, words that 

designate and hold a particular note on a musical scale.52

Like Bija, in Alankar there are seven words that each hold one of the seven core soul mean-

ings. Although there are few words, the effect of each sound may vary greatly in response to even 

subtle changes in word order, intention, strength and evenness of the tone, allowing the nuance of 

each svara and alankar to change without limit. Although there is slight variation among different 

regions of India, the words, pronunciations, musical notes and meanings are as follows:52

SA – (Sah) – C – self, meditation, it holds the energy of all the notes

RE – (Ray) – D♭ – practice

GA – (Gah) – E♭ – deepness

MA – (Mah) – F – sweetness

PA – (Pah) – G – purity

DHA – (Dha) – A♭ – patience

NI – (Nee) – B♭ – continuation, action

My intention was to immerse myself in the practice of mantra as a form of research for my book. 

My initial expectation was to learn about the practice and to truly feel the healing power of voice. 

Through this immersion I would gain the experience needed in order to write about it authentically. 

Suffice it to say I did gain all of that. But much to my surprise, I gained much more.

When I began training with Lakshmi I just so happened to be going through a very difficult time 

in my life. We started easy, with only the first three or four svaras. But voicing them on pitch with 

a strong nonwavering voice was more difficult than I had anticipated. At first, I found myself out 

of breath quite easily. However, as the hour-long session progressed, I was able to harmonize the 

movement between my diaphragm, breath and vocal cords. I completed the first session with obvi-

ous improvement. To my delight, after that session, I had an easier time hitting higher pitches with 

songs I sing at home, playing my guitar. My breathing expanded; I felt clear and energized.

During my second session, I was tasked with voicing all of the svaras. Lakshmi progressed 

quickly up the entire scale, hitting very high notes, some of them in half tones. With repetition, 

my voice finally responded wonderfully by opening and allowing me to hit the notes on pitch. 

Everything seemed to be going well.

As I continued to repeat the higher Alankars, I suddenly felt a terrible sensation slowly welling 

up in my left chest, near my heart. It was very stark and localized. It had shape and color. I felt 

death, terror, panic. It felt inevitable. I had had a short history of panic attacks previously in my life 

for other reasons, but I had never felt anything so despairing, especially while I was engaged in a 

beautiful healing practice. But there it was, welling up to the point where I could no longer even 

take a breath, let alone use my voice. I didn't know how to exist with the feeling, it was so intense. 

I wanted to run away from it, but I couldn’t – it was within me. It was the most intense sensation of 

emotional pain that I had ever experienced in my conscious adult life.

Lakshmi kept chanting, expecting me to repeat her string of sacred singing, but I was sud-

denly immobilized. My voice, my breath – it just stopped. I began shaking and started to softly 

cry. Lakshmi stopped too, turned off the music and said in her sweet Indian accent, “ok, you 

talk to me.”

I could barely utter words of explanation, but they somehow spilled out of me in weak, choppy 

phrases. I didn’t need to say much, which was a surprise to me. I didn’t need to go on about the 

dramatic specifics that defined my seemingly awful situation. Somehow, right then, I only needed 

to utter enough words to form the skeleton of it all – just the bones. The stuff between the bones, the 

“spaghetti” that filled it all in, was unnecessary.

Lakshmi listened. I had never felt so completely understood with so few words. I discovered 

something in that moment – something that I never could have learned from any reference book or 

research paper. In order to allow this healing process to become fully activated within me, I needed 
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to speak in my own native language (English) only the words that paralleled the sacred Hindu ones 

that had just opened my soul. Nothing more.

We don’t ever really need to say too much, considering that there are a mere seven sacred core 

essences that completely define the meaning of all that exists. We need not get wrapped up in details 

or take things too seriously. There is great healing in simplification.

You could take any complicated scenario in life and boil it all down to one of these seven core 

principles of existence. When we chant these words in sequences, in repetition, we are calling all 

of the messed-up circumstances in our lives to simplify to one word, one meaning, that defines its 

soul lesson, the laser point version of the whole complicated story. We have exposed the problem’s 

true identity and thus, inactivated its power. The key has found its door. The door then swings free 

of its dead bolt and instantaneously unleashes emotions that cleanse the soul. This was the intense 

pain I felt during my session with Lakshmi. Chanting the words unlocked areas of energy block in 

my body that had been holding on to emotional pain for many years. But, how?

As mentioned earlier, each word in Alankar is paired with a musical tone – it is a svara. We 

must say the word in perfect pitch. Some of these tones are flat notes, or half tones, that are not 

typically used in spoken language and not typically voiced in song in these particular sequences. 

At first, my voice had difficulty finding the flat notes. Interestingly, at first, I even had trouble hear-

ing them! I had never experienced this, even though I am an amateur musician and a somewhat 

talented singer.

My first sequence required voicing the flat note of “Re.” At first my “Res” were begun with a 

brief yodeling-like maneuver around the note before my voice could find it. But after many tries, I 

was hitting it right on pitch in sequence with the other tones. Success! But alas, Lakshmi moved fast 

up the musical scale to another half tone in a much higher pitch – more difficult. And then another, 

even higher. These were completely foreign to me.

My vocal cords had rarely, if ever, deliberately intended those vibrational frequencies. I had 

never consciously efforted towards voicing the half tones. These musical sequences are not intuitive 

from an artistic perspective like music that we listen to on the radio. It was awkward. It seemed 

almost forced. It required great focus and effort. As an active person who exercises regularly, I sur-

prisingly found my whole body getting fatigued.

When my voice finally hit the pitch of the high half tone, in combination with the specific svara, 

I felt a sensation in my vocal cords. It felt as if they were falling or “fitting” into something, like a 

puzzle piece that slips down into place as it finds its designated space in the puzzle. My vocal cords 

“fit” into that flat note. That note “hit” something within me. First, I felt surprise that my voice had 

found this new vibrational platform on which it could dwell. And now I could go there at will, since 

I now had the skill to find this note on my own. A new place for hanging out, a new space.

Then, I felt something welling up within my chest, behind my sternum. First pressure, then a 

slow expansion of emotional pain that I described earlier. Slow as it was, its intensity increased to 

the point of silencing me. I felt the connection between the musical note and the dis-ease within my 

body and spirit. I cannot name the dis-ease, but I can name the new perspectives of which I am now 

consciously aware. I remember the old ones and can even compare the two. I now see how certain 

old perspectives and beliefs were hurting me.

In Alankar each word is sanctified meaning. Each is the purest expression of its own voiced 

being. In my experience, when spoken in unison with its paired musical tone, the two become 

activated as one and work as an interdimensional key for unlocking energy blocks in the person 

who spoke it. When svaras are spoken in sequence, as in Alankar, this further adds variety and 

dimension to the healing potential. It reveals awareness of an aspect of one’s true self. This glimpse 

initiates both the discovery and healing of the defect, simultaneously.

Although there are relatively few core meanings in mantra practices, the number of sequences 

possible allow much variety and depth to cover the vast array of human dilemmas. For example, you 

may have heard the well-known concept that the entire array of human emotion stems from only two 

core emotions – love and fear. Love is truth. That which is not truth does not exist.
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Through this practice we are brought to the awareness that we are only ever voicing ourselves. 

Although we are all voicing the same syllables and notes, no two vocal tracts can produce exactly 

the same voice. Each voice differs in tone on levels that have never been explained by science. You 

may even recognize a family member or friend just by hearing their voice. I believe that each vocal 

tract produces the exact quality in tone that is needed to heal the human it belongs to. We are born 

with the means to heal ourselves. It is the going within, the healing of the self, that leads to the 

enlightenment of one’s own gifts, one’s own capacity to love, to trust, to tolerate, to forgive.

SOUND HEALING AND VIBRATION TRAINING AND LEARNING OPPORTUNITIES

Osteopathic Wellness, LLC

Raymond, Maine

Go to www .osteopathicwell .com for more information and to contact Dr. Higgins.
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Art in Medicine
Tapping into Creativity for 

Healing the Mind/Body

Susan Imholz and Judy Sachter

26.1  INTRODUCTION

A notable 2013 study showed that the activity of observing art work considered to be beautiful by the 

viewer generates the same brain cortical activity as being in love.1 Neuroscience is now validating 

the power of engagement with art activities as brain food2,3,4 in addition to experimental evidence of 

improved immune functioning, and enhanced physical and psychological health.5,6,7,8 This probably 

comes as no surprise; most of us consider a trip to a museum a form of relaxation, recreation, eye 

candy – it can also be exhilarating and inspiring. These activities also figure prominently in our (the 

authors’) model of mind. We are moving toward a model of mind body holism that is now informed 

by a finer understanding of biophysiology but at the same time, increasingly honors the mysteries of 

the power of symbolic thinking. It’s clear that evolving models of mind dictate the approach to and 

language of health and healing. Our selective review of mental models (see Figures 26.1 and 26.2) 

illustrates that metaphors for mind are cyclical.9 Periodically, the role of creativity and imagination 

is elevated in cultural discourse (i.e., Jung 1954, Vygotsky 1970, Gardner 1985).10,11,12 In our current 

time, advances in biophysiology dominate academic thinking and language for describing the mind. 

Choice of theory and language set the parameters of a clinical encounter. Therefore, we begin with a 

historical overview of our changing model of mind and its relationship to the integration of art and 

imagination into the healthcare encounter.

The authors’ qualifications for writing on the subject of art as elixir include three decades of 

work experience in cross-disciplinary product development and test-bed technology projects that 

aimed to integrate higher levels of creativity as a starting place for design. Additionally, we authored 

a book series on the use of technology in clinical practice, emphasizing the integration of new media 

research and collaboration across disciplines.13,14 Both authors are artists and former art teachers – a 
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Development of Metaphors of Mind 300A.D. – 20th Century 

Century: 400 – 300 B.C. 

Plato (429-347 B.C.).  Main 

contribution  is defining 

epistemology and 

philosophy as disciplines.  

His stance on perceived 

reality is limited; all we can 

know empirically is the 

essence of things, not  the 

ultimate reality of the world.

Century: 300 B.C.

Aristotle (384-322 B.C.) A 

member of Plato’s 

academy, started his own 

school, the Lyceum (334-

323 B.C.). Creates a 

hierarchy of ranking 

mental functions, 

introducing the first 

classification model which 

includes morality and 

aesthetics, logic and 

science, politics and 

metaphysics. 

Century: (4th Century A.D.)

Vasubandhu was a teacher 

of the Mahayana Buddhist 

tradition and the no-self 

doctrine;  this conception of

mind rejects a permanent 

manifestation of self to 

enable access to higher 

consciousness and 

enlightenment.

Century: 10th, Avicenna (d. 

1037); an Islamic scholar 

known for contributing 

subject/object distinctions 

in logic. Articulated “second 

intentions”, defined as the 

properties of concepts 

acquired when attaining 

knowledge of a particular 

subject.

Century: 16/17th, Thomas 

Hobbes (1588-1679); a 

founding member of the 

Royal Society of London.  

Articulated the differences 

between individual 

behavior and how people 

interact as groups. The 

group mind vs. individual 

Century: 16/17th, Rene 

Descartes (1596-1650).  

Best known for introducing 

what we call the mind/body 

split; proposing that there is 

a disjuncture between these 

two systems. 

Century: 17/18th, John 

Locke (1632-1704).  Locke 

is cited as the originator of 

modern conceptions of 

identity and the self, and 

first proposed the “tabula 

rasa” metaphor of mind as 

blank slate upon which 

experience writes the man. 

Century: 18/19th, 

Immanuel Kant (1724-

1804).  Kant is a central 

figure in modern 

philosophy and great 

synthesizer of early 

metaphysics, epistemology, 

ethics and philosophy; his 

ideas  bridge the 

“Enlightenment” and 

“Romantic” periods. 

Century: 19th, Charles 

Darwin (1802-1882).  

Darwin is one of the first 

true empirical scientists—

separating himself from the 

tradition of combining 

philosophy and religious 

belief with writings about 

evolution, and by extension, 

human development.

Century: 19/20th, Wilhelm 

Wundt (1832-1920).  

Known as the father of 

experimental psychology, 

Wundt was a laboratory 

psychologist who studied 

sensation and perception,  

he also argued for a non-

reductionist account of 

consciousness.

Century: 19/20th, William 

James (1842-1910).  Noted 

as the father of American 

psychology, James claimed 

to be an empiricist who 

also believed that “science 

is nothing but the finding 

of an analogy” which are 

fluxational.

Century: 19/20th, G. Stanley 

Hall (1844-1924).  Hall is 

known as the founder of the 

child study movement in the 

US, and for defining the 

discipline of educational 

psychology.

mind

FIGURE 26.1 Development of metaphors of mind from 300 AD to the twentieth century.
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Development of Metaphors of Mind 19 – 21st Century

Century: 19/20th, Sigmund 

Freud (1856-1939). Freud’s 

metaphors of mind were 

drawn from social & political 

life, mythology, hydraulics, 

anthropology and the natural 

world. Ego, ID, and superego

are his signature  conceptual 

contributions to the structure 

of mind.

Century: 19/20th, Emil 

Kraepelin (1856-1926).  

Kraepelin formed the first 

nosology system of mental 

illness that described and 

matched physical symptoms 

and brain functions with 

categories of mental 

disorders.  This system was 

widely used in hospitals and 

health care settings.

Century: 19/20th, Carl Jung 

(1875-1961).  Jung names 

psychological types (i.e., 

introvert, extrovert).  He 

differed from 

psychoanalytic colleagues 

by incorporating spiritual 

life and myth into theories 

of personality.  He originates 

and defines the theory of a 

collective unconscious. 

Century: 19/20th, James B. 

Watson (1878-1958).  Known 

as the father of human 

behaviorism, Watson applied 

Pavlov’s classical conditional 

protocols to infants (Little 

Albert), and showed that fear 

could be taught using 

associative 

stimulus/response 

conditioning. 

Century: 19/20th, Harry 

Stack Sullivan (1892-1949).  

Sullivan laid the 

groundwork for 

understanding he individual 

based on the network of 

relationships in which he or 

she is enmeshed in society; 

a sociometric 

understanding of 

personality.  

Century: 19/20th, Lev 

Vygotsky (1896-1934).  

Vygotsky theorized about the 

social basis of cognitive 

development (vs. biological) 

and contributed new 

perspectives on the role of 

social interaction and 

symbolic mediators in the 

acquisition of knowledge and 

culture. 

Century: 19/20th, Jean Piaget 

(1896-1980).  Considered the 

father of genetic 

epistemology, or a biological 

basis for cognitive 

development.  He also 

provided rich descriptive 

accounts of conceptual 

change in childhood.   

Century: 20th, B.F. Skinner 

(1904-1990).  Skinner is 

remembered for taking 

behaviorism (stimulus-

response learning--mind as 

table rasa) to the extreme; 

he is also known for using 

his own children in his  

experiments. 

Century: 20/21th, Albert 

Bandura (1925- ) Cited as 

the father of social cognitive 

theory; provides a more 

comprehensive overview of 

human cognition in the 

context of social learning and 

social mediators than 

previous cognitive theorists. 

Century:  20/21st , Marvin 

Minsky (1927-2016). Society  

of mind; mind is a product of 

a vast society of cognitive 

agents, each with their own 

purpose, language, methods, 

and knowledge base.  

Intelligence comes from the 

diversity of human 

experience. 

Century: 20/21st, Howard 

Gardner (1943- ).   

Authored texts on multiple 

intelligences; social, visual, 

mathematical, emotional--

elevating the role of 

creativity and imagination 

in human development. 

Century: 20/21st, Michael 

Gazzaniga (1939- ).  Cited as 

the father of the field of 

cognitive neuroscience, the 

study of the neural basis of 

mind. Studies cerebral 

lateralization and split-brain 

research

FIGURE 26.2 Development of metaphors of mind from the nineteenth to the twenty-first century.
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foundation that informs our thinking about software development and a design approach. We believe 

real transformation of professional disciplines is rooted in meaningful interactions between people 

with diverse expertise working side by side every day. We highly prize interdisciplinary dialogue 

and exchange, and were fortunate to have the opportunity to attend the MIT Media Lab as graduate 

students in its early years, where cross-disciplinary collaboration is well established, and where we 

learned to “see around corners.”

Our chapter is written in two parts; in Section 26.2, we examine how art and creativity have 

remained consistent features of models of mind over time – yet their importance eludes our full 

understanding. In Section 26.3, we report on new software and devices that embody our ideal 

design processes and involve creative participation on the part of the users. While broad in scope, 

the chapter suggests that creative design, creative collaboration, and creative expression underlie 

most worthy human accomplishments and are the driving forces behind both personal and cul-

tural development. If these activities lead us forward in our thinking and doing, then they are also 

powerful forces for self-healing that can’t be ignored. Our chapter content is limited to analysis of 

Western milestones. We acknowledge that the Indo-Asian traditions provide deep insight into the 

subjects of health, healing, and creativity, which we don’t address. We wanted to provide an infor-

mative and engaging narrative, with a wealth of citations for those interested in delving deeper into 

this subject matter.

26.2  ART AND CREATIVITY IN HISTORICAL PERSPECTIVE

The health centers of antiquity known as Greek asclepieia were ancient healing sanctuaries that 

embraced the arts, simple nutrition, guided meditation and dream interpretation in practice: A good 

starting place for citing the importance of creativity in healing.15,16,17 These activities are also offered 

in the best spas and recuperative centers across the world today.18 In other words, these activities 

have withstood the test of time as essential components of what constitutes a therapeutic healing 

environment. Our modern-day understanding of why they work is grounded in biophysiology, brain 

and neuroscience research.19,20,21,22,23 In ancient times, it was believed that the creative urge of the 

poet and the painter came from divine inspiration. Today, we have traded metaphors for the animat-

ing force behind creativity – without gaining greater clarity on its source.

We are educated to believe there is a firm correlation between the passage of time and what we 

call progress; however, a more nuanced understanding of where we came from reveals that written 

and oral history conceal as much as they preserve about our past. In Metaphors in the History of 

Psychology, David Leary (1990)9 observed that metaphors for mind are more than linguistic con-

ventions of their time – they are more fundamentally a form of thought having basic epistemological 

functions (p.1), and they play a vital role in shifts in thinking at the frontier of scientific exploration 

(p.347). As it relates to our subject of creativity for healing, an important anchor to our proceed-

ing discussion is noting when and where linguistic conventions of artists and scientists diverged in 

significant ways. From the time of Plato until the industrial revolution, analogy and metaphoric lan-

guage were acceptable in all forms of discourse. In the mid-1600s, the Royal Society of London for 

Improving Natural Knowledge decreed that scientists were to adopt “plain speaking” in conducting 

experiments and leave metaphor to poets and novelists (K. Gergen in Leary, p.268).24 So began the 

scientific method, or logical positivism. This divide marked the beginning of philosophical and 

linguistic tensions between artists and scientists that still exist today in the form of skepticism about 

ancient wisdom or old knowledge not born under a microscope or measuring stick. We may also 

peg the origin of technical rationality to these same circumstances, demonstrated by manufacturing 

and industrial growth in the 1700s. Here, we define technical rationality as a philosophy of instru-

mental problem solving made rigorous by the application of logical positivism (hereafter, scientific 

materialism) (Schön 1983, p.21).25

In summary, scientific materialism set in motion a competing cultural dialogue between ancient 

wisdom and philosophical teachings (all religious and esoteric traditions and philosophies preceding 
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the seventeenth century) and disciplines that emerged under its influence. Our ancient traditions are 

“the keepers of the magic”; creativity, symbolic thinking, semiotics, divergent thinking, intuition 

and the arts. Going forward, we will refer to this disposition as humanistic holism. On the other 

hand, scientific materialism values efficiency, technocentric thinking, convergent thinking, systems 

thinking, control systems and data. Going forward, we will be referring to this disposition as techni-

cal rationality. How these two forces coalesce and blend to form our future is an ongoing process. 

In turn, they are defining our models of mind and influence how we use creativity in our daily lives 

or for healing. What follows are several examples of how these two competing narratives have 

shaped professional activity and our ideas about creativity. We limit our review of models of mind 

to developments in the field of psychology and psychiatry over the past 150 years. Due to the con-

straints of writing a single chapter on this topic, we’ve had to compress our discussion to highlights. 

The challenge has honed our focus to research milestones and events that seem most relevant to 

future medical practice.

26.2.1  TURN OF THE CENTURY (NINETEENTH TO TWENTIETH)

At the turn of the nineteenth century, modern American psychologists were in step with the new 

lingua franca of logical positivism in Europe. In an early American Psychological Association pres-

idential address, Dr. James Cattell (1896)26 reportedly characterized his peers engaged in laboratory 

experiments as factory workers and fact gatherers – noting that laboratory work was “scarcely more 

stimulating than the routine of the factory or the farm” (Leary, p.21).9 In retrospect, historians did 

not think this was an inspiring view of psychology, remarking that nothing of significance came 

of fact finding in America during this period – no lasting theory in particular. However, Cattell’s 

comments reflected a radical new approach to the study of human nature by proxy – through ani-

mal studies and experiments. Inherent in this view was a deliberate avoidance of subjective philo-

sophical musings on the formation of human character from previous centuries. Then (and now), 

this break in the lineage of thought is rationalized by the need to exorcize religion from scientific 

exploration.

On the subject of art and creativity, there were major contributions from psychologists and psy-

chiatry in the making. For example, Otto Rank’s seminal book Art and Artist expounds upon the 

development and change in meaning of art-forms from similar changes in the idea of the soul from 

pre-history to the twentieth century (p.12).27 Rank’s cross-continental cultural analysis is inter-

twined with emerging theories of personality, which were the cutting edge of psychology in 1932, 

when the book was first published. From this point onward, academic research began focusing on 

the biological basis of creativity as a process situated within human cognitive growth, and in so 

doing, started down the path of reductionist thinking. There were many interdisciplinary thinkers 

and outliers to this trend who championed the belief that the whole is greater than the sum of its 

parts and who persisted in reminding us that history harbors a rich legacy on the healing powers of 

creativity; among them were Carl Jung,28 Jacob Moreno29 and Abraham Maslow.30 These authors 

remain relevant because of the complexity of their thinking and for our purposes, their unwilling-

ness to quarantine creative thought from human development as a process that is separate from 

personality growth.

Jung is recognized as one of the most original thinkers in the history of psychology today. In his 

time, he was admonished by his peers for deriving theory from clinical findings and mythic sources 

rather than empirical investigation.31 Jung is credited with devising the use of “active imagination” 

(inducing a meditative state wherein one calls forth images or fantasies from the unconscious mind 

for analysis) as a therapeutic technique. Jung’s Red Book (aka Liber Novus), published in 200932 (but 

created in the first decades of the twentieth century), is one of the most stunning examples of the use 

of mystic symbols and art making in psychoanalysis – his own. For Jung, as opposed to Freud, the 

journey of life became more interesting with maturity, or adulthood. In theory, Freud placed more 

emphasis upon the early stages of human development in forming character. Jung believed the goal 
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of maturity was to overcome the inadequacies of early life; additionally, he thought mature mental 

faculties were more suited to “the exercise of imagination” that constituted his analytic process.33

Jacob Moreno was the founder of the clinical psychotherapeutic practice of “psychodrama.” 

Moreno thought mankind’s ability to generate surplus realities (e.g., fantasy, harnessing imagina-

tion in the service of self-reflection, conflict resolution and self-actualization) was our most valuable 

mental ability. Of all his contemporaries, no one more than Moreno championed the power of cre-

ativity and spontaneity as therapeutic energies that could conquer all of life’s challenges if properly 

channeled. He never doubted the necessity of art and believed that artistic drive was a force that 

underlies all worthy human accomplishments, which was very unusual for a psychiatrist of his era. 

Moreno received his training as a physician at the University of Vienna, graduating in 1917, and 

conceived of psychodrama as the natural evolution of psychoanalysis.34, 35

Abraham Maslow began his career as an experimental psychologist doing animal behavior stud-

ies (circa 1934) but gradually rejected the prevailing scientific methodologies for studying people 

as being terribly inadequate. Today, he is best known for his “pyramid of needs” schematic, which 

illustrates his theory of personality structure and priorities. Maslow is credited with establishing 

three sub-divisions of psychology that now represent creative holism: Humanistic, transpersonal 

and positive psychology.36 However, it’s more accurate to say Maslow laid the groundwork for 

positive psychology to flourish at a later date.37, 38 By the time Maslow became president of the 

American Psychological Association in 1967, he wanted to expand the scope of psychology as a 

domain to integrate all religious perspectives, including transcendent or peak experiences, and in 

1969, founded the Association for Transpersonal Psychology.

Over the 70-year period (1896–1967) that we’ve just traversed, Cattell and Maslow showcase the 

polarities of academic thought within psychology on how to define and accomplish its mission of 

modeling minds and human development. In our present-day environment, the continuing rivalry 

between humanistic holism and technical rationality is represented by transpersonal psychology 

versus trans-humanism. The first disposition retains a curiosity to plumb the depths of who we are 

and what we are capable of, recognizing what we still don’t know about ourselves from a scien-

tific stance, and supports divergent thinking. The second disposition assumes supreme knowledge 

(the right to determine what is definitive science) with the goal of enhancing human capacities to 

converge with industrial technological needs and serve commercial interests. These are important 

distinctions that are not fully articulated as differing models of mind in public debate. Why is this 

important? We believe that choice of a model of mind determines the language and parameters of 

the clinical encounter. Furthermore, choice of model of mind is a primary driver of any complex 

software design process in product development, which we will discuss in Section 26.3. All to say, 

the root assumptions one brings to the design of technology for clinical purposes matter greatly.

26.2.2  MID-TWENTIETH CENTURY

At the height of scientific materialism’s influence on Western culture in the early and mid-twentieth 

century, art making, history and culture as contexts for analysis became too big and unwieldy for 

experimental psychology and other emerging sub-divisions of psychology, with two exceptions: 

Education and clinical settings. In the field of education, John Dewey39 and Herbert Read40 were 

redefining the childhood curriculum by emphasizing the central place of art making and the appren-

ticeship model of craft production in schools. The holistic view of creativity in health took root 

in the expressive therapies (i.e., art therapy, music therapy, journaling, psychodrama and gestalt 

therapy) within clinical psychology and psychiatry.41,42,43,44 The discourse in clinical psychology 

preserved the language and techniques of the shaman, symbolic thinking and semiotic analy-

sis as legitimate methods for assisting in the healing of illness.45,46 In Europe, social movements 

like the Anthroposophical Society (founded in 1912 in Cologne and banned from Germany by 

the National Socialists in 1935) harnessed esoteric traditions to rewrite the narrative of personal 

development and human evolution anew in response to the emerging technocentric view of man. 
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The Anthroposophists are well known for elevating creative process in every area of life, including 

farming (inventing biodynamic farming), medical botany (founding Weleda) and education (found-

ing of Waldorf schools).47

In 1950, Dr. John P. Guilford’s presidential address to the American Psychological Association 

directly dealt with the lack of attention that creativity had been receiving from academic research-

ers in psychology, emphasizing that it merited serious study; consequently, he dedicated the latter 

part of his career to it. Simonton (2001) credits Guildford’s address with spearheading resurgence 

in critical analysis of creativity as a driving force in human development that would last several 

decades.48 As an interesting counterpoint to scientific materialism in the United States, there was 

unprecedented growth in art education in public schools, and the establishment of new art museums 

and community art centers across America, in the early and mid-twentieth century.49,50 These major 

investments signaled that the United States did value creativity as an expression of cultural sophisti-

cation, if not foundational knowledge for personal growth. Alternatively, perhaps, American society 

was asserting the significance and appreciation of the creative arts as a response to the increasingly 

fragmented and atomistic models of mind coming from psychology research at its most respected 

institutions. At Johns Hopkins University, Watson (1925)51 introduced the idea of behaviorism, the 

study of behavior divorced from introspection. Skinner (1953)52 further amplified the notion that 

behavior and consciousness were mutually exclusive by narrowly defining learning as a system of 

rewards and punishments (operant conditioning) at Harvard. At Stanford, Bandura (1963)53 also 

espoused operant and classical conditioning (Pavlov 1927)54, emphasizing the role of imitation in 

learning. The atomistic model of mind represents the ultimate metaphor of mind as machine; mind 

broken down into component parts that can be reconfigured, re-engineered or re-programmed.

While major discoveries were being made about the micro-world of the brain in microbiology 

and genetic studies, which explained the underlying basis for cognitive and human development, 

this discussion was narrowly technical in scope.55,56,57 In public forums, this information was often 

simply characterized as the nature versus nurture debate to make it more relevant to the lay person 

and daily life. Surreptitiously, much of psychology was also beginning to fall under the influence 

of instrumental reasoning and technical rationality fostered by computer science.58,59 The machine 

learning agenda and the race to develop artificial intelligence were now dominating America’s best 

technical colleges and universities, funded by a robust military-industrial complex. Atomistic mod-

els of mind were the perfect “fuel” for building and programming smart machines. Meanwhile, art 

and artists of this period (1940–1980) dove into abstract expressionism, minimalism, pop art and 

conceptual art, providing a visual analogue of the stripped-down nuts-and-bolts narrative of human 

nature that was being offered by biological and behavioral research – now devoid of philosophy, 

spirituality or historical references.60

Returning to what was happening in clinical psychology and psychiatry mid-century, much was 

being written on the “holding environment” that allows healing to take place in a therapeutic rela-

tionship.61,62,63 In psychodynamic theory, this concept was and is often described in terms of dis-

course analysis between client and healer during a verbal therapy session; in art therapy and the 

expressive therapies, analysis also extends to the art-making activities and intermediary objects 

(i.e., art, music, dance, staged psychodrama) that are produced in the therapy process. Research in 

these modalities necessitates both therapeutic aesthetics and empirical frameworks. Shaun McNiff 

(1998) put it this way:

What is most intriguing about creative arts therapy research is that it requires the integration of the two 

elements that have been polarized throughout the past four centuries of debate over what constitutes 

appropriate scientific methodology. Art-based research comprises both introspective and empirical 

inquiry. Art is by definition a combination of the two. The artist-researcher initiates a series of expres-

sions as a means of personal introspection, and the process of inquiry generates empirical data which 

are systematically reviewed.64

(p.57)
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It’s worth noting that while the expressive therapies took root in psychiatric settings, now, you are 

likely to encounter art therapists on every medical unit of the hospital and in diverse social-work 

settings. In defining the principles and practices of expressive arts therapy, Knill et al. (2005)34 

introduce the metaphor of “food as medicine” to re-orient our perception of art making in psy-

chotherapy. First, Knill invokes the origin of the word diet – diaita from Greek – which originally 

meant a manner of living or lifestyle to maintain health; an idea that extends far beyond the current 

usage. “Within a psychosomatic understanding, we … refer to the regulated nourishment of psyche 

or soul … [as] diet [which] would also concern corrective regulation of psychic nourishment and 

metabolism” (p.87). Secondly, Knill applies similar reasoning to the concept of medicine: “[medi-

cine] must be composed in such a way that it can be metabolized by the system … and … it must 

interact in a constructive way with the self-regulating forces in the system” (p.87). With this schema, 

Knill is now ready to prescribe art activities in tandem with the psychotherapy process: (a) paint 

daily, go to your easel instead of turning on the tv [diet], (b) read the poem that helped you during 

your session every time you get stuck on that theme [medicine], (c) make a place for the sculpture 

you made so that you can see it easily and look at it when you get lost in doubts [medicine] (p.88). 

Here, we see the essence of using images of the imagination to anchor and enliven the healing 

process. These same principles are at work in Buddhist culture, where a particular Thangka paint-

ing may be prescribed for someone to meditate upon as a healing ritual. While anecdotal evidence 

exists for how mental focus on symbolic mediators might work to influence our metabolism, we 

still don’t know why empirically. Conversely, scientists have written about artists in history who 

were forerunners of scientific discoveries; artists who very precisely articulated in prose processes 

in biology that would later be confirmed under the microscope. Leher (2007) presents a compelling 

treatise on how science is not the only path to knowledge in his analysis of the lives of artists (e.g., 

Walt Whitman, August Escoffler, Marcel Proust, Gertrude Stein, Igor Stravinsky, Paul Cezanne) 

who intuitively grasped cognitive and perceptual architecture that was later defined empirically.65

Just as the psychology and psychiatry community was contributing to the reunification of old 

world knowledge and scientific materialism through the lens of empirical methods in its research, 

the medical profession in the United States was beginning a parallel pursuit under the banner of 

“integrative medicine.” The establishment of Dr. Herbert Benson’s Mind/Body Medical Institute at 

Harvard in 1975 (along with his research on the relaxation response and its benefits for those suf-

fering from chronic stress) is cited as a landmark beginning for integrative practices.66,67,68 In 1979, 

Dr. Jon Kabat-Zinn’s mindfulness-based stress reduction program at Massachusetts Medical School 

at Worcester, and the creation of the Center for Mindfulness in Medicine, Health Care, and Society, 

also solidified the trend of integrating complementary and alternative modes of healing with tradi-

tional medicine. Today, we can add to this list several other research initiatives that are all support-

ing cross-disciplinary and integrative approaches to human health. They include the Mind & Life 

Institute in Charlottesville, VA; Stanford University’s Center for Mind, Brain, Computation and 

Technology, and the Center for Compassion and Altruism Research; the Mind Science Foundation 

in San Antonio; Harvard’s Mind/Brain/Behavior Initiative, to name a few.

Many of the academic centers mentioned here are gravitating toward the next frontier of mind/

brain research – understanding what consciousness is. This area of exploration is playing a vital 

role in shifting our ideas about what mind is, as well as drawing other science disciplines into the 

conversation.

26.2.3  LATE TWENTIETH CENTURY TO THE PRESENT

The kaleidoscope of human perception is ever changing. Our model of mind would change again 

due to an unlikely source: Quantum physics. David Bohm once remarked that science is primarily a 

perceptual enterprise and not about gaining knowledge.69 This observation is particularly true when 

it comes to metaphors for mind. Historical perspective highlights how our collective perceptual 

focus shifts when a new cultural imperative appears. At the close of the twentieth century, what 
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physicists call “the measurement problem” began to unravel basic assumptions that underlie all 

natural sciences. The measurement problem is short-hand for the baffling outcome of the repeated 

double-slit experiments, where photons revealed their double life as both particle and wave under 

observation.70,71,72 These experiments are the cornerstones of quantum physics. Karl Pribram (1990) 

makes the connection to models of mind in this way:

Heisenberg (1930/1984) pointed out that in microphysics, the observed varies with the instrumentation 

of the observer. Bohr (1928/1985) enunciated his principle of complementarity on the same grounds 

… This enfoldment of observation into the observable has led some physicists and philosophers (e.g., 

Whitehead 1938) into panpsychism in which consciousness is a universal attribute [of all living things] 

rather than an emergent property of brain organization … Such views have interesting consequences 

… bringing the concept of consciousness closer to that [of] Eastern mystical tradition and the spiritual 

religious view of the West.73

(p. 97, 1990)

Here, Pribram is acknowledging the shift from scientific materialism toward something else, which 

consensus science has yet to name. What seems clear is that a research methodology that focuses on 

the relationship between things, rather than phenomena in isolation, is where we are headed.

Much of the academic history of creativity reads as a subject in search of a meaningful experimen-

tal context that encompasses its magnitude. Mid-twentieth-century computers enabled researchers 

to perform multiple regression analysis, factor analysis and time series studies of creative people, 

but as in Cattell’s fact gathering, nothing significant came from research conducted on the head of 

a pin. Changing the way we conduct science increases the likelihood that we can come to a fuller 

understanding of creative powers and their usefulness. The problem may be that academia (due to its 

current siloed structure) is asking the wrong questions. Recent consciousness studies have conjoined 

research on creativity with that on psi phenomena. These studies attempt to understand a range of 

extrasensory perceptions: remote viewing, precognitive perception, and what’s come to be known as 

the “experimenter bias effect” (aka the measurement problem). The outcome of efforts to reproduce 

the double-slit experiments by removing human participation (by using video cameras, random 

number generators or computers that give commands to other technical apparatus) in observing 

the performance of electrons only confounded scientists.74,75 It was proved that the phenomenon 

of experimenter bias was robust, as it continued to appear under a variety of controlled condi-

tions.76 Many of these studies imply that experimenter intention (belief or desired outcome) is what 

determines the outcome of the experiment.77,78 In a frequently quoted exchange between the Dalai 

Lama and Princeton researchers studying mind/matter interactions, his Holiness was asked whether 

machines (random number generators) can be conscious – to which the Dalai Lama replied, “if you 

think it is so, it is,” implying that humans can impart, confer or perceive consciousness in what we 

think of as inert matter. The Society for Scientific Exploration has been hosting lively forums and 

debates on the issues of experimenter bias, the decline effect, precognitive effects and the machine 

consciousness phenomenon in research.79 The pursuit of a definition of consciousness is producing 

a growing number of research studies in college and university settings on psi across disciplines 

(physics, psychology and engineering). These studies represent the forefront of our understanding 

of creativity as much as they explain extrasensory perception and consciousness.80

On another front, the National Institute for Mental Health (NIMH) identified the 1990s as “the 

decade of the brain”81 and the first 10 years of the twenty-first century as “the decade of discov-

ery”.82 Its current strategic-plan priority for brain research is unusually broad; it is to define the 

mechanisms of complex behavior. The stated goal of this research activity is to advance drug treat-

ments.83 The study of epigenetic mechanisms is included in this mandate. Epigenomic factors in 

human health (e.g., the effect of environment, personal experience and the microbiome on health) 

add enormous complexity to research studies on the etiology of mental illness. Understanding the 

interplay between genomic and epigenomic influencers that define risk for developing illness will be 
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a multi-decadal enterprise. As described by Dr. Bruce Lipton (2006, 2009), Dr. Pelletier (2018) and 

others, acknowledging the insights epigenetics brings to the study of human development changes 

everything.84,85,86,87 It’s another paradigm shift of great significance in regard to how we conduct 

science, and an important milestone in recognizing the value of integrative medicine. Lipton has 

summarized these changes in our view of health and healing as follows: (1) The epigenetic view of 

human development supersedes the Newtonian definition of matter (preferring the quantum view of 

universal connection), making what’s invisible just as important as what we can see; (2) if genes are 

no longer seen as the sole determining factor of human potential or illness, the mind and psycholog-

ical health become major factors, not minor players in the treatment planning process for all illness. 

These new ground rules alter our model of mind from one that is primarily linear in development 

and controlled by biological determinants to a dynamic model where cognitive executive functions 

are in fact co-creators of our state of health and wellness. The shift from germ theory (Lister & 

Pasteur 1852)88 to terrain theory (Béchamp 1912)89 as the cause of disease (an organism's state of 

balance is seen as the primary instigator of illness) also supports the notion that self-regulation is 

paramount. Now, the question for clinical practitioners becomes: How do we elevate the role and 

involvement of the individual in his/her healing process to utilize these newly realized capacities? 

While this assessment may seem speculative to some, these ideas are spurring change in medical 

care. A 2010 survey of 714 hospitals noted that 42% were offering complementary and alterna-

tive medicine (hereafter CAM), up from 37% in 2007 (different respondent pool, n not noted).90 

A more recent survey of non-institutionalized patients by the National Center for Complementary 

and Alternative Medicine showed that 33% of adults used some form of complementary health 

(both physical fitness – defined as yoga, tai chi, qi gong or chiropractic adjustments – and use of 

non-vitamin/non-mineral supplements).91 The surveyed subjects spent $28.3 billion dollars in out-

of-pocket expenditures in 2012. Culturally, the populace has clearly gotten the message that diet 

and exercise are key factors in maintaining health; creativity remains more ineffable in terms of its 

quantification value.

As our theoretical model of mind has changed, academic and clinical psychology has evolved 

from asking what is creativity, and where is it located? to what can creativity do? This turns out 

to be a much more fruitful approach to understanding creativity and its uses for activating innova-

tive thinking and doing. Our thesis in this section was that models of mind are intimately linked 

to our approach to health, healing and creativity. Now, we turn our attention to how technology is 

changing healthcare and amplifying creativity. We have embedded our discussion in a competing 

framework of philosophies – holistic humanism versus technical rationality – and will continue to 

use these distinctions in the next section while discussing new technology.

26.3  NEW TOOLS FOR HEALTH AND WELLNESS

There is currently a wave of innovation and venture capital flowing to life sciences software devel-

opment globally. Medical expertise is migrating to mobile platforms, making it possible to bring 

expertise anywhere and to enable patients to manage their health in new ways. In the previous 

century, the creation of therapies and the design of hospitals and places of recovery were driven by 

theories and ideas we no longer find as useful. In their place, research on the micro-world of mind 

and body, including biology, genetics, epigenetics and neurophysiology, now provides micro-data 

streams for diagnosis and analysis. The shift from macro theory to micro data has opened up an 

entirely new set of parameters for designing health interventions. One’s model of mind and under-

standing of human development and human potential are key drivers of any complex software 

design process in healthcare product development. They determine the language used in the clinical 

encounter, the timing of intervention, the parameters of analysis, and how goals and objectives are 

established. Furthermore, we believe that if your model of mind is robust and values human creativ-

ity, then it will enrich the software design process, resulting in more expansive and dynamic design 

solutions. As mentioned earlier in the chapter, new developments in mind/brain research confirm 
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that activity-based therapies for mental health and optimal functioning play an important role in 

recovery from illness, remediation of addiction and behavioral imbalances, as well as self-actualiza-

tion and personal growth.3–9 Additionally, we noted that the expressive therapies (art, music, move-

ment and psychodrama) have a rich history in the use of intermediary objects to facilitate healing 

in psychotherapy and psychotherapeutic processes, thereby furnishing us with useful information 

on what constitutes a good holding environment outside the clinical encounter.42–47 By definition, 

an intermediary object is any object, work space or medium that continues, advances and expands 

upon the patient/therapist dialogue and therapeutic relationship outside a clinical appointment.14

Together, micro-sensors for assessing physiological or mental states, and understanding the 

modes of communication or holding environment that supports therapeutic goals beyond clinical 

meetings, form a new design template for all kinds of medical interventions. The notion of embed-

ding clinical assessments in creative authoring tools or activities that we enjoy (e.g., art making, 

music making, journaling) is also a recommended starting place for conceptualizing the design 

of intermediary objects. This approach, in our opinion, is well suited to the CAM and integrative 

medicine ethos. Mobile apps in medicine are nurturing a focal shift from talking with healthcare 

providers as the medium of the therapeutic encounter, to doing/making/experimenting and sharing 

data with healthcare providers. For example, heart rate variability (hereafter HRV) biofeedback 

devices like Inner Balance, or brain training platforms like Lumosity, are experiences which cli-

ents/patients self-direct. In this genre of tools, health education becomes a primary goal along with 

management of illness. Increasingly, the objective of many medical software interventions is to 

make lifestyle changes to avoid or reverse chronic illness.

Table 26.1 outlines two competing mind sets that are driving design innovation and their main 

characteristics. Much of future product development across the fields of science and healthcare will 

be initiated by professionals with deep subject matter expertise who apply their knowledge to the 

creation of products with no previous object identity – what do we mean by this? That the design of 

intermediary objects will be first-of-kind, akin to the way in which cell phones with visual screen 

interfaces changed our understanding of what a phone was or could be.92,93 What follows is our 

critique of four software tools that embody a holistic design approach to human health in the use 

of digital media. In choosing among a variety of new materials and software devices, we use the 

opportunity to elucidate the differences between creative design and tools that are simply repur-

posing or adapting current tests and assays to a digital format. Innovation, in our opinion, implies 

that new contributions are being made to scientific research, new tools are emerging from evolving 

research, and new ways of engaging patients and educating people about their health result from the 

previous two conditions.

TABLE 26.1

Characteristics of Holistic versus Technocentric Design

Holistic Design Characteristics Technocentric Design Characteristics

• Values clients as collaborators, views professional 

consultation as a reflective conversation; 

encourages creative input and participation – tech 

design is rooted in a holistic model of mind

• Values central control and authority as it relates to client 

interactions, ownership of client data (test results, analysis, 

lab results); tech design is rooted in economic priorities of 

greater efficiency and relies on a behaviorist model of mind

• De-mystifies professional knowledge as being the 

purview of experts

• Fortifies boundaries between experts and clients; evokes 

parent/child relationship metaphors (e.g., we know best) to 

characterize alliance

• Incorporates the client’s knowledge and learning 

process, and acknowledges its value in shaping 

solutions

• Compliance rather than education of clients is valued and 

monetized
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TABLE 26.2

Holistic Design Examples and Characteristics

Website Tech What Is It? What Does It Do?

https://heartmath .org 

(Inner Balance)

Biosensing device 

(ear or finger 

clip) 

Smartphone app and 

biofeedback device that 

tracks heart rhythms for 

coherence and incoherence

Aims to increase well-being and 

happiness through raising awareness 

about physiological processes and 

their impact on health

https://openbci .com Multiple tool set, 

tool maker

EEG/EMG/ECG biosensing 

tools that interface with 

open-source and 

commercial software

Open-source platform for 

experimentation that also values its 

community of users as collaborators

https://choicecompass 

.com

Biosensing tool 

that works with 

your phone’s 

camera

Smartphone app that taps into 

heart activity patterns 

related to intuition

Aids in decision making by allowing 

users to query their own physiological 

data

https://akila .ai Virtual coach 

focusing on the 

mind/body 

environment

Tech-driven diabetes 

prevention program aimed 

at changing diet and 

exercise behaviors

Using Fitbit and cell phone technology, 

the learning platform supports 

behavioral change and facilitates 

greater awareness of eating habits

26.3.1  FOUR EXAMPLES OF HOLISTIC DESIGN

Here, we present four tools with very different learning objectives:

Inner Balance (a phone app designed to improve well-being and emotional coherence through heart 

rhythm pattern training).

OpenBCI (mobile biosensing wearables that capture EEG/EMG/ECG – reporting real-time brain 

activity, muscle activity and heart rate, plus emotion detection, using open-source code and components 

for research and education).

ChoiceCompass (a phone app that assesses heart rhythms to assist in decision making).

Akila AI (a diabetes prevention solution that uses an AI-powered digital health coach to make lifestyle 

changes for better health).

These four companies represent innovators and investigators at very different stages of development 

and design experimentation. Inner Balance (made by the Institute for Heart Math) represents over 29 

years of research; the tool itself is the result of four product development cycles. Inner Balance uses 

heart rate variability feedback to assist users in reducing stress and increasing happiness. OpenBCI 

was established in 2013 and has been growing its product line consistently, specializing in low-cost, 

high-quality hardware to allow greater numbers of researchers, educators, artists and hobbyists 

to participate in brain/body experimentation. It has fabricated headsets to measure EEG activity 

(brainwaves), bio-sensors to measure EMG (muscle) and ECG (heart beat) activity and emotional 

states, and interface boards, along with a variety of other specialized sensors. ChoiceCompass was 

launched in 2015 after a year-long testing period, with research on its algorithms ongoing. This tool 

allows you to compare two different or opposing choice-scenarios from your smartphone to deter-

mine which is producing more heart coherent signals, an indication of best choice. Lastly, Akila AI 

is a tech-driven platform that is currently delivering a diabetes prevention program in clinical trials. 

The company is in an early development phase. In Table 26.2, we briefly categorize the functional-

ity of each tool.

What is it about these four tools that distinguish them as exceptional creative innovators from our 

point of view? They employ what we call reflective research development practices (Schön 1983).26 

Drawing upon our experiences as technology project/product designers, we’d like to share our “best 

https://heartmath.org
https://openbci.com
https://choicecompass.com
https://choicecompass.com
https://akila.ai
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practice principles” in design, knowing that physicians are increasingly applying their expertise to 

tech-tool making both for research and for their patients in private practice. First, we will give a 

brief overview of our guiding principles. Then, we will use these concepts to evaluate and comment 

on our chosen four companies. The principles that we recommend relate to the project planning 

cycle and early product development cycles. They include: (a) frame analysis, (b) repertoire-build-

ing research, (c) fundamental methods of inquiry and theory, and (d) process reflection-in-action 

practices (Schön 1983, pp.309–323).

Frame analysis, as Schön conceived it, is the first step in project modeling. Simply stated, it is 

the lens through which you define a project or product. When practitioners are unaware of their 

“frames” for roles or problems, they do not experience the need to choose among them. When a 

practitioner becomes aware of frames, the possibility of alternative ways of framing reality enters 

the conversation. A role frame is super-ordinate to, and longer lasting than, the setting of the prob-

lem context. We recommend model of mind as a foundational frame. A new framing of a research 

issue is often the impetus for a new product, as illustrated by ChoiceCompass.

Repertoire-building research serves the function of accumulating and describing outlying exem-

plars or problems in ways that expand the boundary of thinking and drive the evolution of inquiry. 

When practice situations and problem contexts do not fit available theories, models of phenomenon 

or techniques of control, they may nevertheless be inappropriately assigned to pre-existing memes/

theories. The cutting edge of medical research is engaged in repertoire-building research, defin-

ing new areas of study that have no precursors. Later, we discuss Inner Balance and the Institute 

for HeartMath as an example of how repertoire-building research was transformed into product 

development.

Research on fundamental methods of inquiry and theory naturally follow from frame setting 

and determining the body of research that one uses to begin product development. A practitioner’s 

fundamental methods are closely connected to both frames and repertoire of exemplars. One way 

of facilitating this dialogue is through the use of process-flow modeling and action research meth-

ods, whereby an overarching theory and a generic method of inquiry are used to restructure a situ-

ation so that one can validly say that the theory fits the problem-situation. Our example of Akila 

AI showcases how adapting a well-studied and widely used pre-diabetes education program to an 

AI technology platform altered the goals of the program and resulted in altering inquiry methods.

Process Reflection in Action: In the reflective research principles we are recommending, research-

ers and practitioners enter into modes of collaboration very different from the forms of exchange 

usually implemented in applied science. The practitioner does not function as a mere user of the 

developer/researcher’s product or data. She reveals the ways of thinking she brings to professional 

practice and draws on reflective research as an aid to personal development. These characteristics 

are commonly found in the open-source coding community. We offer OpenBCI as an exemplar of 

best practices in process reflection in action.

Next, we elaborate on best practices principles as they’ve been embodied by our chosen four 

companies.

26.3.2  FRAME ANALYSIS – CHOICECOMPASS AS EXAMPLE

The science behind algorithms that capture heart rate patterns is still quite young. The ingenuity 

of ChoiceCompass is that it allows users to query their own physiological data and invites them to 

learn about their psychophysiology through problem-solving queries. The phone app user defines a 

question with two solutions and employs the app to render a decision about which scenario produces 

a more coherent physiological response in terms of heart rhythms. By thinking about one solution 

and then the other (each for a period of 50 seconds) while holding a finger over a smartphone cam-

era, the Mossbridge algorithm deciphers changes in heart beats based on the variations in blood 

color and the interval between heart beats to give feedback. ChoiceCompass is an exemplar of 

frame analysis because it “broke the mold” in terms of how HRV data had been used in the past, 
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resulting in a novel learning tool. Drawing upon her deep understanding of human psychology, 

intuition and physiology, culminating in a novel model of mind, Mossbridge expanded upon previ-

ous heart variability uni-modal training tools (with different algorithms) by taking advantage of 

the breadth of variation in the phenomenon – meaning heart rate variance is highly individualistic. 

Mossbridge is seeing a more complex picture of heart rate variance (including gender differences) 

and can collate that data with client queries; moreover, ChoiceCompass stimulates reflective and 

creative thinking in the user.94

26.3.3  REPERTOIRE-BUILDING RESEARCH – INNER BALANCE AS EXAMPLE

The HeartMath Institute is our exemplar of an organization that adopted repertoire-building research 

activity to fill a void in the scientific literature. HeartMath’s scientific studies on the psychophysiol-

ogy of stress, resilience, and the interactions between the heart and the brain over 29 years have 

made a significant contribution to our understanding of how the autonomic and parasympathetic 

nervous systems work together. HeartMath used their research to design biofeedback tools that help 

people regulate and repattern learned behaviors that are beneath awareness (i.e., automatic responses 

to stress and frustration) and bring them into conscious awareness. Their studies demonstrate that 

patterns of heart activity have distinct effects on cognitive and emotional functions. During times of 

stress and negative emotions, the heart rhythm pattern is erratic and disordered. The corresponding 

pattern of disturbed neural signals traveling from the heart to the brain inhibits higher cognitive 

functions. Thinking clearly, remembering and learning are disrupted as a result. Conversely, more 

ordered, stable and coherent heart pattern input to the brain during positive emotional states has the 

opposite effect.95 The Inner Balance mobile tool guides people into their coherence zone, providing 

graphical visual displays of heart rhythms to enhance the learning process. The tool is being used in 

both clinical and educational settings for all ages. The Institute of HeartMath is a shining example 

of an organization that employs repertoire-building research.

26.3.4  RESEARCH ON FUNDAMENTAL METHODS OF INQUIRY 

AND THEORY – AKILA AI AS EXAMPLE

When used to enhance human experience, AI technology or platforms that “remember” and make 

recommendations based on user-inputs can provide “just in time” learning experiences for patients, 

which occur on their own time, based on their own needs. This level of customization is important in 

making lifestyle changes. In adapting a face-to-face pre-diabetes program to an AI platform, Akila 

AI designers made use of a body of knowledge on learning theory and cognitive-behavior change 

not usually applicable to classroom education settings. The AI enhanced support platform engages 

the client in a two-way dialogue (through cognitive-behavioral-therapy prompts and user-generated 

voice inquiries). This interface allows more frequent interactions than face-to-face educational pro-

grams or asynchronous learning portals. AI prompts might be reminders to get up and walk for at 

least 5–10 minutes during the day or suggestions for lunch just before lunch time. Through the use 

of process-flow modeling and action research methods in clinical trials, the company is improving 

personalized health coaching.

26.3.5  RESEARCH ON PROCESS REFLECTION IN ACTION – OPENBCI AS EXAMPLE

OpenBCI is an open-source platform that makes tools for human experimentation – including 

mobile EEG (brainwave sensors), ECG (heart beat sensors) and EMG (muscle activity sensors) gear, 

helmets and sensor interface boards (4, 8 and 16 channels). The company name denotes its kinship 

with open-source software (hereafter OSS) values, and the acronym BCI stands for brain–computer 

interface. The early OpenBCI model of product development involved creating an extensible, col-

laborative studio where the company’s designers requested feedback from the researchers who use 
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their products, thereby enhancing OpenBCI’s iterative product development cycle. Additionally, the 

company provided space for researchers to showcase their studies on its website, and it continues 

to log and link to research that has been conducted using OpenBCI hardware. A hallmark of the 

OSS philosophy is the explicitness with which the relationship between designer/coder and user is 

spelled out with the goal of creating equal partnerships. Data ownership is clearly stated, sharing 

code (allowing for customization and enhancement) is what makes it all work as a communal enter-

prise, standards regarding financial remuneration are clearly stated, and tracking of information for 

any purpose (i.e., marketing) is optional or restrained. Exchanges between users and code writers 

are welcomed. To a large extent, the OSS community has already assimilated all four of Schön’s 

principles of practice (i.e., frame analysis, repertoire-building research, research on fundamental 

methods of inquiry and theory, process reflection in action). Many would argue that the open-source 

community has manifested higher levels of creativity as a result. In this paradigm, divergent think-

ing and exploration are rewarded. OpenBCI exemplifies the fullest expression of process reflection 

in action.

In summary, today’s technology-rich milieu offers unique opportunities for medical profession-

als to extend their expertise using and creating software design tools. Becoming a designer has its 

challenges. It’s not necessary to acquire an engineering degree to tinker; there are many ways to 

collaborate. The most important decisions you make as a designer, surprisingly, are those that are 

least discussed by both the professional engineering and design communities. We have repeatedly 

emphasized model of mind as a fundamental frame for designing as starting place, knowing that 

it is understated in the design literature. Inherent in your model of mind and the depth to which it 

is articulated clearly in the design process are the values and user capacities that will guide you in 

decision making about tool design, the quality of the software environment you are designing, the 

quality of care your clients/patients receive through the use of the tool, and the quality and form of 

collaboration manifest in tool design.

Many medical practitioners are endowed with the resources (both as individual practitio-

ners as and institutional affiliates) to conduct their own research and development process. In 

our books on Psychology’s New Design Science,14, 15 we encourage the adoption of the design 

literature and implementation of design studios in clinical training programs, citing the huge 

expense of engaging software engineers in the open market place. We think that clinical training 

programs can play an important role in challenging technocentric design by injecting alterna-

tive value systems into the software economy, based on real human needs. The debut of design 

studios within clinical training programs is underway in psychology and psychiatry,96 and they 

are increasingly apparent in medical schools across the country. Design thinking and design 

reasoning underlie the evolution of all professions. Clinical graduate training programs not only 

represent the places where deep knowledge resides about medicine; they are also the places that 

have continuously interfaced with hospitals, clinics and healthcare facilities over time. Medical 

technology that grows in these contexts is much more likely to embody holistic design sen-

sibilities (with a healthy respect for scientific method), because they are rooted in the reality 

of human/patient interactions and the standards of care applied in these settings. Practically 

speaking, introducing design studios into medical graduate training can be achieved through 

collaboration with engineering, art and psychology departments in university settings without 

tremendous investments.

26.4  CONCLUSION

Creativity is a verb. Like Jacob Moreno, we believe that our ability to create surplus realities is one 

of our most valuable mental abilities. Creativity is something that can be accessed from within in 

service to self-reflection, conflict resolution, problem solving, healing and self-actualization. The 

arts provide foundational experiences in bringing ideas to life, from concept to rendering, enabling 

belief in ourselves as capable doers and sparking innovation. Human facility for greater aliveness 
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and joy, greater harmony and greater awareness may well be related to the wealth of creative outlets 

in our living environment in all phases of life.

In Section 26.2, we anchored our discussion to models of mind, noting that creativity has been 

a topic of concern academically for over 150 years but receives only intermittent focus from psy-

chology and psychiatry. We are currently in a period of resurgent interest in creativity, supported 

by other disciplines, including physics, engineering and design. This confluence of interest is a 

promise of greater understanding of what creativity is and how we can harness it to develop human 

potential.

In Section 26.3, we featured four products that embody best practices in holistic design prin-

ciples, which support and advance creative thinking. In elaborating upon the design process, we 

again emphasized what model of mind one chooses for designing, citing its importance to the qual-

ity and outcome of project/product development. Additionally, we provided best practice guidelines 

for beginning designers contemplating the use of new media to extend their expertise.

The extent to which the medical engineering community values creativity, human health and 

wellbeing is the extent to which it can overcome what we call the technical rationality ethos of tool 

making and product development. Technocentric design is driven by economic efficiencies, which 

in turn, are framed by the singular priority of commercial return on investment. The 5G cell phone 

infrastructure technology, for instance, is our exemplar of worst practices in technocentric design. 

The 5G design process has ushered in the era of building utilities for machines (as the identified 

consumer), now a business-to-business enterprise. As a result, human health and environmental 

health were altogether ignored in the build-out. The global backlash under way was swift and furi-

ous. Using our best practices principles as a comparative guide in this case, we can re-frame the 

issues in terms of the design process: (1) Accountability for decision making was insular, mean-

ing that community stakeholders were not identified and brought into the process of design; (2) 

no articulated model of mind and human development was employed as a foundational frame, 

ostensibly removing human beings from process-flow modeling in the planning process; (3) new 

research to support its implementation was conducted but without testing the exposure toxicity of 

the 5G WiFi signals on people and the environment.97,98,99,100 While outside the realm of medicine, 

the 5G build-out highlights how important design decisions are. This is both an ethical problem and 

a regulation problem.

As it relates to medicine, a recent article in the LA Times warned of the dangers of mixing tech 

corporate design practices (heavily biased toward technocentric design) with developing medical 

technology.101 With the subtitle “Artificial intelligence has come to medicine … Are patients being 

put at risk?”, the author cited tech’s mantra of “fail fast and fix it later” as the culprit. The article doc-

umented doctors’ and consumer advocates’ concerns that regulators are not doing enough to keep 

consumers safe from flawed technology. It also suggested that design practices for invasive medical 

technology should be subject to the same testing requirements imposed on drug manufacturers, 

including rigorous scientific review and human trials – but they aren’t. The author interviewed 

doctors actively engaged in life science venture capital firms, who noted that “most [medical] AI 

products have little evidence to support them.” The reason given was that software developers find 

the Food and Drug Administration (FDA) process too onerous and too expensive. Here, we clearly 

see how our competing paradigms – humanistic holism and technical rationality – are playing out 

in the marketplace. It’s very likely that we will continue to see more reports in the news similar to 

the LA Times article. The business marketing approach is to overwhelm public news media chan-

nels with upbeat stories of AI’s wondrous accomplishments and the inevitability of its dominating 

economic progress. Time and again, critical analysis of acclaimed new tech products or services 

shows that what is at stake are competing value systems: efficiency (convergent thinking, systems 

thinking, control systems) versus personal involvement and the ability to exercise personal pref-

erences (creativity, symbolic thinking, divergent thinking, intuition).102,103 Technocentric thinking 

will always favor and be driven by economic efficiencies. Humanistic holism will predominantly 

favor enhancing the quality of human experience as a driver of innovation. Preserving the balance 
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between these forces is necessary for a brighter future – this will be a true challenge for all future 

designers and medical practitioners.

We have woven together many strands of discussion on creativity, which shows that art in medi-

cine is a much broader topic than imagined; creativity in medicine lies at the core of innovation and 

how therapeutic interactions are conceived and take shape. We hope that our perspective on these 

topics will help others to formulate their own ideas and criteria for thinking about project/product 

design and for evaluating new technologies.
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Information Medicine 

for the 21st Century
Physicks and Physics

Nisha J. Manek

27.1  INTRODUCTION

Books about integrative medicine have become commonplace, but the approach taken here is not 

at all common. This chapter is about the human organism and how its energetic and informational 

systems function. It builds on fundamental principles of the laws of nature, of physics, which under-

pin all processes in the universe. The premise is that human healing and vibrant wellbeing can be 

elegant, simple and far less convoluted than current medical science wisdom purports it to be. The 

chapter aims to elucidate these laws from the basics of physics and build a solid ground of the best 

of translational medicine.

Medical science has gone on the premise that by looking for fundamental building blocks of the 

physical body, we can reverse engineer and understand the mechanisms of health. The language 

“building blocks” reinforces the abstraction we see. The main purpose of science is to understand 

the cell, enzymes and biochemical machinery and then to fix it. What is the problem with this kind 

of scientific thinking? Compartmentalization, physical separation and discrete objects in space and 

time. The properties of the whole cannot be analyzed by way of the parts. The human being cannot 

be divided.

So, how does science handle that? We don’t. We ignore the problems of treating separate parts. 

It’s generally felt not to be necessary. The body is seen as separate parts, and one hopes that some-

one else pays attention to another area. The separation is treated as real. Medicine has adopted 

the scheme of separating systems, which is a useful approximation when dealing with seemingly 

inanimate objects but not when dealing with living systems and especially conscious, self-motivated 

humans.

The great meltdown of 2020–2021 has exposed how the lockdown, that soul-crushing exercise 

in economic suicide, isn’t working. If there’s a silver lining here, it is that people are getting a closer 

look at the true, self-interested character of today’s medical system. We can’t survey the circum-

stances without feeling a call to action. We must respond with an exercise designed to redraw the 

boundaries of our free thought. The cost of moving slowly is increasingly clear. We cannot blame a 

virus for the destruction of large parts of society. Fear has eroded reason and curiosity and replaced 
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these virtues with whatever is most expedient. Developing further biochemicals for human diseases 

as the best way to defeat illnesses is now being fundamentally challenged. It is also the incompe-

tence of a broken system. We need a broader strategic framework to understand the deeper patterns 

of how health may be achieved. The problem, simply put, is this: We dispense medical care to heal 

a body with a disease, but we now know that this is grossly inaccurate. We should do away with 

the separate systems sooner rather than later and replace them with something more holistic. What 

is common? Undivided wholeness. Keeping wholeness front and center gives a course correction, 

empowering people to prevent illness and absolve themselves from the prevailing narrative.

Empowering people summons a key inquiry. Can intention be therapeutic? A powerful question 

indeed. This chapter will examine the data of the power of humans to change the properties of materi-

als under controlled conditions. At least as it’s understood in the broader context of integrative medi-

cine, the idea of intention has startling implications. Intention-based healing is information medicine.

The technical description to follow will be challenging for some readers. How was I to proceed? I 

have attempted to make the content user-friendly by keeping mathematical equations to a minimum. 

Any mathematical notation is explained in the most elementary terms. For many of you, try to keep 

a sense of where we are going with this. We are entering an exciting new territory of science beyond 

today’s accepted physics.

27.2  BIOLOGY RUNS ON LOW ENTROPY

Much of this chapter was written in California, where the warm sunshine provides a never-ending 

reminder of the overarching influence of solar energy flux for sustaining life. At school, I was told 

that it is energy that makes the world go round. Energy activates plant growth, powers our machin-

ery and engines, and spurs us to wake every morning full of vitality. We need to get energy – for 

example, from the sun, from fossil fuels or nuclear power. When unifying concepts for life are 

sought, they reside in the distribution of energy in the universe. If thermal inequalities were elimi-

nated, no intelligent life would be possible. The flow of energy through a system acts to organize 

that system.1 Biology is a manifestation of energy movement.

The study of energy and its transformations is thermodynamics. The foundations of thermody-

namics are contained in the First and Second Laws of Thermodynamics.2 The First Law says that 

energy is conserved. Any conservation law states that something doesn’t change, and any use of the 

Law involves accounting. There is a fixed amount of energy, and we need to find and add up the 

various pieces to account for the total. The remarkable thing about this accounting scheme is its 

generality. It applies equally to living matter and to inanimate stuff. It plain works!

The Second Law says that within the conservation framework, we can’t have it any which way 

we like it.2 Things are not going to be perfect. The Second Law invokes a quantity called entropy, 

something that is not familiar in the medical sciences. I will come back to entropy. The general, 

condensed version of the Second Law is:

 G PV E TS= + -  

The “G” stands for “Gibbs free energy” and energy to do useful work. Differences in free energy 

functions drive all processes in nature. The “PV” term or pressure times volume (P × V) on the 

right side of the equation underpins the 19th-century age of the power of steam engines. Gibbs free 

energy can also result from changes in internal energy (ΔE), temperature (ΔT) and entropy (ΔS). 

In classical physics, quantities such as pressure, volume and temperature can easily be related to 

daily experience. Other parameters, such as work, heat and energy, are harder to conceptualize but 

make contact with familiar ideas. Finally, we have quantities such as entropy that are almost entirely 

dependent on abstractions.

Taking the example of the steam engine, the overall motive power can be understood and cal-

culated as the kinetic energy of water molecules bouncing around in myriad ways. We don’t need 
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to know what each water molecule is doing to get the whole system’s behavior. In other words, 

we don’t require information on the great number of microscopic states that make up the engine’s 

interior. Ludwig Boltzmann, an Austrian physicist, described this in some detail in the late 1800s.3 

Boltzmann showed that entropy exists because we cannot distinguish particular atoms/molecules 

and cannot, for example, assign a specific number to each one. He demonstrated that entropy is 

precisely the quantity that counts the great number of the different molecular/atomic configura-

tions that we cannot distinguish between. This does not mean that our inability to differentiate 

between microstates is a mental construct; it depends on actual, existing physical interactions. 

Entropy is not an arbitrary quantity. It is a relative one, like speed. Heat and entropy are statistical 

descriptions of nature.

The famous Boltzmann equation is:

 S W= ( )k log  

This equation tells us that we do not need to know what every molecule in the engine is doing. 

The Boltzmann constant, k, is a conversion factor relating energy to its temperature at the indi-

vidual molecule level. Boltzmann’s constant is a tiny number to balance out the giant W, a bridge 

between microscopic and macroscopic worlds. The “S” term is the thermodynamic entropy, and W 

represents the number of ways the individual tiny molecules (such as water molecules) can arrange 

themselves and is a vast number. If we know some of the factors affecting W, such as the number of 

molecules or the volume change, we can calculate the system’s entropy. The number of molecules 

could be a dozen or a standard mole (6.022 × 1023 molecules). The logarithm function allows more 

straightforward calculations for huge numbers. Boltzmann ushered in “statistical physics,” and its 

triumph has been understanding the probabilistic nature of heat and temperature.

Boltzmann’s probabilistic theory explained why heat flows from hot to cold, why swirls of ink 

disappear into the water to a uniform pale blue, and why smoke from a cigarette vanishes into the 

air. We understand the direction of each process and its irreversibility. Energy transformation – be it 

chemical, mechanical, electrical, and so on – loses some energy, and there is no free way of getting 

it back to reuse. In this transformation, the energy is conserved, but entropy increases. It is entropy 

that cannot be turned back. The Second Law specifies this. Succinctly written, the Second Law is:

 DS ³ 0 

What makes the world go round is not sources of energy but sources of low entropy.4 Without low 

entropy, energy would dilute into uniform heat, and the world would power down in a state of 

thermal equilibrium – no processes would occur. The sun is nature’s supply of low-entropy energy, 

which allows all biological life to grow. Behind the seemingly simple equation of entropy constantly 

increasing, an entire world awaits discovery.

27.3  INFORMATION, THE IRREDUCIBLE FACTOR IN NATURE

The universe is made of energy, matter and information, but information makes the universe inter-

esting.5 Without information, the universe would be a featureless, amorphous soup. It would lack 

the structures and shapes, the aperiodic ordering and fractal arrangements that give the universe its 

elegance and complexity. Information, like matter and energy, is a fundamental principle of nature. 

It gets even more interesting. Through its relationship with thermodynamics, information can drive 

processes that we see in nature. How is information a source of Gibbs free energy? Secondly, where 

does the information come from?

In 1948, Claude E. Shannon published a paper titled “A Mathematical Theory of Communication.”6 

Communication theory, or information theory as it is nowadays called, was one of the most 

important scientific advances of the last half-century, and it revolutionized the basis of modern 
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communications systems. Because of information theory, we can talk to a loved one via the tele-

phone, view television entertainment and download photos on our devices. Specifying or selecting 

the choice between two equally probable alternatives, which might be messages or numbers to 

be transmitted, involves one bit of information. By quantifying the number of bits – yes (1) or no 

(0) – we need to encode messages, the bit is a universal measure of the amount of information in 

terms of choice or uncertainty. Next, if we want to compress and squeeze a string of characters, 

the probabilities become key. Shannon bumped into the same principle as Boltzmann: Probability. 

Boltzmann described all the countless probable arrangements of gas molecules of a system so we 

can “see” how the whole behaves; that is, entropy refers to an average of physical states (such as 

temperature). In the analogous information function, Shannon described all the countless probable 

arrangements of the letters of the English alphabet to understand how they transmit communication. 

In Shannon’s formula, information refers to a particular physical state (such as the specific sentence 

“Dinner is ready.”).6

The fact that Boltzmann and Shannon both derived the same equation points to the deeply physi-

cal nature of information. Yet despite the differences in interpretation that mire down the reconcili-

ation of Shannon’s and Boltzmann’s ideas, we can still conclude that not only are messages made 

of information, but most things are. Shannon’s theory is more general than Boltzmann’s because 

it applies to any aggregates or physical order. Think of virologists talking about the information 

contained in virus RNA, or the information in an aria, a video of your child playing on your phone, 

or the word sequence in this section. Information refers to the presence of order. Shannon’s theory 

applies to any linear array of order in symbols. His theory remains eternally valid.

In his 1962 book Science and Information Theory, French physicist Léon Brillouin showed that 

every experiment conducted on the system yields specific information about the system.7 Consider 

this as a type of informational order in an otherwise chaotic system of gas molecules; it has been 

labeled as the creation of negentropy (less entropy). The crux of this scientific argument is that there 

is a type of equivalence between negentropy and information. An information increase in a physical 

event represents a decrease of equal magnitude in the system’s entropy.

Coming back to the second question: Where does information come from? We can now consider 

the nature of consciousness. This brings up many philosophical points about what consciousness is. 

But, let’s go further and ask what consciousness does. We see that it creates and manipulates infor-

mation in symbols such as language, numbers and mathematics, creativity such as art and music, 

and more. We can appreciate the broad meaning and importance of information in our lives. We 

share information, knowledge, stories, concepts, opinions, ideas, experiences, wishes, emotions, 

feelings and moods. Human beings are creative beings. Human consciousness creates information 

by intention.8 Just as heat and motion can be communicated, so can strength and weakness and 

disease. The prevailing struggle in the universe is the war between order and disorder, between 

entropy and information.

The first question: How is information a source of Gibbs free energy? To get to the answer, 

we need to go to the basement in Stanford University’s Department of Materials Science and 

Engineering.

27.4  TARGET EXPERIMENTS SHOWING THE POWER OF HUMAN 
INTENTION TO ALTER MATERIAL PROPERTIES

In the late 1990s, Professor William A. Tiller at Stanford University conducted a series of “target 

experiments” to test if human intention could impact materials.9 For each target experiment, Tiller 

chose a novel two-stage procedure. He took water as his test material. Water is familiar to us. It’s 

critical to biological life. The body’s acid/alkaline balance is exquisitely controlled at a pH of 7.4. 

Any deviation of half a pH unit up or down can mean disruption of cellular function and even death. 

Tiller chose to change purified water’s pH by one whole unit, a significant change and beyond ran-

dom noise. His protocol centered on the idea of creating information – with intention – and holding 
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the intention in meditation to “imprint” into a simple circuit device. The intention for water was 

as follows: To activate the indwelling consciousness of the system so that the intention host device 

(IHD) decreases (or increases) the pH of the experimental water by one pH unit, that is, the hydro-

gen ion (H+) content by a factor of ten compared with the control.

In the first stage, Tiller, with three of his Stanford graduate students, settled around a table in the 

physics laboratory, with the electric device in the center. They went into a meditative state – like 

a communion. Tiller’s reading out the intention broke the silence. Then, silence for more than 30 

minutes as they held the core intention in mind. The “host” device was thereby imprinted with the 

information.10 The imprinted device was “meta-stable,” excited above the thermodynamic equilib-

rium state with subtle energy information. The IHD was protected with aluminum foil to reduce 

ambient electromagnetic field effects and leakage of the information.

In the second stage, the imprinted IHD was shipped to Minnesota, where the actual experiments 

were conducted. The receiving laboratory was blinded to the primary intention imprinted in any 

IHD. Controls, unimprinted devices or UEDs, were also tested for their capacity to change the 

target material, purified water. The IHD was switched on precisely 6 inches from a water vessel 

with an electronic pH meter continuously measuring the pH with an accuracy of ±0.001 pH units. 

The initial experiments on water pH took about 2 months, and the data were resounding. The water 

pH would change in line with the information imprinted into the IHD. The UED controls had no 

effect.11 No chemical or electrical energy was applied to the water sample.

Tiller went on to use his two-stage protocol to significantly increase (25% at p < 0.001) the in 

vitro chemical activity of the liver enzyme alkaline phosphatase12, 13 and to significantly increase 

the in vivo ratio of adenosine-5′-triphosphate to adenosine diphosphate in the cells of the fruit fly 

Drosophila melanogaster larvae so that they would have a significantly reduced (25% at p < 0.001) 

larval developmental time to the adult fly stage.14

Astonishingly, all of these experiments were successful. There is a very low probability for con-

sciousness to affect a physical experiment in today’s scientific worldview. Furthermore, to imbed 

an intention in a host device, which can then be transported to another laboratory site and generate 

such effects, would be considered impossible. These results are nothing short of dramatic. Other 

independent investigators have replicated the water pH target experiments in their own laborato-

ries.15 A device could be imprinted by highly conscious humans, and that device was stable for 

enough time to affect a target material. This science has revolutionary implications. It tells us that 

focused human intention has coherent energy to impact physical materials in a specific direction.

27.5  DUAL REALITIES AND FIELD EFFECTS

The target intention experimental data is compelling and has been replicated by Tiller’s laboratory. 

Although other independent laboratories have successfully reproduced the protocol of changing 

water pH with an IHD, it is primarily a single-laboratory experience. The target experimental data 

demands a new scientific framework whereby the results are lawful and understandable.

With repeated target experiments, Tiller and colleagues discovered a remarkable phenomenon. 

Using an IHD in the laboratory testing space over extended periods – 3 to 4 months – the conditions 

of the laboratory space shifted.9 Observations of the ambient air temperature, water pH and water 

temperature showed each to oscillate precisely. For example, an examination of air temperature 

oscillations showed large 3°C fluctuations in a rhythmic pattern. The air temperature fluctuated 

at the target experiment setup location and various positions around the room and into the hall-

way. The instrument accuracy of 0.001°C allowed detailed examinations of these huge temperature 

waves. They were not associated with air-conditioning or with diurnal cycles of day and night-time. 

Taking the real-time air temperature waves, Tiller used Fourier analysis to convert them to an 

amplitude spectrum. The Fourier mathematics revealed unusual behavior. Different spatial loca-

tions and the respective frequency at each location nested into each other like harmonics. In other 

words, all the spectral frequencies of the air temperature “nested” into each other from the different 



532  Nutrition and Integrative Medicine for Clinicians

probe locations. Typically, no nesting harmonics would be expected for the air temperature; this is 

anomalous behavior.

Similarly, the water pH and water temperature also had precisely oscillating wave shapes. Fourier 

mathematics for both sets of waves “nested” in harmonics. All these oscillations were present over 

long periods – more than 4½ years – demonstrating something unusual about the physical space 

wherein the target experiments were conducted. In Tiller’s description, it was as if the whole lab 

space was coherently pumping!9

Tiller took a further step and checked whether the air temperature oscillations were due to a con-

vection pattern known as Bénard convection. Bénard convection describes air density inversion and 

rotating currents that bring about oscillating temperature readings. Setting up forced convection 

with a fan, one would expect the temperature oscillations to disappear instantly if they were due to 

air currents. With two fans, each with enough force to blow sheets of paper across the room, Tiller 

recorded the nature of the oscillations. Such a forced convection arrangement didn’t obliterate the 

oscillating behavior. This could mean only one thing: The air temperature oscillations were not due 

to air molecules.

It was clear from the data that the space itself is critical to the robustness of the target experi-

ments. The space itself became transformed in fundamental ways. Tiller calls the changed lab space 

“conditioned.” Applying physics terminology, the experimental space altered from a normal state, 

termed the U(1) EM (electromagnetic) gauge symmetry, to the next higher one, termed the SU(2) 

EM gauge symmetry state.16 The higher SU(2) EM gauge symmetry state is also a higher thermody-

namic free energy per unit volume state from physics theory. Tiller named the two unique realities 

Direct space (D-space) to signify U(1) EM gauge and Reciprocal space (R-space) to signify SU(2) 

EM gauge.

A pivotal “signature” of conditioned space is the magnetic polarity effect. This was done to tease 

out the evidence for a dual nature: one electrical and particle-like (D-space) and the other magnetic 

wave information (R-space). Magnets are dipolar. No magnetic monopoles have been discovered to 

exist in nature. In normal D-space, Tiller repeated the water pH experiment. The water pH with the 

North pole facing into the water vessel and then the South pole facing into the water would have 

identical results in terms of H+ content. The pH results for either magnetic pole would be predicted 

by established thermodynamic standards and be equal to zero. In an IHD-conditioned space – 

R-space – the same setup with a dipolar magnet had very striking results on water pH. The North 

pole of the magnet decreased the water pH, and the South pole increased the water pH. Somehow, 

an IHD-conditioned space allows measuring instruments to access magnetic monopoles.17

An important consequence of a conditioned space (R-space) is non-local connectivity between 

locations separated by huge physical distances over thousands of miles. The connectivity has been 

termed macroscopic information entanglement.18 Table 27.1 summarizes some of the general fea-

tures of D-space and R-space.

Tiller’s intention experimental findings answer: How is information a source of Gibb’s free 

energy? The answer is tied to space. The physical space is also called “physical vacuum” and was 

originally termed “empty space” by the British physicist Paul Dirac.19 The physical vacuum is criti-

cal to understanding the laws of physics and provides a framework in which the world is embedded. 

Dirac’s equations predicted magnetic monopoles.20 Today, more than 80 years later, science hadn’t 

discovered magnetic monopoles until Tiller’s intention experiments. In Reciprocal space, magnetic 

monopole effects become possible.

The R-space has a higher thermodynamic free energy per unit volume than the usual electric 

atom/molecule level of reality (D-space). The conditioned space “pumps” energy to do useful work, 

that is, alter the water’s hydrogen ion content in the direction specified by human intention! Energy 

flows from a higher energy potential to lower potential until equilibrium status is reached.

The entanglement effects of R-space over huge distances provide the backdrop for healing inten-

tion broadcast (sent) over large distances to specific physical locations. Remember, R-space isn’t 

electromagnetic. Its magic is a magnetoelectric wave information substance.



533Information Medicine for the 21st Century 

27.6  FROM BENCH TO REAL-WORLD APPLICATION 
OF INFORMATION MEDICINE

We can move to the human biofields and subtle energies.21 The understanding of unique levels of 

the physical space and the signature of the R-space to differentiate magnetic monopoles applies to 

the human body. Generally, chiropractors and naturopathic physicians are more familiar with the 

use of magnets to identify imbalances in the body. Generally, holding a magnet close to the body, 

the South pole strengthens whereas the North pole weakens the muscle groups. Since muscle pro-

prioceptors are intimately connected to the acupuncture meridians, this is evidence that the human 

body already has a higher gauge state system within it.

The acupuncture-meridian/chakra system is the subtle energy “pump” energizing all processes 

in the body: The body’s digestive juices, the brain cells coming alive as I type this sentence, the 

myocardium’s tempo for sending forth blood and nourishment to all parts of the system, and much 

more. Underneath the hood is the higher thermodynamic power of the acupuncture system. The 

benefit of priming the acupuncture and energetic systems cannot be over-emphasized.22 The physi-

cal body’s acupuncture-meridian system is aligned powerfully in the higher gauge state, which in 

turn, influences the chemistry and cellular function to a restorative milieu. Tai chi, Qigong, yoga 

are powerful, subtle energy practices. Adding intentionality to the energy medicine “coheres” the 

practice and brings coherence. Tiller has studied Qigong masters. A master healer’s intentionality 

in a healing session charges the subtle energy systems of his body. A coupling between the subtle 

energy system and the physical body creates a pulse of the magnetic vector potential, which is the 

“bridge” between the subtle, unobservable energies and physically observable electric fields outside 

the physical body.23 The primary dipole origin is in the lower abdominal region, traditionally known 

as the Hara.

The higher gauge meridian system is magnetoelectric and distinct from electromagnetism. For 

processes involving subtle energy systems, we must add the magneto-electrochemical potential: 

The product of a magnetic charge and magnetic potential. This addition is an expansion of the 

TABLE 27.1

Characteristics of Direct Space and Higher Gauge Reciprocal-Spacea

Direct Space (U(1)) Gauge Reciprocal Space (SU(2)) Gauge

Medical model Conventional medicine Integrative (complementary) medicine

Constituent elements Electric atom-molecule 

Electromagnetic (EM) waves

Magnetoelectric information waves (analogue 

in vacuum level)

Coordinates Space and time dependent Reciprocal domain with frequency coordinates

Mathematical propertiesb Scalar and vector quantities Vector and tensor quantities

Signature of the physical space Electric monopoles accessed Magnetic monopoles accessed 

Entanglement between parts of a 

system

Present very locally Non-local entanglement over extensive 

(thousands of miles) distances

Information as a source of 

thermodynamic free energy 

potentialc

Information has negligible effects 

using the Boltzmann’s constant

Information effects of significant magnitude as 

Boltzmann’s constant analogue of higher 

order and change in entropy

a Physical measurements quantitatively consist of two parts, one from D-space and one from R-space, when there is space 

conditioning. Space conditioning may be present from human biofields or from imprinting with an intention host device.
b Scalar quantities can be specified by one number, such as temperature and pH values. Vector quantities have magnitude, 

direction and phase angle to properly define the property. Tensor quantities have geometric mapping associated with any 

measurement at any point in space.
c Boltzmann’s constant: 1.380650 × 10−23 joules per Kelvin (J K−1)
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familiar electrochemical potential that drives cellular functions. I submit theoretical implications of 

the science thus far to medicine using the “chemical medicine” system. Is it possible that in a higher 

symmetry state space, pharmaceuticals can begin to demonstrate different, more powerful and less 

harmful potentials? Essentially, focused human intention can set up a conditioned R-space. Hence, 

a whole new reality opens and becomes one in which the mind and emotion domains can perform 

physical and higher-dimensional work.

In medical sciences, we are on the quest for personalized medicine. Tiller’s work demonstrates 

that human intention (information) can change the properties of materials and whole living systems 

(such as the fruit fly) in a specific and particular direction. By using human intention, an individual 

human body and human health can be impacted positively. Tiller uses the term “information medi-

cine” in this application as distinct from energy medicine. There is an exchange of energy and infor-

mation at multiple levels in a human, and information has a higher potential in terms of free energy 

to drive a process. Tiller used information medicine for a gentleman who suffered from ankylosing 

spondylitis, a diagnosis of chronic inflammatory arthritis.

This man had waxing and waning arthritis of his knees and elbow joints treated with conven-

tional anti-inflammatory drugs for more than 17 years.24 His condition worsened to the point of 

requiring a state-of-the-art class of medicines called biologics to control his pain and get him back 

to work. With multiple specialists – rheumatology, neurology, pain management, orthopedics, phys-

ical medicine and rehabilitation, to name a few – as well as frequent radiographic monitoring and 

blood tests, his condition was on a downward spiral. Energy therapy with a Qigong master helped, 

but only transiently for 1 day.

Excellence in chemical medicine and energy healing failed to alleviate his misery. Tiller pro-

posed that his imbalance did not lie in the cellular chemistry or the subtle energy acupuncture 

systems; instead, it likely lay with informational order. To craft an intention statement, Tiller and 

I used the man’s “wish list,” that is, what was meaningful to him for health and living a full life.8 

Getting key points required careful review and revisions until everyone was satisfied with the inten-

tion. Tiller and his team imprinted an IHD for him, which was shipped to his home in Minnesota. 

He plugged the IHD in his home for around-the-clock information broadcast into the space of his 

bedroom. The IHD was re-imprinted every 3 months to keep it meta-stable and away from equi-

librium. The patient submitted regular validated outcome measures. His background conventional 

medical care was left up to his physicians. When the patient started information medicine, he was 

not on biologics any longer.

The first aspect to shift in the information medicine program was the gentleman’s emotional 

status to a more hopeful and optimistic state. It was an “inside-out” healing. The physical pain took 

longer to ease. Unlike conventional medicine with a linear dose–response scheme of chemical inter-

ventions, information medicine is non-linear in that the multiple levels in his being were impacted. 

The active information medicine program was 24  months. His follow-up continued beyond that 

2-year time point. Three years after the start of the personalized information medicine program, 

his joint pain suddenly “disappeared over a few days.” By this time, he had stopped seeing multiple 

medical specialists and his rheumatologist. His improvement has been sustained for more than 4 

years. This patient has rejoined society and reactivated his gym membership, is skiing again and is 

running a successful philanthropy.

Could this successful information medicine outcome be a coincidence? Miracles in medi-

cine are not uncommon. However, as a rheumatologist with 20 years of clinical experience, 

I have not encountered a case of sudden resolution of refractory ankylosing spondylitis. A 

noteworthy difference from conventional chemical medicine is the direction of information 

exchange; there’s an active response to the patient’s questions and desires. It diverts from a 

fix-it attitude to something more profound, which has more meaning for the client. The infor-

mation exchange initiative addresses the underlying problems head-on and helps to lighten the 

footprint of unnecessary prescriptions and subscriptions. None of this is to deny the need for 
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traditional medicine. There are serious diagnoses and real threats to life that require applying 

the familiar tools of medical treatment.

Information medicine deals with creating beneficial changes in the participant at higher-dimen-

sional and subtle energy levels of integration (emotional, mental and spiritual). It also impacts the 

cellular, neurological and pharmacological aspects of the atom/molecule aspect of the physical body 

with zero intentional use of pharmaceuticals. If we think of how the actual structural changes might 

occur at the various levels of the person, first, a thermodynamic free energy driving force for a change 

must build up in the system. Next comes a partial deconstruction of the original structure, followed 

by a rearrangement of the primary structural elements into a new configuration amenable to lowering 

the existing thermodynamic free energy driving force. This transforming process is repeated until all 

the excess thermodynamic free energy driving force (created by the IHD) has been used up.

The second example of information medicine takes advantage of field effects. A key aspect of 

R-space is entanglement and connectivity between parts of a system separated over any physical 

distance. Recall R-space isn’t electromagnetic. Its magic is a magnetoelectric wave information 

substance. Fields are continuous without gaps. The preceding provided Tiller with the confidence to 

“broadcast” intention information from his laboratory in Arizona, United States, to children diag-

nosed with autism spectrum disorders. The 44 children lived in the United States and all around the 

globe, as far away as Australia. Tiller had never physically met with any of the participants.

In the year-long information medicine program, the objective was to broadcast specific intentions 

to the children (recipients). The primary outcomes were scores in the validated Autism Treatment 

Evaluation Checklist (ATEC).25 The ATEC Questionnaire is a one-page parent-report questionnaire 

designed to evaluate change in autistic behaviors in children. It consists of 4 subtests: I. Speech/

Language Communication (14 items); II. Sociability (20 items); III. Sensory/Cognitive Awareness 

(18 items); and IV. Health/Physical/Behavior (25 items). Tiller concentrated on some aspects of the 

ATEC scoring, such as sociability. His main thrust was to support the integration of these children 

to function and integrate more readily.26

One crucial piece in the design of this information medicine program was that Tiller made a 

controversial but definitive decision: “There will not be any controls. When we do something from 

the heart, it doesn’t make sense to have controls.” Once the IHD was switched on in Arizona, within 

24 hours, the first feedback arrived. A mother from Australia called: “My three-year-old! She said: 

‘I love you, Mama.’”27 The most this child had spoken in the past was nonsensical utterances and 

single words not necessarily appropriate for the situation. Moreover, the little girl said about 20 dif-

ferent words that day in perfect context. The mother exclaimed: “We couldn’t believe what we were 

hearing. Just amazing!”

During the information medicine broadcast, kids as old as 15 who had never spoken began to 

form words. This is nothing short of amazing to an expert in the field. The kids improved from 48% 

who could use four or more words to more than 60% 4 months into the broadcast. The IHD was re-

imprinted every 3 months to ensure that it remained meta-stable away from equilibrium.

There are many questions. What happens to the space of the child’s home itself? We don’t know. 

How does the intention information “know” which home to reach? How does information reach a 

precise home address in Australia? Remember, there is no direct sensory input from Tiller and these 

families, some of them thousands of miles away from Arizona. The families signed a consent form. 

They are part of the system and connected by field effects. In Tiller’s physics, the IHD initially 

“conditioned” his lab space in Arizona. This space was strongly entangled to transmit information 

via R-space fields from Tiller’s location to each specific address. In simpler terms, intention infor-

mation reaches each home via R-space information entanglement.

This preliminary data on with-intention broadcast is exciting. Here, we see an act of love by a 

physicist, his way to support children for whom medicine has few answers. The scientific commu-

nity has an opportunity to take this early work and propose steps to bring information medicine into 

broader know-how.
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27.7  GOD’S UNIVERSE AND CONCLUSIONS

We have just seen how human consciousness, in the form of intention, can raise the symmetry level of 

space to a higher or conditioned state. That conditioned space affects the physical properties of matter. 

Crucially, information is the bridge between energy and consciousness. We can expand the well-accepted 

relationship of matter and energy, E = mc2, that Einstein derived to include information as follows:

 Mass Energy Information ConsciousnessÛ Û Û  

Looking at the Second Law of thermodynamics, which drives all natural processes, the master 

equation to account for information and entropy is the following:

 
D SDG PV + E T S I= +- ( )0 j

j
 

Therefore, all terms contributing to changes of Gibbs free energy, ΔG, include pressure (ΔP), volume 

(ΔV), internal energy (ΔE), temperature (ΔT), entropy, a measure of disorder (ΔS), and information, 

denoted “I.” Information is related to entropy; information change can be regarded as negative entropy 

change (negentropy). The term in the brackets, S0, is the original entropy, plus the sum, over all the dif-

ferent types (denoted: j), of information change (ΔIj) active in the process. Consciousness via intention 

manipulates information of all kinds: Numbers, letters, pictures, symbols, etc. A process producing an 

increase of information, ΔI, leads to a decrease of thermodynamic entropy, ΔS, by the same amount.

Intention is the creative potential that all humans have. For this potential to be realized, medita-

tion is a prerequisite to clarify and quiet the thinking mind. Then, it is the invisible chain of events 

needed to transfer information in the very fabric of nature itself. It is a question of creating a path 

that connects all the chain links and then designing and testing a protocol that would allow cred-

ible scientists and imprinters to supply the information to the medical armamentarium. People with 

mastery of stilling the conscious mind and holding an intention to imprint an IHD summon the 

scriptural teaching from Matthew 18:20: For where two or three are gathered together in my name, 

there am I in the midst of them. Tiller often said: It’s the Unseen colleagues doing the heavy lifting 

(in the imprinting), signifying man’s connection to divinity in the scientific protocol.

Properly understood, consciousness via intention is powerful. It’s a source of energy, and infor-

mation is the link. It is a catalyst for our awakening. Tiller’s science shows us that as we become 

inner-self managed to a high degree, and focus our intentions, remarkable changes are possible 

in ourselves and in nature. The development of information in various layers of the human infra-

structure can be a positive thermodynamic driving force. It invites us to investigate mechanisms of 

spiritual reality embodied in the human experience and bring it to a pragmatic and practical use.

Tiller’s physics opens an exciting new era. People can receive healing information 24 hours a day 

in their homes, potentially reducing the cost of medical care significantly. It’s not too hard to imag-

ine. The science protocol is before us to take it and make something of it. Numbers tell the story. 

We need numbers on the ground, and comparable numbers in comparable physical locations not 

receiving the informational directive. Controls are difficult to do in subtle energy research, but we 

must not let that fact deter the experiment. The challenge before us is to explain this process to those 

workers and leaders who hold power in making decisions. We must allow bold medical dreams.

Integrative and conventional medical practitioners must be aware of the similarities and signifi-

cantly different science foundations involved in their medical considerations. Tiller’s body of work 

is vital to all integrative medicine practitioners because it carries them beyond chemical medicine 

and even electromagnetic medicine. It allows them to seriously enter the domain of information 

medicine. Whether we use the biomedical model, the energy medicine model or even the informa-

tion model will depend on us. For while no one is looking, it is the forgotten people, the suffering, 

who inherited the surface of the earth, and they will forever favor whoever helps them use their 

legacy to create a better life rather than destroy it.
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Birthing the Light, 

Making Childbirth a 

Positive Experience
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“Kim Jyotis tava bhanumaan ahani me. Ratrau pradeepadikam.

Syaad evam ravi deepa darshana vidhau kim jyothiraakhyahi me.

Chakshuh tasya nimeelanaadi samaya kim dheeh dheeyo darshana kim

Tatra aham athah bhavan paramakam jyothih tadasmi prabho”

Sri Sadhguru Adi Sankaracharya’s Eka Sloka Prakaram

TRANSLATION

“What is your light?” “For me sun in the day and lamp in the night.”

“Let it be.” “By what light do you see sun and lamp?” “Eyes.”

“When you close your eyes, what is the light?” “Intellect.”

“What light helps to see intellect?” “Me (self).”

“So, you are the ultimate light (self-luminous Self).” “Yes, that’s so, my lord.”
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28.1  INTRODUCTION

In Spanish, childbirth is Dar la luz, which means birthing the light. In the Indian context, it is light that 

comes in and powers the body, giving us life. By welcoming the new-born that enters this world through 

the mother’s womb, we are welcoming this light by the many rituals in different cultures, for instance, 

bathing the baby. For example, see this beautiful video on you tube: https://youtu .be /PpvbfuF0ENo

Other rituals include massaging the baby, singing to the baby., etc. In many cultures, the entire 

village is involved in welcoming the new-born and the mother, helping at every turn. This is a 

cultural aspect, for each family and mother should be respected, and the creative power should be 

honored while a mother births her baby. Making childbirth a joyful and natural experience for the 

mother, the baby and the whole family is therefore a duty of everyone who is involved in assisting 

in the process of childbirth. This includes birth companions like spouse, partner, family member or 

doula and healthcare providers like midwives, nurses or doctors, all of whom need to work towards 

the common goal of making the childbirth a positive experience for the mother as well as the baby.

To give birth to a life is a gift that is the prerogative of a female body, which is why many cultures 

honor her as the divine or the sacred feminine. It is the energy of creation in its most ethereal form. 

This force is powerful and highly intuitive. But in this process, women are not just a means to an 

end. To accomplish this, they need to be in harmony within themselves, with nature and with the 

rest of creation. Sadly, most of the times in our current paradigm when a woman brings forth life 

into this world, this may not be the case.

Childbirth should be a wonderful time for a woman and her baby and not something to dread and 

be fearful of. However, at the present time, outcomes have taken more importance than the process 

itself. We need to align and realign ourselves with nature’s powerful design, which translates into a 

positive childbirth experience for a woman, and empower her in more ways than one to enjoy moth-

erhood, to bond with her baby, and to nurture him or her to his or her full potential.

In a survey spanning over 140 countries around the world based on a questionnaire, the “positive 

experience index” and “negative experience index” were measured. “Positive experience index” was 

assessed by respondents’ experiencing wellbeing on the day before the survey in terms of feeling 

well rested, being treated with respect all day, smiling or laughing a lot, learning or doing some-

thing interesting, and experiencing enjoyment.1 Positive experiences can help us thrive, flourish and 

be creative and optimistic about life in general.

To give birth to a healthy baby in a clinically and psychologically safe environment with continu-

ity of physical and emotional support from a birth companion and kind and technically competent 

staff is what defines a positive childbirth experience.2 This stems from the fact that women do want 

a physiologic labor that is safe but also wish to be involved in the decision-making process for any 

intervention when the need arises.

It seems that with the aim of reducing maternal and perinatal morbidity and mortality during 

childbirth, the natural process of human birth, which unfolds itself automatically and is orchestrated 

by the fine interplay of various hormones like oxytocin, endorphins, catecholamines and prolactin, 

is forgotten. These hormones are released in a manner that makes the whole birthing experience 

ecstatic, creates a special bond between the mother and the baby, and smooths the transition of the 

new-born into the world. The mother–baby duo get to develop the bond of a lifetime, and for the 

mother, it is like a new birth into a far greater and more powerful role. All this happens when birth is 

undisturbed and allowed to progress naturally; however, at the present time, this has become a rarity 

due to the high rates of medical intervention. Cesarean section is perceived as an easier and safer 

mode of delivery as compared with vaginal birth by pregnant women and obstetricians. There is an 

urgent need to move slowly but steadily from a totally medicalized birth to an “Undisturbed Birth.”3

28.2  HISTORICAL PERSPECTIVE OF CHILDBIRTH

Since time immemorial, childbirth has remained a highly private affair, which was practiced behind 

closed doors. Female relatives and midwives helped during childbirth. Midwives passed on the 

https://youtu.be
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knowledge and skills from generation to generation. Some of them were highly skilled at easing the 

process, rotating the malpositioned baby and much more.

In ancient India, certain Vedic practices (1500 BC) were started 3 months prior to concep-

tion, were followed throughout pregnancy, and continued after the birth of the baby. These were 

described in the Garbhopanishad from the Krishna-Yajur-Veda.4, 5

They included certain basic ingredients like healthy, home-cooked, nutritious, vegetarian food, a 

focus on good thoughts and spirituality, music, a peaceful environment and doing certain breathing 

exercises (called Garbh Sanskar).6 The practices were started 3 months prior to conception, which 

meant that they could potentially influence the quality of human eggs. This was meant to provide a 

healthy environment for the growing fetus so that it could attain its maximum physical and intellec-

tual potential and was also claimed to nurture the best genetic pool for the baby. Virtue in the baby 

seems to emanate from the mother and her experience during pregnancy via the neurotransmitters 

released in the mother’s brain. Also highlighted were practices like perineal massage to prevent 

tears during birthing, and rubbing the breasts with a paste of sandalwood and lotus stem for supple-

ness to help in breast feeding.7

All these practices ensured that the “mother to be” was taken care of and also, was guided about the 

process of childbirth and new-born care by the elders in the family. But, the unavailability of formal med-

ical care at that time meant wide disparities in the quality of care and high maternal and infant mortality.

Between the 18th and the beginning of the 20th century, obstetric practices saw a sea change, 

especially in European nations. Male midwives or surgeon practitioners came forth and started 

attending deliveries, using forceps and handling abnormal labors, but the maternal mortality rate 

did not see any change. It was not until 1936 that maternal mortality rates began to fall. The major 

contributing factor was the introduction of antibiotics (sulfonamides).8 Times changed, and the last 

100 years or so saw a huge escalation in the practice of modern medicine, the availability of anes-

thesia and safe surgical practices.

As per Centers for Disease Control (CDC) data,9 maternal and infant mortality fell drastically 

from the early 1900s to 1999 in the United States. In the early 1900s, 6–9 mothers per 1000 live 

births in the United States died of pregnancy-related complications, and approximately 100 infants 

out of 1000 live births died before their first birthday. Maternal mortality declined by almost 99% 

and was reported at 0.1 of 1000 live births in 1997, and the infant mortality rate also declined by 

90% to 7.2 per 1000 live births. Major advances in medicine and improvements in healthcare were 

major contributors to this decline in numbers.

Medicalization of childbirth, although it brought about a change in morbidity and mortality, 

also meant that the control of a birthing woman’s body and the profound and natural process it was 

meant to go through was taken over by healthcare providers.

In an article written in Journal of Perinatal Education in 2003,10 the author talks about the child-

birth journey of three generations of her family: her grandmother, her mother and herself. The nar-

rative highlights how childbirth has changed over these three eras and how women need to reclaim 

their childbirth and their families. Her grandmother, in 1936, had a childbirth controlled by a male 

obstetrician, a nurse periodically woke her out of a drugged stupor to admonish her for her incon-

siderate behavior, and she had a forceps delivery; plus, she never could breastfeed her daughter. 

Her own mother just remembered being unconscious and going through a Cesarean section. For her 

own birth, she had a birth plan and labored with her husband and midwives with medical backup 

incorporated, just in case. She also went on to breastfeed her daughter for 3 years. The ecstasy of 

her own childbirth was something that brought her confidence and a sense of purpose (Figure 28.1).

28.3  THE JOURNEY BEGINS: UNDERSTANDING 
CONCEPTION AND THE ZINC FLASH

The activation of an egg to form an embryo has been seen to be marked by a distinct event called 

the ”zinc spark.” So, why do sparks literally fly at the moment of conception? Back in 2011, the 
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Northwestern University team discovered that sparks of zinc exploded at the point of conception in 

mice. It took them a few years to figure out how to image this event, but by 2014, they’d managed to 

film the event for the first time ever, and watched as billions of zinc atoms were released at the exact 

moment when a mammal’s egg was pierced by a sperm cell. Using a new fluorescent sensor that was 

able to track the movements of zinc in live cells, the team caught a glimpse of an egg’s zinc-storage 

capabilities and found some 8000 zinc compartments, each one containing around 1 million zinc 

atoms, just ripe for exploding. The tiny “firework” that resulted was found to last for about 2 hours 

after fertilization.

Now, the same team has managed to film this event occurring in a human egg at the point 

of conception. In this landmark study published in 2016,1111 it was seen that there was a meiotic 

maturation–dependent acquisition of the ability of the gamete to mount a zinc spark, with cells 

arrested at prophase I having on an average a smaller zinc spark compared with those arrested 

at metaphase II. These results suggest that the machinery that elicits the zinc spark is likely not 

fully established until just prior to fertilization, which may be an important mechanism to prevent 

premature egg activation. This information is really powerful in more ways than one. Not only 

does it pave the way for future selection of good-quality eggs, thus increasing the success rates in 

ART (assisted reproductive technology) cycles, but it also reinforces that the conception of a new 

being in nature is marked by the release of energy (zinc flash). On a more spiritual level, this also 

implies that the origin of a new living being in nature is an event marked by release of energy 

at a subatomic level, highlighting the importance of interchangeability of matter and energy in 

living systems.

FIGURE 28.1 Reclamation of the family.
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Matter has been converted into energy, such as burning firewood creating light and heat. However, 

has energy been demonstrated by science to be converted into matter?

Scientists studying particle collisions at the Relativistic Heavy Ion Collider at the US Department 

of Energy’s Brookhaven National Laboratory found that particles of matter and antimatter could be 

created by colliding very energetic photons (quantum packets of light), essentially converting light 

energy into matter in a single step. This is called “The Breit–Wheeler process” and is related, of 

course, to Einstein’s equation, E = mc2. Matter has been converted into energy before, for instance 

by nuclear reactors, but this is the first time that scientists have converted electrons and positrons, 

i.e., light, into matter.12

28.4  MODELS OF CARE – TECHNOCRATIC TO QUANTUM

Bringing a new life to this earth is the quintessential most powerful force of nature and drives 

everything at its most basic level. It is the start of a new relationship between a mother and her baby. 

Soul-level connections are created and nurtured, and the right nurturing could mean the creation of 

a whole generation of human beings who are mentally and physically strong and capable of making 

this world a better place to live.

An overview of the Primal Health Research data bank founded by Michel Odent demonstrates 

how health is shaped during the primal period (from conception until the first birthday). The research 

also suggests that the way we are born has long-term consequences for sociability, aggressiveness 

and our capacity to love.3

Simon et al.13 studied how natural birth in mice led to triggering of UCP2 (mitochondrial uncou-

pling protein 2) expression in hippocampal neurons of mice. UCP2 is induced by cellular stress 

and is involved in regulation of fuel utilization, mitochondrial bioenergetics, cell proliferation, neu-

roprotection and synaptogenesis in the adult brain, and inhibition of UCP2 led to reduction in the 

number and size of neurons, their dendritic growth and certain complex behaviors in adults. This 

study implied that UCP2 expression leads to development of hippocampal neurons, and as expres-

sion of this protein is seen to be triggered by the stress of labor, this means that physiologic labor 

stress has a crucial role to play in the development of hippocampal neurons and their circuits. This 

means that more research is needed to understand whether absence of labor stress, as in elective 

Cesarean section or non-natural births, means no upregulation of UCP2 protein and hence, long-

term effects on the functioning of the brain.

For the longest time, health agendas and policies all over the world have been focusing on sur-

vival for both the mother and baby during childbirth. In this “technocratic model,”14 women are not 

seen as individuals with their own fears and beliefs. They were meant to follow a system of health 

management that ensured physical safety during childbirth, but this also meant that their individual 

choices were either ignored or not given precedence. Fear of litigation of the healthcare staff and 

the unpredictability of childbirth also meant that Cesarean sections appeared to be a safer option.

It is about time that our actions should now aim at “transformational healthcare,” as envisioned 

by the Global Strategy for Women’s, Children’s and Adolescent Health.15 This could mean adopt-

ing a “quantum model” of care, which implies that what each woman goes through, and what she 

believes in, matters. There is evidence that each woman has her own attitude and beliefs regarding 

pregnancy and childbirth based on the information she receives from her family, peers and care pro-

viders.16 Three clusters of women are described as self-determiners, take it as it comes, and fearful 

women. Self-determiners believe in pregnancy and childbirth as a normal physiological event and 

have no fear of birth, compared with fearful women, who are afraid of birth and have an increased 

likelihood of a negative birth experience and poor emotional health. Take it as it comes women are 

not afraid of birth but are likely to agree to interventions easily.17

Each pregnant woman needs to be treated at an individual level, and her thoughts and fears must 

be taken into consideration. This works to create a holistic and positive childbirth experience for 

every woman.
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28.5  HORMONES AS MESSENGERS – REPRODUCTIVE 
AND BIRTHING HORMONES

Four major hormones18 orchestrate the start of labor and the journey of childbirth. They are oxy-

tocin, beta endorphins, prolactin and the epinephrine-norepinephrine system. Figure 28.2 shows 

how the hormonal interplay leads to effective labor progression, analgesia and a positive childbirth 

experience.

A mother’s body readies for labor by increasing estrogen levels. An increase in uterine oxytocin 

receptors towards the end of pregnancy plays a vital role in uterine responsiveness to oxytocin, 

thus leading to effective uterine contractions and helping to prevent postpartum hemorrhage after 

childbirth. An increase in central receptors for beta endorphins leads to natural analgesia and helps 

in producing a trance-like state for mother, thus helping her in coping with the stress of labor. 

Simultaneously, an increase in mammary and central oxytocin and prolactin receptors plays key 

roles in mother–child bonding post birth and in initiating breastfeeding. Not only does the mother’s 

body undergo these changes; the fetus has its own flow of hormones for optimization of survival 

after birth. Cortisol release in the fetus in the prelabor phase has a role in initiation of labor. It also 

causes the maturation of lungs and other organ systems. There is an increase in epinephrine-nor-

epinephrine receptors, which ensures protection from labor-induced hypoxia (caused by late labor 

catecholamine surge) and neuroprotection and promotes effective energy metabolism after birth.

As per the integrative neuro-psychosocial model of childbirth, which integrates neuroendocrino-

logical, physiological and psychosocial aspects of what a woman goes through during a physiologic 

Prostaglandins & Oxytocin
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contractions

End of labour

Catecholamine surge

Urge to push

Childbirth

1. Calming and pain

relieving effect of beta 

endorphins 

End of pregnancy

1. Increasing uterine oxytocin receptors

2. Increasing brain-based (central) 

receptors for beta-endorphins
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oxytocin and prolactin receptors 

FIGURE 28.2 Flow chart for interplay of maternal hormones during childbirth.
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birth,19 oxytocin not only stimulates uterine contractions during labor but also influences the moth-

er’s experiences, behaviors and physiology to facilitate birth.

This is a more holistic way of visualizing childbirth, which is not just a physiological event but 

has psychological experiences and neuroendocrine events occurring to not only facilitate birth but 

also act as a transformative experience for the woman and prepare her transition into motherhood. 

This model of childbirth has been derived after integrating the findings from two previous system-

atic reviews, one on maternal plasma levels of oxytocin during physiological childbirth20 and one 

meta-synthesis of women’s subjective experiences of physiological childbirth.21

Over the last few decades, the place of birth shifted from home to hospital, which did mean 

better monitoring during labor and effective handling of complications, but also meant more inter-

vention than was needed and pregnancy being seen as a medical disease, whereby fear of com-

plications became the main driving force for interventions and Cesarean sections. Induction of 

labor is planned for various indications, like post-dated pregnancy, hyperglycemia in pregnancy, 

hypertensive disorder of pregnancy or fetal growth restriction. Sometimes, the labor may not go as 

planned, such as in conditions when babies are not positioned right in the pelvis, for example occipi-

toposterior position, a big baby or a small pelvis, better referred to as cephalopelvic disproportion, 

requiring interventions in the form of either an instrumental delivery or a Cesarean section. This 

may disrupt the hormonal interplay as described earlier for natural childbirth. There is an increased 

chance of ineffective contractions leading to failed inductions, instrumental births and postpartum 

hemorrhage. In the baby, it increases the chances for immature development of protective mecha-

nisms like the catecholamine surge, leading to fetal distress and poor adaptation post birth in the 

form of breathing difficulties, hypothermia and hypoglycemia. There is also a probability of long-

term adverse impact on epigenetic programming in babies due to faulty release of hormones and 

their effects, as shown in some animal studies.22 This is an area that requires more research to find 

conclusive evidence on whether there are epigenetic oxytocin-mediated effects on the mother and 

infant during childbirth23 (Figure 28.2).

28.6  MICROBIOME – THE KEY TO HUMAN HEALTH

The role of mode of delivery and exposure of an infant to the vaginal microbiome of the mother and 

its effect on gut health and indirect effect on priming of the immune system is increasingly becom-

ing clear. It has a role to play in the appearance of certain diseases later in life, such as allergies, 

obesity and inflammatory disorders.24–26. It has been argued that the impact of Cesarean birth on the 

microbiome is also influenced by intrapartum antibiotics and diminished success of breastfeeding 

after Cesarean section. In a recent study,27 it was proved that there was a modest difference in the 

incidence of respiratory illnesses in early life and need for antibiotics depending on the mode of 

delivery, with Cesarean-born children showing a higher tendency. This difference has been linked 

to difference in abundance of several biomarker bacteria, like Bifidobacterium species, which are 

seen in vaginally delivered children, and the abundance of potential pathogens from the genera 

Klebsiella and Enterococcus in children born by Cesarean section. This difference is independent 

of peripartum antibiotic usage or breastfeeding pattern.

28.7  HIGHLIGHTING THE CURRENT PERSPECTIVE

28.7.1  PATIENT’S POINT OF VIEW

To formulate the World Health Organization (WHO)’s intrapartum guidelines, a systematic review 

done by methodically including 35 studies that had moderate- to high-quality data, certain pertinent 

findings were derived for what women actually want during childbirth.28

These studies were from the time period of 1997 onwards, so taking into consideration the cur-

rent perspective of women. They represented the views of more than 1800 women, from a wide 
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range of ethnic backgrounds, ages (14–49) and socio-demographic groups. The quality was mostly 

moderate to high (B or above).

It was concluded that women all over the world want to have a positive childbirth experience, 

which entails being in a supportive environment during childbirth with a companion of their choice. 

Beliefs about what matters to women do vary based on local cultural beliefs and practices, but most 

women want to go with the flow in the presence of technically competent staff, be involved in the 

decision making, and use their inherent capabilities to give birth to a healthy baby in a clinically, 

culturally and psychologically safe environment.

For a long time, the medical management–central approach to childbirth has determined how 

clinicians have looked at childbirth. In recent times, the focus has now shifted to understanding 

how women view childbirth and their beliefs and attitudes regarding the same, as this determines 

the long-term psychosocial health of the women and also the outcome and mode of delivery in most 

cases. This “women-centered approach” means shifting the focus from a risk-centered approach to 

individualized care wherein what each woman thinks or believes is taken into consideration and 

acted upon.

A major factor that determines what matters the most to women during childbirth is their inher-

ent attitude towards childbirth. In a Swedish Australian study17 with prospective longitudinal cohort 

design with self-report questionnaires, women’s attitudes toward childbirth were divided into three 

clusters: “Self-determiners” (clear attitudes about birth, including seeing it as a natural process and 

no childbirth fear), “Take it as it comes” (no fear of birth and low levels of agreement with any of 

the attitude statements) and “Fearful” (afraid of birth, with high safety concerns and not agreeing to 

see labor as a natural process). Attitudes have been conceptualized using a three-component model: 

Affective, cognitive and behavioral.19 The affective component consists of positive or negative feel-

ings toward the attitude object; the cognitive part refers to thoughts or beliefs; and the behavioral 

element represents the actions or intentions to act upon the object.

At 18–20 weeks’ gestation, it was concluded that when compared with the ‘Self-determiners,” 

women in the “Fearful” cluster were more likely to prefer a Cesarean (odds ratio [OR] = 3.3, con-

fidence interval (CI): 1.6–6.8), to have less positive feelings about being pregnant (OR = 3.6, CI: 

1.4–9.0) and about approaching birth (OR = 7.2, CI: 4.4–12.0), and less than positive feelings about 

the first weeks with a new-born (OR = 2.0, CI: 1.2–3.6). At 2 months postpartum, it was seen that 

“Self-determiners” were least likely to have a Cesarean section, whereas the “Fearful” cluster had 

the highest chance of having an elective Cesarean (OR = 5.4, CI: 2.1–14.2) or epidural placement if 

they labored (OR = 1.9, CI: 1.1–3.2) and to experience their labor pains as more intense than women 

in the other clusters. The “Fearful” cluster were more likely to report a negative experience of 

birth (OR = 1.7, CI: 1.02–2.9). The “Take it as it comes” cluster had a higher likelihood of an elec-

tive Cesarean section (OR 3.0, CI: 1.1–8.0). This should serve as a powerful piece of information, 

because if midwives or doctors delve into what an individual woman thinks and know her beliefs 

and attitudes towards childbirth, they can work constructively by addressing the various concerns.

28.8  FACTORS INFLUENCING BIRTH PREFERENCES

28.8.1  CHILDBIRTH CLASSES

As humans, fear of the unknown is deeply embedded in our intellect. This drives every creature 

to its safe domain. Fear of the unknown also has a huge role to play in how women perceive child-

birth, especially in the case of primigravidae who have never experienced labor. Fear of pain, and 

also self-doubt about their own ability to handle pain, is what compounds the fear of childbirth in 

a woman. Thus, empowering women by knowledge can logically lead to a reduction in this fear.

In a study done on 204 primiparous pregnant women attending health centers in Tabriz, Iran,30 

women were divided into three groups: Not attending, irregularly attending (attending one to three 

sessions of classes) and regularly attending (attending four to eight sessions of classes). Childbirth 
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fear, pregnancy-related anxiety and depression questionnaires were filled through interviews and 

were assessed by a general linear model. It was concluded that the scores for fear of childbirth (p 

< 0.001), anxiety (p  < 0.001) and depression (p = 0.006) were significantly lower in the group of 

pregnant women regularly attending the classes compared with the non-attending group of women. 

No significant differences were observed between the regularly attending and irregularly attending 

groups in terms of fear of childbirth (p = 0.066), anxiety (p = 0.078) and depression (p = 0.128).

28.8.2  OWNING ONE’S CHILDBIRTH

Despite there being no operational definition for fear of childbirth, the term itself is self-explana-

tory. It is normal to be afraid of the unknown as humans. It is normal to feel some anxiety due to the 

unpredictability of childbirth, and first-time mothers may have certain preconceived notions about 

childbirth based on what they may have heard from their peer and elders or incomplete informa-

tion they may have garnered from social media or certain singular experiences of near and dear 

ones. An important factor that may amplify this fear in times to come is the increase in the number 

of Cesarean sections all over the world. There is a whole generation of mothers who have had a 

Cesarean birth and have not experienced natural childbirth. These mothers become promoters of 

Cesarean sections as a mode of delivery

The prevalence of fear of childbirth in pregnant women worldwide was 14%, and in a subgroup 

analysis according to parity it was 16% in nulliparous women versus 12% in multiparous women, 

according to a systematic review and meta-analysis.31 The fear in women is not the only factor that 

dictates the childbirth choices; it is also determined by how the father to be or the partner feels about 

childbirth, and in predominantly patriarchal societies, this can play a huge role in the choice of birth 

preferences. A recent meta-synthesis on women’s experiences of interventions for fear of childbirth 

highlights a very important narrative, which underlies a basic human mental tackling mechanism, 

that is, “owning one’s childbirth.”32 If a woman is made aware of an all-pervasive truth, that nature 

has inherently bestowed upon her this inner knowledge and strength to go through childbirth, she 

can handle it and come out stronger by taking charge of her own mind and body during her birthing 

journey. An important first step in handling anxiety around childbirth is first to acknowledge and 

identify the individual fears of each woman. Once women identify their individual fears, they can 

be empowered to self-manage with adequate support from partners and staff.

28.8.3  ROLE OF PHYSICAL AND MENTAL STRENGTH BUILDING IN PROSPECTIVE MOTHERS

The process of birthing a baby requires hard work on the part of laboring women. In older times, 

working in fields or even while doing household work, moving around and squatting multiple times 

during the day was a part of life. This led to improvement in muscle strength and stamina, which 

eased the process of labor. With advancement in technology, machines do a whole lot of day-to-day 

work for us. Thus in present times, the majority of women lead a sedentary lifestyle.

Also, fatigue in pregnancy is a common symptom, and its association has been seen to predict an 

increase in the rate of Cesarean births and depression.33 In a study by Ward-Ritacco et al., women 

between 23 and 25 weeks of pregnancy with back pain or history of back pain were assessed for 

positive psychological changes after acute bouts of resistance exercise.34 It was seen that the major-

ity of these generally healthy pregnant women (i.e., ≥77%), when they performed low- to moderate-

intensity exercises twice a week for 12 weeks, reported increased feelings of energy and reduced 

feelings of fatigue after a single bout of low- to moderate-intensity muscle strengthening exercise.

Various studies have shown that yoga and meditation during pregnancy reduce stress and build 

stamina. In a systematic review of randomized controlled trials, yoga was seen to improve pain 

and reduce perceived stress levels, anxiety levels and depression and also improved quality of life 

for pregnant women as compared with the control group in four of these studies.35 Two studies on 

depressed pregnant women were included, and one such study reported an improvement in anxiety, 
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depression, anger, and leg and back pain, though the second study did not find any difference 

from the control group. In one study, which included women with high-risk factors like obesity or 

advanced age, yoga during pregnancy seemed to reduce their risk of pregnancy complications like 

hypertension, diabetes or fetal growth restriction. In one study, yoga significantly reduced pelvic 

pain compared with the control group.

28.8.4  ROLE OF BIRTH COMPANION IN LABOR

A birth or labor companion may be the woman’s partner, family member, trained supporter (doula) or 

nurse/midwife. Informal labor companions have been present during labor since time immemorial, 

especially when home births were the norm. In the present-day setting of childbirth in a healthcare 

environment, Labor companions, though usually present in high-income settings, are not allowed in the 

labor room in low-income or middle-income countries, especially in heavy-load public health facilities. 

In low- and middle-income countries, neglectful, abusive and disrespectful treatment of women during 

childbirth in health facilities is a known phenomenon. This has been known to occur in high-income 

countries as well, although not as overtly but in a covert fashion. This mistreatment can occur at the 

level of an interaction between the woman and healthcare provider and also due to systemic failures at 

the healthcare facilities.36 For a birthing woman to have a birth companion could mean having someone 

who can look after her rights along with providing physical and psychological support.

According to a recent Cochrane database review of 51 studies that mainly highlighted women’s 

perspectives regarding the presence of a birth companion in high-income settings,37 labor compan-

ions supported women in various ways, which included physical support, helping the women to 

move around and providing massage or hand holding wherever needed. They also help in providing 

non-pharmacologic pain relief. In the case of a trained doula, it also means providing information 

about childbirth, thus bridging the communication gap and acting as an advocate of women’s rights. 

Emotional support is also an important component, as reassurance and well-meant praise and hand 

holding can make a woman feel confident and in control.

28.8.5  ROLE OF HEALTHCARE PROVIDERS

Midwives create a calm birthing environment without architectural design but ensuring that the 

rooms offer the elements of women-centered care, offering privacy and calmness, facilitating oxy-

tocin.38 Protecting the space of the mother to be reduces unnecessary traffic into the birthing room 

and keeps her safe, which will enable the release of natural endorphins, facilitating physiological 

and healthy labor and birth.39

Evidence shows that skilled, knowledgeable and compassionate midwifery care reduces maternal 

and new-born mortality and stillbirths, keeping mothers and babies safe, and promoting health and 

well-being.40 When educated to international standards, midwives can cater to 87% of the needed 

essential care for women and new-born babies. The State of the World’s Midwifery Report, 2014 

(SWMR, 2021),41 launched in May 2021, summarized an analysis of 88 countries that account for 

most of the world’s maternal and neonatal deaths and stillbirths. The report showed that a substan-

tial increase in coverage of midwife-delivered interventions (25% increase every 5 years to 2035) 

could prevent 40% of maternal and new-born deaths and 26% of stillbirths. Even a modest increase 

(10% every 5 years) in coverage of midwife-delivered interventions could prevent 23% of maternal 

and neonatal deaths and 14% of stillbirths. Overall, universal coverage of midwifery would prevent 

65% of maternal and neonatal deaths and stillbirths.

Midwives view childbirth as a normal physiological process and have been trained to view child-

birth as a non-pathogenic event. Equally, they are trained to identify any changes in the normal 

physiological process and escalate appropriately to obstetricians. Research has suggested that mid-

wifery-led care offers high-quality services with reduced interventions and Cesarean sections, high 

rates of maternal satisfaction, and maternal bonding with successful breastfeeding.42 Midwife-led 
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continuity of care with women also has a profound impact on care, experiences and outcomes, for 

example 15% less likely to have epidural analgesia, 24% less likely to have a premature birth, and 

16% less likely to have an episiotomy. Midwives contribute to the transition of birth by reducing 

unnecessary interventions such as Cesarean sections, where babies are birthed out of the abdomen 

and not through the vagina, reducing the natural microbiomes, which have been shown to offer 

natural immunity for the start of life. This will also reduce unnecessary anesthetic procedures. The 

individual support a midwife offers to support and facilitate and breastfeeding, keeping mother and 

baby together, helps remove harmful practices.43

The ability to see birth and support birth as a normal phenomenon brings childbirth to a level of 

placing the mother in the center of holistic care. Midwives practice evidence-based care and respect 

women and their individual choice, which places the women in an empowering position to have 

the knowledge of birth and make decisions about their birth. Healthcare professionals can make 

or break experiences, and we know that women who have had a previous traumatic birth may not 

access care due to fear. Midwives can bridge and provide high-quality respectful care, reducing 

abuse, discrimination and non-consented practices. Midwives work in unison with multi-disciplin-

ary healthcare professionals to provide women and their families with the holistic care they deserve 

to have a safe and positive birth.

Midwives offer women their choice of birthing in positions of their individual preference and 

support mothers to birth in calm environments and using hydrotherapy and water births as an 

option. Research into offering hydrotherapy and water births has shown that it can reduce the need 

for epidural analgesia and offer birth satisfaction. Midwives offer water births, normalizing births 

for women and their new-borns.

28.9  CLOSING THE LOOP OR COMING FULL CIRCLE

28.9.1  THE BIRTH ATLAS: UNDERSTANDING THE UTERUS, 

CERVIX, AND DILATION AND EFFACEMENT

When viewed from a medical perspective, labor is a physiologic process during which the fetus, 

membranes, umbilical cord and placenta are expelled from the uterus. Labor is traditionally divided 

into three stages that are defined as definite milestones in a continuous process. The first stage of 

labor begins with regular uterine contractions and ends with complete cervical dilatation at 10 cm. 

The first part of this stage is the latent phase, when contractions are mild and irregular. These help 

in priming the cervix by causing softening and effacement of the cervix. The cervix gradually 

becomes soft and short till it merges with the uterus. This phase smoothly transitions into the active 

phase of the first stage (cervical dilatation could be anywhere between 3 and 6 cm) when contrac-

tions are progressively more rhythmic and stronger, and cervical dilatation and descent of the head 

are relatively more rapid, and ends at full dilatation (10 cm) of the cervix. The second stage of labor 

begins with complete dilatation of the cervix and ends with delivery of the baby. In nulliparous 

women, the second stage is considered prolonged if it exceeds 3 hours if regional anesthesia is 

administered or 2 hours in the absence of regional anesthesia. In multiparous women, the second 

stage is considered prolonged if it exceeds 2 hours with regional anesthesia or 1 hour without it.44 

The period between the delivery of the fetus and the delivery of the placenta and fetal membranes 

is defined as the third stage, which may take 10–30 minutes. Active management of this stage often 

involves prophylactic administration of oxytocin or other uterotonics (prostaglandins or ergot alka-

loids), cord clamping/cutting and controlled traction of the umbilical cord.

28.9.2  CARDINAL MOVEMENTS OF LABOR: HOW THE BABY NAVIGATES THE PELVIS

The mechanisms of labor, also known as the cardinal movements, involve changes in the position 

of the head of the fetus during its passage through the maternal pelvis. Although labor and delivery 
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occur in a continuous fashion, the cardinal movements are described as the following seven discrete 

sequences:45 engagement, descent, flexion, internal rotation, extension, restitution and external rota-

tion, and lastly, expulsion.

When viewed in medical terms, labor and delivery seem to involve certain set standards, which 

need to be adhered to for it to be called a normal physiologic process, and any deviation from this 

defined normal is likely to require intervention. This also requires an intravaginal examination at 

certain intervals by the healthcare provider supervising the labor.

28.9.3  THE HOLISTIC STAGES OF LABOR: A NEW LANGUAGE FOR A NEW PARADIGM

Holistic stages of labor is a birth philosophy that envisions labor as an instinctive process that a 

pregnant woman goes through when it is time to bring the baby out into the world. Whapio Diane 

Bartlett, a midwife working in the field of natural birthing for the last 40 years with the Matrona 

foundation,46 feels the need to train midwives in birthing that envisions childbirth as a natural event 

in most circumstances and not something that should be thought of as a high-risk event with deci-

sion making incorporated into it if the pattern deviates from anything that is considered normal, 

thus medicalizing the childbirth completely. It views holistic stages of labor as a continuum, which 

includes embarking on the journey of labor (latent phase), entering the veil (active phase, beyond 

4–5 cm of dilatation), on the mountain (active first stage), the summoning (end of first stage, transi-

tion), quietude (the resting phase), the breakers (second part of second stage – pushing) and emer-

gence (birth of the baby) into the world in a position of her choice. It highlights the second stage of 

labor in two distinctive phases, the first, in which there is no natural urge to push, and the second 

phase, when there is an involuntary urge to push when the head is at the perineum.

It is when a mother is not allowed to behave instinctively and is directed by her caregiver that 

the control of her own self and the empowerment it brings for her is lost, and the experience may 

become agonizing and unbearable, prompting her to ask for intervention, which she may come to 

regret later.

In the middle of the 20th century, Grantley Dick Read described “physiologic labor,” which is a 

labor undisturbed by mechanical, physical or psychological means.47. He talks further of a woman 

following the lead of her uterus during the second stage of labor and not to initiate pushing on the 

instructions of the healthcare provider.

Constance Beynon (1957) described her observations, which emphasized that women should 

engage in what she termed “the spontaneous second stage.”48 Included in these observations was 

the fact that most women required less voluntary straining than was practiced at the time; that as 

the fetal head neared the pelvic floor, the straining efforts became involuntary and irresistible; that 

the patient’s involuntary straining did not begin until well after the contraction had been estab-

lished; and that the amount of straining and exertion by the woman varied significantly with each 

contraction.

28.10  CONCLUSION

Each childbirth is precious. It is a signal of bringing forth light and hope into this world. Medical 

advances have been a boon for mankind in more ways than one. They have led to huge reductions 

in maternal and fetal morbidity and mortality. The overarching theme that emerges with evolv-

ing times is that we must evolve as well in our perceptions and attitudes towards childbirth. This 

requires us to see childbirth not as a medical event but rather, a physiologic one, which requires a 

woman to be comfortable in her own skin, to allow her to choose a partner while birthing and to 

let her choose the pace at which she wishes to move forward. But before doing this, it also requires 

her to fully understand and “own” her body and her childbirth journey. While doing so, the role of 

medical intervention when truly needed should not be undermined.
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29.1  INTRODUCTION

The art and science of healing is one as old as mankind itself. Ever since the first hunter-gatherers 

formed primitive human society, healing has been a part of all human traditions in all parts of the 

world. Healers, or shamans, have existed since the Paleolithic and Upper Paleolithic era, and they 

played a pivotal role in cognitive and social evolution through visual symbolism, group bonding 

rituals and analogical thought processes (Winkelman, 2004).

Since the scientific renaissance and separation of religion and science, dualistic thinking has 

replaced holistic thinking in Western society. As a consequence, Western health practice has 

become extrospective, relying on conquering and manipulating the environment rather than intro-

spective and diving within our own unconscious. Yet increasingly, Western medical practitioners 

are realizing the limitations of current health treatments, especially in defining and enhancing our 

rich social, cultural and spiritual internal lives, which refuse to be boxed into neat categories of 

illness.
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In this chapter, we will explore some hidden but universal societal enigmas that have existed 

since the beginning of civilization and are in fact wired into our very biology, and that have a huge 

impact on our physical, mental and spiritual health.

29.2  SHAMANS AS HUMANITY’S FIRST HEALERS

Ever since human beings gathered into primitive societies, belief in our connection with the rest of 

the universe has been a universal feature of all cultures. Spiritual traditions like shamanism and 

mysticism have been healing humanity for centuries, even before the concept of modern science or 

medicine existed.

The word “Shaman” is derived from the Siberian Tungus word “saman,” literally meaning “some-

one who can see in the dark” (Beery, 2017). Shamanism is not a religion but a belief system that cuts 

across all faith and creed, reaching deep levels of ancestral memory (Matthews, 2001). There are 

as many forms of shamanism as there are cultures. Some notable examples are the Eskimo (Inuit) 

shaman, the Tamang of Nepal, the Laotian Hmong, North American Indians, the Salish of Pacific 

Northwest and the Kwakiutl of the Pacific Northwest Coast. It is believed that the worldwide distri-

bution of shamanism in different societies is not the consequence of diffusion but is rather, based on 

human psychobiology (Winkelman, 2013). We are in fact wired for peak spiritual experiences, and 

shamanism emerged from the human need to connect to the universe and peak experiences of ecstasy.

A shaman is not seen as a magician but rather, as a healer, a communicator with the divine or with 

the spirit world, and/or a religious figure. They are understood to have the power to invoke blessings 

and protection, and the negative ones can cause harm to the subject. They can also have traditional 

herbal knowledge and wisdom of rites and rituals. They can act as priests or religious figures.

Since the 17th century and the emerging dualistic thinking in Western society, shamanism began 

to be perceived as contrary to rational thought, and shamans were regarded as little more than 

theatrical performers (Winkelman, 2013). However, some anthropologists played a vital role in the 

renewed interest in shamanism in post-modern times. Eliade, in Shamanism: Archaic Techniques 

of Ecstasy, said that the core aspect of all shamanistic practices is ecstasy and altered states of 

consciousness (Eliade, 1972). Shamanism is based on the concept of animism, a belief that all the 

universe is imbued with an innate intelligence and communicates with us. A shaman is an expert 

in accessing non-ordinary states of consciousness in which he believes his soul leaves his body and 

enters the spirit world, allowing him to access powers like divination, clairvoyance, communicating 

with spirits and recovering lost soul fragments (Krippner, 2000).

In 1980, Michael Harner, an anthropologist who had studied shamanism in the Amazon since 

1950, published The Way of The Shaman, where he expanded the term and concept of shaman-

ism (Harner, 1990). Another notable figure in the revival of shamanism was Carlos Castaneda, an 

anthropologist and shaman.

Winkleman identifies several common characteristics of shamans across all cultures, including a 

dominant social role, use of chanting, singing and drumming to access altered states of conscious-

ness (ASC), including visionary experiences, and abilities of divination, diagnosis and prophecy. 

The shaman also specializes in healing processes focused on soul loss and recovery and views 

animal relations as a source of power (Winkelman, 2013).

Soul loss is a concept in shamanism considered to be a fragmentation or dissociation, generally 

because of trauma or burnout, either mental, emotional or spiritual. Signs and symptoms of soul loss 

can be depression and self-neglect, unhealthy coping mechanisms, fatigue and loss of purpose; neglect-

ing work and household tasks, self-care such as showering, cleanliness and dressing appropriately, etc.

29.3  PSYCHOBIOLOGY OF SHAMANIC STATES OF CONSCIOUSNESS

Fundamental to all shamanic practices is the ability to access ASC. The shaman achieves these 

non-ordinary states of consciousness through drumming, singing, chanting, dancing or using 
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psychoactive substances (Bourguignon, 1972). Preliminary preparation before entering into such 

states of consciousness includes fasting, water or sleep deprivation, as well as the use of extremes of 

temperature and exercise (Winkelman, 2017).

Bourguignon (1974) conducted a survey of 488 societies, discovered that 89% of them had some 

form of ASC and concluded that the ability to experience such states was a physiological capacity of all 

human beings (Bourguignon, 1974). The extensive sympathetic activation associated with the prelimi-

nary rituals leads to a collapse and consequent parasympathetic dominant state with theta discharges in 

the range of 3–6 cycles per second from the limbic and lower brain structures, which synchronize the 

frontal cortex (Winkelman, 2004). This state is associated with selectively focused attention, height-

ened suggestibility, various degrees of analgesia and behaviors that are experienced as not under vol-

untary control. Along with these changes, there is also activation of the serotonergic nervous system 

and release of endogenous opioids. This psychobiologic state is very similar to a state of meditation 

and forms the basis for experiences like enlightenment and universal connection. These psychobiologic 

changes are the foundation of ecstatic states, a need for which is wired into our very biology. It is for this 

reason that many anthropologists like Winkleman consider shamanism as the original neurotherapy. 

Current psychotherapeutic approaches focus on the conscious mind and only approach the unconscious 

through indirect processes. The shaman, on the other hand, invites people to access non-ordinary and 

expanded states of awareness, which enables them to heal at a deeper level. It is thus no wonder that 

there has been a revival of the core concepts of shamanism in Western cultures in recent decades.

29.4  NEOSHAMANISM

In today’s world, it is not always possible for individuals to travel to indigenous cultures and train 

under such shamans. Post-modern shamanism or neoshamanism aims to redeem a shamanistic 

past but with significant changes from the original concept. Michael Harner, who formed the 

Foundation of Shamanic Studies (FSS), can be regarded as one of the founders of neoshaman-

ism. Neoshamanism retains some of the core elements of shamanism, like accessing ASC, use of 

spirit guides and power animals, and journeying for soul retrieval. However, notable absences are 

the use of shamanic powers to kill and for sorcery, hunting magic and war parties (vonStuckrad, 

2002). Although some anthropologists consider neoshamanism as a watered-down version of true 

shamanism, it is gaining immense popularity, especially in the United States and Canada, where it 

is estimated that there are about 100,000 neoshamanic practitioners.

29.5  THE SHAMANIC VERSUS WESTERN MODEL OF MENTAL ILLNESS

Our current model of mental illness is Eurocentric and does not do justice to the diverse cultures of 

the world (Krippner, 2007). Although cultural competency is becoming a buzzword nowadays, it 

is more of a lip service and does little to explore the meaning of mental illnesses in different com-

munities. For example, in many native cultures, it is acceptable to hear messages from the earth and 

talk to nature, yet such people are often labelled as psychotic according to the Western classificatory 

system. It is thus common for mediums and channels to practice their art in anonymity for fear of 

being branded mentally ill (Krippner, 2007).

Our current “scientific” approach considers all unusual mental symptoms to be manifestations 

of imbalances in brain chemistry. On the other hand, shamanistic traditions view such episodes as a 

spiritual crisis imbued with personal meaning for the individual and believe that traversing this cri-

sis, rather than suppressing it, leads to the resolution of symptoms. The Western medical model treats 

the “patient” in isolation, increasing stigma, whereas the shamanistic approach attempts to integrate 

the person within society and considers him a valued member of the community (Nishimura, 1987). 

In fact, many individuals who experience a spiritual crisis in traditional societies later go on to 

become shamans themselves, thus embodying the archetype of the “wounded healer.” It thus comes 

as little surprise that the integrative model of neoshamanism is on the rise in modern society.
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29.6  SHAMANISM, PLATONIC AND JUNGIAN PSYCHOLOGY

Carl Jung’s psychology has several striking similarities to the shamanic worldview, so much so that 

many regard Jung as a shaman himself. Jung emphasized the importance of the sacred in healing 

processes and in fact, considered psychologists to be doctors of the soul, similar to shamans.

Jungian psychology proposes animism and the collective unconscious as central to human exis-

tence. The unconscious constantly produces animistic motifs, and the archetype is an expression of 

such a motif; these can be defined as autonomous energetic blueprints that are common to all human 

beings (Bright, 2009).

Jung himself was influenced by the Platonic worldview, which has animistic roots, focusing on 

spiritual nature, that is, the “inner meaning” of beings, which they try to fulfil during their exis-

tence on earth. Jung’s archetypes have their roots in animism, the difference being that animism 

represents a metaphysical view of reality, while archetypes belong to the unconscious and behave 

autonomously.

Both shamanism and Jungian psychology seek to treat soul loss by retrieving and reintegrating 

the vital essence that is missing in a person’s life. In many ways, Jung could be regarded as the 

modern shaman of psychology. The modern scientific paradigm, on the other hand, originates in the 

thinking of Aristotle, with his emphasis on empiricism and the observable. Jung mourned the loss 

of shamanistic perspective in modern society, and he identified our increasing analytic thinking as 

devastating to our wellbeing (Bright, 2009).

29.7  PARALLELS BETWEEN SHAMANISM AND EASTERN PHILOSOPHY

Many shamanic practices around the world include knowledge of chakras and kundalini (Raiguel, 

2010). For example, the Sami system from Northern Scandinavia, the Buryat tradition from Siberia 

and the Q’uaro of Peru all mention the existence of chakras along the central axis of the body. In 

fact, Eliade says that yoga itself developed out of shamanism and is an internalized version of a 

much older shamanic technique (Elaide, 1972). Many shamanic traditions work with a cosmic force 

rising through the chakras, leading to illumination and enlightenment. This cosmic force, better 

known as kundalini (in Sanskrit), is represented as a coiled serpent or spiral within the base of the 

spine. The spiral is an archetypal representation of spiritual development in many spiritual tradi-

tions. In cultures like the Australian Aborigines, it is represented as a serpent eating its own tail 

(Villoldo, 2000).

Interestingly, the universal symbol of medicine, the Caduceus of Hermes, depicts two serpents 

coiled around a staff. This symbol is found both in shamanism and in kundalini yoga. It is believed 

to represent the central column of the spinal cord (or Sushumna Nadi in Sanskrit), around which the 

masculine and feminine energies (also called Ida and Pingala in Sanskrit) are wrapped. The recog-

nition of masculine and feminine energies is also seen in Chinese medicine, where the yin and yang 

are depicted as being coiled around each other in an eternal dance. Although modern medicine may 

not recognize it, even its symbolic roots are based in shamanism and Eastern philosophy.

29.8  NADIS, MERIDIANS AND THE PRIMOVASCULAR SYSTEM:

The concept of “vital energy” is shared by many ethnomedical healing and shamanic traditions. 

Chinese medicine calls this vital energy chi, while traditional Indian medicine knows it as prana. 

Shamans have long recognized that a vital energy flows between the shaman and all living things. 

Energy flows are explicitly described in some shamanistic works, and some techniques, like cup-

ping and needling, are very similar to Chinese acupuncture and utilize the concept of meridians, or 

channels through which vital energy is thought to flow.

Till recently, it was believed that the meridian system lacked an anatomical basis. However, 

researchers have now validated the existence of a new body system called the primovascular system 



559Hidden Societal Enigmas That Have Significant Impact on Health 

(PVS), which corresponds to the meridians described in Chinese medicine. The system was initially 

described in the 1960s by Bong-Han Kim of North Korea but did not gain attention till 2002, when 

its existence was confirmed by researchers in South Korea (Stefanov et al., 2013).

The primovascular system pervades the subcutaneous tissues, organs, fascia, etc. and consists 

of thread-like structures that contain primo fluid, which is rich in extranuclear DNA, RNA, 

mononucleotides and amino acids. Primo vessels show electrical activity and are believed to 

act as optic channels of biophoton emissions, while the DNA in the fluid may act as a photon 

store. These biophotons are believed to play a key role in cell development and differentiation 

(Rahnama et al., 2011). The discovery of the PVS is able to explain how vital energy, in the form 

of biophotons, travels through the body and can be extensively manipulated by therapies like 

acupuncture to encourage healing. While the PVS is still to be charted in its entirety, the map 

so far is very similar to the map of the meridians in Chinese medicine and the nadis in Indian 

medicine.

29.9  CHAKRA ANATOMY AND THE LUMINOUS ENERGY FIELD

Many shamanic cultures recognize chakras as a part of the anatomy of the luminous energy field, or 

the biofield, as it is now called. The Maya, the Hopi, the Inka and other native groups described nine 

gates a person passes through to become a sage. These correspond to the chakras. For the shaman, 

chakras extend luminous threads or huascas that reach beyond the body, connecting us to the trees, 

rivers and forests (Villoldo, 2000).

The question is: Are chakras simply a metaphysical concept shared by different cultures of the 

world, or are they a part of the energetic anatomy of humans? Modern medicine only recognizes 

physical anatomy, and hence, most treatments are based in physicality. Fortunately, over the last few 

decades, innovative technological development has allowed us to gather evidence of the energetic 

anatomy of humans. One such technique is gas discharge visualization (GDV), developed by Dr 

Konstantin Korotkov into the Biowell GDV camera, which uses electrical fields to stimulate photon 

emission from the skin, which is then captured by the camera and mapped to different organs and 

energy meridians of the body (Korotkov, 2004).

Candace Pert, a neuroscientist, has demonstrated that the chakras are associated with glands and 

nerve plexuses that are rich in neuropeptides, or “molecules of emotions” as she calls them. Chakras 

are rich in neuropeptides and thus like “mini brains” (Pert, 1997). Chakras can also be considered 

to be energy transducers that convert physical energy to subtle energy and vice versa.

It is widely recognized across cultures that chakras also represent developmental stages that an 

individual needs to traverse on the path to self-actualization. Interestingly, these chakra stages cor-

respond fairly accurately to the psychosocial stages of human development proposed by psycholo-

gist Eric Ericson (Erikson, 1959). The chakras and their role in spiritual development across the life 

cycle has long been recognized in shamanic practice as well (Wright, 2007).

29.9.1  ROOT CHAKRA: TRUST VERSUS MISTRUST

From birth to 18 months of age, infants are completely dependent on their caregivers and learn to 

trust the world if the care is consistent and predictable. This corresponds to the development of the 

root chakra, which forms the basis of our sense of security about the world.

29.9.2  SACRAL CHAKRA: AUTONOMY VERSUS SHAME

Between the ages of 1 and 3 years, toddlers begin to explore the world and themselves and establish 

their independence. They start exploring their sexual and excretory organs and gain control over 

them. This corresponds to the development of the sacral chakra, which gives us a sense of well-

being and comfort in our own bodies.
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29.9.3  SOLAR PLEXUS CHAKRA: INITIATIVE VERSUS GUILT, INDUSTRY 

VERSUS INFERIORITY, IDENTITY VERSUS ROLE CONFUSION

Children between the ages of 3 and 6 learn to assert themselves in their environment and interac-

tions, corresponding to the stage of initiative versus guilt. From the age of 6 to 12 years, they begin 

to compare themselves with their peers and either develop a sense of pride in themselves and their 

achievements or feel inferior because they don’t measure up. This is the stage of industry versus 

inferiority. In adolescence, between the ages of 12 and 18 years, individuals start questioning their 

role in the world or purpose in life in relation to others. This stage is referred to as the stage of 

identity versus role confusion, where individuals start to form a clearer sense of identity. Successful 

navigation of these stages results in a confident individual and corresponds to the development of 

the solar plexus, the seat of our power and self-esteem.

29.9.4  HEART CHAKRA: INTIMACY VERSUS ISOLATION

During early to mid-adulthood (20–40 years), individuals learn to give and receive love and develop 

intimate, long-term relationships. Successful negotiation of this stage results in the formation of 

intimate relationships, and failure to do so results in feeling isolated. This stage corresponds to the 

development of the heart chakra, when we start to focus away from self to friends, partner, family, 

community, country and ultimately, the world. Ancient traditions consider the heart chakra as the 

integrator that merges the lower and higher chakras into a more wholesome human experience. It 

represents the inner marriage of the divine masculine and feminine, the yin and yang, and a more 

balanced personality.

29.9.5  THROAT CHAKRA: GENERATIVITY VERSUS STAGNATION

During mid-adulthood (40 to 60 years), the focus often shifts from individual achievements to con-

tributing to the world and others. This corresponds to the development of the throat chakra, suc-

cessful negotiation of which results in the satisfaction of expressing our truth and contributing to 

society. In shamanism, shapeshifting is a tool to become that which you have previously wished to 

become, and it helps navigate the conflict of the throat chakra. According to shamanic traditions, 

shapeshifting can happen on three different levels: The cellular level, changing the physical form 

to heal illness; the personal level, healing addictions, relationships and behavioral patterns; and 

institutional, changing organizations on a larger level.

29.9.6  THIRD EYE CHAKRA: INTEGRITY VERSUS DESPAIR

From their mid-sixties to the end of life, individuals reflect on their lives and feel either a sense 

of integrity or a sense of regret or despair. This corresponds to the development of the third eye, a 

realization of the bigger picture, something beyond “doing”: simply “being.”

29.9.7  CROWN CHAKRA: MASTERY VERSUS DISTRACTION

Although Ericson’s stages end with integrity versus despair, ancient traditions recognized a further 

stage of development, with the opening of the crown chakra and channeling universal love. This is 

the stage of mastery versus distraction. The individual with an open crown chakra becomes a mas-

ter, adept at channeling universal love and subtle energy.

It is important to understand that this is only an indicative and not an absolute model. While psy-

chospiritual development usually follows these stages, the challenges are unique for each individual, 

and while some people might be highly spiritual at an early age and be able to access their higher 

chakras, others might only be able to negotiate the first few chakras in their lifetime. Although each 
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person’s journey is very individual, there are shamanistic tools that are useful to negotiate each 

developmental stage.

29.10  THE INTEGRATIVE PSYCHOLOGY OF THE FUTURE

Two decades of working as a psychiatrist has convinced me that talk therapy is often not enough 

to achieve healing. Modern psychology believes that once you become cognizant of unconscious 

complexes and drives, you can be free of their influence. However, shamans believe that intellec-

tual cognizance is not enough for healing. Healing has both a developmental and a subtle energetic 

component. Talk therapy works on a mental level and is unable to erase the imprint of trauma on the 

energetic field (Villoldo, 2000). This is a fact that is only recently being recognized by psychologists 

and psychiatrists.

Spiritual traditions like shamanism and Eastern philosophy have been healing humans for cen-

turies, and to ignore the richness of these traditions can only be to the detriment of our future 

(McKernan, 2007). Science is just one aspect of the world we live in and fails to do justice to the 

fact that we are rich multidimensional beings and are biologically wired to seek spirituality, tran-

scendental experiences and magic in our lives.

More recently, our relationship with both science and spirituality is changing. On the one hand, 

we are moving away from rigid and artificial religious structures to explore what intuitively appeals 

to us and connects us to the universe. On the other hand, the narrow dualistic Newtonian science is 

giving way to a greater awareness of the intricacies of quantum physics and the role of conscious-

ness in navigating our reality. It suddenly appears as if we have come a full circle – we are now using 

a new paradigm in science to validate what ancient traditions recognized intuitively. The divide 

between science and spirituality is gradually being healed to enable us to honor and experience 

ourselves and our environments as multidimensional beings.
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