


Lifestyle Psychiatry

Lifestyle Medicine is a practice which adopts evidence-based lifestyle interventions 
as a primary modality to prevent, treat, and reverse chronic diseases. The six main 
pillars of this specialty include physical activity, nutrition, stress resilience, ces-
sation or risk reduction of substance use, quality sleep, and connectivity. Lifestyle 

Psychiatry: Through the Lens of Behavioral Medicine is grounded in the same pil-
lars, drawing upon theories, methods, and empirical findings from health psychol-
ogy and behavioral medicine.

Lifestyle Psychiatry is a rapidly emerging area within healthcare informed by rigor-
ous research within the social and biological sciences, public health, and medicine. 
A volume in the Lifestyle Medicine series, this book uses a comprehensive biopsy-
chosocial approach to prevent and treat psychiatric disorders and promote mental and 
physical well-being through evidenced-based lifestyle interventions.

Features:

• Draws upon theories, methods, and empirical findings from health psychol-
ogy and behavioral medicine.

• Provides evidence-based research on the bi-directionality of mental and 
physical health.

• Addresses fundamental neuroscience concepts and applies them to practi-
cal aspects of lifestyle practices, mental health, and brain health.

Appropriate for clinicians, primary care physicians, and those practicing in special-
ized areas, the information in this book provides users with practical tools to help 
explain, prevent, and treat psychiatric disorders and associated maladaptive health 
behaviors in patients.
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Foreword
It is a great pleasure to write the Foreword to this important book. Lifestyle 
Psychiatry: Through the Lens of Behavioral Medicine, edited by Drs. Gia Merlo and 
Christopher P. Fagundes, stands as the latest volume in the Lifestyle Medicine Series 
for which I am honored to serve as the Series Editor.

Drs. Merlo and Fagundes start from the fundamental insight that a bi-directional 
relationship exists between mental and physical health. Mental health guides the 
processes of physical health, and in turn, physical health undergirds the processes 
of mental health. Launching from this bidirectional platform, the editors and their 
contributors then leap into the area of behavioral medicine. They underscore the 
salient point that both mental and physical health are fostered and driven by daily 
habits and actions. Linking these three areas of research and practical application 
provides fundamental new insights into the human condition. This synthesis is both 
profound and long overdue.

Understanding the intrinsic links between mind and body and how they underpin 
human behavior and health is complicated but necessary. The journey to understand 
these interrelationships will fundamentally change the way we think about, and con-
duct research in, human behavior and both physical and mental health in the future. 
The field of exploring how lifestyle habits and actions impact both physical and men-
tal health is a journey worth exploring. We could not have better guides than Drs. 
Merlo and Fagundes to inform this path.

The emerging area of lifestyle psychiatry, which combines the exploration of psy-
chology, psychiatry, and behavioral medicine, represents one of the most exciting 
new areas in healthcare to emerge in the past decade. As the editors of this volume 
point out, however, this new field is subject to the danger of devolving into silos since 
it involves combining the expertise, backgrounds, and point of view of three separate 
groups of professionals. Drs. Merlo and Fagundes, aided by the group of high-level 
chapter authors they have selected, do a magnificent job of bridging these potentially 
disparate disciplines into a compelling and evidence-based book.

Lifestyle Psychiatry: Through the Lens of Behavioral Medicine is divided into 
two broad conceptual frameworks. The first half of the book elucidates the processes 
of neuroscience to provide the theoretical basis for how the brain guides behavior. 
This foundation then leads to the second area where these fundamental neurosci-
ence concepts are applied to practical issues related to lifestyle habits and practices. 
The book concludes with an important section applying these insights to specific 
populations.

I particularly enjoyed how the authors blended solid evidence-based information 
on psychiatry and neurobiology with practical applications of how these fundamen-
tal understandings have the potential to motivate behavior change.

Behavior change is the holy grail of lifestyle medicine and should be the cen-
tral focus of many aspects of mainstream medicine. For this reason, in all four 
editions of my Lifestyle Medicine academic textbook, I devoted a large section to 
behavioral medicine. The editors of the current book take the next step and provide 

A L G r a w a n y



xviii Foreword

solid evidence-based neurobiology and psychiatric concepts to further articulate and 
underpin how behavior occurs and how it can be changed.

As a cardiologist, I have been interested in brain health and its relationship to heart 
health for many years. In fact, in the most recent volume I have written in the Lifestyle 
Medicine Series entitled “Integrating Lifestyle Medicine and Cardiovascular Health 
and Disease Prevention,” I devoted three chapters to issues related to mental health, 
cognition, and brain health. The concept of brain health came into focus for me with 
the recent publication from the American Heart Association (AHA) and American 
Stroke Association (ASA) entitled “Defining Optimal Brain Health in Adults: A 
Presidential Advisory from the American Heart Association/American Stroke 
Association.” This seminal work defined optimal brain health as “an optimal capac-
ity to function adaptively in the environment.” The Presidential Advisory goes on to 
state that “a healthy brain is essential for living a longer and fuller life. Brain health 
enables thought, planned action, and emotional connections that affect the daily lives 
and progress of individuals, families, and communities. Sustaining brain over the 
course of a lifetime is important to allow one to maximize one’s overall ability and 
independence.”

As recommended in the AHA/ASA document, brain health can be optimally pre-
served by following the framework developed by the American Heart Association 
entitled “Life’s Simple 7” which is a summary of recommendations for managing 
blood pressure, controlling cholesterol, reducing blood sugar, becoming more physi-
cally active, improving nutrition, losing weight if necessary, and stopping smok-
ing as mechanisms to preserve both heart health and brain health. (This rubric has 
subsequently been modified by the addition of a recommendation for healthy sleep, 
turning the mantra into “Life’s Essential 8” further connecting heart health and 
brain health).

Brain health and mental health are intimately linked together and inextricably 
tied to behavior which is a concept that provides the intellectual foundation for the 
current book. I particularly enjoyed the seamless way the editors and their contribu-
tors stitched together the fundamentals of neuroscience into practical applications 
for the pillars of lifestyle medicine. These include physical activity, nutrition, stress, 
substance abuse, and healthy sleep.

I had the honor of naming the field of “lifestyle medicine” with the first edition of 
my multi-authored academic textbook in this area published in 1999. The 4th edition 
of my Lifestyle Medicine book will be published in 2024. The Lifestyle Medicine 
Series has been designed to expand and deepen the concept of lifestyle medicine 
and further tie the field to robust evidence. We have published seven books in the 
Lifestyle Medicine Series, with six more coming in the next two years. The books 
already published in the Lifestyle Medicine series include such topics as physical 
activity, obesity management, women’s health, behavioral counseling, integrating 
lifestyle medicine into diabetes and pre-diabetes care, and linking lifestyle medicine 
to cardiovascular health and disease prevention.

In the next two years, additional books will include ones on lifestyle medicine 
and family practice, and geriatrics. In all instances, I have challenged the editors to 
bridge their underlying academic discipline to the robust evidence that now exists 
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in the area of lifestyle medicine. This task has been beautifully accomplished in the 
current book edited by Merlo and Fagundes.

All of this brings me back to this important book Lifestyle Psychiatry: Through 
the Lens of Behavioral Medicine. I believe that the approach taken in this volume 
represents the future of lifestyle medicine. Just as the editors state in their Preface, 
“Lifestyle medicine is a field that addresses chronic diseases through prevention, 
treatment and in many cases reversal through lifestyle interventions. Lifestyle psy-
chiatry, mental health, and brain health are central to every aspect of lifestyle medi-
cine.” I could not agree more!

The editors and contributors to this volume have done a masterful job of bridging 
the gap between neuroscience and its practical application to behaviors in our daily 
lives. This is the essence of lifestyle medicine and the cornerstone for the bidirec-
tional relationship between mental health and physical health. The beneficiaries of this 
important synthesis will be not only practitioners in psychiatry, psychology, and behav-
ioral medicine, but in the final analysis, the lives of all of the patients that they touch.

James M. Rippe, MD

Founder and Director, Rippe Lifestyle Institute
Professor of Medicine, UMass Chan Medical School
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Preface

Lifestyle Psychiatry: Through the 

Lens of Behavioral Medicine

Having a psychiatrist and a psychologist co-edit a book focused on preventing and 
managing mental and physical health may seem odd to some readers — especially 
those working in settings where mental health providers do not interface with other 
health care providers clinically. This book represents the end product of a multi-year 
partnership between a clinically-oriented psychiatrist and a research-oriented psy-
chologist who share the same fundamental assumption: positive health behaviors and 
emotional well-being provide the foundation for good physical health. The idea to 
collaborate on this project came from a phone call between Merlo and Fagundes that 
started as a casual phone conversation about each other’s current research interests 
and career directions. One of us had just published a book on Lifestyle Medicine 
(Merlo), and the other was formulating a new Ph.D. program in health psychology 
at Rice University (Fagundes). A discussion about the similarities and differences 
between Lifestyle Medicine and Health Psychology ensued; we noticed considerable 
overlap. Both fields maintain that good health can be obtained by practicing positive 
health behaviors and maintaining psychological health. In addition, both disciplines 
are built on a research foundation that values empirically supported interventions. 
The differences we identified in subsequent conversations related to the clinical-
research divide. Lifestyle Medicine articles seemed more clinically oriented than 
health psychology articles, emphasizing practical applications. Health psychology 
articles generally required a background in research and psychological theory to 
extract the key points. It became apparent throughout our collaboration that these 
disciplines reflected our own biases for this book. Rather than posing a barrier, we 
think one of this book’s significant strengths comes from this difference. Having 
a professor who maintains a sizeable National Institutes of Health (NIH)-funded 
research lab co-edit a book on Lifestyle Psychiatry with a clinical professor with an 
active psychiatry practice helped ensure the book included high-quality research that 
is accessible and translatable.

At many institutions, psychiatrists and other mental health providers still work in 
silos, until called upon to address a potential psychiatric patient. The roots of this 
healthcare model stem from a time when the medical community viewed mental and 
physical health as independent entities, and acute disorders were the primary cause 
of morbidity and mortality. Yet, for those born in the latter half of the 20th century, 
chronic illnesses have replaced acute disorders as the primary cause of morbidity 
and mortality. Unlike acute illnesses, chronic diseases take decades to develop and 
are primarily caused and managed by psychological, behavioral, and social factors.

A L G r a w a n y
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Because chronic illnesses are governed by psychosocial factors, a background 
in psychological theory, mental health, and empirically supported health behavior 
change interventions is critical for almost all providers. For example, there are now 
well-established evidenced-based lifestyle interventions that reliably elicit behavior 
change and improve emotional and social well-being. Unfortunately, most providers 
lack the knowledge base to deliver these interventions. Asking healthcare profes-
sionals from non-mental health disciplines to learn and stay abreast of the current 
state of the science in psychology and psychiatry by sifting through the vast array of 
studies and reviews, often filled with jargon, is unreasonable. The field of Lifestyle 
Psychiatry represents a disciplinary solution to this issue.

Lifestyle Medicine is a field that addresses chronic diseases through prevention, 
treatment, and in many cases reversal, through lifestyle interventions. Lifestyle 
psychiatry, mental health, and brain health are central to every aspect of lifestyle 
medicine. With a focus on good mental health and behavior change, the field uses 
empirically supported interventions to target health behaviors and well-being. In the 
same way, lifestyle medicine tackles the roots of medical conditions; transdiagnostic 
considerations of mental well-being allow us to address the underlying processes 
that shape our minds. The American Heart Association recently updated its essen-
tials to include psychological well-being, which falls within mental health providers’ 
expertise and scope of practice. By presenting the material through a research lens 
that is accessible and translatable, we hope this book will help break down the silos 
and unite the different fields of study within lifestyle psychiatry.

Lifestyle Psychiatry is practiced in several hospitals nationwide, includ-
ing Harvard, Stanford, and NYU, and by a handful of practitioners. NIH-funded 
studies on core topics within Lifestyle Medicine are currently being run at hun-
dreds of research institutions. The silos in the field of Lifestyle Psychiatry are real. 
Disciplinary separation, intellectual distance within lifestyle psychiatry, and the 
divide between research and practice hinder its growth and impact. This book aims 
to break down these barriers to collaborative and communicative efforts within the 
lifestyle psychiatry sphere. We also aim to present an integrative approach to the 
clinical applications of lifestyle interventions with a behavioral medicine lens that is 
strongly grounded in research.

The Australasian Psychiatry Guidelines were amended in 2019 to include lifestyle 
interventions as first-line treatments for patients with mild to moderate mood disor-
ders and mild anxiety disorders. This book is intended to assist and educate students 
and residents in psychiatry residency programs and clerkships at medical schools. In 
the absence of adequate training in lifestyle interventions in mental health and brain 
health, budding clinicians rely exclusively upon medications and psychotherapy as 
their first lines of treatment. However, over 80% of chronic diseases can be addressed 
by lifestyle interventions. The bi-directionality between mental and physical health 
is significant and well-established in the literature. It is also important to note that 
over 50% of patients with psychiatric disorders prefer treatment from their primary 
care physicians. Therefore, this book may also serve as a resource for clinicians 
in the primary care setting. Marrying the concepts of psychology, psychiatry, and 
traditional medicine serves to help our patients as whole beings. The fractionation 
of healthcare creates artificial boundaries between disciplines that can be confusing 
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and fail to account for this bidirectionality of well-being. Lifestyle Psychiatry aims 
to acknowledge the connections between stress, the immune response, mood, and 
various medical conditions, to alleviate the suffering and improve the outcomes of 
our patients.

Lifestyle Psychiatry has been emerging as a discipline for a decade in Australasia. 
Doug Noordsy cemented this concept in the literature through his edition of Lifestyle 
Psychiatry, published by American Psychiatric Association press in 2019. Noordsy 
has generously contributed a chapter to our text, and our book aims to add new 
dimensions to the constructs proposed in his volume.

Neither of us expected how much change and growth we would experience with 
each other and from our contributing authors over the last few years. Indeed, we have 
embraced our differences with curiosity and a passion for learning. Through this 
collaborative piece, we have broadened our perspectives, expanded our knowledge, 
challenged our assumptions, and overcome obstacles to accomplish more than we 
could have individually achieved. We sincerely hope this volume reflects this trans-
lational growth and helps the reader embrace such a process in their own practice 
and research.

Gia Merlo, MD

Christopher P. Fagundes, PhD
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KEY POINTS

• Lifestyle psychiatry is an emerging interventional field that targets health 
behavior change and patient well-being.

• The burgeoning field of lifestyle medicine aims to facilitate the treat-
ment, management, and prevention of lifestyle-related conditions through 
evidence- based lifestyle interventions.

• Lifestyle medicine adopts a transdiagnostic approach that uses the biopsy-
chosocial model of health to combine evidence-based and cost-effective 
lifestyle interventions that can be personalized to individual needs in con-
junction with pharmacological and surgical interventions to provide well-
rounded patient care.

1.1 CHRONIC ILLNESSES AND LIFESTYLE: PSYCHIATRY’S ROLE

Perhaps the most dramatic change in medicine over the past century is that 
chronic illnesses have supplanted acute infectious disease as the primary cause 
of morbidity and mortality. As a result, there has been a profound transition in 
predominant health problems from acute ailments to chronic illnesses in recent 
decades. Chronic diseases, such as cardiovascular disease, stroke, diabetes, and 
cancer, are currently the leading causes of mortality in the United States and many 
other developed countries.1 Medical advancements and improvements within 
the healthcare system have led to increased life expectancies across the globe.2 
However, a longer lifespan increases the potential for chronic disease onset and 
progression. The worldwide crisis of increasing chronic disease prevalence has sig-
nificant consequences for individuals, families, communities, and entire societies.3 
This phenomenon is driven by various factors, including, but not limited to, life-
style behaviors such as physical inactivity, unhealthy diets, and risky substance use 
(e.g., tobacco, alcohol), as well as aging populations and environmental factors.4 
Chronic diseases can lead to disability, reduced quality of life, increased healthcare 
costs, and premature death. Individuals with chronic diseases often require ongoing 
medical care and support, which can be costly and significantly burden healthcare 
systems.4 Addressing the chronic disease crisis requires a comprehensive transdiag-
nostic approach that includes prevention, early detection, and effective management 
of chronic diseases. Most chronic diseases can be prevented, managed, or treated 
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with health-promoting lifestyle habits.5 Therefore, efforts within the public health 
space must promote healthy lifestyle behaviors and access to affordable healthcare 
while finding ways to improve the healthcare system’s capacity to manage chronic 
diseases effectively.

Mental health is the cornerstone for health and well-being. The mission of the 
emerging field of lifestyle medicine is to facilitate the treatment, management, and 
prevention of lifestyle-related conditions through evidence-based lifestyle interven-
tions. Lifestyle medicine practitioners work with patients to develop personalized 
lifestyle plans that focus on the six pillars of lifestyle medicine, as well as educate 
patients on the importance of making healthy lifestyle choices. A growing body of 
evidence indicates the neurobiological pathways between lifestyle factors and men-
tal health.6 The current chronic disease crisis is intrinsically interconnected with 
the ongoing mental health crisis. Data suggest that one-third of individuals with 
a physical health condition are also affected by a mental health condition.7 One in 
eight people worldwide were living with a mental disorder in 2019. The first year of 
the COVID-19 pandemic alone resulted in an increase in mental disorders, such as 
anxiety and major depressive disorders, by almost 30%.8 Recent epidemiological 
data reveal that mental illness and lifestyle factors are leading causes of the global 
burden of disease.9

Mental health has been a public health concern for centuries. Historically, mental 
illness was often stigmatized and misunderstood. The concept of mental health is 
increasingly recognized as a critical component of overall health and well-being 
with significant efforts being made to increase access to mental health care and to 
reduce the stigma associated with mental illness. Organizations such as the World 
Health Organization (WHO) have been involved in mental health since their incep-
tion. Mental health was included as part of the WHO’s constitution to promote health 
and prevent disease as early as the mid-20th century: “Health is a state of complete 
physical, mental, and social well-being and not merely the absence of disease or 
infirmity.”10 Addressing both the global chronic disease and mental health crises will 
require a transdiagnostic approach that considers symptomatology, social determi-
nants of health, and individual lifestyle factors that each have a significant impact 
on health outcomes. It is impossible to adequately address overall health without 
considering all components of the biopsychosocial model of health. Lifestyle psy-
chiatry is a burgeoning empirically-supported interventional field that targets health 
behavior change and patient well-being.

Wellness is defined as positive health that exemplifies quality of life and well-
being.11 Mental health is characterized by emotional well-being, health-supporting 
behavioral adjustment, freedom from anxiety, and the capacity to establish close 
connections while managing life stressors.12 Brain health, as defined by the WHO, 
fosters optimal brain development, cognitive health, and well-being throughout the 
lifespan.13 Wellness, mental health, and brain health are impacted by well-being, 
a state of relationship contentment with low levels of distress, overall good physi-
cal and mental health, and good quality of life.12. Six pillars of lifestyle medicine 
address and promote overall well-being: whole-food, plant-predominant eating pat-
terns; physical activity; stress management; risky substance harm reduction; positive 
social connectivity; and restorative sleep.14
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1.2 TRANSDIAGNOSTIC APPROACH TO HEALTHCARE

The field of lifestyle medicine adopts a biopsychosocial model of health. One of 
the key benefits of a transdiagnostic approach is that it identifies standard underly-
ing processes that contribute to different causes of suboptimal mental health, brain 
health, physical health, and overall well-being.15 For example, many mental health 
disorders, such as anxiety, depression, and substance abuse, share common cognitive 
processes, such as negative thinking patterns and difficulties regulating emotions. 
A transdiagnostic approach may provide more effective and efficient treatment for 
a wide range of health problems by targeting the underlying processes rather than 
treating the symptoms of specific diagnoses.16 The field of lifestyle psychiatry, and 
lifestyle medicine more broadly, is well suited to adopt a transdiagnostic approach 
because strategies for successful health behavior change are similar regardless of 
the lifestyle pillar one is changing. By providing patients with a set of skills to target 
core processes underlying behavior change and relapse prevention, practitioners can 
target multiple lifestyle pillars simultaneously rather than sequentially.

A transdiagnostic approach can also be particularly crucial concerning the 
improvement of mental health and brain health because it can allow for a more per-
sonalized and individualized treatment approach to well-being. Clinicians can tai-
lor treatment plans and lifestyle interventions to each patient’s specific needs and 
challenges through a biopsychosocial lens and, thus, produce more effective health 
outcomes and improved brain health and mental health.17–21 Healthcare professionals 
can use lifestyle medicine to help individuals achieve optimal health, manage chronic 
diseases more effectively, and reduce the burden of chronic disease on society.

1.3 SOCIAL DETERMINANTS OF HEALTH

Contextual factors like the social environment represent critical links to mental and 
physical health. Social determinants of health are the economic, social, and envi-
ronmental conditions in which people live, work, and play. A large body of research 
shows that income, education, race/ethnicity, health literacy, language differences, 
discrimination, and other factors related to socioeconomic position (SEP) are potent 
determinants of health. These social determinants govern lifestyle behaviors and 
access to quality health care through several mechanisms described throughout this 
book. For example, SEP, an indicator of family income and social position, shapes 
one’s immediate living environment, which in turn, impacts access to safe areas 
to engage in physical activity. These gaps in health outcomes related to SEP are 
due to a multitude of factors, including limited access to healthcare services, educa-
tion, and resources; unhealthy lifestyle behaviors, exposure to environmental toxins, 
and chronic stress.22–28 People with lower SEP are more likely to experience poorer 
physical health outcomes, such as chronic conditions like obesity, heart disease, and 
diabetes, and have a higher risk of premature mortality.29 Lower SEP is also associ-
ated with a higher risk of mental health disorders such as depression, anxiety, and 
substance abuse.22,23 People with lower SEP may experience chronic stress, lead-
ing to brain structure and function changes and increasing the risk of mental ill-
ness.30,31 SEP can also impact brain health. Research has shown that individuals with 
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lower SEP have a higher risk of cognitive decline, dementia, and other age-related 
brain disorders.32,33 Addressing social and economic inequalities and inequities can 
improve health outcomes and promote well-being across diverse patient populations.

1.4 PERSONALITY AND INDIVIDUAL FACTORS

Personality and individual factors can significantly impact health and well-being.34 
There are several taxonomies for conceptualizing individual personality differ-
ences inspired by different theoretical traditions.35 Developed within the trait theory 
tradition, the five-factor model has been particularly useful for understanding the 
relationship between personality traits and physical health outcomes.35 It is also 
reliably associated with certain health behaviors and physiological reactivity pro-
files. Personality traits such as optimism and resilience can help individuals cope 
with stress, positively affecting their well-being. Personality traits such as neuroti-
cism and extraversion have been linked to mental health issues such as anxiety and 
depression, which can negatively impact well-being.36 37 Some personality traits may 
be linked to genetic predispositions that can affect health outcomes. For instance, 
some studies suggest that individuals with certain personality traits may be more 
susceptible to heart disease.38 Individual factors such as motivation, self-efficacy, 
and self-control can affect an individual’s health behaviors, such as exercise, diet, 
and substance use.39–42 For example, individuals with higher levels of self-efficacy 
may be more likely to engage in healthy behaviors. Individual factors such as social 
skills and social support can influence an individual’s ability to form and maintain 
relationships, thereby positively affecting mental health and well-being.43 Personality 
and individual factors are crucial determinants of health and well-being. Personality 
may be particularly useful for clinicians when prescribing personalized lifestyle 
interventions. However, it is important to note that the five-factor structure strength 
lies in its ability to describe which personality characteristics are associated with 
health outcomes. Yet, other theoretical perspectives are more adept at explaining 
how individual differences respond to their social environment in ways that impact 
physical health (e.g., social-cognitive tradition, circumplex of personality metatraits, 
interpersonal circumplex).34 Accordingly, when developing tailored lifestyle inter-
ventions, it may be prudent for intervention developers to take into account multiple 
theoretical perspectives.

Personality frequently feeds directly into individuals’ abilities and/or tenden-
cies for emotional regulation, which is also a critical factor in maintaining optimal 
mental, brain, and physical health.44,45 Emotional regulation refers to the ability to 
manage and respond to emotions in a healthy and adaptable way.46,47 Poor emo-
tional regulation has been linked to various mental health issues, such as anxiety, 
depression, and borderline personality disorder.48–54 Individuals who struggle with 
emotional regulation may experience intense and overwhelming emotions, which 
can lead to negative thoughts, behaviors, and coping strategies.54–56 Chronic stress, 
which can result from poor emotional regulation, has been linked to various health 
issues.57 Poor emotional regulation can also lead to unhealthy lifestyle behaviors 
such as overeating, substance use, and a sedentary lifestyle, which can negatively 
impact well-being.58–60 Effective emotional regulation has been linked to positive 
mental health outcomes such as improved mood, reduced anxiety, and increased 
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resilience. It can also lead to health-promoting lifestyle behaviors such as regular 
exercise, a balanced diet, and good sleep hygiene. Brain health can also be promoted 
through effective emotional regulation through stress reduction and neuroprotection 
from structural and functional changes associated with chronic stress in the emo-
tional regulation centers of the brain.61–64 Developing effective emotional regulation 
strategies can help individuals better manage their emotions, improve their overall 
well-being, and reap the full benefits of medical interventions and treatment.

1.5 COGNITIVE AND BEHAVIORAL APPROACHES

Cognitive and behavioral approaches to lifestyle medicine are essential to mental 
health and brain health because they address the interplay between behavior, cogni-
tion, and emotion, critical factors in overall health and well-being.65,66 Cognitive and 
behavioral intervention approaches effectively treat a range of mental health dis-
orders, such as anxiety, depression, and post-traumatic stress disorder.15,67–69 These 
approaches involve identifying and changing negative thoughts and behaviors that 
contribute to developing and maintaining disorders and thoughts and behaviors that 
may contribute to unhealthy lifestyle choices.65,68 For example, cognitive behavioral 
therapy may involve helping an individual identify and challenge negative thoughts 
about exercise or healthy eating. Therefore, cognitive and behavioral approaches can 
allow individuals to develop and maintain healthier lifestyle habits supporting brain 
health and cognitive functioning. Better health outcomes and improved quality of 
life can be achieved by addressing the interactions between behavior, cognition, and 
emotions in lifestyle medicine.70

1.6 POSITIVE PSYCHOLOGY

Applying positive psychology constructs can contribute to promoting and maintain-
ing mental health through lifestyle medicine.71 Positive psychology and lifestyle med-
icine emphasize the importance of adopting healthy lifestyle behaviors and promoting 
positive psychological well-being.72–78 Positive psychology focuses on understanding 
and promoting positive emotions, attitudes, and behaviors, such as gratitude, opti-
mism, resilience, and mindfulness. It recognizes the importance of positive emo-
tions and their impact on physical health, mental health, brain health, and well-being. 
Positive psychology interventions, such as meditation and gratitude protocols, have 
been shown to improve health outcomes, such as reducing symptoms of depression 
and anxiety.79 Lifestyle medicine and positive psychology recognize that a holistic 
approach to health includes positive psychological well-being and lifestyle interven-
tions that have a powerful impact on overall well-being and quality of life.80–83

1.7 BIOPSYCHOSOCIAL MODEL OF HEALTH

Aside from the cognitive-behavioral and positive psychology-based view of lifestyle 
medicine, the biopsychosocial model is an approach to health and illness that addresses 
the biological, psychological, and social factors that influence a person’s overall well-
being.84 Biological factors include genetic predisposition, health behaviors, and physi-
ological processes. Psychological factors refer to a person’s mental and emotional 
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state. Social factors include social support and connectivity, socioeconomic status, 
and cultural factors. There have been significant advancements in health neuroscience 
research over the past few decades, including neuroimaging techniques, an under-
standing of the brain-body connection, and neuroplasticity.85–88 Neurotransmitters, 
brain circuits, and hormones are all part of the neurobiological system that affects 
mental health and brain health, underlies the function and structure of the nervous 
system, and regulates mood, behavior, and cognition.89–92 Imbalances in neurobiologi-
cal factors, including those related to genetics, the environment, and lifestyle habits, 
can lead to mental health disorders such as depression, anxiety, bipolar disorder, and 
schizophrenia.89,90,93–95 Neurobiological factors can influence the autonomic nervous 
system, which modulates bodily functions such as heart rate, digestion, and respira-
tory rate. Stress and other emotional factors can lead to dysregulation of the autonomic 
nervous system, resulting in physical manifestations and increased risk of chronic 
diseases.96–98 Understanding neurobiological factors can help healthcare practitioners 
discern the underlying causes of various health conditions and develop more effective 
treatments. Importantly, the biopsychosocial perspective is best utilized in lifestyle 
psychiatry when adopted in conjunction with other perspectives from positive psy-
chology, personality psychology, and cognitive-behavioral theory.

1.8 AGE-RELATED DISEASES

Healthcare professionals can address the complex interplay between age-related 
diseases and their causative and associative factors through a biopsychosocial 
approach to lifestyle medicine. For example, a treatment plan for an individual 
with dementia may include medication to address biological factors, counseling to 
address psychological factors, and social activities and support to address social 
factors. Alzheimer’s disease and related dementias (ADRDs) are a group of dis-
orders that can be influenced by a wide range of biological, psychological, and 
social factors.99–101 Healthcare practitioners need to understand the biological fac-
tors associated with ADRDs to properly diagnose the condition and consider treat-
ments to slow its progression.102 However, all factors related to ADRDs must be 
considered in a holistic manner to provide more comprehensive and effective care 
for individuals with ADRDs. ADRDs can cause significant psychological distress 
for both individuals with the condition and their caregivers.103 Understanding the 
psychological impact of ADRDs can help providers provide appropriate support 
and interventions to improve quality of life for everyone involved in the treatment 
plan.104 ADRDs can also impact an individual’s social relationships and ability 
to participate in activities they enjoy.105,106 Understanding social factors such as 
access to support systems, caregiving resources, and community engagement can 
help healthcare professionals develop care plans tailored to an individual’s needs 
and preferences.

1.9 BRAIN HEALTH

In addition to purely cognitive and behavioral focused approaches to address psycho-
pathology, the development of advanced neuroimaging techniques such as functional 
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magnetic resonance imaging (fMRI) has allowed researchers to investigate and 
target cognitive, emotional, and thought processes in specific regions of the brain. 
Neurofeedback and neuroimaging can detect brain structural changes associated 
with Alzheimer’s disease, major depressive disorder, and bipolar disorder.107 A grow-
ing body of evidence demonstrates that the brain and body are intimately connected 
and that mental and emotional states can significantly impact physical health out-
comes.108–111 Mental disorder symptom severity exists on a spectrum. Expanding on 
the connection between mental health, brain health, and physical health can allow 
healthcare professionals to individualize and target lifestyle medicine techniques 
and interventions more efficiently and specifically. Current scientific limitations 
have given rise to the BrainHealth index, which measures whole brain health (cogni-
tion, social functioning, well-being, and real-life functions).112 In conjunction with 
genetic and epigenetic considerations, the BrainHealth index may allow for earlier 
diagnoses and interventions. Early detection advances in health neuroscience have 
provided new insights and contributed to a better understanding of the neural basis 
of health and disease, which may help inform and adapt lifestyle treatments and 
interventions.107,113

1.10 TELOMERE AND IMAGING

Neuroimaging technologies are constantly evolving, as is the understanding of neu-
robiology’s utility in medicine. Emerging research has suggested a link between 
mental health and cellular aging.114–116 Telomeres are the protective caps at the ends 
of chromosomes that shorten with each cell division, leading to cellular aging and 
eventual cell death.117 Telomere shortening has been associated with several age-
related diseases, including cardiovascular disease, diabetes, and cancer.118–120 Studies 
have found that individuals with mental health disorders, such as depression and 
anxiety, may have shorter telomeres than individuals without these disorders.121–124 
Additionally, individuals who experience chronic stress, which is often associated 
with mental health disorders, have also been found to exhibit shorter telomeres.125 
Stress linked to mental health disorders and chronic stress can activate the body’s 
stress response system, leading to increased inflammation and oxidative stress, 
which can cause telomere shortening.126

Chronic activation of the stress response system can also cause damage to DNA 
and other cellular structures, contributing to cellular aging.126 Inflammaging refers to 
a state of chronic, low-grade inflammation that results from the aging process.127,128 
It is a complex phenomenon that involves a variety of different biological processes 
and molecular pathways. Some factors contributing to inflammation include changes 
in the composition of the gut microbiome, increased oxidative stress, and a decline 
in immune function.129,130 Growing evidence suggests that inflammaging may be 
linked to mental and brain health outcomes. Lifestyle medicine has been shown to 
disrupt the proinflammatory cycle of cellular stress in some biological pathways.131 
Therefore, researchers can develop lifestyle strategies for promoting healthy aging 
and preventing age-related cognitive decline and mental health problems by better 
understanding the underlying mechanisms of inflammaging and its effects on the 
brain.
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1.11 HEALTH NEUROSCIENCE

Health neuroscience research has provided a mechanistic neurobiological under-
standing of lifestyle factors that govern mental and brain health. Health neuroscience 
is a transdisciplinary field that focuses on understanding the neural basis of health and 
disease. It integrates neuroscience, psychology, and clinical medicine principles to 
investigate the relationship between the brain, behavior, and health outcomes. Reward 
processing, regulating, and valuation are all critical processes in the brain that influ-
ence lifestyle behaviors and overall well-being.132,133 The brain’s reward system is a 
complex neural network that regulates responses to pleasurable stimuli, such as food 
and social interactions. Humans are naturally motivated to engage in activities that 
the brain finds rewarding. For example, the pleasure of eating certain foods can lead 
to overeating, contributing to weight gain and other health problems.134 The brain’s 
reward system can be a powerful motivator for positive lifestyle behaviors. However, 
improper regulation or impairment of the reward system in the brain can lead to 
unhealthy behavior patterns and difficulty regulating behavior and making healthy 
lifestyle choices. The prefrontal cortex, a brain region involved in decision-making 
and self-control, regulates the brain’s reward system.132,135–137 Inhibitory mechanisms 
governed by the prefrontal cortex can facilitate health-promoting decision-making 
and resistance to unhealthy temptations.132 Valuation refers to the brain’s process of 
assigning value to different stimuli and experiences.132 Humans have an innate prior-
ity for activity and experiences that are perceived as valuable.132,138,139 Therefore, the 
valuation process plays a critical role in shaping lifestyle behaviors. For example, 
if high value is placed on work and career success, an individual may neglect other 
important aspects of a healthy lifestyle, including relationships and stress-reducing 
leisure activities. Healthcare providers can use this knowledge to optimize their 
patient’s brain function and healthy lifestyle habits. Engaging in activities perceived 
as rewarding in moderation can improve self-control and decision-making skills.140 
Patients must be encouraged to consistently re-evaluate personal values to ensure that 
they align with their overall well-being goals and the physical, mental, and emotional 
symptoms that are being managed in their treatment plan.

1.12 PILLARS OF LIFESTYLE MEDICINE

Lifestyle medicine is based on six pillars that have been identified as key compo-
nents for the maintenance of optimal health and the prevention of chronic diseases, 
including restorative sleep, physical activity, nutrition, positive connectivity, risky 
substance harm reduction, and stress management. Clinicians with psychiatric and 
psychological training can clearly see how their expertise transcends all the pillars 
of lifestyle medicine. The lifestyle medicine clinician, especially those practicing 
lifestyle psychiatry, will be well served in educating patients around what they can 
do to address these six pillars that all have emerging evidence-based data.

1.12.1 SLEEP

Lack of sleep has been linked to various mental health problems, including depres-
sion, anxiety, and mood disorders.141,142 Sleep is essential for a properly functioning 
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autonomic, neuroendocrine, and immune system. Poor sleep has been linked to an 
increased risk of obesity, diabetes, cardiovascular disease, and other chronic health 
conditions.143 Sleep is also critical for brain health, including cognitive function-
ing, memory consolidation, and learning. The brain consolidates memories and pro-
cesses information essential for optimal brain functioning during sleep.144 Chronic 
sleep deprivation can lead to cognitive impairment, memory loss, and other neuro-
logical problems.145 Sleeping well each night can improve mood, increase energy lev-
els, boost the immune system, and optimize brain functioning. Healthcare providers 
must address good sleep hygiene practices with patients to maintain optimal mental, 
brain, and physical health.

Those with unhealthy sleep patterns are at risk for stress-related disorders, mental 
health disorders, obesity, cancer, type 2 diabetes, and cardiovascular-related morbid-
ity and mortality.143,146 Insufficient sleep dysregulates the autonomic nervous sys-
tem, diurnal cortisol patterns, and the synthesis of proteins.147,148 Individuals with 
disrupted circadian rhythms are at a higher risk for breast cancer, DNA damage, 
dysregulated cytokine production balance, cancer, psychological stress, and depres-
sion.149–151 Humans need less sleep to maintain health as they age. Although there is 
some individual-level variability, adults generally require 7 to 8 hours of sleep daily 
to avoid an increased risk of poor health outcomes.152

For individuals who struggle to achieve good sleep hygiene, cognitive behavioral 
therapy for insomnia (CBT-I) is a highly effective treatment option that can provide 
long-lasting patient benefits. CBT-I typically involves a combination of techniques 
designed to help patients change their sleep-related thoughts and behaviors. CBT-I 
has been shown to improve the quality of sleep for patients.153,154 Patients undergoing 
CBT-I can fall asleep faster, stay asleep longer, and feel more rested and refreshed. 
Many people with insomnia use sleeping pills to help them sleep. Sleep-inducing 
medications can be habit-forming and have adverse side effects.155 CBT-I can reduce 
the need for medication to induce sleep, which can help patients avoid these risks. 
The benefits of CBT-I are often long-lasting, whereas medications can provide short-
term relief.156 CBT-I teaches patients techniques that can be used across the lifespan 
to improve sleep. Insomnia can contribute to mental health issues like anxiety and 
depression.157,158 CBT-I can help to improve mental health by enhancing sleep qual-
ity. Healthcare practitioners can work with patients to identify specific factors con-
tributing to their insomnia and develop a treatment plan addressing them. Therefore, 
CBT-I is another lifestyle intervention that can be tailored to each patient’s indi-
vidual needs.

1.12.2 PHYSICAL ACTIVITY

In addition to sleep, exercise is an essential and effective component of a healthy 
lifestyle and should be addressed by all healthcare professionals. Adults should have 
150 minutes of moderate-intensity exercise or 75 minutes of vigorous aerobic physi-
cal activity per week.159 Children and adolescents require 60 minutes a day of moder-
ate or vigorous exercise.159

Exercise has been shown to have numerous mental health benefits, including 
reduced symptoms of depression and anxiety, improved mood, and increased self-
esteem.160–162 Exercise can also help reduce stress, improve cognitive functioning, 
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and promote better sleep, all of which can improve mental health.160,163 Incorporating 
regular exercise into one’s daily routine is essential for maintaining good physical 
health and reducing the risk of chronic health conditions. Moreover, data has dem-
onstrated that exercise promotes the growth of new brain cells, reduces the risk of 
age-related cognitive decline, and improves brain function in people with neurologi-
cal disorders such as Alzheimer’s disease and Parkinson’s disease.160,162,163

Physical activity is a significant risk factor for over 30 chronic diseases. Those 
who meet the current guidelines for physical activity lower their risk of all-cause 
morbidity and mortality by almost 20%.164 Physical inactivity is associated with can-
cer, cardiovascular disease, type 2 diabetes, the onset and progression of cognitive 
decline and mental illness, and some forms of dementia.165 In addition to its impact 
on physical health, physical activity also reduces the risk for mental health disor-
ders. In a recent meta-analysis that included 49 prospective studies, those considered 
physical activity were 17% less likely to develop major depression than those not.166

1.12.3 NUTRITION: WHOLE-FOOD, PLANT-PREDOMINANT EATING PATTERN

Lifestyle medicine recommends a whole, primarily plant-based diet with fruits, 
vegetables, whole grains, legumes, nuts, and seeds. The field of lifestyle medicine 
encourages healthcare professionals to encourage their patients to maintain a diet low 
in red and processed meats, refined grains, sugar, and other saturated and trans-fat 
sources. Saturated fat raises blood levels of total cholesterol, triglycerides, and low-
density lipoproteins (LDL), contributing to heart disease, stroke, and other vascular-
related disorders.167 Indeed, there is growing evidence that it significantly contributes 
to some forms of dementia.168 Likewise, sugar intake, even in moderate amounts, 
promotes a similar lipid pattern and is associated with heart disease, stroke, and type 
2 diabetes.167 The Mediterranean diet and Dietary Approaches to Stop Hypertension 
(DASH) diet are evidence-based eating pattern recommendations that promote 
overall well-being.169 Postprandial triglycerides and proinflammatory cytokine pro-
duction, predictors of cardiovascular-related disease mortality associated with the 
Western diet, can be diminished by exercise, sleep quality, and changes in diet to 
follow lifestyle medicine guidelines.170,171 The brain-gut-microbiota (BGM) system 
also affects brain and mental health. The gut microbiota interacts with the brain 
via the vagus nerve, the hypothalamic-pituitary-adrenal axis, the immune response, 
the intestinal epithelium, and the blood-brain barrier. Increasing evidence shows 
that depression and other mental health disorders impact the composition of the gut 
microbiome bi-directionally. When the gut microbiome is imbalanced (called dys-
biosis), there is an increased appearance of pathology associated with the BGM.172–179 
Adherence to a whole food, plant-predominant eating pattern can promote diversity 
of gut microbiota, positively affecting mental and brain health via the BGM.

1.12.4 POSITIVE CONNECTIVITY

Social connection has been linked to depression, anxiety, and other mental health 
problems.180 Studies have found that people with strong social connections are less 
likely to experience symptoms of mental illness and are more resilient in the face of 
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stress. Social connection is also associated with physical health outcomes,181 such as 
cardiovascular disease, cancer, type 2 diabetes, stroke, and some forms of dementia. 
The reasons for this are multifaceted. First, people with strong social connections 
are likelier to engage in healthy behaviors. They are less likely to smoke, drink 
alcohol excessively, or engage in unhealthy behaviors. Social connections are also 
critical for regulating the stress-response system; those with low levels of social con-
nection have higher blood pressure, poorer cellular immune function, and an overac-
tive proinflammatory state.

1.12.5 HARMFUL SUBSTANCE RISK REDUCTION

Tobacco and alcohol use are associated with DNA damage, cancer, and other chronic 
diseases.182,183 The use of illicit drugs and abuse of prescription drugs have led to 
a rise in age-adjusted drug overdose rates each year since 2000 except for 2017.184 
Stress and depression are among the most significant risk factors for substance 
abuse.185–188 Incorporating exercise and strong social connectedness can lower addic-
tion risk.189–191 Substance abuse can lead to addiction, a chronic relapsing condition 
characterized by compulsive substance-seeking behaviors and use despite harmful 
consequences. Substance abuse can lead to various mental health problems, includ-
ing depression, anxiety, mood disorders, and psychotic disorders. It can also worsen 
existing mental health problems and make them more challenging to treat. Addiction 
can significantly impact all areas of a person’s life, including relationships, work, 
and health. Early intervention can help to prevent further harm and improve overall 
health outcomes.

1.12.6 STRESS MANAGEMENT

Psychological stress can directly dysregulate physiological processes associated with 
premature aging, morbidity, and mortality. Stress also significantly impacts lifestyle 
choices, often leading to unhealthy habits and behaviors. Those experiencing stress 
are more likely to consume foods high in sugar, fat, and calories, rather than health-
ier options.192 Weight gain and poor nutrition independently predict risk for disease 
and premature mortality.193 Stress can trigger emotional eating. Emotional eating is 
an unhealthy coping mechanism for difficult emotions or life events that can lead to 
overeating, binge-eating, and cravings for high-calorie, high-fat, or sugary foods.194 
Stress can also disrupt normal eating patterns and lead to skipping meals or irregu-
lar eating, affecting metabolism, energy levels, and overall health. Metabolic health 
may be improved with interventions that improve stress and diet.192,195,196

1.13 BURNOUT

Burnout is a state of emotional, physical, and mental exhaustion caused by pro-
longed and excessive stress that can significantly affect well-being.197 As a specific 
type of chronic stressor, burnout can lead to various physical health problems, such 
as chronic fatigue, and increase the risk of developing chronic illnesses such as 
hypertension, cardiovascular disease, and diabetes. Burnout can also contribute to 
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various mental health problems, such as depression, anxiety, and mood disorders. 
Individuals with burnout can experience feelings of hopelessness, detachment, and 
loss of motivation.198 Chronic burnout is associated with reduced emotion regula-
tion, executive function, and attention.199–202 Recognizing and addressing the signs of 
burnout, as well as taking steps to manage stress and prevent burnout, are important 
considerations in the field of lifestyle medicine.

1.14 CLINICAL APPLICATIONS

Lifestyle psychiatry can be part of a comprehensive treatment approach to promote 
overall health and well-being in individuals with psychotic disorders. A healthy diet 
that is rich in nutrients and regular exercise can help to improve the symptoms of 
psychotic disorders.203–207 Healthcare professionals can work with patients to develop 
exercise plans that are safe and effective for their specific needs. Sleep disruptions 
worsen symptoms of psychotic disorders. Providers can work with patients to develop 
healthy sleep habits and address any problems contributing to their symptoms. Stress 
can also exacerbate symptoms of psychotic disorders. Therefore, effective stress 
management strategies can be an important part of treatment.208–210 Strategies to 
reduce or eliminate substance use should be explored with patients with psychotic 
disorders, as substance use can worsen symptoms of psychotic disorders.

Physicians are encouraged to take “lifestyle medicine vital signs” as a means of 
comprehensive patient care. Addressing, preventing, and treating mental health con-
ditions with lifestyle medicine techniques is accessible and affordable. Healthcare 
providers must use evidence-based strategies to ensure that their efforts to improve 
patient outcomes through lifestyle interventions are well-received, encouraging, and 
effective and promote the patient-provider connection.
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KEY POINTS

• The majority of health care money in the United States is spent on the treat-
ment and management of chronic illnesses.

• The underlying cause of emotional and physical symptoms and disorders 
may be underpinned by a smaller set of affective-related transdiagnostic 
vulnerability processes.

• Better understanding and targeting transdiagnostic risk factors for anxiety 
and lifestyle behaviors can be a highly efficient clinical strategy for reduc-
ing the impact of disease on society.

2.1  DISEASE PREVENTION WITHIN THE CONTEXT OF ANXIETY

The majority of health care money spent in the United States (US) is focused on 
the treatment and management of chronic diseases.1 The best pooled estimates 
suggest that up to 50% of chronic disease is preventable through modifying 
behavioral risk factors (i.e., lifestyle behaviors),2 including tobacco use, physical 
inactivity, poor diet, sleep impairment, and substance use.3 Importantly, many of 
the common behavioral risk factors for chronic disease share overlapping mecha-
nisms (i.e., transdiagnostic processes) related to the interpretation, management, 
and regulation of negative mood experiences. Thus, intervening in disease mecha-
nisms that contribute to an increased likelihood of engaging in health risk behav-
ior can potentially impact lifestyle behaviors (singularly or simultaneously) and 
reduce both the prevalence and severity of chronic disease in the US and other 
regions of the world.

Anxiety symptoms and disorders contribute to chronic disease prevalence and 
severity.4 The prevalence of anxiety symptoms and disorders among persons with 
physical disturbances (e.g., gastrointestinal symptoms) and conditions (e.g., inflam-
matory bowel disease) is estimated to be at least two to five times the rate observed 
in the general population.5–8 Indeed, research has illustrated anxiety symptoms 
and disorders are strongly associated with poor physical health symptoms and dis-
ease of all major bodily systems (e.g., cardiovascular, respiratory, gastrointestinal, 
skeletal, hormonal).9 Notably, the co-occurrence of more severe anxiety among 
persons with physical symptoms and conditions is associated with greater severity 
of illness.10,11

2
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2.2  CLINICAL FRAMEWORK FOR UNDERSTANDING 
DISEASE VULNERABILITY PROCESSES

Identifying vulnerabilities for chronic disease onset and progression provides inter-
vention targets for disease prevention. A risk factor is a variable that is related to 
and temporally precedes a disease/disorder.12 These factors can predispose, precipi-
tate, or perpetuate disease. Causal risk factors reflect variables that, when present 
or aggravated, produce systematic change that results in the development or progres-
sion of a disease.12 Proxy risk factors are variables that are related to disease assess-
ment, but this association is due to the proxy risk factor’s relationship with another 
causal risk factor.13 Thus, a proxy risk factor may “mark” risk, but not explain such 
risk. See Table 2.1 for examples.

TABLE 2.1

Risk Factor Definitions

Label Definition Example

Risk Factor A variable that is related to and 
temporarily precedes a disease/
disorder

An increase in plaque formation in blood 
vessels may precede the development of 
cardiac disease.

Maintenance Factor A factor which reflects a variable 
that predicts the persistence of 
an existing outcome over time 
among individuals already 
demonstrating the outcome

For an individual with cardiac disease, a 
maintenance factor could be consistent high 
blood pressure.

Risk Factor Types

Causal Risk Factors Variables that, when modified in 
some way, produce systematic 
change (increase or decrease) 
in a dependent variable

Increasing cigarettes smoked per day may 
increase the risk of developing cardiac 
disease.

Proxy Risk Factor Variables that are related to an 
outcome of interest, but this 
association is due to the 
relationship with another causal 
risk factor

Low socioeconomic status may “mark” a 
risk but not explain or account for 
systematic change in developing cardiac 
disease.

Risk Factor Subtypes (e.g., Malleability)

Causal/Proxy:  
Fixed Marker

In terms of influencing an 
outcome variable, a fixed 
marker is a factor that cannot 
be changed

A person’s genetics attribute to a 
predisposition for cardiac disease.

Causal/Proxy: 
Variable Risk 
Factor

In terms of influencing an 
outcome variable, a risk factor 
is able to be manipulated or 
changed

Engaging in a greater amount of sedentary 
behavior, whether this effort is directly 
influential or not (causal or proxy), may 
increase risk of developing cardiac disease.
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Both causal and proxy risk factors often are categorized based on whether they are 
malleable. When a risk factor cannot be changed, it can be classified as a fixed marker, 
whereas when it can be changed, it can be classified as a variable risk factor.14 A cen-
tral task of developing efficacious prevention programs for disease involves efforts to 
isolate whether an identified variable is a fixed marker or a variable risk factor.14 Both 
fixed markers and variable risk factors may be important for identifying vulnerable 
individuals, but only variable risk factors will be the ultimate target of the intervention. 
It also is important to note that a risk factor may be contrasted with a maintenance  
factor. A maintenance factor reflects a variable that predicts the persistence of an 
existing outcome over time among individuals already demonstrating the outcome;15  
a risk factor may also function as a maintenance factor. Therefore, an important com-
ponent of disease prevention research is to explicate not only singular risk main effects 
but also how such factors interact with one another in the pathogenesis of disease. 
For this reason, it is necessary to understand moderators (variables that influence the 
association between a specific risk factor and disease) and mediators (variables that 
explain the relations between a risk factor and disease) that serve to qualify a relation-
ship between a given risk factor and an outcome of interest.16 It also is possible that a 
common or shared variable, such as a transdiagnostic cognitive vulnerability factor, 
may potentiate the development of both a given risk factor and an outcome.

2.3  TRANSDIAGNOSTIC PSYCHOLOGICAL 
VULNERABILITY PROCESSES

The underlying cause of emotional and physical symptoms and disorders may be a 
smaller set of affective-related transdiagnostic vulnerability processes that serve to 
initiate the process of disease development and progression (see Figure 2.1).17

Transdiagnostic vulnerability factors can be conceptualized as “causal, vari-
able, and maintaining factors” within the risk factor framework.12 A key aspect of 

FIGURE 2.1  Transdiagnostic psychological vulnerability processes: pathways to disease 
development and progression.
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transdiagnostic models of vulnerability is that they seek to identify fundamental pro-
cesses underlying multiple, usually comorbid, psychopathologies and disease comor-
bidities.18 We consider transdiagnostic emotional vulnerabilities as core processes 
that reflect one’s characteristic response to emotion stimuli and states that subse-
quently contribute to physical health outcomes. Hence, transdiagnostic emotional 
vulnerabilities are conceptually independent of emotional symptoms like anxiety, 
depression, or stress, but may influence the latency and severity of these symptoms. 
This framework has informed a robust theoretical model based on the presump-
tion that transdiagnostic conceptualization is particularly relevant to understanding 
the function of anxiety-related processes that underlie lifestyle or health behavior 
change within disease prevention.

2.4  TRANSDIAGNOSTIC PSYCHOLOGICAL FACTORS 
FOR ANXIETY AND LIFESTYLE BEHAVIORS

2.4.1 ANXIETY SENSITIVITY

Anxiety sensitivity is a relatively stable, but malleable factor19 defined as the extent to 
which individuals believe anxiety and anxiety-related sensations (e.g., racing heart) 
have harmful personal consequences.20,21 The global anxiety sensitivity construct 
encompasses lower-order fears of physical, mental, and publicly observable experi-
ences.22 According to expectancy theory, anxiety sensitivity serves to amplify anx-
ious and fearful responses to evocative stimuli.23 Theoretically, individuals higher 
in anxiety sensitivity are more likely to be frightened by harmless heart palpitations 
because they believe these sensations will lead to cardiac arrest or other feared out-
comes, whereas individuals lower in anxiety sensitivity do not fear these sensations 
because they believe them to be benign.

2.4.1.1 Anxiety Sensitivity: Anxiety and Mood Disturbance Indicator

Research on the psychopathological consequences of anxiety sensitivity initially 
focused on panic attacks and panic disorder,20 although work over the past two 
decades has extended such findings to illustrate anxiety sensitivity’s role in the etiol-
ogy of other psychopathology (e.g., Posttraumatic Stress Disorder, Major Depressive 
Disorder, etc.).24–28 Such effects are not better explained by the tendency to expe-
rience negative affect or trait anxiety.25 Moreover, numerous investigations have 
documented the impact of modifying anxiety sensitivity to enhance mood-related 
treatment outcomes.29–31 That is, anxiety sensitivity is a chief explanatory element 
(mechanism) in treatment gains for intervention programs for certain emotional 
disorders.

2.4.1.2 Anxiety Sensitivity and Lifestyle Behaviors

There is evidence that anxiety sensitivity is involved in the exacerbation of health 
processes and behaviors, and represents a core mechanism in lifestyle change. To 
illustrate, anxiety sensitivity is related to clinical facets of a wide range of health 
conditions, such as chronic pain, gastrointestinal conditions, asthma, and vestibu-
lar pathology.32–35 Although the precise pathways between anxiety sensitivity and 
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health problems are complex, researchers have proposed specific pathways in which 
anxiety sensitivity may increase risk for chronic health problems, including through 
the avoidance of healthy behaviors (e.g., exercise avoidance) and engagement in 
unhealthy behaviors (e.g., emotional eating, substance use).35 Thus, in regard to pre-
ventable causes of disease that are impacted by lifestyle behaviors, it is important to 
consider the role of anxiety sensitivity in this context.

2.4.2 DISTRESS TOLERANCE

Distress tolerance is defined as the perceived or objective ability to withstand nega-
tive or aversive conditions.36 Distress tolerance can manifest in the perceived ability 
to tolerate distress as indicated typically by self-report methodologies or the objec-
tive ability to tolerate aversive experiences as indicated from behavioral tasks (e.g., 
cold pressor task).36 The global distress tolerance construct consists of five domains, 
including tolerance to the following: (1) uncertainty, (2) ambiguity, (3) frustra-
tion, (4) negative emotional states, and (5) physical sensations.36 Distress tolerance, 
although relatively stable, is also malleable.36,37 Theoretically, individuals with low 
tolerance for distress are more likely to engage in escape/avoidance behaviors as a 
means to manage aversive conditions or states rather than adaptively cope with such 
experiences.38

2.4.2.1 Distress Tolerance: Anxiety and Mood Disturbance Indicator

Extant work has implicated low distress tolerance as a risk factor for psychopa-
thology36,39 and increased severity of negative mood symptoms.40 Notably, distress 
tolerance is thought to be related, although distinct from, other psychological vulner-
ability factors (e.g., anxiety sensitivity, emotion regulation).39,41 Indeed, within inter-
vention research, distress tolerance is frequently isolated as a mechanism of change 
in the relationship between psychosocial treatment and improved psychopathology 
outcomes.42,43

2.4.2.2 Distress Tolerance and Lifestyle Behaviors

Existing research suggests distress tolerance may play a key role in guiding health 
behavior decisions.44–46 Individuals with lower distress tolerance may engage in mal-
adaptive coping strategies in an effort to escape or avoid negative internal states.38 
Consequently, these individuals may be at risk for the onset or maintenance of 
chronic disease as a result of affectively motivated lifestyle choices. In line with 
this perspective, low tolerance for distress has been consistently related to behaviors 
associated with chronic disease, such as smoking,46 disordered eating behaviors (e.g., 
binge eating),47 and alcohol misuse.48

2.4.3 EMOTION REGULATION

Emotion regulation involves observing, understanding, and evaluating one’s emotions 
to subsequently utilize strategies to regulate emotional and behavioral responses.49 
Emotion regulation processes include five components: (1) influencing the exposure 
to a situation, (2) changing an aspect of the situation, (3) influencing which portions 
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of the situation are perceived, (4) cognitive restructuring of the situation presented, 
and (5) directly changing the emotion-related behavior.50 Theoretically, individuals 
who have difficulties regulating emotions may be more likely to engage in maladap-
tive coping mechanisms in response to aversive states.51

2.4.3.1 Emotion Regulation: Anxiety and Mood Disturbance Indicator

Difficulties regulating emotions are implicated in the etiology and maintenance of 
psychopathology.52,53 Notably, these relations have been demonstrated across a vari-
ety of psychiatric conditions (e.g., anxiety and depressive disorders).54,55 Extant inter-
ventions aimed at improving emotion regulation have demonstrated large effects in 
psychopathology symptom outcomes (e.g., panic, social anxiety, depression) sug-
gesting emotion regulation as a putative mechanism of change.56

2.4.3.2 Emotion Regulation and Lifestyle Behaviors

Empirical evidence has highlighted the role of emotion regulation in contribut-
ing to maladaptive lifestyle choices.57 For example, greater difficulties regulating 
emotions have been linked to many unhealthy behaviors associated with chronic 
disease, including substance use57 and emotional eating.58 An individual may be at 
greater risk for chronic disease due to an inability to access adaptive strategies to 
regulate distress.59 For example, an individual with difficulties regulating emotions 
may be more apt to utilize maladaptive coping strategies (e.g., smoking, eating)57,58 
as a means of regulation thereby increasing the risk for chronic disease (e.g., car-
diovascular disease).59 Thus, emotion regulation may play a key role in promoting 
positive health-related changes among individuals engaging in unhealthy lifestyle 
behaviors.

2.5 SUMMARY

Although the treatment and management of chronic illnesses is a major public health 
concern, many of these illnesses can be prevented by modifying lifestyle behaviors 
(e.g., substance use, physical inactivity). Notably, individuals with chronic illness 
evidence significantly elevated rates of anxiety symptoms and clinical disorders 
compared to the general population, and such comorbidity impairs changing these 
lifestyle behaviors (e.g., diet, sleep, drug use). Better understanding and targeting 
transdiagnostic risk factors for anxiety and lifestyle behaviors can be a highly effi-
cient clinical strategy for reducing the impact of disease on society. Although the 
present chapter focused on anxiety sensitivity, distress tolerance, and emotion regu-
lation, these models can span across a wide range of other transdiagnostic psycho-
logical factors (e.g., experiential avoidance).
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KEY POINTS

• SEP-health disparities are ubiquitous and large enough to matter for popu-
lation health.

• SEP is a complex social construct, and many factors contribute to disparities.
• Stress and negative affect are at the heart of psychological theories explain-

ing differences in health by SEP.
• Interdisciplinary and longitudinal research will be important contributors 

to the next decade of knowledge on this pernicious social problem.

Significant disparities in health exist in the United States. Arguably the largest 
and most ubiquitous of these disparities are those attributable to differences in socio-
economic position (SEP). It is clear that our place in the social hierarchy shapes our 
mental and physical health, and differences in health by SEP are similar in magni-
tude to well-established risk factors for poor health that have been top public health 
priorities. For example, differences in health by SEP rival the effects of obesity, 
physical inactivity, hypertension, and alcohol intake.1 Disparities by SEP are also 
not disease-specific. Both mental and physical diseases and acute and chronic condi-
tions show significant disparities by SEP. For example, incidence of diseases such 
as hypertension, stroke, and Alzheimer’s disease show associations with SEP,2–5 as 
do most cancers, asthma, rheumatoid arthritis, the common cold, and depression.6–11

The disproportionate rates of poor mental health experienced by those with lower 
SEP are driven by a complex interplay of systemic, psychosocial, and biological fac-
tors.12,13 For example, individuals of lower SEP evidence a higher risk of developing 
mental health disorders, and also have lower access to mental healthcare services, 
and both of these factors contribute to poorer mental health outcomes.12,13 In addi-
tion to higher rates of frank mental illness, individuals of lower SEP also report 
lower rates of subjective well-being (e.g., happiness, life satisfaction) when compared 
to those of higher SEP.14 Some research further delineates hedonic well-being – a 
measure of happiness or contentment – and eudaimonic well-being – a measure of 
self-actualization and fulfillment or life-purpose, both of which also show differ-
ences by SEP.15

We will often distinguish mental health from physical health in this chapter. 
Although mental and physical health differ in important ways (e.g., etiology, treat-
ment) and can be useful as separate categories, they are, of course, not separate, 
divided systems within an individual. Both acute and chronic physical illness as 
well as changes in associated biological systems (e.g., inflammation) can affect basic 
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psychological processes such as affect (e.g., anhedonia), cognition, and behavior 
(e.g., social avoidance).16,17 Similarly, mental illness as well as changes in associ-
ated psychological systems (e.g., affect, social behavior) can affect basic biological 
processes such as immune, cardiovascular, and neuroendocrine functioning.18 Thus, 
psychological and biological processes are interconnected, and influence and are 
influenced by features of the social environment such as SEP. However, this is a 
complex and dynamic process that is not simply “one-to-one” (e.g., a specific psy-
chological process having a specific biological signature or vice versa) and is still not 
precisely understood.

3.1 ONE CONCEPT, MANY MEASURES

There are many different terms that refer to the hierarchical ordering of individuals 
and groups within society. The term we favor in this chapter, socioeconomic posi-
tion (SEP), is often used to capture broad social stratification based on economic 
resources and social rank, and it highlights the fact that both rank and resources may 
influence health.19,20 The closely related and more traditional term socioeconomic 
status (SES) more typically refers to absolute levels of socioeconomic resources, 
some of which may also be rank- or prestige-based (e.g., occupation). SEP can be 
measured at multiple levels of analysis (e.g., individual, neighborhood, country), but 
this chapter focuses on the individual level.

Individual measures of SEP are only modestly correlated with one another and 
are not interchangeable.21 The three most commonly used indicators of SEP are 
income, education, and occupation. Income is a measure of financial resources and is 
often assessed as self-reported annual income or household income (income consid-
ering the number of people it supports), but can also be assessed in a myriad of other 
ways (tax records, pay stubs, income relative to the poverty line, etc.). Education is 
a measure of one’s potential to generate and access resources and to build human 
capital. Education is often assessed as the number of years of education or high-
est educational level achieved selected from predetermined categories (e.g., less 
than high school degree, high school completion or GED, some college, bachelor’s 
degree, master’s or doctoral degree). Occupation, often referred to as occupational 
prestige, is a measure of social rank and potential to generate income. Occupation is 
often assessed using coding schemes to hierarchically rank occupations.22,23 Much 
of the literature examining occupational prestige and health (which is distinct from 
research on occupational stress and health) is based on research from European 
countries, where occupational classifications are more clearly hierarchical com-
pared to US classification systems.24,25 Employment status (whether one is employed  
full-time, part-time, or not employed) is also examined in SEP- health research and 
is often treated dichotomously (employed vs unemployed). Although somewhat less 
common, wealth is another measure of financial resources that indexes accumu-
lated financial resources, rather than simply cash flow, thus indexing one’s ability 
to weather potential financial hardships and disruption. Wealth is often assessed by 
self-reports or objective indicators of savings, property, and investments, sometimes 
minus debts.26
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Subjective assessments of SEP are also useful and are being administered with 
increasing frequency. Perhaps the most commonly used measure of subjective SEP 
in psychological research is the MacArthur Scale of Subjective Social Status, which 
uses a visual analogue scale of a 10-rung ladder and asks individuals to rank them-
selves relative to a reference group. Epidemiological studies tend to use country of 
residence as the reference group (e.g., rank relative to others in the United States) and 
anchor ratings to traditional SES indicators; at the top are those who make the most 
money and who have the best jobs and the most education, and at the bottom are 
those who make the least money and who have the worst jobs and least education.27 
There is also a “community” version of this ladder which is used to assess social 
rank in individuals’ more proximal social environment. In this version of the ladder, 
community is defined by participants, and rankings are not anchored to traditional 
socioeconomic indicators. The ladder scale has also been adapted in order to exam-
ine social rank at earlier stages of development (e.g., rank within your school), before 
individuals complete their education and enter the workforce.28 Different measures 
of subjective SEP can also differ in their degree of subjectivity and degree to which 
they capture social rank and/or economic resources. For example, ladder measures 
that ask people to label their relative place in society without providing economic 
anchors (e.g., school- and community-based ladders of subjective social status) are 
more subjective and less anchored to economic resources compared to ladder mea-
sures (e.g., US ladder) which specifically assesses subjective SEP anchored to tradi-
tional socioeconomic indicators.

These distinctions in measurement have conceptual and practical implications. 
For example, SEP indicators that most closely assess objective economic resources 
may be most closely associated with exposure to stressors such as crowding and 
financial strain. On the other hand, SEP indicators that assess relative SEP, sub-
jective perceptions, or social rank may be more closely associated with negative 
psychological states associated with downward social comparisons (shame, anxiety, 
depression) compared to SEP measures assessing absolute and objective SEP and 
measures of economic resources.

3.2  LEADING PSYCHOLOGICAL THEORIES REGARDING 
HOW SOCIAL HIERARCHY SHAPES HEALTH

3.2.1 STRESS AND NEGATIVE AFFECT

The psychological constructs of stress and negative affect have been, and continue 
to be, central to psychosocial explanations of SEP-health disparities.29–31 Stress has 
been broadly defined as “a set of constructs representing stages in a process by which 
environmental demands that tax or exceed the adaptive capacity of an organism 
occasion psychological, behavioral, and biological responses that may place persons 
at risk for disease.”32 There has been growing criticism that the construct is opera-
tionalized so imprecisely as to make the term useless,33 and the NIH stress network 
has recently summarized and organized the measurement of stress into typologies.34

Two guiding frameworks in the literature on SEP and mental health are the social 
causation and diathesis-stress frameworks, both of which focus on stress pathways. 
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Social causation holds that lower SEP is associated with disproportionate exposure 
to a variety of stressors that cause individuals to develop mental illness both acutely 
and over time.35 This is how most researchers conceptualize disparate outcomes 
by SEP. The diathesis-stress framework also focuses on socioenvironmental stress 
pathways to developing mental disorders.36,37 For example, lower SEP is associated 
with higher rates of exposure to a variety of stressors which are also associated 
with increased mental health risk: food insecurity, housing insecurity, traumatic life 
experiences, social exclusion or isolation, unemployment, high-demand/low-control 
work, childhood abuse or neglect, poor neighborhood conditions (e.g., living in a 
food desert or lacking access to community amenities), discrimination, poor access 
to and lower quality of healthcare and education, and low social support.12,13,36,38–41

There is still some debate in the literature concerning the idea of social selection, 
which argues that poorer health may precede lower SEP, rather than result from low 
SEP as suggested by theories of social causation. Social selection holds that devel-
oping mental illness reduces individuals’ ability to obtain and maintain access to 
resources, causing them to “drift” into lower SEP.35 A growing body of research has 
shown that causation and selection processes act in tandem, with SEP and mental 
health having reciprocal impacts on each other over time.12 Indeed, physical illness 
and disability can lead to job loss and expensive medical treatments can result in 
poverty and loss of housing. Some social selection arguments suggest that health is 
better at higher levels of SEP due to “survival of the fittest” or “Social Darwinism” in 
which physical ability and vitality increase the probability of upward social mobil-
ity.42,43 Health does not appear to be a major determinant of social mobility and 
increasing opportunities for social mobility appears to reduce health disparities, 
rather than exacerbate them as would be expected by a social Darwinist perspec-
tive.43 Reviews suggest that there is more evidence for social causation than social 
selection in the literature on both mental44 and physical health.45 However, it is clear 
that both mental and physical health can influence and be influenced by indicators of 
SEP, leading some authors to suggest that accumulation models (accumulating risk 
factors for poor health over the life course) may most closely reflect the reality of 
bidirectional processes between SEP and health.45

In conceptual models focusing on physical health, stress exposure and associated 
affective and biological responses are ubiquitously referenced as important pathways 
linking lower SEP to poorer physical health.46 47 Highly influential models of SEP-
health associations incorporate higher stress and/or negative affect as mechanisms 
explaining how low SEP contributes to poor health outcomes. For example, Gallo’s 
Reserve Capacity Model, posits that low SEP environments increase the probabil-
ity of exposure to stressful and threatening situations and reduce the probability of 
exposure to rewarding and beneficial situations which together increase the likeli-
hood of emotional disruption and negative affect.30,48 This disruption in affect, and 
its precursors, disrupts biobehavioral pathways leading to poorer health and earlier 
death. Although stress is not named in Gallo’s model, experiences of high demand 
and low control mirror seminal definitions of stress. See Figure 3.1.49

Other psychosocial models of SEP-health disparities also highlight stress and/
or negative affect. Psychological models such as Chen’s shift-and-persist model 
focus on cognitive-behavioral and affective responses to stress that may promote 
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biobehavioral resilience in low SEP contexts.50 Even epidemiological models exam-
ining the construct of “social capital” highlight that social environments can be 
characterized by support and social cohesion, which promote health, or stress and 
social distrust, which promote disease.51 Epidemiological models of deprivation spe-
cifically state that stress and anxiety resulting from perceptions of having less than 
others are key mechanisms linking social hierarchy to health.52,53

Evidence supports this central role of stress. Lower SEP is associated with higher 
exposure to different types of stressors.54 Measures of ambient stress exposure such 
as crowding, noise pollution, and crime are higher at lower levels of SEP, as are 
exposures such as traumatic life events, perceived stress, and daily hassles.55–57 Less 
comprehensive assessments of stress appear to underestimate the role of stress expo-
sure in shaping SEP disparities. For example, there are larger differences in stress 
exposure by SEP when stress exposure is assessed as a composite of multiple forms 
of stress (recent life events, major and potentially traumatic events, chronic stress, 
and discrimination) than when stress exposure is assessed simply with the life events 
checklist.58 Further, such comprehensive measures of stress accounted for almost 
half of the variance in SEP disparities in depression.58

3.2.2 DOWNSTREAM PSYCHOSOCIAL FACTORS (RISK AND PROTECTIVE)

Many common psychosocial risk and resilience factors track with SEP and are thus 
potential mediators of the association between SEP and health. Not surprisingly, 
stressful aspects of work-life are more common at lower levels of SEP, and may con-
tribute to SEP-health disparities.31 Stressful aspects of home-life and other important 
forms of social connection such as social isolation, low social support, and con-
flict in intimate relationships also appear to be more common at lower levels of 
SEP,59,60 and can contribute to SEP-health disparities.1 Low SEP is also associated 
with higher levels of negative affective traits, symptoms, and disorders, and negative 
affect appears to contribute to SEP-health disparities.30

Social support is also commonly featured as a psychosocial resource (mediator) 
or buffer (moderator) in psychosocial models explaining SEP-health disparities. 
For example, interpersonal resources such as social support are part of individu-
als’ “reserve capacity” in Gallo’s model, social connection and support specific to a 

FIGURE 3.1 The Reserve Capacity Model. (Original figure from Gallo, Bogart, Vranceneau, 
and Matthews (2005).)
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role model is a central feature of Chen’s shift-and-persist model, and social support 
and cohesion are indicators of social environments that promote health in models of 
social capital. Hence, hypotheses suggest that social support may be harder to culti-
vate at lower SEP and that the effectiveness of social support to buffer the deleterious 
effects of stress may also vary across SEP hierarchies. These theorized mediating 
and moderating influences of social support in explaining SEP-health disparities 
mirror classic theories in health psychology about how the social world may come to 
influence our biology and ultimately our physical health; stress and its biobehavioral 
correlates wear us down and social support builds us up, with social support perhaps 
especially important in the face of high exposure to stress.61

Current evidence suggests that social support may be most accurately concep-
tualized as having a stronger beneficial effect on health at lower levels of SEP. 
Laboratory manipulations of stress and social support have shown that social sup-
port is a particularly effective buffer against cortisol and inflammatory reactivity to 
stress amongst lower SEP participants.62,63 In a study of almost 30,000 US adults age 
25 and older, social support and integration did not mediate associations between 
SEP and self-rated health, but social integration moderated associations between 
SEP and self-rated health.64 Hence, although social support appears to decrease with 
decreasing SEP, higher levels of social support may indeed protect health at lower 
levels of SEP.

Perceived control, the belief that one’s actions can directly influence life out-
comes, also appears to play a role in associations between low SEP and poor health, 
including outcomes of mortality, incident disease, and biological risk factors.65–67 
While most studies suggest that perceived control mediates associations between 
SEP and poor health, others suggest that perceived control is a moderator, buffering 
the effects of low SEP on health.68 For example, one large prospective study found 
that self-efficacy and mastery at baseline partially mediated the association between 
SEP and incident heart disease.65 Another large prospective study found that low 
SEP individuals with high perceived control had lower mortality rates (14-year 
 follow-up). In contrast, perceived control was not associated with mortality among 
high SEP individuals.68

Emotion regulation strategies (suppression, reappraisal), purpose in life, and per-
sonality traits (i.e., conscientiousness and neuroticism) have also been examined in 
the context of SEP-health disparities. Reappraisal (changing thoughts about a stimu-
lus to decrease the emotional impact) is thought to promote better health particularly 
in low SEP contexts;50 suppression (inhibiting the expression of felt emotions), the 
other primary response-focused emotion regulation strategy, is associated with, and 
reinforced by, lower rank in the social hierarchy. Suppression also relates to biologi-
cal and psychosocial risk factors for poor health (e.g., parasympathetic functioning 
and receipt of social support), but few studies directly examine the potential mediat-
ing influence of suppression in the context of SEP-health associations.69

3.2.3 HEALTH BEHAVIORS (MOVING, EATING, SLEEPING, SUBSTANCES)

SEP-health disparities are not simply due to cognitive or emotional factors fre-
quently associated with stress and social support. Health behaviors such as smoking, 
lower physical activity, poorer diet, and excess food consumption also play a role. For 
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example, 25% of the SEP gradient in coronary heart disease could be attributed to 
traditional medical risk factors in the Whitehall study.70 A more recent review of the 
literature similarly estimated that health behaviors account for approximately 25% 
of the variance in health due to SEP.71 Thus, health behaviors in aggregate appear to 
be an important contributor to SEP-health associations.

3.3 SELECT LIMITATIONS OF CURRENT KNOWLEDGE

Our understanding of psychological and behavioral contributions to SEP-health dis-
parities is still incomplete. Below we outline two important limitations and how they 
may be addressed.

3.3.1 MEASURING CONSTRUCTS WELL IN LARGE SAMPLES

We often begin scientific inquiry in search of a solution to a problem. We often 
identify problems based on large datasets from population sciences such as demog-
raphy, epidemiology, and sociology. Research from these disciplines has important 
strengths, such as very large samples and detailed attention to obtaining a represen-
tative sample. However, careful attention to the measurement of psychological and 
social constructs is often missing (and not feasible) within population sciences. In 
contrast, psychology has a long tradition and commitment to rigorous conceptual-
ization and measurement of psychological and social constructs, including relevant 
psychometric assessments. However, many of these studies with thorough and valid 
measurements fail to attend to sample representativeness, and, instead, are often 
carried out in small, homogeneous samples with limited external validity. Scientific 
advances on SEP-health disparities will require attending both to sampling features 
(ensuring population coverage and representation) and to valid assessment of con-
structs (e.g., stress, negative affect, social support) thought to play a key role in under-
standing mechanisms that are hypothesized to explain the association between SEP 
and health. Recruiting large samples for the examination of psychosocial factors on 
health disparities rather than relying on secondary data analysis of large samples 
where data were not collected for the purpose of examining health disparities may 
help move the field forward. Additionally, samples that specifically target a wide 
range of SEP and thoroughly assess psychosocial variables would complement stud-
ies that target low SEP individuals exclusively, which appears to be a more common 
sampling strategy in psychological research on health disparities. Multi-disciplinary 
teams of researchers will likely be necessary to harness these opposing strengths and 
weaknesses in future research on SEP-health disparities.

3.3.2 CAPTURING CHANGES

Up to this point we have mostly focused on static, one-time measures of SEP and 
its association with psychosocial factors and health. The bulk of the literature also 
takes this approach. However, SEP can change throughout the life course and exam-
ining such changes provides opportunities to test key assumptions of how SEP may 
influence health and whether changing SEP may be a viable avenue for reducing 
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SEP-health disparities. SEP can influence health at all stages of the life course. 
Socioeconomic conditions in early life shape opportunities to develop high SEP in 
adulthood and also affect health via additional mechanisms. While disparities in 
health are present at all ages, the size of SEP disparities is not consistent across 
the life course. For example, physical health disparities tend to be largest in middle 
adulthood, and smaller in childhood, adolescence, and at old ages.72 However, the 
strength and patterning of these associations can also vary depending on which mea-
sure of SEP is being examined. See Figure 3.2.

Our focus on one-time measures mirrors the literature. Most data on SEP-health 
associations are cross-sectional, most commonly measuring SEP at one point in 
time in adulthood. However, SEP can change over the life course, and changes in 
SEP may have unique implications for health.73 Empirical studies generally support 
positive health effects of upward social mobility. One recent analysis of over 6,000 
older adults from the nationally representative Health and Retirement Study found 
that upward mobility and stable high SEP between childhood and adulthood were 
similarly associated with markers of healthy aging in adulthood (walking speed, 
peak expiratory flow, and grip strength), suggesting protective effects of upward 
 mobility.74 A smaller study (N=311) of Black and White men that prospectively 
examined SEP mobility between ages 7 and 16 found that the degree of upward 
mobility (e.g., within-person slope) during three developmental periods (i.e., mid-
dle childhood, late childhood, middle adolescence) each independently predicted 
diagnosed physical health problems at age 32.75 Further, there is a significant body 
of work suggesting that upward social mobility may be detrimental to health.76 
Some frameworks suggest that upward mobility may increase risk for poor physi-
cal health specifically for Black Americans who grew up in low SEP contexts.77 
However, adverse physical health outcomes associated with upward mobility have 
also been found in White Americans.78 It will be important for future research to 
bring more longitudinal data to study social mobility, attending to the economic 
conditions that enable or inhibit mobility and likewise measuring relevant psycho-
social mechanisms.

FIGURE 3.2 The dynamic relationship between SES and health across the lifespan. 
(Original figure from Adler and Stewart (2010).)
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KEY POINTS

• Evidence-based dimensional frameworks of personality and mental health, 
as well as their hypothesized interconnections, can be utilized to better 
understand how the emotional adjustment correlates of personality are rel-
evant to health outcomes.

• Personality factors and related emotional adjustment have high predictive 
utility with respect to mortality risk, disease onset and progression, health 
behavior, and stress regulation.

• Cumulative evidence of the relevance of personality to health-relevant 
behavior and disease outcomes suggest that these associations should 
now be considered in assessment and tailored intervention within lifestyle 
medicine.

4.1  INDIVIDUAL DIFFERENCES RELEVANT TO LIFESTYLE 
MEDICINE: PERSONALITY AND EMOTIONAL 
ADJUSTMENT IN HEALTH RISK AND RESILIENCE

Characteristic ways of thinking, feeling, and behaving—i.e., personality—and related 
variability in emotional adjustment are strongly related to the maintenance of health 
and the development of and adaptation to illness. Indeed, personality-health associa-
tions are often of the same or larger magnitude as other risk factors such as socio-
economic status,1 solidifying the role of personality factors in health risk prediction 
models.2 The focus of the current chapter is to provide an overview of the associa-
tions between personality, emotional adjustment, and health outcomes, as well as the 
relevance of personality to the six pillars of lifestyle medicine (i.e., healthful eating, 
physical activity, stress management, relationships, sleep, and substance use).

4.2 OVERVIEW OF PERSONALITY ASSESSMENT

Although historically, there was a lack of consensus on the definitive collection of 
traits in comprehensive personality assessment, the widely-accepted adoption of the 
“Big Five”3 or Five-Factor Model (FFM)4 has led to a “renaissance” of personal-
ity psychology generally.5 Table 4.1 outlines the FFM traits, the two overarching 
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TABLE 4.1

Schematic of Five Factor Model Traits and Facets, Maladaptive Variant Examples, and Hypothesized Related Constructs from 

the Hierarchical Taxonomy of Psychopathology (HiTOP) and Research Domain Criteria (RDoC)

Meta-Traita Stability Plasticity

FFM Traitb Neuroticism
(-) Emotional Stability

Agreeableness
(-) Antagonism

Conscientiousness
(-) Unreliability

Extraversion
(-) Introversion

Openness
(-) Closed-minded

Aspectsc Volatility
Withdrawal

Compassion
Politeness

Industriousness
Orderliness

Assertiveness
Enthusiasm

Openness
Intellect

Facetsb Anxiety
Angry Hostility
Depression
Self-Consciousness
Impulsiveness
Vulnerability

Trust
Straightforwardness
Altruism
Compliance
Modesty
Tender-Mindedness

Competence
Order
Dutifulness
Achievement Striving
Self-Discipline
Deliberation

Warmth
Gregariousness
Assertiveness
Activity
Excitement-seeking
Positive Emotion

Fantasy
Aesthetics
Feelings
Actions
Ideas
Values

Exemplar Maladaptive 
Variantsd

Shameful
Fearful
(-) Shameless
(-) Unrealistic

Subservient
Gullible
(-) Arrogant
(-) Callous

Perfectionistic
Workaholic
(-) Lax
(-) Careless

Attention Seeking
Pushy
(-) Anhedonic
(-) Lethargic

Eccentric
Magical thinking
(-) Mechanical
(-) Concrete

HiTOP Domaine Internalizing (-) Antagonistic
Externalizing

(-) Disinhibited
Externalizing

(-) Detachment Thought Disorder

Exemplar Psychopathology
Correlates

Anxiety disorders (-) Narcissism (-) Inattention/ADHD Bipolar disorder Schizotypal

Hypothesized RDoCf Negative Valence Social Arousal/Regulatory Positive Valence
Social

Cognitive

aDeYoung6; bMcCrae and Costa8; cDeYoung7; dRojas97; eWidiger et al.32; fTrull and Widiger15

Note: HiTOP = Hierarchical Taxonomy of Psychopathology; RDoC = Research Domain Criteria. Reprinted with permission from: Williams, P.G., & Carlson, S.E. (in 
press). Personality and emotional adjustment in health risk and resilience. T.W. Smith and N.B. Anderson (Eds.), APA Handbook of Health Psychology (Vol. 1). 
Washington, D.C.: American Psychological Association
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meta-traits (stability and plasticity),6 the hypothesized “aspects” within each FFM 
domain,7 and the narrower “facets” of each of the five factor traits as labeled in 
validated personality measures, such as the NEO (neuroticism, extraversion, and 
openness) instruments.8

Importantly, personality is associated with mental health factors that also have 
central relevance to health and disease. Despite this known overlap, personality and 
psychopathology are often treated as separate research endeavors, and the associ-
ations between them are overlooked. Recent advancements that can help address 
this disparity have included the development of the National Institute of Mental 
Health (NIMH) Research Domain Criteria (RDoC),9 the Hierarchical Taxonomy of 
Psychopathology (HiToP),10,11 and FFM of personality disorders.12,13 These evidence-
based dimensional frameworks, as well as their hypothesized interconnections14,15 
can be utilized to better understand how the emotional adjustment correlates of FFM 
personality factors16 are relevant to the maintenance of health, illness trajectories, 
and adjustment to chronic conditions (see Table 4.1 for hypothesized associations 
between FFM personality traits and psychopathology dimensions).

4.3 PERSONALITY ASSOCIATIONS WITH HEALTH OUTCOMES

When possible, we review exemplar studies of FFM personality factors, facets, 
and related emotional adjustment and objective health, emphasizing meta-analyses 
and large-scale studies using nationally representative databases. Unless otherwise 
noted, personality assessment is self-reported.

4.3.1 NEUROTICISM

Neuroticism, sometimes termed trait negative affectivity or emotional stability, 
involves proneness to anxiety and related emotions. It is reflected in the “negative 
valence” system in RDoC and the “internalizing” domain of HiToP;16,17 as such, 
neuroticism is a vulnerability factor for the development of anxiety disorders and 
depression (see Table 4.1).

Despite a somewhat controversial history, there is now substantial evidence that 
neuroticism, along with related psychopathology, is a key factor in health risk and 
resilience, as well as successful aging.18 Neuroticism is associated with objective 
health outcomes in multiple studies utilizing large nationally-representative data-
bases, including all-cause mortality.19,20 Related, transdiagnostic internalizing 
psychopathology is associated with mortality risk.21 Importantly, however, some 
studies have found no association between neuroticism and mortality22 and oth-
ers have found lower mortality risk in relation to neuroticism,23 the proneness to 
worry component in particular,24 perhaps reflecting greater concern for maintaining 
health and/or propensity to seek medical care. In an examination of multi-informant 
reports of personality, the higher-order stability meta-trait (comprising shared vari-
ance among neuroticism, agreeableness, and conscientiousness)6 was independently 
associated with aggregated cardiometabolic risk; neuroticism was (marginally) 
associated.25
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4.3.2 EXTRAVERSION

The central feature of extraversion is proneness to positive affect and high reward 
drive, which manifests in sociability, excitement seeking, and high activity levels. 
On the opposite pole, introverts are reserved and independent, but not necessarily 
unhappy or shy.8 Extraversion is best represented by the “positive valence” compo-
nent of RDoC,26 particularly reward sensitivity,27 given associations with the dopa-
mine reward system.26 Introversion is represented in the “detachment” component of 
HiToP28 (see Table 4.1). Specific mental health issues include proneness to mania/
bipolar disorder, as well as to depression due to low behavioral activation/ anhedonia 
(i.e., low positive emotions facet).29 Two core aspects characterize extraversion: 
“communal” and “agentic” (also termed “enthusiasm” and “assertiveness”),30 with 
separable mental health implications: the communal aspect is largely adaptive, 
whereas the agentic aspect is often maladaptive.31,32 Further, positive affect may be 
largely adaptive for health,33 whereas proneness to dominance, or excessive agency 
may be maladaptive.

The two-component issue described above may underlie the mixed findings 
related to mortality risk, with some studies finding increased risk.34. However, posi-
tive affect is specifically associated with lower mortality risk in a meta-analysis35 and 
a large longitudinal study.36 In a large study that included both self- and informant-
reports of personality, the activity facet was one of only two facets (with order from 
conscientiousness) that demonstrated method independent association with (lower 
probability of) diabetes diagnosis.37

4.3.3 OPENNESS TO EXPERIENCE

Openness has been described as “…the breadth, depth, and permeability of con-
sciousness, and … the recurrent need to enlarge and examine experience” (p826).38 
This personality factor is also described as reflecting comfort with novelty and moti-
vation for cognitive exploration.7 Openness is a broad factor with facets focused on 
openness to fantasy, aesthetics (i.e., art, nature, beauty), actions, ideas, and values. 
Although Openness is associated with the HiToP “thought disorder” domain,16 this 
appears to be largely related to the fantasy facet (i.e., the potential for loss of reality 
testing, though see Widiger & Crego39 for discussion of equivocal findings).

Although less studied in personality-health research, there is now evidence that 
higher openness is a protective factor in all-cause mortality,40 incident coronary 
heart disease (CHD),41 obesity risk,42 and adverse lipid profiles.43,44 Further, multi-
informant assessed openness is independently associated with lower aggregated car-
diometabolic risk.25

4.3.4 AGREEABLENESS

Agreeableness is an interpersonally-focused personality factor reflected in commu-
nal striving (i.e., motivation for interpersonal harmony, altruism, and cooperation) 
vs. antagonism (i.e., competitiveness, low trust, and skepticism of others’ intentions). 
As shown in Table 4.1, Agreeableness is related to the “social processes” domain of 
RDoC and the “antagonistic externalizing” domain of HiToP. Low agreeableness is 
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related to externalizing psychopathology (e.g., narcissism, antisocial behavior, sub-
stance abuse).45 Notably, low agreeableness is related to the historically-significant 
“Type A behavior pattern” along with the angry hostility facet of neuroticism, mak-
ing it a risk factor for coronary heart disease (see Smith et al46 for discussion).

The broad agreeableness factor has not typically been implicated in mortality 
risk. However, the submissiveness and hostile submissiveness scales of the interper-
sonal circumplex, reflecting a combination of agreeableness and extraversion, are 
associated with elevated mortality risk.47 As previously described, the stability meta-
trait ([low] agreeableness, along with neuroticism and conscientiousness) appears to 
confer risk for cardiometabolic disease.25

4.3.5 CONSCIENTIOUSNESS

Fundamentally, conscientiousness reflects self-control (i.e., organizational skill, 
planning, deliberation, and self-assessed competence). Emotional adjustment cor-
relates of (low) conscientiousness are subsumed within the “disinhibited external-
izing” domain of HiToP,16 including impulsivity and distractibility (i.e., attention 
deficit hyperactivity disorder) (see Table 4.1).

Conscientiousness has been consistently associated with (lower) mortality 
risk.20,22,34 Conscientiousness has an (inverse) association with body mass index 
(BMI),48,49 obesity risk,42,50,51 and lipid profiles,43,44,52 as well as cardiometabolic risk 
as part of the stability meta-trait.25 Conscientiousness is also associated with lower 
C-reactive protein (CRP)—a marker of inflammation.53 Further, the inflammation 
marker IL-6 may partially mediate the lower mortality risk among high conscien-
tious individuals.54

4.4 PERSONALITY AND THE SIX PILLARS OF LIFESTYLE MEDICINE

As described above, personality factors have established associations with physical 
health outcomes, including chronic disease incidence and mortality risk. In the fol-
lowing sections, we provide a brief overview of the implications of personality for 
the six pillars of lifestyle medicine.

4.4.1 HEALTHFUL EATING

As reviewed previously, personality factors have demonstrated relations to lipids, 
adiposity, and BMI, as well as to metabolic disease. These findings suggest that 
personality may be associated with dietary behavior. Indeed, reports of eating 
unhealthy foods are related to lower agreeableness, conscientiousness, neuroticism, 
and openness.55 Notably, lower conscientiousness is associated with increased leptin, 
a hormone implicated in appetite, even when controlling for BMI, waist circumfer-
ence, and inflammatory markers.56

4.4.2 PHYSICAL ACTIVITY

With respect to physical activity, two meta-analyses have found positive associa-
tions for extraversion, openness, and conscientiousness, and a negative association 
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for neuroticism.57,58 Low neuroticism and high conscientiousness are also associated 
with less sedentary behavior.57 Facet-level analyses of the NEO personality inven-
tory revised (NEO PI-R) have shown that activity (extraversion) and self-discipline 
(conscientiousness) are particularly relevant to exercise behavior, whereas anxiety 
(neuroticism) moderates the intention-exercise behavior relationship.59 Indeed, the 
activity facet—assessing propensity to a high energy, fast-paced lifestyle—is asso-
ciated with lower mortality risk,47 perhaps via higher physical activity. In addition, 
objectively-assessed physical activity has linked conscientiousness to cardiometa-
bolic risk.60 Further, conscientiousness and openness predict increases in physical 
activity over time, whereas agreeableness predicts decreases in physical activity; 
examination of longitudinal reciprocal associations indicates that increases in physi-
cal activity may lead to increased openness.61

4.4.3 STRESS MANAGEMENT

Given that stress, broadly considered, is a known mechanism for the development 
of illness,62 stress management is a key component of lifestyle medicine. In recent 
years, a “stress process” framework has been suggested as a means to understand 
pathways to adverse health outcomes better.63,64 Within such a framework, “stress” 
comprises stress exposure, stress reactivity, stress recovery, and stress restoration. 
Such explication can also inform tailored stress management strategies. As dis-
cussed in prior reviews,46,65 personality factors figure prominently in variation across 
these stress processes. Because sleep is a key stress restoration process, personality 
associations are discussed below in a separate section.

With respect to stress exposure, personality factors constrain the probability of 
stressful events in a variety of ways including characteristic maladaptive behaviors 
such as difficulty with cognitive control or proneness to interpersonal conflict, as 
well as self-selection into stressful circumstances (e.g., excessive workload). For 
example, neuroticism is associated with daily hassles,66 as well as interpersonal con-
flict.67 There is also evidence that higher conscientiousness is associated with fewer 
“self-dependent episodic stressors,”68 illustrating the extent to which difficulties with 
self-control and organization may lead to greater stress exposure. Stressful events 
can also be internal, including worry (i.e., anticipation of stressful circumstances) 
and rumination (i.e., re-living of past stressful events), collectively known as “perse-
verative cognition” or “repetitive thought.” Not surprisingly, neuroticism has robust 
associations with perseverative cognition and repetitive thought69,70 and aspects of 
internalizing psychopathology characterized by worry (e.g., generalized anxiety dis-
order) and rumination (e.g., depression).16

Personality is associated with variation in physiological, emotional, and cogni-
tive responses to potentially stressful events (i.e., stress reactivity). For example, the 
inter-related personality traits including anger, hostility, aggressiveness, and varia-
tions of “ Type A behavior” are significantly associated with cardiovascular reactiv-
ity.71 With respect to cognitive reactivity to stressors, perseverative cognition—a key 
correlate, if not a defining feature, of neuroticism—is significantly associated with 
cardiovascular, endocrine, and autonomic activation.72 Not surprisingly, neuroticism 
is also related to emotional stress reactivity.73
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Although physiological reactivity has been a central focus of stress-health 
research, the duration of stress-related cardiovascular responses—or degree of 
recovery to baseline in laboratory stress studies—may be as important as the magni-
tude of initial reactivity.74,75 Indeed, poor cardiovascular recovery has been prospec-
tively associated with increases in blood pressure over a period of several years.76,77 
With respect to personality predictors of stress recovery, anxiety-related traits (i.e., 
neuroticism) have the strongest associations with prolonged cardiovascular recov-
ery,71 as well as poorer cardiovascular recovery following hostile laboratory social 
stressors.78

4.4.4 RELATIONSHIPS

Social relationship quality is a key predictor of health and illness79 and virtually all 
personality factors that confer risk or resilience in studies of health outcomes also 
have robust associations with the quality and stability of personal relationships.80 
With respect to objective health outcomes, antagonism (low agreeableness) has 
hypothesized pathways to adverse health outcomes given the competitive striving 
and general mistrust of others which can lead to chronic interpersonal conflict and, 
potentially, degradation of health-protective social support. There are also reciprocal 
associations—for example, perceived social support predicts increases in conscien-
tiousness in older adults.81

4.4.5 SLEEP

Sleep is a key—if not the key—factor in stress restoration. Sleep serves critical bio-
logical functions, most notably clearance of metabolic waste products in the brain82 
and is associated with virtually all adverse stress-related health outcomes. As with 
the term “stress,” the broad term “sleep” can usefully be considered as comprising 
components, each of which may have unique associations with health as well as 
personality. These components are often framed as duration, continuity, quality, 
and architecture.83 Sleep timing variability and sleep duration variability, beyond 
mean levels, have also been linked to disease risk.84,85 In addition, chronotype—
an individual’s tendency towards early or late sleep timing86—is also relevant to 
personality-health research.

With respect to personality-sleep associations, agreeableness is related to lon-
ger sleep duration; higher neuroticism and lower extraversion is related to greater 
sleep “deficiency” (the discrepancy between duration and self-reported sleep need); 
and reported sleep problems are positively related to neuroticism and negatively 
associated with extraversion, agreeableness, and conscientiousness.87 Chronotype 
appears to have distinct personality correlates, which may be relevant to the devel-
opment of health risk. Indeed, “morningness-eveningness” has been considered a 
dimension of personality historically.88 Early chronotype is associated with higher 
conscientiousness and, more modestly, with lower openness.89–92 Not surpris-
ingly, given associations with internalizing psychopathology, neuroticism is a key 
predictor of subjective sleep quality and insomnia, along with low openness and 
conscientiousness.93
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4.4.6 SUBSTANCE USE

Because cigarette smoking remains a critical risk factor for the development of most 
types of chronic illness and, hence, all-cause mortality, it represents a putative mech-
anism for personality-health relations. In a nine-cohort study meta-analysis, higher 
neuroticism, higher extraversion, and lower conscientiousness were associated with 
current smoking status; longitudinally, higher neuroticism predicted greater relapse 
among non-smokers, as well as less smoking cessation, whereas higher extraversion 
and lower conscientiousness predicted smoking initiation.94

Alcohol use represents another potential pathway from personality to objective 
illness and mortality. In a prospective meta-analysis of alcohol use, higher extra-
version and lower conscientiousness were associated with transition from moderate 
to heavy alcohol use, whereas lower extraversion, higher agreeableness, and lower 
openness predicted transition from moderate alcohol use to abstinence, as well as 
abstinence status.95 Another meta-analysis indicated that high neuroticism, low 
agreeableness, and low conscientiousness were associated with alcohol involve-
ment.96 Turiano et al.22 found that heavy drinking, smoking, and central adiposity 
mediated the conscientiousness-mortality risk association.

4.5 CONCLUSIONS

The last decade has seen an impressive increase in personality-health research, 
including many meta-analyses confirming the predictive utility of personality 
characteristics in mortality risk, disease risk, health behavior, and stress regula-
tion. As outlined in this chapter, the major personality factors have implications 
for all aspects of lifestyle medicine. The known associations between personal-
ity and health outcomes, as well as the pillars of lifestyle medicine mean that 
practitioners might usefully consider these associations in tailored interventions. 
Indeed, the study of personality and health is now poised to be at the forefront 
of public health research and, therefore, a central consideration in lifestyle 
medicine.

REFERENCES

 1. Roberts BW, Kuncel NR, Shiner R, Caspi A, Goldberg LR. The power of personal-
ity: The comparative validity of personality traits, socioeconomic status, and cognitive 
ability for predicting important life outcomes. Perspectives on Psychological Science. 
2007;2(4):313–345. doi:10.1111/j.1745-6916.2007.00047.x

 2. Chapman BP, Lin F, Roy S, Benedict RHB, Lyness JM. Health risk prediction models 
incorporating personality data: Motivation, challenges, and illustration. Personality 
Disorders. 2019;10(1):46–58. doi:10.1037/per0000300

 3. Goldberg LR. An alternative “description of personality”: The big-five factor structure. 
Journal of Personality and Social Psychology. 1990;59(6):1216–1229. doi:10.1037/ 
0022-3514.59.6.1216

 4. McCrae RR, John OP. An introduction to the five-factor model and its applica-
tions. Journal of Personalized. 1992;60(2):175–215. doi:10.1111/j.1467-6494.1992. 
tb00970.x

 5. Roberts BW, Yoon HJ. Personality psychology. Annual Review of Psychology. 
2022;73(1):489–516. doi:10.1146/annurev-psych-020821-114927

https://doi.org/10.1111/j.1745-6916.2007.00047.x
https://doi.org/10.1037/per0000300
https://doi.org/10.1037/0022-3514.59.6.1216
https://doi.org/10.1037/0022-3514.59.6.1216
https://doi.org/10.1111/j.1467-6494.1992.tb00970.x
https://doi.org/10.1111/j.1467-6494.1992.tb00970.x
https://doi.org/10.1146/annurev-psych-020821-114927


57Personality and Emotional Adjustment in Health Risk and Resilience

 6. DeYoung CG. Higher-order factors of the big five in a multi-informant sample. Journal 
of Personality and Social Psychology. 2006;91(6):1138–1151. doi:10.1037/0022-3514. 
91.6.1138

 7. DeYoung CG. Openness/intellect: A dimension of personality reflecting cognitive  
exploration. In: APA Handbook of Personality and Social Psychology, Volume 4:  
Personality Processes and Individual Differences. American Psychological Association; 
2015:369–399. APA handbooks in psychology®.

 8. McCrae RR, Costa PT. NEO Inventories: NEO Personality Inventory-3 (NEO-PI-3). 
Psychological Assessment Resources; 2010.

 9. Cuthbert BN, Insel TR. Toward the future of psychiatric diagnosis: The seven pillars of 
RDoC. BMC Medicine. 2013;11(1):126. doi:10.1186/1741-7015-11-126

 10. Kotov R, Krueger RF, Watson D, et al. The hierarchical taxonomy of psychopathology 
(HiTOP): A dimensional alternative to traditional nosologies. Journal of Abnormal 
Psychology. 2017;126(4):454–477. doi:10.1037/abn0000258

 11. Mackin DM, Kotov R, Perlman G, et al. Reward processing and future life stress: Stress 
generation pathway to depression. Journal of Abnormal Psychology. 2019;128(4): 
305–314. doi:10.1037/abn0000427

 12. Krueger RF, Markon KE. The role of the dsm-5 personality trait model in moving 
toward a quantitative and empirically based approach to classifying personality and psy-
chopathology. Annual Review of Clinical Psychology. 2014;10(1):477–501. doi:10.1146/ 
annurev-clinpsy-032813-153732

 13. Widiger TA, Lowe JR. Five-factor model assessment of personality disorder. Journal of 
Personality Assessment. 2007;89(1):16–29. doi:10.1080/00223890701356953

 14. Michelini G, Palumbo IM, DeYoung CG, Latzman RD, Kotov R. Linking RDoC and 
HiTOP: A new interface for advancing psychiatric nosology and neuroscience. Clinical 
Psychology Review. 06/01/2021;86:102025. doi:10.1016/j.cpr.2021.102025

 15. Trull TJ, Widiger TA. Dimensional models of personality: The five-factor model and 
the DSM-5. Dialogues in Clinical Neuroscience. 2013;15(2):135–146. doi:10.31887/
DCNS.2013.15.2/ttrull

 16. Widiger TA, Sellbom M, Chmielewski M, et al. Personality in a hierarchical model 
of psychopathology. Clinical Psychological Science. 2018;7(1):77–92. doi:10.1177/ 
2167702618797105

 17. Brandes CM, Tackett JL. Contextualizing neuroticism in the hierarchical taxonomy of 
psychopathology. Journal of Research in Personality . 2019;81:238–245. doi:10.1016/j.
jrp.2019.06.007

 18. Friedman HS. Neuroticism and health as individuals age. Personality Disorders. 2019; 
10(1):25–32. doi:10.1037/per0000274

 19. Graham EK, Rutsohn JP, Turiano NA, et al. Personality predicts mortality risk: An 
integrative data analysis of 15 international longitudinal studies. Journal of Research 
in Personality. 2017;70:174–186. doi:10.1016/j.jrp.2017.07.005

 20. Jokela MA-O, Airaksinen J, Virtanen M, Batty GD, Kivimäki M, Hakulinen C. 
Personality, disability-free life years, and life expectancy: Individual participant 
meta-analysis of 131,195 individuals from 10 cohort studies. Journal of Personalized. 
2020;88(3):596–605. doi:10.1111/jopy.12513

 21. Kim H, Turiano NA, Forbes MK, et al. Internalizing psychopathology and all-cause 
mortality: A comparison of transdiagnostic vs. diagnosis-based risk prediction. World 
Psychiatry. 2021;20(2):276–282. doi:10.1002/wps.20859

 22. Turiano NA, Chapman BP, Gruenewald TL, Mroczek DK. Personality and the leading 
behavioral contributors of mortality. Health Psychology. 2015;34(1):51–60. doi:10.1037/
hea0000038

 23. Weiss A, Gale CR, Batty GD, Deary IJ. A questionnaire-wide association study of 
personality and mortality: The Vietnam experience study. Journal of Psychosomatic 
Research. 2013;74(6):523–529. doi:10.1016/j.jpsychores.2013.02.010

https://doi.org/10.1037/0022-3514.91.6.1138
https://doi.org/10.1037/0022-3514.91.6.1138
https://doi.org/10.1186/1741-7015-11-126
https://doi.org/10.1037/abn0000258
https://doi.org/10.1037/abn0000427
https://doi.org/10.1146/annurev-clinpsy-032813-153732
https://doi.org/10.1146/annurev-clinpsy-032813-153732
https://doi.org/10.1080/00223890701356953
https://doi.org/10.1016/j.cpr.2021.102025
https://doi.org/10.31887/DCNS.2013.15.2/ttrull
https://doi.org/10.31887/DCNS.2013.15.2/ttrull
https://doi.org/10.1177/2167702618797105
https://doi.org/10.1177/2167702618797105
https://doi.org/10.1016/j.jrp.2019.06.007
https://doi.org/10.1016/j.jrp.2019.06.007
https://doi.org/10.1037/per0000274
https://doi.org/10.1016/j.jrp.2017.07.005
https://doi.org/10.1111/jopy.12513
https://doi.org/10.1002/wps.20859
https://doi.org/10.1037/hea0000038
https://doi.org/10.1037/hea0000038
https://doi.org/10.1016/j.jpsychores.2013.02.010


58 Lifestyle Psychiatry

 24. Gale CR, Čukić I, Batty GD, McIntosh AM, Weiss A, Deary IJ. When is higher neu-
roticism protective against death? Findings from UK biobank. Psychological Science. 
2017;28(9):1345–1357. doi:10.1177/0956797617709813

 25. Dermody SS, Wright AGC, Cheong J, et al. Personality correlates of midlife cardio-
metabolic risk: The explanatory role of higher-order factors of the five-factor model. 
Journal of Personalized. 2016;84(6):765–776. doi:10.1111/jopy.12216

 26. Smillie LD, Jach HK, Hughes DM, Wacker J, Cooper AJ, Pickering AD. Extraversion 
and reward-processing: Consolidating evidence from an electroencephalographic index 
of reward-prediction-error. Biological Psychology. 2019;146:107735. doi:10.1016/j.
biopsycho.2019.107735

 27. Blain SD, Sassenberg TA, Xi M, Zhao D, DeYoung CG. Extraversion but not depres-
sion predicts reward sensitivity: Revisiting the measurement of anhedonic pheno-
types. Journal of Personality and Social Psychology. 2021;121(2):e1–e18. doi:10.1037/
pspp0000371

 28. Suzuki T, Samuel DB, Pahlen S, Krueger RF. DSM-5 alternative personality disorder 
model traits as maladaptive extreme variants of the five-factor model: An item-response 
theory analysis. Journal of Abnormal Psychology. 2015;124(2):343–354. doi:10.1037/
abn0000035

 29. Watson D, Stasik SM, Ellickson-Larew S, Stanton K. Extraversion and psychopathol-
ogy: A facet-level analysis. Journal of Abnormal Psychology. 2015;124(2):432–446. 
doi:10.1037/abn0000051

 30. DeYoung CG, Carey BE, Krueger RF, Ross SR. Ten aspects of the big five in the per-
sonality inventory for DSM-5. Personality Disorders. 2016;7(2):113–123. doi:10.1037/
per0000170

 31. Watson D, Clark LA, Khoo S. The temperamental basis of extraversion and its implica-
tions for psychopathology. Personality and Individual Differences. 2022;185:111302. 
doi:10.1016/j.paid.2021.111302

 32. Widiger TA, Bach B, Chmielewski M, et al. Criterion a of the AMPD in HiTOP. 
Journal of Personality Assessment. 2019;101(4):345–355. doi:10.1080/00223891.2018.
1465431

 33. Pressman SD, Jenkins BN, Moskowitz JT. Positive affect and health: What do we 
know and where next should we go? Annual Review of Psychology. 2019;70:627–650. 
doi:10.1146/annurev-psych-010418-102955

 34. Jokela M, Pulkki-Råback L, Elovainio M, Kivimäki M. Personality traits as risk fac-
tors for stroke and coronary heart disease mortality: Pooled analysis of three cohort 
studies. Journal of Behavioral Medicine. 2014;37(5):881–889. doi:10.1007/s10865-013- 
9548-z

 35. Zhang Y, Han B. Positive affect and mortality risk in older adults: A meta-analysis. 
Psychology journal. 2016;5(2):125–138. doi:10.1002/pchj.129

 36. Petrie KJ, Pressman SD, Pennebaker JW, Øverland S, Tell GS, Sivertsen B. Which 
aspects of positive affect are related to mortality? Results from a general population 
longitudinal study. Annals of Behavioral Medicine. 2018;52(7):571–581. doi:10.1093/
abm/kax018

 37. Čukić I, Mõttus R, Realo A, Allik J. Elucidating the links between personality traits 
and diabetes mellitus: Examining the role of facets, assessment methods, and selected 
mediators. Personality and Individual Differences. 2016;94:377–382. doi:10.1016/j.
paid.2016.01.052

 38. McCrae RR, Costa PT, Jr. Conceptions and correlates of openness to experience. In 
R. Hogan, J. A. Johnson, & S. R. Briggs (Eds.), Handbook of personality psychology 
1997; 825–847. Academic Press. https://doi.org/10.1016/B978-012134645-4/50032-9

 39. Widiger TA, Crego C. The five factor model of personality structure: An update. World 
Psychiatry. 2019;18(3):271–272. doi:10.1002/wps.20658

https://doi.org/10.1177/0956797617709813
https://doi.org/10.1111/jopy.12216
https://doi.org/10.1016/j.biopsycho.2019.107735
https://doi.org/10.1016/j.biopsycho.2019.107735
https://doi.org/10.1037/pspp0000371
https://doi.org/10.1037/pspp0000371
https://doi.org/10.1037/abn0000035
https://doi.org/10.1037/abn0000035
https://doi.org/10.1037/abn0000051
https://doi.org/10.1037/per0000170
https://doi.org/10.1037/per0000170
https://doi.org/10.1016/j.paid.2021.111302
https://doi.org/10.1080/00223891.2018.1465431
https://doi.org/10.1080/00223891.2018.1465431
https://doi.org/10.1146/annurev-psych-010418-102955
https://doi.org/10.1007/s10865-013-9548-z
https://doi.org/10.1007/s10865-013-9548-z
https://doi.org/10.1002/pchj.129
https://doi.org/10.1093/abm/kax018
https://doi.org/10.1093/abm/kax018
https://doi.org/10.1016/j.paid.2016.01.052
https://doi.org/10.1016/j.paid.2016.01.052
https://doi.org/10.1016/B978-012134645-4/50032-9
https://doi.org/10.1002/wps.20658


59Personality and Emotional Adjustment in Health Risk and Resilience

 40. Ferguson E, Bibby PA. Openness to experience and all-cause mortality: A meta-
analysis and requivalent from risk ratios and odds ratios. British Journal of Health 
Psychology. 2012;17(1):85–102. doi:10.1111/j.2044-8287.2011.02055.x

 41. Lee HB, Offidani E, Ziegelstein RC, et al. Five-factor model personality traits as pre-
dictors of incident coronary heart disease in the community: A 10.5-year cohort study 
based on the Baltimore epidemiologic catchment area follow-up study. Psychosomatics. 
2014;55(4):352–361. doi:10.1016/j.psym.2013.11.004

 42. Sutin AR, Terracciano A. Five-factor model personality traits and the objective and 
subjective experience of body weight. Journal of Personalized. 2016;84(1):102–112. 
doi:10.1111/jopy.12143

 43. Armon G. Personality and serum lipids: Does lifestyle account for their concurrent 
and long–term relationships. European Journal of Personality. 2014;28(6):550–559. 
doi:10.1002/per.1943

 44. Roh SJ, Kim HN, Shim U, et al. Association between blood lipid levels and person-
ality traits in young Korean women. PLoS One. 2014;9(9). doi:10.1371/journal.pone. 
0108406

 45. Lynam DR, Miller JD. The basic trait of antagonism: An unfortunately underappre-
ciated construct. Journal of Research in Personality. 2019;81:118–126. doi:10.1016/j.
jrp.2019.05.012

 46. Smith TW, Williams PG, Segerstrom SC. Personality and physical health. APA 
Handbook of Personality and Social Psychology, Volume 4: Personality Processes 
and Individual Differences. American Psychological Association; 2015:639–661. APA 
handbooks in psychology®.

 47. Chapman BP, Elliot A, Sutin A, et al. Mortality risk associated with personality facets 
of the big five and interpersonal circumplex across three aging cohorts. Psychosomatic 
Medicine. 2020;82(1):64–73. doi:10.1097/psy.0000000000000756

 48. Jokela M, Hintsanen M, Hakulinen C, et al. Association of personality with the devel-
opment and persistence of obesity: A meta-analysis based on individual–participant 
data. Obesity Reviews. 2013;14(4):315–323. doi:10.1111/obr.12007

 49. Vainik U, Dagher A, Realo A, et al. Personality-obesity associations are driven by 
narrow traits: A meta-analysis. Obesity Reviews. 2019;20(8):1121–1131. doi:10.1111/
obr.12856

 50. Sutin AR, Ferrucci L, Zonderman AB, Terracciano A. Personality and obesity across 
the adult life span. Journal of Personality and Social Psychology. 2011;101(3):579–592. 
doi:10.1037/a0024286

 51. Terracciano A, A.R. S, McCrae RR, et al. Facets of personality linked to under-
weight and overweight. Psychosomatic Medicine. 2009;71(6):682–689. doi:10.1097/
PSY.0b013e3181a2925b

 52. Sutin AR, Terracciano A, Deiana B, et al. Cholesterol, triglycerides, and the five-
factor model of personality. Biological Psychology. 2010;84(2):186–191. doi:10.1016/j.
biopsycho.2010.01.012

 53. Luchetti M, Barkley JM, Stephan Y, Terracciano A, Sutin AR. Five-factor model 
personality traits and inflammatory markers: New data and a meta-analysis. Psycho-
neuroendocrinology. 2014;50:181–193. doi:10.1016/j.psyneuen.2014.08.014

 54. O’Súilleabháin PS, Turiano NA, Gerstorf D, et al. Personality pathways to mortality: 
Interleukin-6 links conscientiousness to mortality risk. Brain, Behavior, and Immunity. 
2021;93:238–244. doi:10.1016/j.bbi.2021.01.032

 55. Weston SJ, Edmonds GW, Hill PL. Personality traits predict dietary habits in middle-
to-older adults. Psychology, Health & Medicine. 2020;25(3):379–387. doi:10.1080/ 
13548506.2019.1687918

 56. Sutin AR, Zonderman AB, Uda M, et al. Personality traits and leptin. Psychosomatic 
Medicine. 2013;75(5):505–509. doi:10.1097/PSY.0b013e3182919ff4

https://doi.org/10.1111/j.2044-8287.2011.02055.x
https://doi.org/10.1016/j.psym.2013.11.004
https://doi.org/10.1111/jopy.12143
https://doi.org/10.1002/per.1943
https://doi.org/10.1371/journal.pone.0108406
https://doi.org/10.1371/journal.pone.0108406
https://doi.org/10.1016/j.jrp.2019.05.012
https://doi.org/10.1016/j.jrp.2019.05.012
https://doi.org/10.1097/psy.0000000000000756
https://doi.org/10.1111/obr.12007
https://doi.org/10.1111/obr.12856
https://doi.org/10.1111/obr.12856
https://doi.org/10.1037/a0024286
https://doi.org/10.1097/PSY.0b013e3181a2925b
https://doi.org/10.1097/PSY.0b013e3181a2925b
https://doi.org/10.1016/j.biopsycho.2010.01.012
https://doi.org/10.1016/j.biopsycho.2010.01.012
https://doi.org/10.1016/j.psyneuen.2014.08.014
https://doi.org/10.1016/j.bbi.2021.01.032
https://doi.org/10.1080/13548506.2019.1687918
https://doi.org/10.1080/13548506.2019.1687918
https://doi.org/10.1097/PSY.0b013e3182919ff4


60 Lifestyle Psychiatry

 57. Sutin AR, Stephan Y, Luchetti M, Artese A, Oshio A, Terracciano A. The five-factor 
model of personality and physical inactivity: A meta-analysis of 16 samples. Journal of 
Research in Personality. 2016;63:22–28. doi:10.1016/j.jrp.2016.05.001

 58. Wilson KE, Dishman RK. Personality and physical activity: A systematic review and 
meta-analysis. Personality and Individual Differences. 2015;72:230–242. doi:10.1016/j.
paid.2014.08.023

 59. Hoyt AL, Rhodes RE, Hausenblas HA, Giacobbi PR. Integrating five-factor model 
facet-level traits with the theory of planned behavior and exercise. Psychology of Sport 
and Exercise. 2009;10(5):565–572. doi:10.1016/j.psychsport.2009.02.008

 60. Thomas MC, Duggan KA, Kamarck TW, Wright AGC, Muldoon MF, Manuck SB. 
Conscientiousness and cardiometabolic risk: A test of the health behavior model of 
personality using structural equation modeling. Annals of Behavioral Medicine. 2022; 
56(1):100–111. doi:10.1093/abm/kaab027

 61. Allen MS, Magee CA, Vella SA, Laborde S. Bidirectional associations between per-
sonality and physical activity in adulthood. Health Psychology. 2017;36(4)doi:10.1037/
hea0000371

 62. O’Connor DB, Thayer JF, Vedhara K. Stress and health: A review of psychobiological 
processes. Annual Review of Psychology. 2021;72(1):663–688. doi:10.1146/annurev- 
psych-062520-122331

 63. Hawkley LC, Cacioppo JT. Loneliness and pathways to disease. Brain, Behavior, and 
Immunity. 2003;17(Supplement 1):98–105. doi:10.1016/S0889-1591(02)00073-9

 64. Uchino BN, Smith TW, Holt-Lunstad J, Campo R, Reblin M. Stress and illness. In: 
Handbook of Psychophysiology, 3rd ed. Cambridge University Press; 2007:608–632.

 65. Williams PG, Smith TW, Gunn HE, Uchino BN. Personality and stress: Individual dif-
ferences in exposure, reactivity, recovery, and restoration. In: The Handbook of Stress 
Science: Biology, Psychology, and Health. Springer Publishing Company; 2011:231–245.

 66. Vollrath M. Personality and hassles among university students: A three-year longi-
tudinal study. European Journal of Personality. 2000;14(3):199–215. doi:10.1002/ 
1099-0984(200005/06)14:3<199::AID-PER372>3.0.CO;2-B

 67. Bolger N, Zuckerman A. A framework for studying personality in the stress process. 
Journal of Personality and Social Psychology. 1995;69(5):890–902. doi:10.1037//0022- 
3514.69.5.890

 68. Murphy ML, Miller GE, Wrosch C. Conscientiousness and stress exposure and reac-
tivity: A prospective study of adolescent females. Journal of Behavioral Medicine. 
2013;36(2):153–164. doi:10.1007/s10865-012-9408-2

 69. Segerstrom SC, Gloger EM, Hardy JK, Crofford LR. Exposure and reactivity to repeti-
tive thought in the neuroticism-distress relationship. Cognitive Therapy and Research. 
2020;44(3):659–667. doi:10.1007/s10608-020-10078-4

 70. Van den Bergh O, Brosschot J, Critchley H, Thayer JF, Ottaviani C. Better safe than 
sorry: A common signature of general vulnerability for psychopathology. Perspectives 
on Psychological Science. 2020;16(2):225–246. doi:10.1177/1745691620950690

 71. Chida Y, Hamer M. Chronic psychosocial factors and acute physiological responses to 
laboratory-induced stress in healthy populations: A quantitative review of 30 years of 
investigations. Psychological Bulletin. 2008;134(6):829–885. doi:10.1037/a0013342

 72. Ottaviani C, Thayer JF, Verkuil B, et al. Physiological concomitants of persevera-
tive cognition: A systematic review and meta-analysis. Psychological Bulletin. 2016; 
142(3):231–259. doi:10.1037/bul0000036

 73. Leger KA, Turiano NA, Bowling W, Burris JL, Almeida DM. Personality traits predict 
long-term physical health via affect reactivity to daily stressors. Psychological Science. 
2021;32(5):755–765. doi:10.1177/0956797620980738

 74. Brosschot JF, Gerin W, Thayer JF. The perseverative cognition hypothesis: A review 
of worry, prolonged stress-related physiological activation, and health. Journal of 
Psychosomatic Research. 2006;60(2):113–124. doi:10.1016/j.jpsychores.2005.06.074

https://doi.org/10.1016/j.jrp.2016.05.001
https://doi.org/10.1016/j.paid.2014.08.023
https://doi.org/10.1016/j.paid.2014.08.023
https://doi.org/10.1016/j.psychsport.2009.02.008
https://doi.org/10.1093/abm/kaab027
https://doi.org/10.1037/hea0000371
https://doi.org/10.1037/hea0000371
https://doi.org/10.1146/annurev-psych-062520-122331
https://doi.org/10.1146/annurev-psych-062520-122331
https://doi.org/10.1016/S0889-1591(02)00073-9
https://doi.org/10.1002/1099-0984(200005/06)14:3<199::AID-PER372>3.0.CO;2-B
https://doi.org/10.1002/1099-0984(200005/06)14:3<199::AID-PER372>3.0.CO;2-B
https://doi.org/10.1037//0022-3514.69.5.890
https://doi.org/10.1037//0022-3514.69.5.890
https://doi.org/10.1007/s10865-012-9408-2
https://doi.org/10.1007/s10608-020-10078-4
https://doi.org/10.1177/1745691620950690
https://doi.org/10.1037/a0013342
https://doi.org/10.1037/bul0000036
https://doi.org/10.1177/0956797620980738
https://doi.org/10.1016/j.jpsychores.2005.06.074


61Personality and Emotional Adjustment in Health Risk and Resilience

 75. Schwartz AR, Gerin W, Davidson KW, et al. Toward a causal model of cardiovascu-
lar responses to stress and the development of cardiovascular disease. Psychosomatic 
Medicine. 2003;65(1):22–35. doi:10.1097/01.psy.0000046075.79922.61

 76. Moseley JV, Linden W. Predicting blood pressure and heart rate change with cardiovas-
cular reactivity and recovery: Results from 3-year and 10-year follow up. Psychosomatic 
Medicine. 2006;68(6):833–843. doi:10.1097/01.psy.0000238453.11324.d5

 77. Stewart JC, Janicki DL, Kamarck TW. Cardiovascular reactivity to and recovery 
from psychological challenge as predictors of 3-year change in blood pressure. Health 
Psychology. 2006;25(1):111–118. doi:10.1037/0278-6133.25.1.111

 78. Hutchinson JG, Ruiz JM. Neuroticism and cardiovascular response in women: Evidence 
of effects on blood pressure recovery. Journal of Personalized. 2011;79(2):277–302. 
doi:10.1111/j.1467-6494.2010.00679.x

 79. Holt-Lunstad J. Why social relationships are important for physical health: A sys-
tems approach to understanding and modifying risk and protection. Annual Review of 
Psychology. 2018;69(1):437–458. doi:10.1146/annurev-psych-122216-011902

 80. Smith TW, Baucom BRW. Intimate relationships, individual adjustment, and coronary 
heart disease: Implications of overlapping associations in psychosocial risk. American 
Psychologist. 2017;72(6):578–589. doi:10.1037/amp0000123

 81. Hill PL, Payne BR, Jackson JJ, Stine-Morrow EAL, Roberts BW. Perceived social 
support predicts increased conscientiousness during older adulthood. The Journals of 
Gerontology. 2014;69(4):543–547. doi:10.1093/geronb/gbt024

 82. Fultz NE, Bonmassar G, Setsompop K, et al. Coupled electrophysiological, hemody-
namic, and cerebrospinal fluid oscillations in human sleep. Science. 2019;366(6465): 
628–631. doi:10.1126/science.aax5440

 83. Hall MH. Behavioral medicine and sleep: Concepts, measures, and methods. In: 
Steptoe A, ed. Handbook of Behavioral Medicine: Methods and Applications. Springer: 
New York; 2010:749–765.

 84. Baron KG, Reid KJ, Malkani RG, Kang J, Zee PC. Sleep variability among older adults 
with insomnia: Associations with sleep quality and cardiometabolic disease risk. 
Behavioral Sleep Medicine. 2017;15(2):144–157. doi:10.1080/15402002.2015.1120200

 85. Bei B, Wiley JF, Trinder J, Manber R. Beyond the mean: A systematic review on the 
correlates of daily intraindividual variability of sleep/wake patterns. Sleep Medicine 
Reviews. 2016;28:108–124. doi:10.1016/j.smrv.2015.06.003

 86. Adan A, Archer SN, Hidalgo MP, Di Milia L, Natale V, Randler C. Circadian typology: 
A comprehensive review. Chronobiology International. 2012;29(9):1153–1175. doi:10.3
109/07420528.2012.719971

 87. Hintsanen M, Puttonen S, Smith K, et al. Five-factor personality traits and sleep: Evidence 
from two population-based cohort studies. Health Psychology. 2014;33(10):1214–1223. 
doi:10.1037/hea0000105

 88. Matthews G. Morningness–eveningness as a dimension of personality: Trait, state, and 
psychophysiological correlates. European Journal of Personality. 1988;2(4):277–293. 
doi:10.1002/per.2410020405

 89. Lenneis A, Vainik U, Teder-Laving M, et al. Personality traits relate to chronotype at 
both the phenotypic and genetic level. Journal of Personalized. 2021;89(6):1206–1222. 
doi:10.1111/jopy.12645

 90. Lipnevich AA, Credè M, Hahn E, Spinath FM, Roberts RD, Preckel F. How distinctive are 
morningness and eveningness from the big five factors of personality? A meta- analytic 
investigation. Journal of Personality and Social Psychology. 2017;112(3):491–509.  
doi:10.1037/pspp0000099

 91. Randler C, Schredl M, Göritz AS. Chronotype, sleep behavior, and the big five person-
ality factors. SAGE Open. 2017;7(3). doi:10.1177/2158244017728321

 92. Tsaousis I. Circadian preferences and personality traits: A meta-analysis. European 
Journal of Personality. 2010;24(4):356–373. doi:10.1002/per.754

https://doi.org/10.1097/01.psy.0000046075.79922.61
https://doi.org/10.1097/01.psy.0000238453.11324.d5
https://doi.org/10.1037/0278-6133.25.1.111
https://doi.org/10.1111/j.1467-6494.2010.00679.x
https://doi.org/10.1146/annurev-psych-122216-011902
https://doi.org/10.1037/amp0000123
https://doi.org/10.1093/geronb/gbt024
https://doi.org/10.1126/science.aax5440
https://doi.org/10.1080/15402002.2015.1120200
https://doi.org/10.1016/j.smrv.2015.06.003
https://doi.org/10.3109/07420528.2012.719971
https://doi.org/10.3109/07420528.2012.719971
https://doi.org/10.1037/hea0000105
https://doi.org/10.1002/per.2410020405
https://doi.org/10.1111/jopy.12645
https://doi.org/10.1037/pspp0000099
https://doi.org/10.1177/2158244017728321
https://doi.org/10.1002/per.754


62 Lifestyle Psychiatry

 93. Ellis JG, Perlis ML, Espie CA, et al. The natural history of insomnia: Predisposing, 
precipitating, coping, and perpetuating factors over the early developmental course of 
insomnia. Sleep. 2021;44(9):zsab095. doi:10.1093/sleep/zsab095

 94. Hakulinen C, Hintsanen M, Munafò MR, et al. Personality and smoking: Individual-
participant meta-analysis of nine cohort studies. Addiction. 2015;110(11):1844–1852. 
doi:10.1111/add.13079

 95. Hakulinen C, Elovainio M, Batty GD, Virtanen M, Kivimäki M, Jokela M. Personality 
and alcohol consumption: Pooled analysis of 72,949 adults from eight cohort studies. 
Drug and Alcohol Dependence. 2015;151:110–114. doi:10.1016/j.drugalcdep.2015.03.008

 96. Malouff JM, Thorsteinsson EB, Rooke SE, Schutte NS. Alcohol involvement and 
the five-factor model of personality: A meta-analysis. Journal of Drug Education. 
2007;37(3):277–294. doi:10.2190/DE.37.3.d

 97. Rojas SL, Crego C, Widiger TA. A conceptual dismantling of the five factor form: 
Lexical support for the bipolarity of maladaptive personality structure. Journal of 
Research in Personality. 2019;80:62–71. doi:10.13023/ETD.2017.216z

https://doi.org/10.1093/sleep/zsab095
https://doi.org/10.1111/add.13079
https://doi.org/10.1016/j.drugalcdep.2015.03.008
https://doi.org/10.2190/DE.37.3.d
https://doi.org/10.13023/ETD.2017.216z


63DOI: 10.1201/b22810-6

Trauma Considerations

Gia Merlo, MD, MBA, MEd and  

Steven G Sugden, MD, MPH, MSS

KEY POINTS

• Given the high prevalence of trauma exposures, trauma’s impact affects the 
individual, his/her community, and the health care system.

• Many individuals who have experienced trauma do not have noticeable 
physical symptoms that suggest a trauma exposure. As such, providers are 
encouraged to adopt a trauma-informed care approach for all patients.

• In situations of significant trauma, complex trauma, and recurring trigger-
ing trauma, the hypothalamic-pituitary-adrenal (HPA) is unable to down-
regulate, and the individual adopts a chronic trauma response.

5.1 INTRODUCTION

Trauma is a complex phenomenon that has varying degrees of intensity and impair-
ment for individuals who experience it. While many factors affect human beings over 
their lifespan, trauma affects human functioning dramatically and sometimes per-
manently changes psychological functioning. Trauma can be physical, emotional, or 
sexual; it can be experienced directly, witnessed occurring to others, or experienced 
through learning that the event has happened to others.1 While a single defining 
traumatic event is frequently linked to post-traumatic stress disorder (PTSD), com-
plex trauma and other potentially sub-threshold traumatic events may still have long-
lasting effects on individuals, which should be addressed appropriately by healthcare 
providers. The model of trauma-informed care provides a framework within which 
providers may leverage clients’ trauma to guide treatment and enhance outcomes.

The impact of trauma and the development of PTSD-like symptoms have been 
described in literature as far back as Homer’s Iliad. Austrian physician Josef Leopold 
in 1761 was one of the first to describe “nostalgia” among traumatized soldiers want-
ing to return home. Later U.S. physician Jacob Mendez Da Costa studied and followed 
Civil War soldiers, complaining of chest pain, shortness of breath, and worry, who 
were commonly diagnosed with “Soldier’s heart” or “irritable heart.” Throughout sub-
sequent global conflicts, the diagnosis among soldiers changed (i.e., shell shock, battle 
fatigue, combat stress reaction), yet the symptoms were consistent with each era. It was 
not until the Diagnostic and Statistical Manual of Mental Disorders, Third Edition 
(DSM-III), that PTSD was introduced. Unlike previous diagnoses, the DSM-III high-
lighted how non-military veterans could develop these symptoms.1 The Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edition (DSM 5) was the first to 
categorize PTSD as a trauma disorder, thereby removing it from the anxiety category.2
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Historically, PTSD has centered on big traumatic events, which have commonly 
been called “Big T” trauma as they refer to combat veterans, survivors of rape, physi-
cal violence, or vehicle accidents, etc. Clinicians, however, noted that many individu-
als developed similar symptoms due to a series of repeated, prolonged, or multiple 
traumas. Individually, the events may not have produced the events, yet collectively, 
they did. Hence these series of events have been coined “little t” trauma. Herman was 
among the first to describe the complex nature of recurrent trauma on behavioral and 
physical health and coined the term complex post-traumatic stress disorder (CPTSD).3 
After years of following patients experiencing the long-term sequela of trauma, Van 
der Kolk et al. proposed a similar diagnosis, developmental trauma disorder, that takes 
into consideration the chronic long-term behavioral and physical health-related effects.4

Although these additions have not been reflected within the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition-Text Revision (DSM 5-TR), 
the eleventh revision of the International Classification of Diseases (ICD-11), 
adopted the diagnosis of CPTSD. The symptoms include those of PTSD with the 
addition of disturbances in self-organization symptoms, including affect dysregu-
lation, impairments in self-concept and disturbances in relationships.5 Population-
based studies have shown that patients who meet the criteria of CPTSD experience 
more severe behavioral and physical symptom with lower levels of psychological 
well-being than PTSD. As such, individuals with CPTSD required a longer course of 
treatment, higher amounts of therapeutic interventions, and a greater likelihood that 
these symptoms return.6

Just as we are now coming to understand how socioeconomic determinants 
can affect healthcare, we can frame trauma in a similar way. Later in this volume, 
Chapter 27 will discuss PTSD. For this chapter, we are going to discuss general prin-
ciples and specific effects and ways to approach trauma-informed care. This under-
standing and sensitivity to people suffering with a history of trauma is paramount for 
mental health providers, but also for primary care providers (PCP) who often treat such 
patients as difficult patients because they do not follow the prescribed paradigms and 
tax our healthcare systems.7 Using trauma-informed care principles is not only sensi-
tive and inclusive for this patient population, but also economically sound practice.

It is estimated that over 66% of children have experienced at least one complex 
trauma in their life.8 Complex trauma has been shown to impact the functioning 
parts of the brain that regulate the neuroendocrine and limbic systems, which results 
in symptoms such as hyperarousal, attention and executive deficits, emotional and 
behavioral dysregulation, and dissociation from the activation of the survival-focused 
brain. While taken alone, these experiences may not be considered an adverse child-
hood experience nor meet the DSM 5-TR diagnostic criteria of PTSD or other psy-
chiatric disorder(s), they can significantly impact the individual’s ability to function 
throughout the lifespan.9 The impact of trauma extends beyond the mental realm and 
frequently overlaps with elements of physical health and overall well-being.10

5.2 NEUROPLASTIC CHANGE DUE TO TRAUMA

Apart from the physical injury that may result from a kinetic physical injury, neu-
roplastic change centers on the chronic effects of the stress response within the 
brain and gut. In a non-stress environment, cortisol is released by the adrenal glands 
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following the circadian rhythm in a steady, predictable manner.11 The low-dose cor-
tisol aids in recovery and daily repair within the cerebrum.12 Cortisol is self-regu-
lated via a negative feedback loop within the central nervous system, particularly the 
hypothalamic-pituitary-adrenal axis (HPA). Within the limbic system, the amygdala 
(AG), hippocampus (HC), and medial prefrontal cortex (PFC) constantly monitor 
the individual’s environment. When a threat or a perceived threat is noticed, the 
limbic system activates the HPA axis, which regulates the production and secretion 
of cortisol. The higher than baseline levels of cortisol release epinephrine and nor-
epinephrine, which further enhance the stress or autonomic response (also described 
as “fight or flight”) and prevents the release of an inflammatory-immune response. 
Once the threat has passed, the HPA down-regulates the stress response, and the 
individual returns to his/her baseline.

In situations of significant trauma, complex trauma, and recurring triggering 
trauma, the HPA is unable to down-regulate, and the individual adopts a chronic 
trauma response. Instead of improving concentration and focus by increasing the 
release of dopamine from the nucleus accumbens (NA) to the PFC, chronic stress 
inhibits the release of dopamine.13 This chronic release of epinephrine and norepi-
nephrine within the PFC reduces cognitive abilities,14 and may be linked with PFC 
atrophy in veteran populations with pervasive symptomatology.15 Additionally, HC 
volume is inversely related to chronic cortisol exposure, which may explain fur-
ther memory difficulties. Longitudinal studies within veteran populations showed a 
decline in facial recognition16 and verbal decline.15 Heightened cortisol also leads to 
heightened AG activations, which may explain some of the hyper-vigilant response.11

As mentioned, another aspect of cortisol impacts the inflammatory-immune 
response by the activation of inflammatory markers, particularly interferon gamma, 
interleukin 6, interleukin 1 beta, and tumor necrosis factor-alpha.17 This activation 
process may affect epigenetic factors, correlate to higher than normal autoimmune 
disorders in individuals with chronic trauma, or relate to the development of gut 
dysbiosis.18 Patients with chronic trauma and gut dysbiosis, whether due to inflam-
matory markers or higher levels of cortisol19 that corresponded with high bacterial 
concentrations of Actinobacteria, Lentisphaerae, and Verrucomicrobia, also devel-
oped worsening trauma response symptomatology.20 Another related factor of dys-
biosis is the increased production of dopamine and norepinephrine and decreased 
the production of serotonin.21

5.3 TRAUMA-INFORMED CARE

Due to the pervasiveness of trauma exposure globally, its impact can be significant 
for communities as well as the individual.9,22 As all health care providers will have 
direct contact with those who have experienced trauma, experts have urged the 
adoption of trauma-informed care22 similar to the concept of universal precautions 
for bloodborne diseases. This approach recognizes that any individual seeking any 
type of treatment may be a survivor of trauma. Modern-day health care is perceived 
as a predominantly pragmatic and factual practice and focuses on “what is wrong 
with the individual.” Whereas trauma-informed care encourages the provider to be 
patient, transparent, noncoercive, and corroborative and place greater emphasis on 
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“what happened to the individual.”9 Although some have argued about the imple-
mentation of trauma-informed care and its practicality with every patient,23 experts 
still advocate that all providers should avoid shaming tactics that belittle or devalue 
an individual’s self-perception, social worth, identity, position or relationship within 
a social group.9

In addition to creating a more compassionate and empathetic atmosphere for the 
patient and decreasing the potential for retraumatization,24 trauma-informed care 
leads to improved health outcomes24 and significant economic benefits.25 School-
wide mental health interventions can be seen as trauma-informed care since they 
recognize the prevalence of traumatic experiences within the general population, 
particularly among adolescents and young adults, and thus condense the sample size 
to an academic setting. Studies done on the implementation of school-wide mental 
health interventions take into account all cost savings attributable to lower health 
care costs and increased productivity gains.26 Additionally trauma-informed care 
has been shown to improve workplace satisfaction, organizational climate, and 
patient satisfaction and retention.27

5.4 IMPACT OF SHAME

Shame and guilt are emotions that frequently occur in trauma discourse and treat-
ment.9 While guilt represents a more objective evaluation of individuals’ actions 
and behaviors (e.g., “I did a bad thing”), shame encompasses global assessments 
about the self (e.g., “I am a bad person”). Shame is often characterized as the “mas-
ter or blanket emotion” or a negative self-conscious emotion because of its signifi-
cance in personal relationships and within social situations.9 Additionally, shame 
can often camouflage as various behaviors, so it is often difficult to determine the 
core issue.28 Most traumatic experiences are mediated by shame, especially those 
with interpersonal components, which include inaccurate blame or responsibil-
ity, feeling unlovable, being broken, fear of judgment or overidentification with a 
label (e.g. survivor, victim, homeless, addict, etc.). As such, shame poses a signifi-
cant barrier to patients in seeking treatment. Due to stigma and self-antagoniza-
tion associated with shame, patients seeing healthcare providers for physiological 
issues may still avoid requesting mental health services as they fear potential judg-
ment, labeling, or perceived rejection.9 Dolezal and Gibson investigated the role of 
shame- sensitive practice towards trauma-informed care and noted that the trauma-
informed approach inadequately addressed shame unless coupled with shame 
sensitivity.9 Their analysis of shame sensitivity showed that understanding shame 
as a profound emotion associated with trauma may weaken its association with 
unhealthy lifestyle behaviors, such as a lack of social connectedness and defensive 
behaviors.9 Therefore, they highlighted the importance of using a “shame lens” 
along with a “trauma lens” for providing ideal treatment that avoids retraumati-
zation. The primary care clinic can guide a patient from the realm of physical 
problems into consideration for potential psychiatric evaluation by considering the 
impact of shame on the patient. Additionally, PCPs can link increased self-efficacy 
in self-care for health conditions to potential for change and improvement in mental 
health conditions and symptoms.
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Addressing trauma through shame sensitivity is extremely important for regu-
lating the “fight, flight, freeze, and fawn”28 response. The fight response is when 
individuals face a threat aggressively; flight response is running away from danger; 
freeze response is being unable to move or act against a threat; and fawn response 
is immediately acting to please in order to avoid any conflict. There are two types 
of freeze response:28 the orienting freeze that lasts only for a moment and the tonic 
immobility-emotional shutdown freeze when the individual cannot flee, and fight-
ing is ineffective. When a provider notices his/her patient experiencing the freeze 
response, it is imperative that shame is reduced by highlighting how the mind, brain, 
and body protected rather than failed them at the time of the trauma.

5.5 THERAPEUTIC INTERVENTIONS

Treatment of complex trauma can be complex and challenging even for the most 
experienced clinician; yet all providers can assist in the process. As mentioned, a 
significant component of trauma-informed care is creating an environment of safety. 
Cognitive therapies (i.e., trauma-focused cognitive behavioral therapy, prolonged 
exposure, cognitive processing therapy, etc.), have been the mainstay of treatment for 
trauma-related symptoms;29 however, many patients struggle to implement change 
due to the freeze/fawn nature of their symptoms. For many, motivational interview-
ing (MI) improves self-care in patients by helping them overcome ambivalence and 
enhance their readiness for change.30 While most individuals are able to change, 
the challenge often rests on whether or not they are able to overcome obstacles that 
impede their ability to change.31 During this process, MI respects patients’ autonomy 
and allows them to make decisions according to their own maladaptive behaviors or 
cognitions.32 A recent system review revealed that structure and respect for auton-
omous change were more effective in helping adolescents with trauma-achieved 
health behavior change compared to goal-setting behaviors.32By implementing a 
therapeutic approach that strives to improve self-efficacy, MI can be woven seam-
lessly into trauma-informed care. For example, patients may learn how to do breath-
ing exercises or engage in yoga to help self-regulate and feel more comfortable in 
their own bodies, which will then allow them to experience other emotional dis-
comfort as they engage in other life changes.30 Tibbitts et al. analyzed the impact 
of trauma-informed yoga on emotional and physical well-being by establishing a 
trauma-informed yoga program where attendees completed optional questionnaires 
before and after class.33 The results showed that attendees of multiple yoga classes 
reported noticing their feelings, making healthier choices to cope with their feel-
ings, and being able to handle negative or stressful situations.33 Therefore, Tibbitts 
et al. concluded that practicing trauma-informed yoga significantly improved physi-
cal and mental health, and this coping mechanism has substantial implications for 
treating trauma.

A large component of MI is helping the patient transition from sustain talk to 
change talk, reflecting their reasons, desire, and ability to change.30 During the 
progression of MI treatment, healthcare providers echo this change talk back to 
patients to serve as a motivational tool that reflects the patient’s own beliefs. This 
approach can have immense utility in a wide range of medical situations, including 
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non-psychiatric ones. For example, Hettema, Steele, and Miller conducted a meta-
analysis of the efficacy of MI in medical settings for smoking cessation. Results 
included the outperformance of MI on the treatment of tobacco dependence among 
nonpregnant patients and favorable short-term outcomes of MI with skills-based 
treatments for individuals with low tobacco dependence. Implementing MI in sub-
stance abuse treatment highlighted its efficacy for treating those with low motivation 
or low substance dependence. By considering the patient to be a crucial part of their 
own treatment and recovery, MI not only empowers self-care behavior, but creates 
the basis for a trusting, supportive relationship between client and provider.30

5.6 PREVENTION

Given the significant impact of trauma on mental and physical health,1 factors which 
will be further explored in Chapter 27, efforts have been made to see if the severe 
symptoms may be ameliorated particularly with first responders, healthcare provid-
ers, and military personnel. These responders are particularly at risk given their 
exposure to the unpredictable traumatic events that may be a part of their employ-
ment6 and developing sequelae following exposures.6 Psychological Simple Triage 
and Rapid Treatment (PsySTART) is a self-triage tool designed to help identify risk 
factors in responders working within a disaster response. First responders participate 
in a pre-engagement assessment where they are guided into anticipating challenges 
within the future assignment (e.g., talking about the potential details, sights, and 
smells). Next, they plan how to respond to particularly self-identified challenging 
responses (e.g., the individual will step away to meditate for five minutes, or exer-
cise in place, or stretch as a means of regulating their emotional response). Finally, 
responders are asked to monitor their daily exposure to 19 events. A sum of six or 
more exposures correlates with the potential development of future trauma-related 
symptoms. By making people more aware of their higher exposure rate, individu-
als have been effective in ameliorating and preventing the development of trauma-
related symptoms.34

5.7 CONCLUSION

Trauma affects the emotional, physical, and social spheres of an individual. 
Individuals that experience variations of trauma adopt a chronic trauma response 
that may reduce cognitive ability and result in dysbiosis of gut microbiota. As these 
symptoms may be long-lasting and impact physiological functioning, understand-
ing the optimal treatment for trauma is dire for engaging patients and reducing 
the risk of retraumatization. Trauma-informed care as a reinforcing and patient 
approach focuses on understanding what has happened to the individual rather than 
placing blame. By incorporating shame-sensitive and shame-informed practices to 
trauma-informed care, the clinician (including mental and behavioral health pro-
viders, specialists, and primary care clinicians) is better suited for addressing the 
needs of the individual without shame or emotional harm. Additional examples 
of trauma-informed treatments include Motivational Interviewing (MI), trauma-
informed yoga, and mindfulness practices. Implementing these treatments may 
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establish positive coping mechanisms and increased self-efficacy. Trauma coupled 
with shame is a complex mechanism with severe implications, so the need for imple-
menting patient-centered treatments aimed at shame sensitivity and promoting self-
efficacy is imminent.
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KEY POINTS

• Emotion regulation is a key deficit in many forms of psychopathology.
• Emotion regulation is a key ingredient in many psychotherapies.
• Using a personalized medicine approach to target training in specific emo-

tion regulation strategies holds promise in developing effective novel, scal-
able, and accessible emotion regulation interventions.

6.1 INTRODUCTION

Emotion regulation is the ability to modulate the experience and expression of an 
emotional response, and it is essential to daily life and well-being.1,2 Research has 
elucidated important ties between emotion regulation and emotional, mental, and 
physical health,3–5 where adaptive emotion regulation practices predict greater life 
satisfaction,6 less negative affect,7,8 and greater physical well-being.7,9 Further, sev-
eral psychopathologies can be characterized by emotion dysregulation, particularly 
concerning how individuals interpret a situation or stimulus. This cognitive inter-
pretation or evaluation process of events and stimuli in one’s environment reflects 
appraisal, which is a crucial component of theoretical frameworks for emotion.1,10,11 
For example, borderline personality disorder (BPD) is a mental illness characterized 
by instability in managing emotions; signs and symptoms of the disorder include, 
but are not limited to, mood swings, uncertainty in self-image, extreme perspec-
tives (e.g., things are either all good or all bad), and unstable relationships with oth-
ers.12–15 Mood and anxiety disorders, such as major depressive disorder, have also 
been characterized by emotion dysregulation.16–18 Across many psychopathologies, 
many efficacious treatments, including cognitive behavioral therapies, leverage cog-
nitive change via change in appraisal as a key training target.19

This chapter aims to elucidate ways in which emotion regulation, particularly from 
the perspective of appraisal theory, is central to diagnostic and treatment frameworks 
for psychopathology and serves as an experimentally-tractable, transdiagnostic set of 
processes through which the mechanisms underlying psychopathology may be fur-
ther examined. To do so, we will first define core constructs, including emotion and 
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emotion regulation, from the perspective of appraisal theory.1,10,11 Appraisal theory 
posits that emotions are elicited by our evaluations (i.e., appraisals) of the situations we 
encounter.11 We will then discuss how emotion dysregulation is central in many forms 
of psychopathology. Finally, we’ll discuss how emotion regulation plays an important 
role in many current psychotherapies and the utility of emotion regulation interven-
tions in transdiagnostic approaches toward improved mental and physical health.

6.2 DEFINING CORE CONSTRUCTS

For this chapter, emotions and emotion regulation are subcategories of the superor-
dinate category affect, which involves valenced states, emotion behaviors, moods, 
dispositional states, and valenced traits.1 In essence, affect is an umbrella term that 
encompasses feelings and emotions. Constructs such as emotion and mood are dis-
tinct subcategories of affect, where emotions (e.g., anger) are transient, acute, and 
specific to a stimulus. Moods, by contrast, are differentiated by typically longer 
duration and difficulty in attribution to specific eliciting stimuli.1

Emotions may be modified by altering one or more emotion-generative processes. 
A useful theoretical framework for understanding emotion regulation is James Gross’s 
process model of emotion regulation, which posits there are different points in the 
emotion generative process at which emotion regulation can occur.1,2 This iterative 
process begins at the point of the emotion-eliciting stimulus (either internal or external 
to the observer), followed by selective attention to aspects of that stimulus, which is 
then crucially followed by an appraisal valuation of the meaning of that stimulus to 
oneself, which leads to a multifaceted emotional response encompassing behavioral, 
experiential, and physiological response tendencies. These emotional responses may 
then influence subsequent situations and emotion-eliciting stimuli, and the appraisal 
valuations derived from them, in an iterative cascade.1,2 Each process along this model 
provides opportunities to regulate emotion (i.e., via selecting or modifying the situa-
tion itself, changing the focus of one’s attention within a situation, engaging cognitive 
change about the meaning of that situation, or modulating one’s emotion response). 
Emotion regulation can be brought to bear in the service of either downregulating or 
upregulating either negative or positive emotion, according to one’s emotion goals.1,20

A large volume of emotion regulation research has examined cognitive change 
and response modulation strategies in particular. Specifically, cognitive reappraisal 
is a cognitive change emotion regulation strategy that involves changing how one 
thinks about an emotional stimulus or how we interpret its meaning. When down-
regulating negative emotion (e.g., feeling sadness at a child moving away to college), 
reappraisal can be operationalized to, for example, involve reframing a situation so 
that one imagines that the outcome will be good or not as bad as it first seemed (i.e., 
reinterpret the situation, for example by appreciating how much happiness adulthood 
and independence may bring the child). Alternatively, one could reappraise a nega-
tive situation by engaging in psychological distancing, whereby one appraises the 
situation as an objective, impartial observer (e.g., by understanding that these feel-
ings are natural in this situation).21,22

Expressive suppression, on the other hand, is a response modulation strategy 
that occurs after the emotion has already been generated and involves attempts to 
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modulate the outward expression of that emotion,23 such as fighting to hold back tears 
in response to one’s child leaving for college, as in the above example. Generally, 
research has yielded evidence of the adaptiveness of using cognitive reappraisal 
compared to expressive suppression; cognitive reappraisal has been associated 
with more positive mental and physical health outcomes.3,23 For example, cognitive 
reappraisal may act as a buffer between high stress experiences and symptoms of 
depression.24 Further, as suggested earlier, our appraisal of a stimulus or situation 
can significantly impact whether we perceive and react to that stimulus in healthy or 
maladaptive ways. Emotion dysregulation has been shown to be a critical component 
in multiple psychopathologies, particularly in the interpretation of a stimulus.15–18,25 
Thus, emotion regulation shows promise as a transdiagnostic framework through 
which to consider interventions to improve mental and physical health.

6.3  ROLE OF EMOTION REGULATION IN HEALTH  
AND HEALTH BEHAVIORS

Emotion regulation has ties to health and health behaviors, and emotion dysregu-
lation has been connected to poor health behaviors. Adaptive emotion regula-
tion strategy choice may be a key component to healthy behavior management. 
For example, emotion dysregulation plays an important role in eating disorders 
and in smoking habits.26–28 In an ecological momentary assessment study in adult 
women, negative affect was strongly predictive of unhealthy eating episodes.44 
However, in another study, young adult smokers instructed to engage in cogni-
tive reappraisal reported higher distress tolerance, reduced cravings, and reduced 
attentional bias towards smoking than those told to suppress or accept thoughts 
about smoking.28

Emotion regulation is also linked to perceived stress, where adaptive emotion 
regulation can buffer against negative psychological effects of stress29 and physi-
ological stress indicators, such as the hypothalamic-pituitary-adrenal (HPA) axis 
functioning in stressful situations.30 Specifically, engaging in cognitive reappraisal 
has been shown to have longitudinal benefits for perceived stress, whereas engag-
ing in expressive suppression has been shown as a longitudinal risk factor for the 
negative impacts of stress, such as internalizing symptoms.29 Emotion regulation 
may impact physiological mechanisms of stress and health, such as diurnal cortisol 
levels (i.e., cortisol awakening response and cortisol slopes).30 These factors are non-
exhaustive points of interest which may be buffered against or bolstered through 
emotion regulation interventions, thus contributing to improved mental health and 
health behaviors.

6.4  EMOTION REGULATION AS A KEY DEFICIT IN MANY  
FORMS OF PSYCHOPATHOLOGY

Emotion regulation has been implicated as a shared underlying psychological 
mechanism across a variety of different psychopathologies.19,31 Maladaptive emo-
tion regulation is present in, but not limited to (i) mood and anxiety disorders such 
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as depression, general anxiety disorder (GAD), and post-traumatic stress disorder 
(PTSD), as well as (ii) personality disorders such as borderline personality disor-
der (BPD) and bipolar disorder (BD).31 Effects of maladaptive appraisals in these 
disorders have been observed within and across diagnostic category boundaries. 
Evidence has shown that in mood and anxiety disorders, individuals appraise stim-
uli as more negative than controls.18 In the specific case of PTSD, these extreme 
appraisals can result from specific memories, thus explaining individual differences 
observed in individuals diagnosed with PTSD. Trauma experiences create salient 
autobiographical memories, which can be highly disruptive to future threat apprais-
als and coping strategies.32 In all three disorders, however, the common thread is the 
highly negative appraisal given to a situation or stimulus that may drive or underlie 
the disordered thinking and behaviors associated with each disorder, such as over-
interpreting threat or consequence of a particular situation and reacting following 
that interpretation.

Similarly, maladaptive appraisals provide a shared mechanism of understanding 
for BPD and BD. BPD is characterized by emotional instability, where individuals 
show increases in emotional reactivity to their appraisals of a situation (i.e., experi-
ence more intense emotional states due to their interpretation of what’s occurring in 
a given situation). BD is different from BPD in that its characterization lies in the 
extreme shifts in mood, energy, and activity, categorized by variations of depres-
sive and manic states.33 Elevated emotional reactivity associated with extreme 
negative and positive appraisals tends to occur in individuals with BD.34 Hence, 
intervening to modulate appraisal processes represents a key target of many current 
psychotherapies.19

6.5  EMOTION REGULATION AS A KEY INGREDIENT 
IN MANY PSYCHOTHERAPIES

Since emotion regulation can be conceptualized as a set of skills targeting different 
emotion processes that can be learned, psychotherapeutic treatment often includes 
teaching emotion regulation skills in either therapeutic or psychoeducational set-
tings.35 Cognitive behavioral therapy (CBT), for example, is based on the premise 
that maladaptive thoughts contribute emotional distress and behavioral difficulties, 
and altering these thoughts may in turn ameliorate the emotional and behavioral 
problems.36 In this way, in part, CBT involves training individuals in cognitive reap-
praisal tactics. Additionally, individuals work collaboratively with a therapist to bet-
ter understand maladaptive behavior patterns and learn new behaviors that will be 
most helpful to them in developing the ability to regulate their emotions. This aspect 
of CBT most closely resembles emotion regulation strategies such as situation selec-
tion and situation modification in the process model of emotion regulation.1,2,35

6.5.1. ACCEPTANCE AND COMMITMENT THERAPY

Acceptance and commitment therapy (ACT) is an action-oriented approach to psy-
chotherapy that stems from CBT.37 In contrast to traditional cognitive behavioral 
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therapeutic approaches, ACT does not emphasize challenging and changing unhelp-
ful thoughts but rather accepting and adapting to the reality of the current cognitive 
and affective experience of the patient.37 ACT incorporates many aspects of psy-
chological distancing by encouraging patients to view a negative stimulus or situa-
tion with an impartial, objective mindset that engages with the negative content as 
opposed to avoiding it.1,2,38

6.5.2 MINDFULNESS-BASED THERAPIES

Mindfulness-based cognitive therapy (MBCT) is a modified form of cognitive ther-
apy that incorporates mindfulness practices such as meditation and breathing exer-
cises.39 MBCT differs from CBT as it does not emphasize changing belief in the 
content of thought. The focus in MBCT is on a systematic training to be more aware, 
moment by moment, of physical sensations and of thoughts and feelings as mental 
events.40 This therapeutic approach is similar, yet distinct from, Mindfulness-based 
stress reduction (MBSR). MBCT focuses on specific vulnerabilities or conditions 
under a cognitive framework, while MBSR is a more generalized training in skills 
necessary to respond to a variety of stress and does not emphasize psychological or 
cognitive aspects of experience.41 “Decentering,” a central process to MBCT and 
MBSR involving objective and impartial appraisal of thoughts, feelings, and physi-
cal sensations, is also importantly akin to psychological distancing. This suggests 
that emotion regulation strategies and tactics, like psychological distancing, are key 
processes to further examine in the context of MBCT and MBSR and other psycho-
therapies to determine the extent to which they may influence or drive psychothera-
peutic benefits.35,39,42–44

6.6  EMOTION REGULATION INTERVENTIONS USING 
A PERSONALIZED MEDICINE APPROACH

Importantly, current evidence-based, validated psychotherapies such as those above 
typically incorporate heterogeneous approaches that leverage training in multiple 
emotion regulation strategies and education, acceptance, and adaptive behavior 
change to address a multitude of clinical symptoms. We argue that focusing on train-
ing in particular emotion regulation strategies holds promise for developing novel, 
accessible, and scalable interventions to improve mental and physical health within 
a personalized medicine framework.35,45,46 Successful emotion regulation from a 
personalized medicine approach relies on adaptive interactions of person, situation, 
and strategy factors.45 Existing evidence supports the promise of targeted emotion 
regulation interventions in adaptively changing emotional responses with both short 
and long-term durability.22, 35, 46–48 Hypothesis-driven, empirically-validated emo-
tion regulation interventions that take this personalized medicine approach can 
provide scalable, relatively low cost/burden intervention options that may increase 
access to adaptive emotion regulation skills training across clinical and non-clinical 
populations.
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6.7 FUTURE DIRECTIONS

As described above, emotion regulation is a promising target for developing novel, 
scalable interventions to improve mental and physical health. Longitudinal, experi-
mental research is needed to help determine causality of training in particular emo-
tion regulation strategies/tactics, or potentially adaptive combinations of strategies, 
in bringing about adaptive changes in mental or physical health.21,35,45,49 Additionally, 
it will be essential to understand if these particular strategies or combination of 
strategies are differentially adaptive within or across different categories of disor-
ders (e.g., internalizing versus externalizing disorders), and more broadly, according 
to transdiagnostic individual differences and other person factors (e.g., age, gender, 
race, ethnicity, personality, culture, etc.). In addition, it will be crucial to continue 
to explore these relationships between emotion regulation and mental and physical 
health from a translational social cognitive neuroscience and psychoneuroimmunol-
ogy perspective to elucidate the underlying neural and other biobehavioral mecha-
nisms of change.

6.8 CONCLUSION

Managing one’s emotions adaptively is an essential skill in maintaining psychologi-
cal and physical health. Emotion dysregulation is a transdiagnostic factor underly-
ing various psychopathologies. Current validated, evidence-based psychotherapies 
primarily take a multi-componential approach; cognitive behavioral-based thera-
pies, mindfulness-based therapies, and emotion regulation skill-building interven-
tions promote adaptive strategy choice and success and reduce maladaptive strategy 
choice. However, interventions that target specific emotion regulation strategies and 
tactics have also shown positive short- and long-term promise. Investigating hypoth-
esis-driven, targeted, shorter-duration interventions focused on training in particular 
emotion regulation strategies may yield adaptive outcomes that are more scalable 
and accessible within and across ranges of individuals, in keeping with a personal-
ized medicine approach.
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KEY POINTS

• Cognitive behavioral therapy is one of the most well-studied and empiri-
cally validated psychotherapeutic approaches for a wide range of popula-
tions and conditions.

• Specific cognitive and behavioral strategies can be utilized to support men-
tal health and promote health behavior change.

• Cognitive behavioral therapy is an evidence-based treatment for common
conditions, such as depression, anxiety, insomnia, and chronic pain.

7.1 INTRODUCTION

While there are many theories applied to the conceptualization of mental health and 
the prevention and treatment of mental disorders, cognitive behavioral approaches 
are among the most common and well-studied. Mental disorders, clinical condi-
tions characterized by emotional, cognitive, or behavioral disturbances that result 
in impairments in daily functioning, are influenced by a variety of intersectional 
factors, including genetics, chemical and structural changes in the brain, psycho-
logical characteristics, and social functioning.1 Moreover, lifestyle factors ranging 
from substance use to eating behaviors to sleep habits can have an immense impact 
on mental health and quality of life. These multifactorial influences on health 
and well-being also allow for multiple approaches to prevention and treatment. 
Cognitive behavioral approaches leverage these pathways to effectively change 
the thoughts and behaviors that interfere with lifestyle goals or exacerbate men-
tal health symptoms. The current chapter will provide an overview of cognitive 
behavioral theory and cognitive behavioral therapy (CBT), select cognitive and 
behavioral strategies to address mental health, and specific applications of CBT, 
such as for insomnia.

7.2 THEORETICAL UNDERPINNINGS

Cognitive behavioral theory, which first emerged in the 1960s, draws on both cogni-
tive and behavioral theories in an effort to more fully explain and address emotional 
and behavioral concerns. Although behavioral and cognitive theories both seek to 
explain human learning processes, behavioral theory focuses on external, observ-
able actions while cognitive theory focuses on internal mental processes. Behavioral 
theory, also known as behaviorism, emerged in the late 19th and early 20th centuries 
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in response to early introspective methods of understanding behavior. Cognitive the-
ory boomed in the 1970s and early 1980s in response to some of the limitations of 
behavioral theory.2 Both serve as important underpinnings to cognitive behavioral 
theory, which combines elements of each to further understanding the human expe-
rience. The equal emphasis of behavioral and cognitive contributions to emotional 
disturbance (i.e., mental health conditions), is the foundation of cognitive behavioral 
theory, and highlights how thoughts, emotions, and behaviors are all connected.

7.2.1 BEHAVIORAL THEORY

Behavioral theory explains human behavior by attending to the antecedents and 
consequences of one’s environment, as well as the learned associations developed 
through historical experiences. Psychologist John B. Watson contributed to this work 
by critiquing the subjective nature of psychodynamic theory and arguing for a focus 
on objective actions (i.e., what humans and animals do), rather than internal states.3 
This perspective led to applied behavioral theory and the development of founda-
tional behavioral models, including classical and operant conditioning. Importantly, 
behavioral theory does not dismiss the importance of thoughts and feelings, but sees 
them as a byproduct of behavior—some behaviorists have gone so far as to concep-
tualize thoughts and feelings as mental or internal behaviors.3

Much of the initial work to apply behavioral theory focused on depression.3 Early 
behavioral models of depression were developed by Lewisohn and colleagues in the 
1970s and were based on assumptions that response-contingent positive reinforce-
ment is environmentally influenced, can elicit depressive behavior, and can be a suf-
ficient explanation for depression.2,4 This behavioral model led to the development 
of clinical approaches such as behavioral activation, which was designed to increase 
engagement in pleasurable activities to reduce depressive symptoms.2

7.2.2 COGNITIVE THEORY

Cognitive theory developed as a response to behaviorism and the belief that behavior 
alone was insufficient to understand internal psychological processes, highlighting 
the importance of one’s interpretation of events or stimuli and how they influence 
emotional functioning. Cognitive theory views people as more than blank slates, 
emphasizing that one’s unique lived experiences, knowledge, and viewpoint influ-
ence their thoughts and feelings. Thus, cognitive theory posits that thinking, atti-
tude, logic, and reasoning all influence behavior. Foundational to cognitive theory 
is the concept of schemas (i.e., persistent semantic representation of ideas or con-
structs) that guide cognitive processes related to information gathering, storage, and 
retrieval. Schemas influence one’s beliefs and attitudes, which results in the develop-
ment of core beliefs—those rigid and overgeneralized beliefs that develop early in 
life and persist in influencing one’s perception of him- or herself and the world.5–7

Similar to behaviorism, much of the foundational research on cognitive theory 
focused on understanding and addressing depression.5,6 Aaron T. Beck, one of the 
most influential cognitive scientists, theorized that psychological disturbance results 
from the long-standing mental representations of oneself and the world that manifest 
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in maladaptive behaviors, thoughts, physiological responses, and affect, and ulti-
mately into symptoms of mental disorders. The theory then outlines that remediation 
of this biased processing of information is essential to addressing and treating men-
tal disorders.5,7 Thus, the clinical application of cognitive theory involves identifying 
and then changing one’s thoughts, core beliefs, and schemas to a more positive and 
accurate perspective of oneself and the world.

7.2.3 COGNITIVE BEHAVIORAL THEORY

Eventually, clinicians and scholars sought to integrate behavior modification and 
cognitive processing approaches to support therapeutic change, leading to the devel-
opment of cognitive behavioral theory.8 Cognitive behavioral theory emphasizes 
the interconnected nature of behaviors, thoughts, and emotions. From behavioral 
theory, it utilizes activity pacing, pleasure-seeking, and reinforcement.9 From cog-
nitive theory, it draws on the concepts of automatic thoughts, cognitive distortions, 
and schemas. Distinct from both, cognitive behavioral theory prioritizes the role 
and influence of cognitions, particularly patterns of thinking, in the maintenance 
of behavioral and emotional reactions. Cognitive behavioral theory posits that how 
we react to stimuli is related to how we think about and make sense of our reality.9 
Central tenants of cognitive behavioral theory include that our thoughts mediate 
our response to external stimuli, and that it is possible to access and understand our 
cognitive processes, as well as to then target and change such thoughts (or patterns 
of thinking). As researchers found that behavioral theory alone could not account 
for behavior change, cognitive behavioral theory includes key aspects of behavior-
ism with cognitive approaches by emphasizing positive reinforcement for behavior 
modification and self-efficacy, one’s sense of his or her own ability to manage a 
problem or situation, as foundational for change.8 Overall, the theory emphasizes 
environmental influences on thoughts and feelings and their relation to behaviors.

The cognitive behavioral triangle represents the theoretical connections between 
behaviors, thoughts, and emotions.7 As depicted in Figure 7.1, feelings are the changes 

FIGURE 7.1 Theoretical underpinnings of cognitive behavioral theory and cognitive 
behavioral therapy.
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one experiences in response to an emotion, often the physical manifestations of 
emotions. The behavior corner of the triangle represents both actions and inac-
tions, in both internal and external states. The cognitive corner of the triangle 
indicates the in-the-moment thoughts as well as deep-seated beliefs about one-
self and the world. All relationships between behaviors, thoughts, and emotions 
are  bidirectional—in one direction, thoughts trigger feelings, feelings result in 
behaviors, and behaviors (action, or inaction) reinforce our thoughts and patterns 
of thinking.7

7.3 COGNITIVE BEHAVIORAL THERAPY (CBT)

The therapeutic application of cognitive behavioral theory is structured, time-
limited, educational, and goal-oriented, with some customization to the individual 
needs of the patient.10 CBT typically involves regularly scheduled 30 to 60 minute 
sessions with a licensed and trained professional, with better outcomes associated 
with 16 to 20 sessions.11,12 CBT attends to unhelpful patterns of cognitions and 
behaviors that trigger distress. Specifically, CBT focuses on changing patterns of 
thinking, such as re-evaluating and restructuring cognitive distortions, improv-
ing coping skills, and reducing behavioral avoidance.13 CBT guides patients to 
identify the connections between their thoughts, behaviors, and given situations 
or environments, and how those connections ultimately influence emotions. Key 
therapeutic change occurs in recognizing patterns of thinking and behaviors that 
reinforce negative or problematic emotional states, and addressing such patterns to 
minimize negative emotions and improve overall well-being.9,13 Unlike other treat-
ment modalities, CBT tends to focus on current issues and factors that contribute 
to thoughts and behaviors, rather than prioritizing past or early-life experiences. 
Additionally, patients or clients are typically given “homework” or exercises to 
practice outside of treatment to encourage utilization of skills and strategies in day-
to-day activities and contexts, which increases the likelihood that patients maintain 
the gains made in treatment.14 Given the breadth of research on CBT, the modality 
has emerged as the gold-standard psychological treatment for myriad medical and 
mental health conditions across the lifespan, including and extending far beyond 
depression.13,15,16

7.3.1 COGNITIVE AND BEHAVIORAL STRATEGIES FOR MENTAL HEALTH

Foundational cognitive and behavioral strategies that are widely employed within 
CBT and may also be used as brief interventions in other clinical contexts (see 
Table  7.1). Strategies to address coping skills, problem-solving, and cognitive 
restructuring, are frequently paired with broader approaches, such as psychoeduca-
tion (i.e., providing knowledge to the patient about their condition and treatment, 
often using the CBT triangle [Figure 7.1] as a guide), Socratic questioning (i.e., prob-
ing the patient in a manner that gently challenges beliefs, assumptions, and behav-
iors), and guided discovery (i.e., engaging the patient in treatment by encouraging 
them to develop their own conclusions).17,18 The specific strategies to be used may 
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be indicated in a particular protocol or may be selected by a clinician based on the 
patient’s needs.

Coping Skills Training focuses on learning or improving behavioral processes 
that are more adaptive. This often occurs through cognitive approaches, 
such as self-guided training.13

Problem-Solving teaches a patient to approach problems through an adaptative 
lens to assess how best to solve the problem. The process involves applying 
four primary skills: defining the problem, developing alternative solutions, 
making a decision, and implementing a solution.13

Cognitive Restructuring is the process of strengthening one’s mindset. This 
restructuring starts by identifying thoughts and beliefs that impede func-
tioning and quality of life and are considered as hypotheses rather than 
truth. Such thoughts are then examined in the context of all information to 
allow for intentional, positive change.19,20 Cognitive restructuring is a partic-
ular instance of the broader concept of cognitive reframing, which can be a 
positive or negative change in one’s mindset that may occur subconsciously.

Self-Monitoring is a strategy in which an individual keeps a record of their 
behavior over time, typically documenting the time spent engaging in a 
behavior, location/setting, context, and sometimes co-occurring emo-
tions or thoughts.1 Self-monitoring is often an initial approach to improve 

TABLE 7.1

Key Cognitive and Behavioral Strategies for Mental and Behavioral Health

Strategy Description

Coping Skills Training Development of specific behavioral and cognitive techniques to self-
soothe, reduce stress, and shift thinking.

Problem‑Solving A systematic approach to slow down and address problems. Steps include: 
identifying the problem, generating solutions and their strengths and 
weaknesses, choosing a solution, and implementing the solution.

Cognitive Restructuring Positively changing one’s mindset by identifying cognitive distortions, or 
faulty patterns in thinking (e.g., all-or-nothing thinking), monitoring 
when they occur, and proposing alternative (positive) thoughts based on 
contextual evidence.

Self‑Monitoring Daily monitoring of a behavior, including when, where, how, the context, 
and relevant thoughts or emotions.

Exposure and Systematic 

Desensitization

Graded exposure, typically slowly over time and in a controlled manner, to 
a stressor, trigger, or whatever may elicit a compulsive, avoidance, or 
stress response.

Behavioral Activation Intentional scheduling of pleasant activities (e.g., taking a walk), with a 
focus on consistency. Also known as activity scheduling.

Relaxation Training Skills training to learn and apply specific relaxation strategies, such as 
diaphragmatic breathing, progressive muscle relaxation, guided imagery, 
and mindfulness exercises.
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awareness and identify patterns related to a behavior and may be utilized as 
part of treatment to improve self-regulation.13

Exposure and Systematic Desensitization are behavioral approaches that use 
gradual exposure over time to reduce cognitive, emotional, and behavioral 
responses to a stimulus, or trigger, with the goal to support improvement of 
distress tolerance.13–15 Specific applications of exposure treatment include 
exposure and response prevention for obsessive-compulsive disorder and 
prolonged exposure for post-traumatic stress disorder.21,22

Behavioral Activation is a strategy that prioritizes scheduling pleasant activ-
ities to reduce distress. Of note, Behavioral Activation is also a specific 
treatment that can involve multiple components (e.g., self-monitoring, skills 
training, contingency management) that ultimately support the goal of 
reducing avoidance behaviors.23

Relaxation Training involves education and practice of specific relaxation tech-
niques. Examples of relaxation techniques include deep or diaphragmatic 
breathing, progressive muscle relaxation, guided imagery, and mindful 
exercises (e.g., journaling, gentle movement). The goal of these techniques 
is to manage and cope with stress and other symptoms that interfere with 
mental and behavioral health. These strategies also help individuals iden-
tify signs of stress, such as muscle tension or shallow breathing, so they can 
intervene and prevent major state changes.24

7.4  APPLICATIONS OF CBT FOR VARIOUS CONDITIONS  
AND POPULATIONS

While it is beyond the scope of this chapter to review all applications of CBT, 
there are some conditions for which CBT protocols and strategies have been espe-
cially well-studied. For example, relaxation training has been highly studied in the 
treatment of anxiety disorders.25 A 2013 study found cognitive restructuring plus 
relaxation to be more effective than relaxation alone in addressing symptoms of 
depression and anxiety related to academic performance.26 Self-monitoring has been 
highly utilized for health behavior changes related to diet and physical activity, and 
has been shown to be useful to address behavior change independently, or within the 
context of therapist-guided CBT.27 Additionally, CBT has been adapted and tested 
for specific health conditions or populations. Some of the most established applica-
tions include, but are not limited to, depression, anxiety, chronic pain, and insomnia.

7.4.1 CBT FOR DEPRESSION

The literature overwhelmingly supports the efficacy of CBT for major depressive 
disorder, with research supporting treatment in a variety of clinical settings. A 2019 
study found CBT to be effective for both clinically significant depression and sub-
clinical depressive symptoms when offered by trained professionals within a pri-
mary care setting. The study also indicated CBT was effective for depression across 
individual, group, or self-guided modalities.28 CBT is effective in relapse prevention 
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for those with a history of major depressive disorder, which is important as his-
torical episodes of depression are one of the greatest predictors of future episodes.29 
Further, a 2019 meta-analysis not only found that CBT was effective for depression, 
but that it was effective regardless of delivery method, including face-to-face, tele-
health, or hybrid treatment.30

7.4.2 CBT FOR ANXIETY

CBT as a treatment for anxiety is supported by several meta-analyses, with efficacy 
and effectiveness in both real-life settings and randomized controlled trials. The 
approach has been studied and supported across various anxiety disorders, such as 
panic disorder and social anxiety disorder, with strongest outcomes for generalized 
anxiety disorder and post-traumatic stress disorder. Exposure therapy and relaxation 
training alone or in combination have also demonstrated efficacy across anxiety 
disorders.31 Moreover, CBT for anxiety has been shown to be significantly more 
effective than no treatment or waitlist control, other forms of therapy (e.g., psychody-
namic approaches), and, for some forms of anxiety, medications.32 Recent research 
has also indicated that CBT for anxiety delivered remotely via telephone or video 
conferencing had similar outcomes to in-person treatment.33

7.4.3 CBT FOR CHRONIC PAIN

Symptoms of depression and anxiety occur at higher rates for those living with chronic 
pain, and these mental health conditions increase the risk of worse pain outcomes. CBT 
has emerged as the first-line treatment for chronic pain, with CBT interventions dem-
onstrating efficacy in symptom reduction and improved quality of life when delivered 
both in-person and virtually.34,35 Research has established the efficacy of CBT for vari-
ous pain conditions, such as back or neck pain, knee or other joint pain, and fibromyal-
gia. Similar to other research on CBT, greater number of sessions was associated with 
greater improvement of symptoms, including effective reduction of pain intensity.34,35

7.4.4 CBT OF INSOMNIA (CBT-I)

CBT-I uses a semi-structured treatment protocol, typically lasting between six 
and eight sessions, to improve sleep quality and decrease sleep-related distress. 
Treatment focuses narrowly on the connection between sleep-related thoughts, feel-
ings, and behaviors and uses cognitive behavioral strategies, including sleep restric-
tion, stimulus control, cognitive restructuring, and relaxation training. CBT-I is the 
most effective treatment for insomnia, with outcomes similar to, or better than, sleep 
medications, without the detriment of treatment side effects.36 Research indicates 
that 70% to 80% of patients have an immediate benefit from CBT-I, and that treat-
ment effects can have positive long-term effects.37 Studies have also indicated CBT-I 
is effective for diverse populations such as the following: those with chronic insom-
nia; comorbid psychiatric conditions such as anxiety, depression, and PTSD; and 
cancer survivors.38–40 Despite the efficacy of CBT-I and low risk compared to phar-
macotherapy, it remains underutilized.36
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7.5 CBT FOR HEALTH BEHAVIORS AND LIFESTYLE CHANGE

CBT is an ideal intervention to address health behaviors, given that behavioral 
change is a core tenet. Stress is also a primary risk factor for poor health behav-
iors (e.g., sedentary behavior, poor diet, cigarette smoking) and impedes making 
health behavior changes.41 CBT for behavior changes focuses on problem-solving 
and developing new coping skills to replace or adapt unhealthy behaviors, as well as 
cognitive restructuring of automatic thoughts. For example, CBT for smoking cessa-
tion may start with self-monitoring and identifying high-risk situations for smoking, 
develop strategies to change those situations in an attempt to break the associations 
they have with cigarettes, and increase coping skills for managing distress related 
to physical and psychological withdrawal.42 CBT for smoking cessation has dem-
onstrated effectiveness broadly and for specific populations (e.g., pregnant people, 
people with fewer socioeconomic resources), may be used as an adjuvant therapy to 
other treatment protocols, and remains efficacious when provided via telehealth.43

CBT is frequently used to support patients with serious and chronic health condi-
tions who may need to make lifestyle changes, adjust to diagnosis, and cope with 
illness. These CBT interventions support secondary and tertiary disease prevention 
through health behavior change. For example, among patients with type 2 diabetes 
mellitus, CBT is associated with improved glycemic control, as well as improve-
ments in anxiety and depression, which are common among those with diabetes.44 
As another example, a 2018 meta-analysis of CBT interventions among patients with 
cardiovascular disease and comorbid depression or anxiety found that CBT interven-
tions were associated with decreased symptoms of depression, decreased anxiety, 
and greater quality of life, as well as reduced risk for cardiovascular disease-related 
morbidity and mortality.45 In many cases of chronic disease, CBT is coupled with 
typical lifestyle interventions, such as dietary change, to allow for more sustainable 
health behavior changes and improved outcomes.

The influence of health behaviors on lifestyle is multifactorial, including health 
beliefs, cultural influences, health literacy, and access to resources. Health behaviors 
are also influenced by social determinants of health, which include the institutions, 
ideologies, and situational factors that impact health biologically, psychologically, 
and socially.46 Thus, while health behavior change and lifestyle maintenance may 
seem simple in theory, they are often challenging to put into practice. Common bar-
riers to lifestyle changes include the following: poor food environment (e.g., low 
accessibility to grocery stores, high availability of fast food restaurants), financial 
limitations, time pressures, and unsafe environments. These factors can be exacer-
bated by family or household factors, such as maintaining consistency and balancing 
autonomy versus social support.47 Given these complex and intersecting risk factors, 
CBT practitioners help patients to identify and change thoughts and behaviors within 
the context of their unique biopsychosocial influences to support lifestyle change.

7.6 SUMMARY AND CONCLUSION

CBT approaches have shown consistent efficacy to support the treatment of mental 
health conditions, symptoms of mental distress (e.g., stress), and health behaviors. 
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CBT approaches have been applied to a wide range of populations and conditions, 
from depression and serious mental illness, to health behaviors and lifestyle fac-
tors, and including adults managing chronic medical conditions. Unfortunately, a 
persistent barrier to patients accessing CBT is that evidence-based practice requires 
a highly trained provider with clinical expertise.25,26 For those without such training, 
there is an opportunity to utilize cognitive behavioral skills and support specific 
skill building, which has also been shown to support patient outcomes.27 With the 
appropriate adaptations, CBT is a powerful treatment to support the mental health 
and lifestyle change goals of many patients.
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KEY POINTS

• Studies of positive psychology interventions show an association with 
improved subjective and psychological well-being.

• Positive psychology approaches contribute to the effectiveness of health 
behavior coaching.

• Positive affect, when associated with health behavior changes, increases 
motivation for and has a reinforcing, reciprocal link with these behaviors.

• Flourishing, achieved by healthy behaviors and positive activities and 
mindsets, can be experienced by individuals despite having mental and 
physical illness.

• Prescriptions of positive psychology-based activities, in conjunction with 
a healthy lifestyle, can be incorporated into psychiatric and other medical 
practices to bolster mental health and manage mental illness.

8.1 POSITIVE PSYCHOLOGY FOR MENTAL HEALTH

The field of positive psychology has significantly evolved since its inception a few 
decades ago by Martin Seligman and other leaders who made the case that pro-
moting mental and emotional health involves more than addressing illness, stress, 
and negative emotions. They strongly argued that clinical practitioners need to also 
apply techniques that enhance positive emotions to help individuals become their 
best selves and reach a state of well-being beyond that achieved by treating and pre-
venting poor mental and physical health.1

A review article by Waters and other positive psychology leaders laid out three 
roles for positive psychology in mental health. These behavioral strategies, mindsets, 
and interventions can buffer mental health against negative events, bolster mental 
health in the face of adversity, and build mental health resources for thriving despite 
stressful daily life challenges and traumatic events. In fact, positive psychology 
approaches can play a key role in promoting post-traumatic growth.2

In recognition of the accumulating evidence that positive psychology interven-
tions can boost subjective and psychological well-being,3–8 as well as serve as a pri-
mary driver of health behavior change,9,10 positive psychology approaches should 
be considered as part of psychiatric treatment and management and of health care 
more broadly, including lifestyle medicine and self-care. When healthy lifestyles and 
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positive psychology are combined as the underpinnings of care, we can help patients 
move toward positive health with a set of behaviors that can support them regardless 
of underlying mental and physical conditions.

8.2  THE ROLE OF POSITIVE PSYCHOLOGY 
IN HEALTH BEHAVIOR CHANGE

One of the most robust areas of positive psychology research demonstrates a link 
between positive emotions, especially ones experienced during healthy behaviors, 
and repeating those behaviors. According to the upward spiral of lifestyle change, 
positive emotions can trigger unconscious motivation for healthy behaviors, and, in 
turn, healthy behaviors boost positive emotions. Moreover, additional resources are 
built to reinforce this reciprocal cycle, leading to an upward and outward spiral of 
lifestyle change.9 Positive emotions can also help individuals with problem solving 
to overcome barriers to making change.10

Happier people tend to engage in healthier behaviors, such as exercise, not smok-
ing, using seat belts, eating healthy food, and avoiding risky alcohol use.11 One key 
positive psychology construct is developing and maintaining life purpose. For exam-
ple, people with purpose in life tend to adhere to preventive services recommenda-
tions.12 In addition, positive affect enhances engagement in self-care.13,14

As the literature has mounted on the key role of positive psychology constructs in 
behavior change, health professionals who offer health coaching and counseling can 
apply positive psychology best practices for helping their patients both achieve and 
maintain health behaviors and other recommended treatments.

8.2.1 COACHING HEALTH BEHAVIORS WITH POSITIVE PSYCHOLOGY APPROACHES

One of the early groups adopting positive psychology in health care has been 
health coaches. Traditional behavior change techniques, such as motivational 
interviewing, were bolstered by a reframing of the approach to leveraging posi-
tive psychology principles.15–17 Psychology leaders argue that positive psychology 
is a natural construct for counseling psychology. Applying the positive psychol-
ogy techniques not only has the potential to help address psychological issues of 
psychology and psychiatry patients, as evidenced by the effect on subjective and 
psychological well-being, but also can indirectly nudge health behaviors and treat-
ment adherence.18

The PERMA framework for flourishing--positive emotions, engagement, rela-
tionships, meaning, and achievement-- can be incorporated into health coaching and 
behavior change strategies. This process involves engaging in activities that elicit 
positive emotions (P), immersing oneself in activities that produce a sense of engage-
ment or flow (E), involving others in the desired behaviors to increase support and 
accountability (R), paying attention to how desired behaviors align with one’s sense 
of meaning and life purpose (M), and tracking progress towards goals and celebrat-
ing achievements (A).19

In addition to PERMA elements, future visioning, appreciative inquiry, and lever-
aging character strengths are positive psychology constructs that can be integrated 
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into health coaching. Positive images of the future fuel individuals with hope and 
nudge them to identify solutions to barriers so they can reach their desired goals.20,21 
Developing a clear image of one’s best self produces positive emotions that can moti-
vate behavior change.22 Moreover, use of signature character strengths can empower 
the individual. For example, strengths, such as self-regulation and perseverance, pro-
vide support during challenges.

Studies have shown that positive psychology interventions are well accepted in 
patient populations and associated with substantial improvements in behavioral and 
psychological outcomes.23 Moreover, positive psychology constructs can be interwo-
ven with traditional coaching approaches, such as integrating the PERMA model, 
to enhance the overall approach for addressing a range of behaviors in treating both 
mental and physical illness.

8.3  THE IMPACT OF POSITIVE PSYCHOLOGY 
INTERVENTIONS (PPIs) ON MENTAL HEALTH

Even though PPIs have been created for the non-clinical population, they are valu-
able tools for clinicians to introduce to their patients. The interventions are free from 
mental illness stigma and can be self-administered. Thus, patients are more willing 
to use them and more importantly, they can involve their families on their journey of 
a meaningful pursuit of well-being.24 Furthermore, existing evidence indicates that 
PPIs reduce the symptoms of mental illness and enhance the resources that either 
protect individuals from experiencing mental health issues or provide them with 
tools that help them recover faster.

Concerning reduction of illness symptoms, most research evaluates the effect of 
PPIs on mood disorders. For example, a recent systematic review of PPIs practiced 
with over 72,000 participants across 41 countries from clinical and non-clinical 
populations showed that PPIs indicated small to medium effects on enhancing well-
being and reducing depression, anxiety and stress.4 The outcomes were maintained 
at a 3-month follow-up. Another review explicitly focused on a clinical population 
and found that apart from improving subjective and psychological well-being, PPIs 
had a small effect on reducing symptoms of depression.3 Both reviews emphasized 
the importance of longer-term programs for ensuring robust results rather than ad 
hoc interventions.

Similar results were shown for patients with severe mental illness. A system-
atic review of nine studies that used PPIs with patients experiencing schizophre-
nia indicated that the interventions significantly improved their well-being (e.g., life 
satisfaction, self-esteem, self-acceptance, subjective well-being, and quality of life); 
some studies also noted a decrease in symptoms sustained at 3- or 6-month fol-
low-ups.25 Another systematic review extended beyond schizophrenia into 16 stud-
ies with patients experiencing other severe mental illnesses (e.g., major depressive 
disorder, bipolar disorder, borderline personality disorder, schizoaffective disorder), 
and the results showed a moderate effect of PPIs on enhancing patients’ well-being 
and a large effect on reducing the symptoms of psychopathology.26 Thus, despite the 
evidence still emerging on the effectiveness of PPIs in psychiatric conditions, these 
studies offer hopeful results.

A L G r a w a n y
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Furthermore, given that mental illness is not exclusive to psychological flour-
ishing,27,28 it is essential to acknowledge the role that well-being (as an outcome of 
PPI practice) plays in protecting individuals against mental health issues and help-
ing them cope effectively with adversities. Flourishing is a state of optimal human 
functioning and high emotional and social well-being levels.29 It is a fluid condition 
that extends from mental illness through languishing (feeling unwell but not having 
enough symptoms to be diagnosed with mental illness as per DSM [Diagnostic and 
Statistical Manual of Mental Disorders]), moderate health, and flourishing. Over a 
decade, approximately half of the flourishers’ well-being declined, and half of the 
languishers’ well-being improved.30 A longitudinal study showed that a decline from 
flourishing to moderate health (where most of the population resides) makes indi-
viduals seven times more likely to experience depression within two years.31 At the 
same time, despite experiencing depression or anxiety, 14-19% of individuals flour-
ish psychologically, and their positive mental state assists them in recovering faster 
from a psychiatric illness, as measured three years later.28 Thus, using PPIs with 
psychiatric patients can potentially speed up their recovery.

Most importantly, however, helping individuals use PPIs can protect them against 
developing symptoms of poor mental health. As such, PPIs are early interventions 
that can be applied in non-clinical populations to enhance their hope and optimism, 
improve their experiences of positive emotions, relationships, engagement, accom-
plishment, and many other components of well-being that lead to an upward spiral 
of mental health,32–35 all of which act as protective mechanisms during adversity. 
Using PPIs can improve the population’s health by increasing flourishing symptoms 
and reducing mental illness symptoms.36 Thus, encouraging patients’ families to use 
PPIs may protect them from developing mental health conditions in the future.

Although emerging research applied to the clinical population is promising, 
many studies cannot be generalized to the psychiatric population. Thus, more 
research is required to identify the role of PPIs in psychiatric practice. In the mean-
time, sufficient evidence exists to consider PPIs as complementary methods for 
preventing mental health illness and helping the clinical population reduce their 
symptoms of mental health issues. That said, care needs to be taken to ensure that 
interventions offer choices and variety (mix and match) to prevent adverse out-
comes of PPIs.37

8.4 THE LIFESTYLE MEDICINE (LM) PILLARS AND MENTAL HEALTH

While PPIs are one way to improve well-being and help individuals reach psycho-
logical well-being, i.e., flourishing, recently, LM demonstrated an alternative route 
towards reaching flourishing. In a study with 1,112 participants, flourishers were 
three times more likely to use 3+ LM pillars than individuals with moderate health; 
equally, they were nine times more likely to use 3+ LM pillars than languishers.38 
Moreover, a new 10-week program for a non-clinical population that mixed PPIs 
with LM tools was designed and showed a significant improvement in participants’ 
flourishing.39 In addition, Burke and colleagues27 reviewed the literature and identi-
fied over 100 research-based PPIs and LM interventions that showed evidence of 
flourishing among clinical and non-clinical populations.
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In addition to blending PPIs and LM interventions, the pillars of LM interventions 
can expand positive outcomes by from integrating positive psychology constructs. 
For example, emerging research indicates that positive affect created by such inter-
ventions as gratitude expression can support individuals in improving their sleep 
quality.40 Thus, gratitude can be a tool for helping people flourish and eliciting sleep. 
Another example comes from the LM stress management tools that could be supple-
mented with stress mindset changes. A stress mindset relates to appraising stressful 
events as opportunities to grow, which results in participants using more effective 
approaches to coping.41 As such, stress mindset interventions can help participants 
manage their stress more effectively and result in positive outcomes of stress.42 These 
examples highlight alternatives to PPIs to help individuals flourish and improve 
physiological outcomes.

8.5  INCORPORATING POSITIVE PSYCHOLOGY 
INTO HEALTH CARE

Health care, including psychiatry, can harness positive psychology in a range of clin-
ical processes, such as assessing positive emotions and life satisfaction, monitoring 
positive activity habits, coaching with positive psychology constructs, and prescrib-
ing PPIs as part of the health management plan. Referrals to community programs 
and digital apps that promote positive activities provide ongoing support outside the 
medical/psychiatric practice.43

As the current state of the evidence does not provide specificity on how to imple-
ment positive psychology interventions in psychiatric or general medical care, practi-
tioners can engage in open discussions with patients about their cultural preferences, 
interests, and life situations to identify whether positive activities are appropriate and 
hone down the desired activities.

Early research investigating the influence of culture on well-being gains from 
PPIs suggests that individualistic versus collectivist cultures may garner different 
benefits. For example, in a rotating intervention (gratitude letter or acts of kindness) 
study of US and South Korean participants, greater benefits were observed for the 
US participants who wrote a gratitude letter before performing acts of kindness, 
while the reverse was found for the South Korean participants.44,45

Moreover, self-selection can influence success with PPIs. An 8-month intervention 
study of the immediate and longer-term effects of regularly practicing two assigned 
positive activities - expressing optimism and gratitude - on well-being indicated that 
initial self-selection of the activity conditions impacted the intervention, but not the 
control group. Those who self-selected the activity condition made a greater effort to 
engage in the activities.46

Lyubomirsky and Layous posited a model in which several factors moderate the 
effect of positive activities on well-being, including the features of the activities, 
such as dosing, frequency and variety; characteristics of the individuals, such as their 
level of motivation and effort; and person-activity fit, how much the activity feels 
natural, enjoyable or valuable versus triggers shame and feelings of being forced 
to do it.37,44,47 When prescribing these activities, the potential for habituation to the 
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activity needs to be considered; hence prescribers should make a concerted effort to 
recommend a variety of activities to help avoid this effect.48,49 Future studies need to 
examine the influence of such prescriptions and behavioral supports in a variety of 
settings and for diverse populations.

8.6 CONCLUSION

In this chapter, we make the case for incorporating positive psychology approaches 
into psychiatric and medical care to increase successful health behavior change and 
boost mental health. Meta-analyses pointing to the link between positive psychol-
ogy interventions and subjective and psychological well-being are discussed. The 
scientific literature offers support for the role of positive emotions in facilitating and 
sustaining healthy behaviors.

The reciprocal, reinforcing link between positive emotions and healthy behaviors 
in the upward spiral theory of lifestyle change explains the foundation of the power 
of positive emotions. Moreover, positive emotions can lead to additional, indepen-
dent physiologic benefits and can enhance outcomes of the lifestyle medicine inter-
vention pillars.

A variety of PPIs have been studied with varying mental health and well-being 
effects. Prescribing these activities is worthy of consideration for interested patients 
as part of their health and well-being management plans. However, further research 
is needed to show which activities create the greatest benefits for diverse mental 
health conditions and subpopulations.

REFERENCES

 1. Seligman MEP. Positive health. Applied Psychology. 2008;57(s1):3–18. doi:10.1111/j. 
1464-0597.2008.00351.x

 2. Waters L, Algoe SB, Dutton J, et al. Positive psychology in a pandemic: Buffering, 
bolstering, and building mental health. The Journal of Positive Psychology. 2022; 
17(3):303–323. doi:10.1080/17439760.2021.1871945

 3. Bolier L, Haverman M, Westerhof GJ, Riper H, Smit F, Bohlmeijer E. Positive psy-
chology interventions: A meta-analysis of randomized controlled studies. BMC Public 
Health. 2013;13:119. doi:10.1186/1471-2458-13-119

 4. Carr A, Cullen K, Keeney C, et al. Effectiveness of positive psychology interven-
tions: A systematic review and meta-analysis. The Journal of Positive Psychology. 
2021;16:749–769. doi:10.1080/17439760.2020.1818807

 5. Chakhssi F, Kraiss JT, Sommers-Spijkerman M, Bohlmeijer ET. The effect of positive 
psychology interventions on well-being and distress in clinical samples with psychi-
atric or somatic disorders: A systematic review and meta-analysis. BMC Psychiatry. 
2018;18(1):211. doi:10.1186/s12888-018-1739-2

 6. Hendriks T, Schotanus-Dijkstra M, Hassankhan A, Jong J, de Bohlmeijer E. The 
efficacy of multi-component positive psychology interventions: A systematic review 
and meta-analysis of randomized controlled trials. Journal of Happiness Studies. 
2020;21(1):357–390. doi:10.1007/s10902-019-00082-1

 7. van Agteren J, Iasiello M, Lo L, et al. A systematic review and meta-analysis of psy-
chological interventions to improve mental wellbeing. Nature Human Behaviour. 
2021;5(5):631–652. doi:10.1038/s41562-021-01093-w

https://doi.org/10.1111/j.1464-0597.2008.00351.x
https://doi.org/10.1111/j.1464-0597.2008.00351.x
https://doi.org/10.1080/17439760.2021.1871945
https://doi.org/10.1186/1471-2458-13-119
https://doi.org/10.1080/17439760.2020.1818807
https://doi.org/10.1186/s12888-018-1739-2
https://doi.org/10.1007/s10902-019-00082-1
https://doi.org/10.1038/s41562-021-01093-w


97Positive Psychology Approaches

 8. White CA, Uttl B, Holder MD. Meta-analyses of positive psychology interventions: The 
effects are much smaller than previously reported. PLoS One. 2019;14(5):e0216588. 
doi:10.1371/journal.pone.0216588

 9. Van Cappellen P, Rice EL, Catalino LI, Fredrickson BL. Positive affective processes 
underlie positive health behavior change. Psychology Health. 2018;33(1):77–97. doi:10.
1080/08870446.2017.1320798

 10. Fredrickson BL. Positive emotions broaden and build. In: Advances in Experimental  
Social Psychology, vol. 47. Elsevier; 2013:1–53. doi:10.1016/B978-0-12-407236-7.00001-2

 11. Kansky J, Diener E. Benefits of well-being: Health, social relationships, work, and 
resilience. Journal of Positive Psychology and Wellbeing. 2017;1(2):129–169.

 12. Kim ES, Strecher VJ, Ryff CD. Purpose in life and use of preventive health care ser-
vices. Proceedings of the National Academy of Sciences. 2014;111(46):16331–16336. 
doi:10.1073/pnas.1414826111

 13. Carrico AW, Moskowitz JT. Positive affect promotes engagement in care after HIV 
diagnosis. Health Psychology: Official Journal of the Society for Health Psychology 
Association . 2014;33(7):686–689. doi:10.1037/hea0000011

 14. Gonzalez JS, Penedo FJ, Antoni MH, et al. Social support, positive states of mind, 
and HIV treatment adherence in men and women living with HIV/AIDS. Health 
Psychology: Official Journal of the Division of Health Psychology, American 
Psychological Association. 2004;23(4):413–418. doi:10.1037/0278-6133.23.4.413

 15. Huffman JC, Golden J, Massey CN, et al. A positive psychology-motivational inter-
viewing program to promote physical activity in type 2 diabetes: The BEHOLD-16 
pilot randomized trial. General Hospital Psychiatry. 2021;68:65–73. doi:10.1016/j.
genhosppsych.2020.12.001

 16. Biswas-Diener R. Practicing Positive Psychology Coaching: Assessment, Activities 
and Strategies for Success. 1st edition. Wiley; 2010.

 17. Kauffman C. Positive psychology: The science at the heart of coaching. In: Evidence 
Based Coaching Handbook: Putting Best Practices to Work for Your Clients. John 
Wiley & Sons, Inc; 2006:219–253.

 18. Magyar-Moe JL, Owens RL, Conoley CW. Positive psychological interventions in 
counseling: What every counseling psychologist should know. Counseling Psychology. 
2015;43(4):508–557. doi:10.1177/0011000015573776

 19. Falecki D, Leach C, Green S. PERMA-powered coaching: Building foundations for a 
flourishing life. In: Positive Psychology Coaching in Practice. Routledge; 2018.

 20. McQuaid M, Niemiec R, Doman F. A character strengths-based approach to positive 
psychology coaching. In: Positive Psychology Coaching in Practice. Routledge; 2018.

 21. Reynolds R, Palmer S, Green S. Positive Psychology Coaching in Practice; 2018. 
doi:10.4324/9781315716169

 22. Boyatzis RE, Rochford K, Taylor SN. The role of the positive emotional attractor in 
vision and shared vision: Toward effective leadership, relationships, and engagement. 
Frontiers in Psychology. 2015;6:670. doi:10.3389/fpsyg.2015.00670

 23. Celano CM, Albanese AM, Millstein RA, et al. Optimizing a positive psychology 
intervention to promote health behaviors after an acute coronary syndrome: The posi-
tive emotions after acute coronary events III (PEACE-III) randomized factorial trial. 
Psychosomatic Medicine. 2018;80(6):526–534. doi:10.1097/PSY.0000000000000584

 24. Waters L. Using positive psychology interventions to strengthen family happiness: A 
family systems approach. The Journal of Positive Psychology. 2020;15:645–652. doi: 
10.1080/17439760.2020.1789704

 25. Pina I, Braga C de M, de Oliveira TFR, de Santana CN, Marques RC, Machado L. 
Positive psychology interventions to improve well-being and symptoms in people on the 
schizophrenia spectrum: A systematic review and meta-analysis. Rev Bras Psiquiatr 
Sao Paulo Braz 1999. 2021;43(4):430–437. doi:10.1590/1516-4446-2020-1164

https://doi.org/10.1371/journal.pone.0216588
https://doi.org/10.1080/08870446.2017.1320798
https://doi.org/10.1080/08870446.2017.1320798
https://doi.org/10.1016/B978-0-12-407236-7.00001-2
https://doi.org/10.1073/pnas.1414826111
https://doi.org/10.1037/hea0000011
https://doi.org/10.1037/0278-6133.23.4.413
https://doi.org/10.1016/j.genhosppsych.2020.12.001
https://doi.org/10.1016/j.genhosppsych.2020.12.001
https://doi.org/10.1177/0011000015573776
https://doi.org/10.4324/9781315716169
https://doi.org/10.3389/fpsyg.2015.00670
https://doi.org/10.1097/PSY.0000000000000584
https://doi.org/10.1080/17439760.2020.1789704
https://doi.org/10.1590/1516-4446-2020-1164


98 Lifestyle Psychiatry

 26. Geerling B, Kraiss JT, Kelders SM, Stevens AWMM, Kupka RW, Bohlmeijer ET. 
The effect of positive psychology interventions on well-being and psychopathology 
in patients with severe mental illness: A systematic review and meta-analysis. The 
Journal of Positive Psychology. 2020;15:572–587. doi:10.1080/17439760.2020.1789695

 27. Burke J, Dunne PJ, Meehan T, O’Boyle CA, van Nieuwerburgh C. Positive Health: 
100+ Research-Based Positive Psychology and Lifestyle Medicine Tools to Enhance 
Your Wellbeing. Routledge; 2022. doi:10.4324/9781003279594

 28. Schotanus-Dijkstra M, Keyes CLM, de Graaf R, Ten Have M. Recovery from mood 
and anxiety disorders: The influence of positive mental health. Journal of Affective 
Disorders. 2019;252:107–113. doi:10.1016/j.jad.2019.04.051

 29. Keyes CLM. The mental health continuum: From languishing to flourishing in life. 
Journal of Health and Social Behavior. 2002;43(2):207–222.

 30. Keyes CLM, Dhingra SS, Simoes EJ. Change in level of positive mental health 
as a predictor of future risk of mental illness. American Journal of Public Health. 
2010;100(12):2366–2371. doi:10.2105/AJPH.2010.192245

 31. Keyes CLM, Yao J, Hybels CF, Milstein G, Proeschold-Bell RJ. Are changes in posi-
tive mental health associated with increased likelihood of depression over a two year 
period? A test of the mental health promotion and protection hypotheses. Journal of 
Affective Disorders. 2020;270:136–142. doi:10.1016/j.jad.2020.03.056

 32. Diener E. New findings and future directions for subjective well-being research. 
American Psychologist. 2012;67(8):590–597. doi:10.1037/a0029541

 33. Huppert FA, So TTC. Flourishing across Europe: Application of a new conceptual 
framework for defining well-being. Social Indicators Research. 2013;110(3):837–861. 
doi:10.1007/s11205-011-9966-7

 34. Ryff CD. Psychological well-being revisited: Advances in the science and practice 
of eudaimonia. Psychotherapy and Psychosomatics. 2014;83(1):10–28. doi:10.1159/ 
000353263

 35. Seligman MEP. Flourish: A Visionary New Understanding of Happiness and Well-
Being. Reprint edition. Atria; 2012.

 36. Felicia AH, Nick B, Barry K, eds. The Science of Well-Being. Oxford University Press; 
2006.

 37. Lyubomirsky S, Sheldon KM, Schkade D. Pursuing happiness: The architecture of 
sustainable change. Review of General Psychology. 2005;9(2):111–131. doi:10.1037/ 
1089-2680.9.2.111

 38. Burke J, Dunne PJ. Lifestyle medicine pillars as predictors of psychological flourishing. 
Frontiers in Psychology. 2022;13:963806. doi:10.3389/fpsyg.2022.963806

 39. Przybylko G, Morton DP, Morton JK, Renfrew ME, Hinze J. An interdisciplinary 
mental wellbeing intervention for increasing flourishing: Two experimental studies. 
The Journal of Positive Psychology. 2022;17(4):573–588. doi:10.1080/17439760.2021. 
1897868

 40. Jackowska M, Brown J, Ronaldson A, Steptoe A. The impact of a brief gratitude inter-
vention on subjective well-being, biology and sleep. Journal of Health Psychology. 
2016;21(10):2207–2217. doi:10.1177/1359105315572455

 41. Crum AJ, Akinola M, Martin A, Fath S. The role of stress mindset in shaping cognitive, 
emotional, and physiological responses to challenging and threatening stress. Anxiety, 
Stress, & Coping. 2017;30(4):379–395. doi:10.1080/10615806.2016.1275585

 42. Jamieson JP, Crum AJ, Goyer JP, Marotta ME, Akinola M. Optimizing stress responses 
with reappraisal and mindset interventions: An integrated model. Anxiety, Stress, & 
Coping. 2018;31(3):245–261. doi:10.1080/10615806.2018.1442615

 43. Lianov L. Roots of Positive Change: Optimizing Health Care With Positive Psychology. 
HealthType; 2019.

https://doi.org/10.1080/17439760.2020.1789695
https://doi.org/10.4324/9781003279594
https://doi.org/10.1016/j.jad.2019.04.051
https://doi.org/10.2105/AJPH.2010.192245
https://doi.org/10.1016/j.jad.2020.03.056
https://doi.org/10.1037/a0029541
https://doi.org/10.1007/s11205-011-9966-7
https://doi.org/10.1159/000353263
https://doi.org/10.1159/000353263
https://doi.org/10.1037/1089-2680.9.2.111
https://doi.org/10.1037/1089-2680.9.2.111
https://doi.org/10.3389/fpsyg.2022.963806
https://doi.org/10.1080/17439760.2021.1897868
https://doi.org/10.1080/17439760.2021.1897868
https://doi.org/10.1177/1359105315572455
https://doi.org/10.1080/10615806.2016.1275585
https://doi.org/10.1080/10615806.2018.1442615


99Positive Psychology Approaches

 44. Layous K, Lee H, Choi I, Lyubomirsky S. Culture matters when designing a successful 
happiness-increasing activity: A comparison of the United States and South Korea. Journal 
of Cross-Cultural Psychology. 2013;44:1294–1303. doi:10.1177/0022022113487591

 45. Boehm JK, Lyubomirsky S, Sheldon KM. A longitudinal experimental study compar-
ing the effectiveness of happiness-enhancing strategies in Anglo Americans and Asian 
Americans. Cognition and Emotion. 2011;25(7):1263–1272. doi:10.1080/02699931. 
2010.541227

 46. Lyubomirsky S, Dickerhoof R, Boehm JK, Sheldon KM. Becoming happier takes 
both a will and a proper way: An experimental longitudinal intervention to boost well- 
being. Emotion. 2011;11(2):391–402. doi:10.1037/a0022575

 47. Lyubomirsky S, Layous K. How do simple positive activities increase well-being? Current 
Directions in Psychological Science. 2013;22(1):57–62. doi:10.1177/0963721412469809

 48. Sheldon KM, Lyubomirsky S. The challenge of staying happier: Testing the hedonic 
adaptation prevention model. Personality and Social Psychology Bulletin. 2012;38(5): 
670–680. doi:10.1177/0146167212436400

 49. Sheldon KM, Lyubomirsky S. Achieving sustainable gains in happiness: Change 
your actions, not your circumstances. Journal of Happiness Studies. 2006;7(1):55–86. 
doi:10.1007/s10902-005-0868-8

https://doi.org/10.1177/0022022113487591
https://doi.org/10.1080/02699931.2010.541227
https://doi.org/10.1080/02699931.2010.541227
https://doi.org/10.1037/a0022575
https://doi.org/10.1177/0963721412469809
https://doi.org/10.1177/0146167212436400
https://doi.org/10.1007/s10902-005-0868-8


100 DOI: 10.1201/b22810-10

Burnout
Risk Factors and Associations

Kristin M. Davis, PhD, Lauren E. Chu, BA,  

and Kyle W. Murdock, PhD

KEY POINTS

• Burnout is a work-related syndrome characterized by emotional exhaustion, 
depersonalization, and reduced personal and professional accomplishment.

• Individuals who report higher burnout are also more likely to experience 
depression, anxiety, and physical health problems.

• Intervention research on burnout has produced promising but inconsistent 
results; additional studies are needed.

9.1 WHAT IS BURNOUT?

Burnout was formally defined in the 1970s1 and has subsequently been recognized 
as a significant problem in various workplaces worldwide.2 Burnout involves work-
related symptoms of physical, emotional, and social exhaustion that negatively 
impact work performance and self-perception.3 These symptoms occur within three 
dimensions of burnout: 1) emotional exhaustion, or the degree to which an individual 
has exceeded their ability to cope with stress; 2) depersonalization, or the tendency 
to detach from and objectify other humans; and 3) reduced personal accomplish-
ment, or feeling less competent and successful.4 No specific diagnostic criteria for 
burnout have been delineated,5 and the nosological value of burnout remains con-
troversial due to substantial overlap with other psychological phenomena, including 
depression.6,7,39 Despite these concerns, burnout was classified as a syndrome by the 
World Health Organization (WHO) in 2019.8 The WHO defines burnout (QD85) as 
“a syndrome conceptualized as resulting from chronic workplace stress that has not 
been successfully managed,” stating that burnout is specific to occupational exhaus-
tion and does not apply to other life areas.8

9.2 RISK AND PROTECTIVE FACTORS

Many factors either promote or protect from burnout. Chronic, unmanaged work-
place stress is an important risk factor,9,10 but not all forms of workplace stress lead 
to burnout.6 Widespread burnout has been observed in healthcare workers, such as 
physicians,11 mental health professionals,12 nurses,13 and emergency medical ser-
vice providers.14 However, burnout has been observed in a variety of professionals, 
including social workers,15 athletes,16 teachers,17 students,18 military personnel,19 
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hospitality workers,20 and farmers.21 Burnout has even been seen outside the profes-
sional workplace, in parents,22,23 informal caregivers,24,25 and social and political 
activists.26–28 According to the existential perspective, burnout involves a com-
bination of chronic workplace stress and the loss of a sense of personal mean-
ing.6 Maintaining a sense of personal meaning under high-stress conditions can 
reduce burnout risk, while losing this sense may yield burnout even in lower-stress 
circumstances.6,29

Maslach and Leiter (1977) described six antecedents of burnout in the work 
environment: excessive workload, lack of control over work activities, effort-reward 
imbalance, lack of community at work, lack of fairness or trust, and conflicting 
values.30 While excessive workload can lead to burnout, boredom can contribute 
to feelings of meaninglessness and lack of value at work, also potentially leading 
to burnout.1,10,31 Certain personality traits also confer an increased risk of burnout, 
including high neuroticism, low conscientiousness, and low agreeableness.23 Over-
commitment to work,32 poor emotion regulation,33 a history of depression,34 and a 
lack of social support35 are also risk factors. The relationship between gender and 
burnout is complex, with women experiencing more emotional exhaustion and men 
experiencing more depersonalization.36

9.3 BURNOUT AND MENTAL HEALTH

Whether burnout is a unique disorder or not remains hotly contested, with evidence 
supporting both possibilities.11 Burnout could be a phase in the development of 
depression, with prospective studies finding that higher burnout predicts an increase 
in depressive symptoms.37 However, greater depressive symptoms also prospectively 
predict the development of burnout.40 It has additionally been argued that burnout 
is a form of depression due to overlapping symptoms, including anhedonia, fatigue, 
feelings of worthlessness, changes in appetite or sleep, loss of interest, and difficulty 
concentrating.7 Symptoms of burnout and depression are moderately41 to strongly7,38 
correlated. Further, individuals with burnout and depression have similar symptom 
severity in 8 out of 9 major depressive episode diagnostic criteria; self-blame appears 
to be higher among those who are depressed.38

Despite their shared characteristics, a growing body of evidence suggests that 
burnout and depression may be unique.41 The primary distinction centers around 
burnout being specific to job or career contexts, while depression is a more pervasive 
condition that impacts all domains of life, both in and out of work.10 Supporting 
this, lack of reciprocity in intimate partner relationships predicts the development of 
depression but not burnout, while a lack of reciprocity in work relationships directly 
predicts burnout but only indirectly predicts depression.42 Similarly, lack of control 
at work43 and job strain34 are directly associated with burnout, but indirectly associ-
ated with depression. Further research is needed to disentangle the constructs of 
burnout and depression.

The relationship between burnout and anxiety is also unclear. Individuals with 
high trait anxiety are more prone to developing burnout,41 possibly because react-
ing to job stress with anxiety is emotionally exhausting. Similarly, individuals with 
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social anxiety are more likely to experience burnout,44 underscoring the interper-
sonal aspects of burnout development. Anxiety and burnout also share some predic-
tors, such as high job demands and over-commitment.41 Despite these similarities, the 
correlation between burnout and anxiety symptoms is moderate, explaining approxi-
mately 21% of the variance.41 Consequently, there may be differences between the 
two; additional studies are needed.

Efforts to identify biomarkers that differentiate burnout from other mental health 
concerns have yielded mixed results.9 Evidence suggests that hypothalamic-pitu-
itary-adrenal axis dysregulation is a key feature of burnout physiology,45 but this 
is also true of depression46 and anxiety disorders.47 DNA methylation patterns have 
been identified as a promising biomarker for differentiating burnout.5 Decreased 
methylation of the glucocorticoid receptor gene (NR3C1) and the serotonin trans-
porter gene (SLC6A4) has been observed in burnout,48 and the methylation pattern 
differs significantly from that seen in depression or stress.5 Differences in methyla-
tion patterns in the brain-derived neurotrophic factor (BDNF) gene have also been 
observed between burnout, stress, and depression,5 with burnout being associated 
with increased methylation of promoter regions I and IV.49 Potential differences in 
DNA methylation patterns between burnout and anxiety disorders are unknown.

9.4 BURNOUT AND PHYSICAL HEALTH

Prospective studies suggest that burnout may increase risk of many health prob-
lems, including type 2 diabetes50 and coronary heart disease.51 Health behaviors may 
underlie, in part, associations between burnout and physical health. Cross-sectional 
studies suggest that those reporting greater burnout are more likely to consume more 
fast food52 have a sleep disorder,53 and consume excessive alcohol.52 For example, 
each one-point increase in burnout is associated with an 80% increase in alcohol 
dependence among women, and a 51% increase among men.54 Those with high burn-
out may also exercise less often than those with lower burnout,52,55 such that a one 
standard deviation increase in burnout is associated with a 21% increase in odds 
of low physical activity.55 In contrast, a longitudinal investigation did not identify 
an association between burnout and exercise over time.56 A cross-sectional study 
of more than 3,300 participants reported that those with burnout were 10% more 
likely to have a physical illness, and results remained significant when accounting 
for health behaviors.57 Whether associations between burnout and physical health 
differ from those identified for depression and anxiety is unknown. Initial evidence 
suggests that burnout may be associated with obesity and coronary heart disease 
above and beyond depressive symptoms;51 however, prospective research is needed 
to determine whether burnout independently predicts long-term disease risk.

Several biological mechanisms that may link burnout and health have been evalu-
ated, with inconsistent results. For example, increased burnout was associated with 
higher production of pro-inflammatory cytokines among school teachers,58 but this 
association was only observed among women in a separate study.59 Diurnal cortisol 
patterns may differ between those who report high vs. lower levels of burnout,60 but 
some studies have reported no significant associations between burnout and corti-
sol.45 Similarly, evidence both for and against an association between burnout and 
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allostatic load has been observed.61,62 Given the inconsistent findings, and overlap 
with biomarkers of depression and anxiety,63 prospective longitudinal studies that 
recruit individuals prior to burnout development are needed to differentiate the phys-
iological mechanisms and consequences of burnout.9

9.5 INTERVENTIONS FOR BURNOUT

Research suggests that burnout may be receptive to intervention: across 25 inter-
vention studies, 80% effectively reduced burnout.56 Preventing burnout before it 
develops is also an emerging area of research. Primordial prevention attempts to 
alleviate risk factors before they impact an individual; emerging evidence suggests 
that primordial interventions targeting social support, health behaviors, and coping 
strategies may effectively prevent burnout development.64 Primary, secondary, and 
tertiary interventions have also been tested to reduce burnout after it has developed. 
Primary interventions, which seek to identify and reduce sources of burnout, are 
possible at both the system- and individual-level.64 At the system-level, six key goals 
have been identified for the primary prevention of burnout: encouraging a positive 
work environment, creating positive learning environments, reducing administra-
tive burden, enabling the use of technology solutions, providing support to employ-
ees, and investing in research.65 Because burnout is a work-related phenomenon, 
person-level primary prevention also typically involves the workplace. For example, 
a biweekly peer support group for clinicians in a Veterans Affairs hospital quali-
tatively reduced symptoms of burnout, suggesting that providing individuals with 
adequate institutional support in the workplace may be beneficial.66

Secondary and tertiary interventions focus on reducing symptoms and negative 
consequences of burnout after it has developed. A variety of person-level secondary 
and tertiary interventions for burnout have been tested, including exercise programs 
and mindfulness practices, as well as cognitive behavioral therapy, gratitude prac-
tices, and art therapy.67 Exercise-based interventions appear promising, but results 
are mixed. One meta-analysis reported that no clear differences were seen between 
experimental and control groups across exercise-based burnout interventions.68 A 
more recent meta-analysis of interventions to reduce burnout in students reported 
that group counseling was the most widely used design, but exercise-based inter-
ventions were the most effective.69 Mindfulness-based interventions may also be 
beneficial. One systematic review reported that 6 out of 8 studies found significant 
improvement in burnout after mindfulness training.70 A separate systematic review 
and meta-analysis of 17 articles on the efficacy of mindfulness interventions on 
burnout in nurses also reported beneficial results.71 Even brief mindfulness interven-
tions may be useful, with 9 out of 14 brief interventions (≤4 hours of training) achiev-
ing significant improvement in burnout symptoms.72 However, two recent systematic 
reviews on mindfulness interventions for burnout reported inconclusive results, stat-
ing that the evidence is low-quality due to methodological issues and a high risk of 
bias.73,74 Further research using higher-quality study designs is warranted.

While some evidence suggests that reductions in burnout may remain significant 
for six months or more,67 the effects diminish over time and refresher interventions 
may be necessary.67 Further, strategies that have been effective in some professions75 
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have been ineffective in others.76 Thus, even if an intervention is successful in one job 
domain, additional research is required to test efficacy in other fields. Researchers 
have made progress in developing interventions to reduce burnout, but research to 
date is limited by small sample sizes, inconsistent methodologies, poor generaliz-
ability, and short follow-up periods.67,73 Measurement concerns and heterogeneous 
study designs make it difficult to compare the efficacy of interventions.73 Higher-
quality studies that implement randomized controlled designs would help move the 
field forward.

9.6 CONCLUSIONS

Burnout, a psychological reaction to chronic workplace stress with inadequate coping 
resources, is characterized by emotional exhaustion, depersonalization, and reduced 
personal accomplishment.4,8,77,78 Diagnostic criteria for burnout have not been speci-
fied,5 and it is difficult to differentiate burnout from other mental health concerns.41 
Still, burnout is classified as a unique syndrome by the WHO,8 and evidence suggests 
that burnout is common across a wide range of professions, from physicians to police 
officers.10

The literature on burnout and burnout interventions is vast and rapidly growing, 
yet inconsistent results make interpretation of this body of work challenging. Further 
complicating the situation, reviews and meta-analyses suggest that much of the evi-
dence regarding the efficacy of burnout interventions is low-quality, with small sam-
ples, poorly defined constructs, and substantial heterogeneity in implementation.73,74 
Additional prospective longitudinal studies are sorely needed to advance the field 
and reduce the burden of burnout on society.
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KEY POINTS

• Neurobiology is essential for understanding the biopsychosocial processes 
underlying mental and neurological health.

• Advances in human neuroimaging methods have substantially increased 
our understanding of the neural mechanisms underlying disease states such 
as depression, anxiety, and dementia.

• Neuroimaging biomarkers have become a key component of measuring the 
impact of disease on brain health as well as informing the development of 
more targeted interventions.

• Lifestyle factors may augment mental and neurological health in clinical 
populations, and offer affordable, non-invasive means of both preventing 
and managing symptoms.

10.1 INTRODUCTION

Neurobiology is the study of cells of the nervous system and their organization into 
the functional circuits that process information and mediate behavior. It is an essen-
tial component of biopsychosocial processes, which considers biological, psycho-
logical, and social factors and their complex interactions in understanding health and 
disease. Understanding how the brain works, from the cellular to the cognitive level, 
is essential for unraveling the complexities of human experience. In this chapter, we 
will review basic concepts of neurobiology and describe their implications for under-
standing mental health and neurological disorders. We will then discuss advances in 
neuroimaging techniques, which have allowed unprecedented access to the neural 
mechanisms underlying health and disease.

10.2 BASIC CONCEPTS IN NEUROBIOLOGY

10.2.1 THE CENTRAL NERVOUS SYSTEM

The central nervous system (CNS) comprises the brain and spinal cord. The brain-
stem comprises the medulla, pons, and midbrain and is involved in essential phys-
iological processes such as breathing, blood pressure, heart rate, and sleep.1 The 
peripheral nervous system (PNS), which includes all the nerve fibers in the body 
outside of the brain and spinal cord, relays information to and from the CNS. The 
brain is made up of grey and white matter. Grey matter refers to the unmyelinated 
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cell bodies that make up the brain’s outer cortex and innermost regions. White matter 
refers to the fiber tracts that connect cell bodies. They are wrapped in a fatty layer, 
called myelin, which allows electrical impulses to travel quickly.2

10.2.2 CELL TYPES IN THE HUMAN BRAIN

The human brain contains approximately 86 billion neurons and 85 billion glial 
cells.3. Neurons are the nerve cells of the brain and are responsible for everything 
from receiving external sensory input to communicating with the rest of the body.4 
Glial cells are the support cells of the brain and are involved in a variety of different 
functions, such as maintaining homeostasis and helping keep unwanted substances 
out of the brain.5 Oligodendrocytes are responsible for creating the myelin sheaths 
that surround white matter tracts6 (Figure 10.1A).

10.2.3 NEURON STRUCTURE & FUNCTION

All neurons contain three basic features: the cell body (which houses the DNA of the 
cell), dendrites (which receive information), and an axon (which sends information) 
(Figure 10.1A). Dendrites branch from the cell body, and at the end of each dendrite 
are receptors that become activated by neurotransmitters. The axon is a long struc-
ture that extends from the cell body.

Information travels down the axon through an action potential, an electrical sig-
nal that triggers the release of neurotransmitters into the synapse, the gap between 

FIGURE 10.1 Neurobiology of the human brain. A) Neuron structure, B) Neurotransmitter 
systems, C) Human neuroanatomy.
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neurons. On the other side of the synapse are the dendrites of another neuron, which 
allows neurons to communicate with one another.7

10.2.4 NEUROTRANSMITTERS

Neurotransmitters are the chemical messengers generated within neurons that 
transmit information from neuron to neuron (Figure 10.1B). Different kinds of neu-
rotransmitters serve different functions. Glutamate is an excitatory neurotransmitter 
that is associated with neural plasticity, or the ability of neurons to change activity 
in response to stimuli.8 Plasticity is essential for functions such as learning, memory, 
and recovery from brain injury.9 Gamma-aminobutyric acid (GABA) is the primary 
inhibitory neurotransmitter in the brain and controls the excessive firing of neurons, 
which can in turn do such things as inhibiting motor movement.7,10 Serotonin (5-HT) 
is secreted from the Raphe nuclei of the brainstem and plays a role in regulating emo-
tion, memory, and mood.4,11 Dopamine (DA) is secreted from the substantia nigra 
and ventral tegmental area of the brainstem and plays an important role in reward, 
executive function, and motor function.4 DA can have both excitatory and inhibitory 
effects.12 Norepinephrine (NE) is produced in the locus coeruleus (LC) of the brain-
stem and is involved in learning, memory, emotion, and fight-or-flight functions.13,14 
Acetylcholine (ACh) is synthesized in the basal forebrain and plays a role in learning, 
memory, and arousal.15

10.2.5 FUNCTIONAL NEUROANATOMY

The brain can be broadly divided into four lobes: frontal, parietal, temporal, and 
occipital (Figure 10.1C). The frontal lobe is the largest lobe in the brain, accounting 
for roughly 40% of the total brain volume.16 The prefrontal cortex (PFC) is respon-
sible for executive functions such as inhibition, goal-directed behavior, and working 
memory.17 The PFC can be subdivided into smaller anatomical areas, with two com-
mon divisions being the dorsolateral (DLPFC) and ventromedial (VMPFC) corti-
ces.18,19 The DLPFC is broadly involved in cognitive control processes,20 while the 
VMPFC is responsible for reward and emotion processing.21–23 Another important 
region is the anterior cingulate cortex (ACC), which is involved in both cognitive 
and emotional processes, such as error detection.24 The parietal lobe is located pos-
terior to the frontal lobe and is involved in the integration of sensory information 
processing. A parietal region of note is the posterior cingulate cortex (PCC), which 
is involved in internally focused cognition.25,26

The temporal lobes support a wide variety of functions, including memory, emo-
tion, and language. The medial temporal lobe (MTL) includes the hippocampus, 
extrahippocampal cortices, and amygdala, and is crucial for memory and emotion 
processing.27,28 The hippocampus is essential for creating new episodic memories, or 
memories for events.29 However, memories are not stored within the hippocampus. 
Instead, it acts as an index to memories distributed throughout the cortex.30,31 The 
hippocampus is composed of several subfields, including hippocampal cornu ammo-
nis (CA1-4), the subiculum, and the dentate gyrus (DG). Two hippocampal computa-
tions play an important role in memory: pattern completion and pattern separation.32. 
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Pattern completion is the process of remembering an event when partial cues are 
present (e.g., recognizing your friend even though they got a haircut) and relies on 
hippocampal CA3. Pattern separation is the process of reducing interference across 
similar experiences (e.g., remembering where you parked your car today versus yes-
terday) and relies on hippocampal DG. Balancing between these two computations 
is essential for memory. Adjacent to the hippocampus is the amygdala, which is 
responsive to emotionally salient events33 and can modulate memory.13. Finally, the 
occipital lobe is responsible for visual processing. The primary visual cortex, or 
V1, is involved in early processing of visual stimuli. Different visual elements are 
extracted and sent to other, more specialized areas for further processing of specific 
features (e.g., V2 for color, V5 for motion).34,35

10.2.6 NEUROIMAGING METHODOLOGY

Historically, psychology has relied on patients with lesions to determine which 
brain areas were involved in which functions. Take, for instance, the famous case 
of Phineas Gage, a railroad worker who had an iron spike driven through his frontal 
lobe. He subsequently suffered from executive dysfunction and erratic behavior, thus 
suggesting that the frontal lobe was essential for regulation of executive function.36 
Thankfully, the advent of neuroimaging technologies allows for less invasive mea-
sures than an iron spike through regions of interest.

Magnetic Resonance Imaging (MRI) is a neuroimaging technique that generates 
detailed structural brain images (Figure 10.2A). It does so through the use of a pow-
erful magnet, which briefly aligns hydrogen protons to the MRI scanner’s magnetic 
field.37 Weak electromagnetic pulses then misalign the hydrogen protons from the 
magnetic field. When the pulse ends, the protons realign to the magnetic field and 
produce radiofrequency signals. These signals are then captured by the MRI scanner 
and translated into images of the brain, which are grouped into 3D squares called 
voxels.37 High-resolution MRI scans allow unprecedented visualization of small cor-
tical structures, such as the hippocampal subfields, that are not possible to visualize 
using traditional MRI.38 Another way to assess brain structure is through Diffusion 
Tensor Imaging (DTI), which measures white matter tracts in the brain. It assesses 
the directionality and motion of water molecules within axons and provides images 
of white matter tract integrity (Figure 10.2B).39

FIGURE 10.2 Neuroimaging methods of the human brain. A) Structural magnetic reso-
nance imaging (MRI) scan, B) diffusion tensor imaging (DTI) scan, C) longitudinal PET 
imaging using the [18F]AV-1451 tau tracer.
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Functional MRI (fMRI) scans assess the functional properties of the brain. fMRI 
does not directly measure neural activity but instead relies on an indirect measure 
of blood flow.40 Brain regions that are active and involved in a cognitive process 
should consume higher levels of oxygen. The differences in the magnetic properties 
of oxygenated and deoxygenated blood are what generate the Blood Oxygen-Level 
Dependent (BOLD) response,41 which can then be used to determine brain function 
during a particular task relative to a control condition.

Resting-state fMRI scans are used to measure the functional properties of the 
brain at rest. This provides insight into networks of brain regions, such as the default 
mode network (DMN), that are active when no explicit task is being performed. The 
DMN is composed of the PCC, precuneus, medial PFC, and MTL.25 The DMN plays 
an important role in self-referential processing, such as autobiographical memory 
and theory of mind.25,42

Positron Emission Tomography (PET) can be used to measure metabolism, glu-
cose uptake, proteins, and neurotransmitters.43 Participants are injected with a radio-
active tracer, which binds to the ligand or tissue of interest. As the radioactive tracer 
decays, positrons are emitted and collide with nearby electrons, producing gamma 
rays. The PET scanner analyzes these gamma rays to determine the rate and location 
of the decay.43 One commonly used tracer is [18F]FDG, which is used to measure 
glucose metabolism.44 Some PET tracers are specialized for binding to beta-amy-
loid (Aβ) and tau proteins, which are implicated in Alzheimer’s disease (AD)45,46 
(Figure 10.2C). However, PET has relatively poor temporal resolution compared to 
MRI, and the tracers are susceptible to off-target binding.47

Electroencephalography (EEG) measures the electrical signals of the brain. EEG 
directly measures neural activity rather than relying on indirect methods. As neurons 
fire, electrodes placed on the scalp sum the charges of the surrounding neurons to gener-
ate a neural signal.48 This gives rise to patterns of oscillations, which are dependent on 
neural firing rates. There is evidence that these oscillations are tied to specific cogni-
tive functions.48,49 However, it can be difficult to measure the neural signals from deep 
cortical structures, limiting the brain regions that can be measured with this technique.

Transcranial magnetic stimulation (TMS) is the process of magnetically stimu-
lating areas of the cortex to selectively inhibit, and occasionally excite, neurons in a 
given area. This is done by holding a small magnetic coil over an individual’s head 
and inducing a focal magnetic field. This creates a sort of virtual lesion, where the 
affected region is briefly incapable of performing its functions.50 TMS is a relatively 
affordable, non-invasive way of determining whether a cortical region is necessary 
for a given cognitive process. However, a limitation of this method is that TMS can 
only stimulate brain regions close to the skull.

10.3 DISEASE IMPLICATIONS

10.3.1 DEPRESSION

10.3.1.1 Neurobiological Impairments

Depression is characterized by emotional dysregulation (such as depressed mood 
and anhedonia), sleep and concentration problems, and memory impairment51,52 
Neurobiological changes include reduced neuroplasticity, particularly in the MTL 
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and frontal lobe,53 as well as neuroinflammation54 and dysregulation of neurotrans-
mitters.55,56 The frontal lobe is vulnerable in depressed individuals,57,58 who show 
VMPFC hyperactivity and dorsolateral cortex (DLPFC) hypoactivity while view-
ing emotional stimuli.59 This PFC dysfunction is associated with changes in self- 
referential processing, such as guilt, self-dislike, and rumination,23,60,61 impaired 
emotion regulation, and symptoms such as lack of motivation and flat affect.23,62 
The ACC is also impacted in depression and is associated with apathy and impaired 
response inhibition63 as well as reductions in amygdala-ACC connectivity when 
viewing emotional stimuli.64 These frontal disruptions provide a neural basis for 
some of the emotional dysfunction present in depression.

Within the MTL, the amygdala shows heightened activity in response to nega-
tive stimuli in depressed individuals.65,66 Depression is also associated with reduced 
hippocampal volume67,68 and declines in hippocampal neurogenesis, the process of 
generating new neurons.69 These hippocampal changes are associated with worse 
memory and greater symptom severity70,71 However, memory for negative stimuli 
is enhanced in depression.72,73 This negativity bias may be due to increased connec-
tivity between the amygdala and hippocampus.65 Mnemonic discrimination tasks 
that tax hippocampal pattern separation have found that depressed individuals show 
decreased hippocampal DG/CA3 activity and increased amygdala activity when 
remembering negative stimuli.74 It has been proposed that hippocampal pattern sepa-
ration deficits may be indicative of depression75 and offer a more sensitive framework 
for detecting neural changes in clinical populations.76

10.3.1.2 Treatments and Interventions

Depression is commonly treated through psychotherapy and pharmacological 
approaches.77 Some of the most common pharmacological treatments are antide-
pressants, such as selective serotonin reuptake inhibitors (SSRIs). However, not all 
patients respond to pharmacological treatment,78 with beneficial effects potentially 
being limited only to those with the most severe depressive symptoms.79 Recent 
evidence has suggested it may be more accurate to classify depression as a neuro-
plasticity disorder, where stress causes reduced neuroplasticity in the hippocampus 
and PFC.53 SSRIs can induce synaptic plasticity and hippocampal neurogenesis and 
improve memory, especially when combined with other behaviors that induce neu-
roplasticity, such as exercise.80–82

Another treatment for depression is electroconvulsive therapy (ECT), which is 
reserved for those with severe or treatment-resistant depression.83 ECT works by 
sending brief electrical pulses to the brain through electrodes applied to the scalp, 
causing mild seizures. This stimulates greater neurotransmitter transmission and 
promotes neuroplasticity, which can lead to increased hippocampal and amygdala 
volume and reductions in depressive symptoms.83,84 A more recently developed treat-
ment is repetitive TMS (rTMS), in which a series of electromagnetic currents are 
delivered to cortical regions, such as the PFC, over time to regulate brain activity.85 
However, rTMS may be more efficacious for certain types of depressive symptoms. 
A recent study found that resting-state functional connectivity patterns in depressed 
participants could be clustered into four distinct biotypes, each of which was asso-
ciated with certain behavioral features of depression such as anxiety, fatigue, and 
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anhedonia.86 These depression biotypes can then be used to predict rTMS treatment 
responsiveness.86

Lifestyle interventions such as exercise, social engagement, sleep, and diet have 
shown promise as a means of preventing depression and alleviating depressive symp-
toms.87–91 Exercise stimulates hippocampal neurogenesis and has been associated 
with improvements in memory and mood.92,93 Furthermore, engaging in more social 
activity and having more social ties may also reduce symptoms of depression.94,95 
However, only high-quality relationships appear to be associated with improve-
ments in mental health.96 In contrast, sleep disturbances have been associated with 
increases in neuroinflammation and disruptions in cortical function, both of which 
can increase the risk of depression and exacerbate depressive symptoms.97 Thus, a 
good night’s sleep is an important factor in promoting well-being. Finally, there is 
also emerging evidence that diets high in foods such as whole grains, vegetables, 
and fish, such as the Mediterranean diet, are associated with reductions in depressive 
symptoms.98,99 Healthier diets can reduce inflammation, regulate cortisol levels, and 
promote hippocampal neurogenesis.98 Thus, lifestyle interventions offer a promising 
method for alleviating depressive symptoms and improving quality of life.

Training emotion regulation skills has also shown promise in treating depressive 
symptoms100,101 and may provide a method to normalize memory102,103 and aberrant 
brain activity in depression. Previous work has shown that brief training in cogni-
tive reappraisal via distancing – which involves appraising an emotional situation 
as an objective, rational observer (third person) – can reduce self-reported nega-
tive affect,104,105 perceived stress,104 and amygdala activity when viewing negative 
stimuli105 in both healthy104–106 and depressed populations.106,107 Reappraisal via 
immersion – which involves appraising an emotional situation from a first-person 
perspective – may be especially beneficial for improving older adults’ well-being 
when processing positive stimuli.108 These strategies offer an innovative and practi-
cal way to modify affect, memory, and brain dysfunction. Another promising inter-
vention strategy is increasing heart rate variability through breathing exercises. This 
has been associated with improvements in inhibitory control, a critical feature of 
emotion regulation, in both younger and older adults.109 These treatment methods 
could potentially be enhanced by real-time fMRI neurofeedback training (fMRI-
NF), where participants are shown their neural activity in real-time and are trained 
to regulate their brain activity, typically through depictions of their neural activity 
as a kind of thermometer that needs to be kept in an ideal range.110 Using  fMRI-NF, 
depressed patients can upregulate PFC activity,111 a region important for emotion 
regulation,112 and amygdala responses to positive autobiographical memories,113 
thereby improving mood and emotion regulation abilities and reducing depressive 
symptom severity. This is promising evidence for development of more personalized 
and nuanced approaches to treating mood disorders.

10.3.2 ANXIETY

10.3.2.1 Neurobiological Impairments

Anxiety is characterized by excessive worry, which can include symptoms of irrita-
bility, sleep disturbances, and concentration difficulty.114 There is significant overlap 
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in the neurobiological mechanisms underlying depression and anxiety, and these dis-
orders are often comorbid.115 There is reduced PFC and ACC activation in response to 
negative stimuli in anxious patients, suggesting difficulties recruiting top-down emo-
tion regulation processes.116,117 Anxiety is also associated with alterations in amygdala 
volume as well as amygdala hyperactivity in response to negative stimuli.118 There 
is reduced connectivity between the amygdala and the VMPFC and ACC119, 120 and 
increased connectivity between the hippocampus and PFC, which is associated with 
greater symptom severity.121 Additionally, anxiety is associated with higher levels of 
glutamate122,123 and declines in GABA, which may result in reduced top-down reg-
ulation.124 This dysregulation of excitatory and inhibitory systems may lead to the 
overgeneralized fear response to nonthreatening stimuli characteristic of anxiety.125 A 
recent study utilizing a mnemonic discrimination task (which taxes hippocampal pat-
tern separation) in those with anxiety found that anxiety symptoms were associated 
with impaired recognition of negative stimuli.126 This is in contrast to the enhanced 
memory for negative stimuli observed in depression,72,73 suggesting that while there is 
a lot of overlap between these conditions, there are points of differentiation that could 
be useful when developing more targeted treatments.

Neuroimaging methods have been a valuable means of studying the structural 
and functional changes associated with anxiety. A recent study utilized MRI to 
determine how state (transient) and trait (stable personability characteristics) anxiety 
differentially affected brain structure and function. They found evidence of a neu-
roanatomical and functional distinction between state and trait anxiety, suggesting 
these neural features (namely grey matter measures and resting-state functional con-
nectivity) may be important markers when evaluating treatment effects in anxiety 
disorders.127

10.3.2.2 Treatment and Interventions

Many of the pharmacological treatments for anxiety overlap with those for depres-
sion. Each of these treatments has its limitations, although there is promising evi-
dence that targeting glutamate and GABA may be particularly beneficial as they 
are the core source of neurophysiological dysfunction in anxiety.125,128 As with 
depression, exercise, social connection, good relationship quality, undisturbed sleep, 
healthy diets, and emotion regulation training may augment these effects.96,97,129–132 
Imaging techniques could also provide predictive value as to which treatments work 
best. For example, PTSD patients who responded well to either psychotherapeutic or 
pharmacological treatments had reduced functional connectivity across DMN and 
saliency network regions compared to non-responders, suggesting that resting-state 
functional connectivity may be predictive of treatment response.133 This offers excit-
ing promise for the utility of neuroimaging measures in informing treatment plans.

10.3.3 ALZHEIMER’S DISEASE AND RELATED DEMENTIAS (ADRD)

10.3.3.1 Neurobiological Impairments

Alzheimer’s disease (AD) is the most common form of dementia, accounting for 
about 60-80% of dementia cases.134 It is a progressive neurodegenerative disease 
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that is characterized by severe memory impairment, Aβ plaques and tau tangles 
throughout the brain, and neurodegeneration.135 Aβ are neurotoxic extracellular 
plaque deposits,136 and tau is a protein that becomes phosphorylated and aggregates 
to form neurofibrillary tangles in AD.137 However, tau pathology is not unique to 
AD, as it is also found in frontotemporal dementia (FTD) and dementia with Lewy 
bodies (DLB)138,139 According to the amyloid cascade hypothesis, Aβ is the initiating 
event of AD that causes tau accumulation, which then leads to neurodegeneration.140 
However, this hypothesis has been hotly debated, as evidence has shown that Aβ 
is not strongly associated with cognitive decline141 and begins to develop decades 
before clinical symptom onset.142 Tau appears to be more predictive of clinical sever-
ity than Aβ.143 More recent evidence has suggested that the interaction between these 
pathologies offers a better explanation for cognitive decline than Aβ alone.144,145

An official diagnosis of AD has traditionally relied on postmortem analyses of 
brain tissue to determine the presence of characteristic AD pathology. However, 
advances in neuroimaging technology allow us to now examine these pathologies in 
vivo. Structural MRI has been useful for imaging cortical atrophy (neurodegenera-
tion) and determining which regions are affected early in the disease, often before 
clinical symptoms manifest.146 PET imaging allows for the visualization of tau and 
Aβ pathology in the living brain. There is recent evidence that tau PET tracer uptake 
predicts the rate of later cortical atrophy in patients with early AD.147 Neuroimaging 
methods have also been critical for differentiating types of dementias, such as FTD 
from AD. FTD encompasses a broad group of dementias that affect the frontal 
and temporal lobes148 and is often misdiagnosed as AD, which has implications for 
treatment.149

Memory declines are a characteristic feature of aging and AD.150 There are a host 
of age-related changes in the MTL, such as reduced hippocampal volume151,152 and 
hippocampal hyperactivity,153 which has been associated with greater Aβ accumula-
tion and increased cognitive decline.154 There are also alterations in hippocampal 
subfield dynamics, which leads to a shift away from pattern separation to pattern 
completion in aging.32,155 Therefore, older adults have a harder time distinguishing 
the details of an experience and instead overgeneralize memories.32 This pattern sep-
aration deficit appears early in aging, making it a useful measure of early age-related 
memory decline.156,157 One of the first regions to show tau pathology is the LC.158,159 
The LC has extensive projections to the MTL, which may be how tau travels into 
the MTL, another early site of tau pathology in AD.160,161 Novel imaging techniques 
using neuromelanin-sensitive MRI have only recently been developed to visualize 
LC integrity in humans.162 Assessing LC integrity in conjunction with sensitive cog-
nitive tasks will be necessary for the early detection of pathological changes.

10.3.3.2 Treatment and Interventions

Current treatments for AD are largely ineffective, mainly because we still do not 
know the underlying cause of AD. Cholinesterase inhibitors are the primary form of 
treatment for the symptoms of AD.163 The cholinergic hypothesis of aging states that 
dysfunction in the cholinergic system, which is integral for learning and memory, con-
tributes to the cognitive declines present in AD.164 While not curative, cholinesterase 
inhibitors may offer a viable solution for prolonging memory and cognitive function 
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in AD.165 A recent target for treatment is hippocampal hyperactivity. Levetiracetam, 
an antiepileptic drug, can reduce hippocampal hyperactivity and improve pattern sep-
aration ability in patients with mild cognitive impairment, MCI.166 Another approach 
is to target Aβ, such as through the drug aducanumab.167 However, while effective in 
removing Aβ, it is unclear whether aducanumab improves cognitive function.168 This 
may be because the drug is given too late, once irreversible damage has already been 
done, or perhaps because there is a better target for rescuing cognition, such as tau.143 
Neuroimaging techniques are crucial for understanding how pathology progresses 
over the development of AD, but also for detecting early neural changes before clini-
cal symptoms appear. The earlier we can detect age-related changes, the earlier we 
can intervene to prevent or slow the progression of dementia.169

Modifiable risk factors have been identified, such as low levels of education, social 
isolation, and infrequent exercise, that offer promising means of protecting against 
dementia and slowing disease progression.170 Psychological stress also increases the 
risk of developing dementia,171,172 but exercise173 and social support174 show promise 
in buffering these detrimental effects. Greater educational attainment early in life 
is a protective factor in the development of AD, and remaining cognitively active 
throughout life can reduce dementia risk.172,175 Additionally, exercise promotes hip-
pocampal neurogenesis, reduces neuroinflammation, and can slow accumulation 
of AD pathology.176 Light to moderate levels of aerobic exercise, such as walking 
several times a week, show promise as a means of slowing cognitive decline and 
protecting against dementia.177,178 Loneliness is common in late life and has been 
associated with dementia risk.179 Thus, remaining socially active and maintaining 
high-quality relationships180 are important for preserving cognition.172 Interventions 
promoting community engagement may help protect cognition and promote neu-
roplasticity in older adults.181,182 Sleep is another important intervention target in 
aging and dementia. Sleep is important for clearing toxins, including pathological 
AD proteins, from the brain, but older adults frequently experience sleep disrup-
tions which can reduce the efficacy of this clearing process.183,184 Thus, enhancing 
sleep quality, such as through cognitive behavioral therapy or exercise,185 may help 
reduce the risk of AD.172 Diets high in fish, caffeine, and green vegetables, such 
as the Mediterranean diet, have been associated with increased cortical thickness, 
preserved cognition, reduced neuroinflammation, and a lower burden of AD pathol-
ogy.186 Implementing these lifestyle practices across the lifespan may prove to be an 
important way of reducing the incidence of dementia later in life.187 Finally, environ-
ment is a factor that is not as easily modifiable but is nonetheless important when 
considering dementia risk. Environmental issues such as pollution188 and low neigh-
borhood socioeconomic status189,190 can increase the risk of developing dementia, 
while exposure to more green space may be associated with reduced risk of AD.191

10.3.3.3 Comorbidities across Neurological and Mental Health

Finally, it is important to note that dementia and mood disorders, particularly depres-
sion, are highly comorbid.192 These disorders share many neural and behavioral 
pathologies, such as hippocampal volume decline, apathy, and memory impair-
ment.193–195 Research has shown that depression and anxiety may both be risk factors 
for dementia,196,197 as well as signs of early cognitive impairment,193,198 suggesting a 
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bidirectional relationship. Early treatment of mood disorders may be important for 
reducing the risk of developing dementia.196

10.4 CONCLUSION

The brain is an immensely complex organ. There remains much to be discovered 
about how it functions in both healthy and disease populations. Thankfully, neuro-
imaging techniques have enabled a wave of new research that is making scientific 
advances at an unprecedented pace. We are now able to utilize whole-brain functional 
and structural connectivity techniques in vivo to assess complex brain networks in 
healthy and clinical populations, as well as apply high-resolution imaging techniques 
that allow for a deeper understanding of the subtle neurobiological changes that may 
accompany the disease. Novel imaging measures have been developed to explore 
previously inaccessible areas of the human brain. For example, the advent of neu-
romelanin-sensitive MRI has allowed us to measure small brainstem regions such as 
the LC. With PET imaging, we can now measure AD pathology in the human living 
brain. These new methods give researchers and clinicians hope for developing effec-
tive, personalized treatments to promote mental and neurological health. It is impor-
tant to consider how biological, psychological, and social factors interact to influence 
mental and neurological health (Figure 10.3). Factors such as emotion regulation, 
exercise, and sleep may offer affordable, accessible means of fostering health and 
well-being. These social factors are inherently linked to psychological factors such as 
cognition and memory, which in turn depend on underlying neurobiological factors. 
Importantly, these neurobiological factors are flexible and plastic, allowing various 

FIGURE 10.3 Biopsychosocial factors impacting mental and neurological health.



122 Lifestyle Psychiatry

treatment and intervention strategies to impact both brain function and behavior. 
Thus, a biopsychosocial framework may help to elucidate the complex interactions 
across these factors, allowing for a richer understanding of mental and neurological 
disorders as a whole, which is greater than the sum of its parts.
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KEY POINTS

• The stress response involves the integrated and carefully orchestrated 
actions of the SAM-axis, HPA-axis, ANS, and immune system.

• Prolonged stress can result in dysregulation of these pathways and is rarely 
isolated to a single pathway.

• Dysregulation of stress systems promotes non-optimal immune responses.
• Critical developmental periods exist (e.g., childhood) in which prolonged 

stress may exert permanent changes to these pathways.
• Evaluation and treatment of stress should be considered in clinical practice.
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11.1 INTRODUCTION

The human stress response is highly evolved and critical to our survival. It serves 
many adaptive and beneficial purposes, particularly when encountering an immi-
nent threat or challenge. This stress response works best when it is activated and 
then deactivated quickly. It is when we experience prolonged stress (i.e., extended or 
continuous activation of stress pathways) that this response can become maladaptive, 
deleteriously affecting immunity and health.1 This chapter will outline some of inte-
gral pathways by which stress has effects on human health: the sympathetic-adrenal-
medullary (SAM) pathway, the hypothalamic-pituitary-adrenal (HPA) pathway, the 
cholinergic anti-inflammatory pathway (CAP), and the parasympathetic nervous 
system (PNS) branch of the autonomic nervous system (ANS). Many of the negative 
effects of stress on health occur via interactions of these pathways with the immune 
system. The implications of dysregulation of these pathways for mental health and 
chronic disease, particularly in developmental periods (e.g., childhood) where the 
consequences are most profound, will also be discussed.

11.2 SYMPATHETIC-ADRENAL-MEDULLARY (SAM) PATHWAY

Upon exposure to a stressor, the flight-fight response is quickly activated. This occurs 
in seconds and involves activation of the sympathetic nervous system (SNS) (specifi-
cally, the SAM-axis), which innervates practically every part of the body. This early 
stress response involves the perception of a stressor by the integrative cortex, fol-
lowed by activation of the locus coeruleus, which in turn initiates norepinephrine 
(NE) release both centrally and from nerve endings into the periphery. The adrenal 
glands are directly innervated by sympathetic nerves; hence, signaling is very quick 
when it occurs and promotes the release (from the adrenal medulla) of both NE and 
epinephrine (Epi; i.e., adrenalin) into blood circulation. Activation of the SAM-axis 
is an evolved and adaptive response to perceived threat, culminating in increases in 
(1) heart and respiratory rates, (2) blood pressure (due to vasoconstriction), (3) blood 
flow to the periphery, and (4) circulating glucose levels (from glycogen in liver), along 
with pupil dilation and the inhibition of other bodily functions (e.g., digestion – e.g., 
dry mouth; sexual urges). Combined, these changes promote a high energy state, pro-
viding increased oxygen and nutrients to both skeletal muscle and brain, ultimately 
instilling greater readiness/ability to deal with the threat. As will be discussed, other 
stress-related systems subsequently become activated  (HPA-axis, ANS) along with 
aspects of the immune system due to the higher chance of injury and infection in 
these moments.

Today, in developed countries, rather than physical danger we mainly face social 
and mental threats. Importantly, the stress elicited by such threats is often greatly 
prolonged by our tendencies to ruminate about past events and worry about future 
events. Unlike the zebra, which may escape from a predator and then resume peace-
fully grazing, the stress response in humans today is often much more protracted. 
This response is optimally designed to turn on and off quickly, and prolonged 
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activation of stress pathways (hours to days to weeks) can have maladaptive effects 
on health. For instance, NE induces vasoconstriction. As a result, extended activa-
tion of the SAM-axis can (1) delay tissue repair due to reduced transport/delivery 
of oxygen, glucose, and white blood cells to the area of injury, and (2) increase 
blood pressure, causing wear and tear over time on the body’s vasculature.2,3 In 
addition, high blood pressure is a known risk factor for many chronic conditions 
and diseases.

Sympathetic nerves innervate immune storage areas (e.g., lymph nodes, organs) 
and immune cells express receptors for NE, Epi, and glucocorticoids (GCs).4 Hence, 
the immune system is very responsive to perceived stress/threat. Prolonged psycho-
logical stress can suppress the function of T cells and natural killer cells, lympho-
cyte proliferation, and cytokine production.1,4 It also lowers antibody responses to 
vaccines, thereby reducing the effectiveness of vaccination (e.g., pneumonia, influ-
enza) regardless of age.5 Stress also slows both dermal and mucosal wound closure, 
thereby increasing the risk of infection and post-operative complications.2,3,6 Note 
that this is far from a complete listing of the deleterious effects of prolonged stress 
on immunity. All arms of the immune system are affected – innate, humoral, and 
cellular; even mucosal immunity is weakened in times of stress (e.g., reduced IgA1 
in saliva with higher perceived stress).1–3,7,8

11.3 HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) PATHWAY

Approximately 15-20 minutes after activation of the SAM-axis (described above), 
the HPA-axis becomes activated. This involves the release of corticotropin releas-
ing factor from the paraventricular nucleus (PVN) of the hypothalamus into the 
hypophyseal portal, which is a local blood supply to the pituitary gland. This 
induces the release of adrenocorticotropic hormone into the general circulation 
which, in turn, stimulates the release of corticosteroids (mainly cortisol) from the 
adrenal glands. A negative feedback loop exists to the hypothalamus and the pitu-
itary which then limits further activation of this axis. Cortisol is potently immuno-
suppressive and is the largest brake on inflammation that the human body produces; 
hence, the release of cortisol not only liberates energy but regulates the immune 
system so that immune responses (e.g., inflammation) remain modulated and do not 
get out of control.

Stress physiology and the immune system are tightly connected. Hence, dys-
regulation of one system typically results in dysregulation of the other. As an 
example, cortisol has a distinct circadian rhythm that is characterized by elevated 
levels when we wake which peak shortly afterwards and then drop throughout 
the day. This has a direct effect on pro-inflammatory cytokines, which generally 
exhibit an inverse rhythm and peak in the evening/night when cortisol is lowest.9 
As a result, cold/flu symptoms are often the worst at night when our immune sys-
tem is relatively untethered from the inhibitory effects of cortisol; night, which 
is relatively quiescent, is also the time when we are most effective at fighting off 
illness/infection. In sum, cortisol is a potent down-regulator of immunity; as such, 
long-term alterations in cortisol can have direct effects on health via alterations 
in immunity.
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All immune cells express GC receptors (GRs), enabling cortisol to have broad 
strong immunosuppressive effects and allowing it to play a critical role in regulat-
ing and limiting immune responses. Persistently elevated levels of cortisol (e.g., due 
to repeated or chronic stress) result in reduced responsiveness of immune cells to 
GCs via reduced GC receptor expression.2,3,10 This in turn lowers immune inhibi-
tion, allowing for larger immune responses to occur relatively unchecked. This GC 

resistance is a key mechanism by which chronic stress can negatively affect health. 
For this reason, individuals with inflammatory conditions (e.g., rheumatoid arthri-
tis, lupus, multiple sclerosis, inflammatory bowel syndrome, Crohn’s disease) often 
exhibit inflammatory flare-ups and a worsening of symptoms during times of stress. 
In a separate example, latent viral loads (e.g., cytomegalovirus, Epstein-Barr virus) 
often increase (reactivate) under times of prolonged or severe stress, resulting in 
outbreaks of symptoms (e.g., cold sores due to herpes simplex virus type 1).4,11 Here, 
this reactivation of latent viruses by stress is not due to GC resistance but instead a 
reduced ability of the immune system to suppress viral loads; as a result, antibody 
titers increase under times of ongoing or severe stress.11

The well-established relationship between prolonged or chronic stress and 
heightened inflammation is a prime example of how stress can dysregulate immu-
nity and adversely affect health. Inflammation is an adaptive response to pathogen 
exposure, injury, perceived environmental threats, and psychological stress (i.e., 
threat of injury) that is counter-regulated by several endogenous mechanisms. 
These counter-regulatory pathways, including the hypothalamic-pituitary-  adrenal 
(HPA) axis and parasympathetic nervous system (PNS), serve to terminate the 
inflammatory response once a threat has passed and to prevent the potentially 
damaging or lethal consequences of unrestrained inflammation. The harmful 
effects of prolonged high inflammation stem from cumulative damage (e.g., blood 
vessel walls) and, as discussed previously, non-optimal immune responses. This 
dysregulation by stress can result in inflammatory responses that are too high 
(and often prolonged) or too low. Heightened inflammation is a risk factor for 
many prevalent diseases and conditions (e.g., cardiovascular disease (CVD), type 
2 diabetes, Alzheimer’s disease).12 Conversely, an underactive immune system can 
leave one more susceptible to a broad range of illnesses, from the common cold 
to cancer.13

11.4 CHOLINERGIC ANTI-INFLAMMATORY PATHWAY (CAP)

The cholinergic anti-inflammatory pathway (CAP) has garnered increasing attention 
in recent years for its role in modulating the neuroimmune and endocrine response 
to stress and in restoring homeostasis. The specific anti-inflammatory mechanisms 
of this pathway are delineated in this section, and health implications are discussed.

11.4.1 VAGUS-NEURAL COMMUNICATION

The vagus nerve, the primary constituent of the PNS, is the longest nerve in the 
body and innervates many visceral organs, including the gastrointestinal tract, heart, 
liver, and lungs. Composed of 80% afferent nerve fibers, it is a key immunosensory 
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pathway for transmitting signals of bodily states to the brain. Peripheral cytokines 
bind to receptors present on vagal afferent nerve endings that project to the nucleus 
of the solitary tract and the area postrema of the dorsal vagal complex in the brain-
stem. These, in turn, project to higher order regions integral to stress responsivity, 
including the hypothalamic paraventricular nucleus, the amygdala, and the prefron-
tal cortex.14,15 The immunosensory role of the vagus was first discovered in ani-
mals that failed to develop sickness behaviors (social withdrawal, anorexia, reduced 
exploration) that typically follow intraperitoneal lipopolysaccharide (LPS) injection 
after subdiaphragmatic vagotomy.16 Thus, the vagus has been suggested to serve as 
an interface between peripheral inflammation and behavior.15

11.4.2 INFLAMMATORY REFLEX

The discovery that stimulation of vagus nerve efferent fibers attenuates tumor- necrosis 
factor-α (TNF-α) release in the periphery during endotoxemia lead to the proposi-
tion of an inflammatory reflex that counter-regulates excessive pro- inflammatory 
cytokine production.17 This anti-inflammatory reflex is composed of an immuno-
sensory component from vagal afferents coupled with the subsequent activation of a 
vagal motor efferent arc, which constitutes the cholinergic anti-inflammatory path-
way (CAP).18 Activation of the CAP inhibits further peripheral cytokine release; this 
occurs via binding of acetylcholine to α-7 nicotinic acetylcholine receptors located 
on macrophages and other immune cells and the resulting deactivation of nuclear 
factor-kappa B (NF-ƙB) transcription factor.18 Numerous studies in humans employ-
ing the use of vagus nerve stimulation (VNS) have confirmed the significance of 
the CAP in reducing the deleterious effects of inflammation in chronic inflamma-
tory diseases and treatment-resistant depression.19 The most frequently used measure 
of vagal tone in humans, heart rate variability (HRV), is consistently shown to be 
reduced in individuals with low grade systematic inflammation.20,21 This suggests 
that insufficient vagal regulation of inflammation may contribute to the etiology of 
chronic inflammatory disease.

11.4.3 VAGAL MODULATION OF HPA-AXIS STRESS RESPONSE

The stress response requires coordinated activity between the HPA-axis, SAM-axis, 
and ANS via overlapping and interconnected neural networks.14 For instance, activa-
tion of vagal afferents has a stimulatory effect on HPA activity via signaling through 
the PVN.14 This connection between the vagus nerve and HPA-axis stress response 
is illustrated by findings from animal models that have found that lesions of neu-
ral pathways implicated in vagus to HPA-axis communication reduce activation of 
the HPA-axis following interleukin-1β administration.22 This suggests that disrup-
tion of vagal signaling pathways may impair the ability of the HPA-axis to counter- 
regulate inflammation. In addition, human studies have found that VNS normalizes 
the altered HPA-axis response seen in depressed individuals and that low vagally 
mediated HRV (vmHRV) is associated with impaired recovery following stress of 
both cortisol and TNF-α.23,24 Such findings indicate that reduced vagal efficiency 
can alter both HPA-axis functionality and inflammation.



137Neuroendocrine and Immune Pathways

11.4.4  VAGAL TONE: IMPLICATIONS FOR CHRONIC 

INFLAMMATION AND MENTAL HEALTH

Low vagal tone, as typically indexed by vmHRV, has been implicated as a salient 
marker of both physical and mental health. This has been consistently exemplified 
by studies finding vmHRV to be reduced in CVD,25 rheumatoid arthritis,26 post-
traumatic stress disorder (PTSD),27 and major depressive disorder. VmHRV has 
been posited to represent top-down inhibitory control of subcortical brain regions 
by higher-order cortical regions.28,29 Given that these subcortical brain regions have 
been found to be overreactive in individuals with maladaptive stress responsivity, 
high vmHRV is suggested to be a marker of stress resilience.29 There is also growing 
evidence that stress may dysregulate the CAP. For instance, traumatic life events and 
history of child maltreatment are associated with lower measures of vmHRV and a 
pro-inflammatory phenotype.27,30 Reduced vagal activity and reduced efficiency of 
the CAP following chronic stress may, in turn, contribute to a less restrained inflam-
matory response which can further worsen chronic inflammatory conditions.

11.4.5 CONCLUSIONS

Dysregulation of the CAP may negatively affect chronic inflammatory disease devel-
opment and mental health. This is supported by (1) the immunoregulatory role of the 
vagus, (2) its projections to cortical regions that subserve mood regulation and stress 
responsivity, and (3) vagal modulation of the HPA-axis stress response. Interventions 
designed to increase vagal tone, such as VNS and HRV biofeedback, may serve as 
promising treatment modalities in the future for individuals with diseases with an 
inflammatory component.

11.5  EARLY LIFE ADVERSITY: RE-PROGRAMMING OF 
NEUROENDOCRINE AND NEUROIMMUNE PATHWAYS

Exposure to stress or perceived environmental threat involves the concurrent actions 
of the HPA-axis, SAM-axis, ANS, and immune system. Given their interconnec-
tions, dysregulation of one pathway or system is rarely seen in isolation. Early life 
adversity (ELA) (e.g., childhood trauma, deprivation, neglect, maltreatment, abuse, 
pre/postnatal stress) has been posited to “re-program” and sensitize these pathways 
in such a way that confers greater risk for the emergence of psychological disorders 
and chronic stress-related disease.31–33 The re-programming of these pathways, in 
response to ELA, and long-term implications are outlined below.

11.5.1 EARLY LIFE ADVERSITY (ELA) AND HPA-SAM AXIS DYSREGULATION

Rat pups exposed to prolonged maternal separation, or whose mothers show low 
maternal care, show elevated SAM and HPA-axis responsivity, reduced GC negative 
feedback, and a downregulation of hippocampal GRs.34 In humans, similar altera-
tions have been seen for ELA experienced at distinct developmental time periods. 
Early life disruption of caregiving has been linked with higher basal cortisol levels, 
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impaired GC negative feedback, and slower HPA-axis recovery following stress.32 In 
addition, adolescents and adults who had experienced ELA exhibited elevated cortisol 
and exaggerated SAM- and HPA-axis stress reactivity.31,32,35 Conversely, experiences 
of severe childhood trauma or deprivation, or prenatal stress, have been associated 
with a blunted HPA-axis response to challenge,35,36 which may be a consequence 
of ongoing chronic HPA-axis activation or reflect deficient HPA-axis regulation.35 
Importantly, very early childhood (before age 1) may be a particularly vulnerable 
time-window for later-life HPA dysregulation.37 Importantly, these effects of ELA on 
the HPA-axis are often not evident until adolescence or adulthood.31,35

11.5.2 PRIMING AND SENSITIZATION OF INNATE IMMUNE CELLS

Early life adversity has been linked to notable changes in immune development 
and functioning. In adolescents and adults with a history of ELA, there have been 
consistent reports of a pro-inflammatory phenotype, increased NF-ƙB expression,38 
insensitivity to anti-inflammatory signaling, and deficits in adaptive immunity.33 
Such findings led to the notion that adversity experienced in early life primes mac-
rophages to be especially sensitive to signals of distress initiated in response to 
infection or stress, thus leading to an exaggerated pro-inflammatory response.33 The 
formation of GC resistance by immune cells, due to early-life immune activation and 
stress-induced HPA alterations, likely contributes to this heightened inflammatory 
response and to the state of chronic low-grade inflammation frequently observed in 
adults with history of ELA.39,40 In concordance with this theory, ELA is associated 
with (1) a progressive increase in pro-inflammatory cytokine production and gluco-
corticoid insensitivity following microbial challenge, and (2) an elevated inflamma-
tory response to an acute psychosocial stressor in adolescence and adulthood.41,42 To 
sum, ELA appears to promote a pro-inflammatory phenotype that manifests more 
prominently later in life and is particularly apparent following exposure to physi-
ological or psychosocial stress. A reprogramming of stress pathway sensitivities at 
the time of ELA likely underlies these changes in immunity.

11.5.3 AUTONOMIC NERVOUS SYSTEM DYSFUNCTION

Early life adversity is also associated with ANS dysfunction and reduced vagal 
tone. Specifically, lower resting HRV (i.e., vagal tone),30 higher SNS activity cou-
pled with lower HRV,43 delayed vagal regulation of heart rate following stress,43 
and atypical vagal reactivity to an emotional stressor have been seen in individuals 
with a history of child maltreatment or early life deprivation.43 Importantly, these 
reductions in vagal tone are more pronounced when measured in adulthood versus 
in adolescence or childhood, and for individuals with psychopathology in addition 
to ELA.44 As described earlier, the vagus plays an important role in regulating 
both inflammation and the HPA-axis, and the feed-forward mechanism between the 
SAM-axis and HPA-axis in conditions of stress.14,45 Hence, these ANS alterations 
seen in individuals with ELA may potentiate the alterations observed in other stress 
response pathways.
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11.5.4 IMPLICATIONS FOR LATER LIFE DISEASE

ELA is consistently linked with detrimental health outcomes, poor overall well-
being, and mortality risk.46 Dysregulation of stress and immune pathways has been 
implicated as a potential mechanism by which ELA confers greater risk for psycho-
pathology and chronic disease in later life.40,46 While alterations in these pathways 
serves an adaptive purpose at the time of adversity (i.e., in the short term), the long-
term consequences for both physical and mental health are often dire. For instance, 
dysregulation of these pathways by ELA increases risk for the development of chronic 
diseases of aging, as extensively reviewed elsewhere.46 Note that chronic low-grade 
inflammation, seen in individuals with history of ELA, is a common feature of many 
prevalent diseases typically occurring in mid to late life. Dysregulated HPA-axis 
functionality and reduced vagal efficiency result in impaired counter-regulatory 
effects on inflammation, further contributing to the pro-inflammatory phenotype 
seen in adults with experiences of ELA. The manner by which ELA affects these 
endocrine and neuroimmune pathways illustrates the intricate connections between 
these systems; this overlap must be considered when trying to identify intermediary 
biological pathways influencing disease development. Importantly, early life adver-
sity can put an individual on a different trajectory throughout life that promotes non-
optimal responses to future stressors, accelerated aging, and poorer health.

11.6 OTHER RELEVANT FACTORS

11.6.1 AGING

Prolonged stress can negatively affect both the function and lifespan of various 
cells in our body. For example, telomere length can be shortened by stress;3,47 in 
turn, this reduces the replicative ability and, ultimately, the lifespan of our cells. 
Stress can also promote immunosuppression in a manner normally seen with 
chronological age (e.g., antibody responses to vaccines, latent virus activation, 
susceptibility to infection, slower wound healing rates), and can promote “inflam-
maging.”48 Inflammaging is a phenomenon that describes the chronic low-grade 
systemic inflammation often seen as adults get older. The result is a chronic micro-
inflammatory state in the body. As previously discussed, this higher inflammation 
produces wear and tear on structures such as blood vessels and can promote sub-
optimal immune responses. It is considered a measure of immunosenescence and is 
strongly associated with many diseases related to aging (e.g., Alzheimer’s disease, 
atherosclerosis, CVD, type 2 diabetes, cancer). Notably, the ANS also undergoes 
substantial changes with age, with large declines in vmHRV observed.49 Given 
that chronic stress can increase inflammation (described above) and is associated 
with lower vmHRV, stress can potentially elicit or aggravate many disease condi-
tions prevalent with increased age. To sum, prolonged stress promotes aging in the 
human body at both the cellular and systems level and does so through many of the 
same biological processes that aging affects. Through these mechanisms, psycho-
logical stress can literally age us.
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11.6.2 MENTAL HEALTH

The term “stress” in this chapter is not limited solely to psychological stress and per-
tains to many distinct psychosocial factors and conditions (e.g., loneliness, negative 
mood, bereavement, caregiving for a loved one). In addition, all mental health condi-
tions (e.g., depression, anxiety, PTSD) can be brought on and/or worsened by stress. 
Mental health (e.g., depression) is also a unique stressor of its own. This positive 
feedback loop can create a downward spiral, promoting further stress and reducing 
the efficacy of therapy. Hence, efforts to reduce stress in patients with mental illness 
is highly warranted.

11.6.3 HEALTH BEHAVIORS

Many of the detrimental consequences of chronic stress on health can occur from 
an increased disposition of stressed individuals to display certain health behaviors. 
Examples include poor sleep quality, unhealthy diet, reduced exercise, inactivity, and 
increased substance use (e.g., alcohol, tobacco, illicit drugs). Many of these behav-
iors can promote each other (e.g., alcohol use and poor sleep quality), producing a 
cycle that can be difficult to break. These behaviors are strong indirect pathways 
through which stress can have a negative impact on health.

11.7 CONCLUSIONS AND CLINICAL IMPLICATIONS

Prolonged psychological stress can have many harmful effects on health. Some 
of these effects occur via direct biological pathways, i.e., through modulation 
of the immune system, and some through indirect pathways such as changes 
in health behaviors. In addition, by promoting changes in the same biological 
mechanisms that are altered as we get older, stress can literally age us. Severe 
stress, especially early life adversity, can result in alterations (reprogramming) of 
the various stress pathways described in this chapter, which can cause permanent 
changes to the immune system. Ultimately, this increases health risks throughout 
the lifespan.

The assessment of psychological stress should be a customary practice in 
patients with inflammatory conditions or chronic disease. Given that prolonged 
stress can increase a myriad of health risks, the clinical assessment and alle-
viation of stress is particularly important for patients who fall into other high-
risk categories. While assessing and alleviating stress in all individuals prior to a 
major surgery would be ideal, this is arguably more important in an older woman 
with diabetes (each being a risk factor for delayed healing) than in a younger 
woman with no comorbidity. This is pertinent to many clinical scenarios. Risks 
for poorer clinical outcomes and other medical complications are substantially 
higher in chronically stressed individuals. The presence of high psychological 
stress levels, especially in combination with other known risk factors and comor-
bidities, should serve as a red flag to the clinician, and attempts should be made 
to address and minimize this stress prior to major surgery or other substantive 
medical procedures.
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KEY POINTS

• Health neuroscience, a burgeoning interdisciplinary field that examines 
links between brain function and mental and physical health, holds promise 
for lifestyle medicine practitioners.

• Practitioners and patients alike can benefit from learning about neural 
mechanisms that underlie regulation of eating behaviors, stress and nega-
tive emotions, and drug use.

• These behavioral domains can serve as targets of interventions that pro-
mote and enhance health and well-being.

12.1 INTRODUCTION

When the COVID-19 pandemic started to sweep the world in early 2020, life as we 
knew it changed dramatically. Significant scale shutdowns restricted people’s social 
interactions and mobility, with many abruptly switching to remote learning and 
working. Rates of depression and anxiety jumped from 8.5% prior to the pandemic 
to 27.8% and have only gotten worse, rising to 32.8% in 2021.1 These trends have 
put mental health—and overall health and well-being—in the spotlight, as individu-
als, businesses, and governments have realized that health has often been sacrificed 
in the service of overwork, burnout, and chronic stress. Throughout the pandemic, 
businesses have begun to take steps to promote and advocate for their employees’ 
health actively. For example, in 2020, Google completely revamped its work sched-
ule by transitioning to remote work, incorporating "work from anywhere" hours, 
and adding extended vacation hours and reset days.2,3 Although these changes in the 
workplace are laudable, the healthcare system is one of the primary and more regular 
points of contact where people receive counsel on how to change their behaviors in 
the service of health. Finding holistic and innovative ways to support those individu-
als with poor mental health and other health concerns has been a persistent challenge 
for medical providers. Still, the pandemic added a sense of urgency to an already 
complex issue.

One way in which doctors have tackled this issue is by incorporating lifestyle 
medicine into their practice, emphasizing a multi-faceted approach to overall health 
and wellness. According to the American College of Lifestyle Medicine, lifestyle 
medicine is defined as "an evidence-based approach to treating and reversing disease 
by replacing unhealthy behaviors with positive ones,"4 and it incorporates six fun-
damental pillars—nutrition, exercise, alcohol and tobacco use, stress management, 
sleep, and healthy relationships—into a general practice that relies on actionable 
behavior and lifestyle modifications, such as reducing stress, or making mindful and 
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healthy diet decisions. By actively pursuing these modifications, people can proac-
tively maintain or enhance their health before disease ever takes hold. Although all 
six abovementioned factors are important, proper nutrition, stress management, and 
curbing substance use have direct and significant impacts on one’s health.

In this chapter, we will focus on these three factors in light of recent findings from 
health neuroscience, a burgeoning interdisciplinary field that examines reciprocal 
links between brain function and mental and physical health. Health neuroscience 
holds significant promise for lifestyle medicine because it sheds light on the neural 
mechanisms that underlie behavior change. These mechanisms include brain sys-
tems associated with reward processing, regulation, and valuation, which we discuss 
at greater length below. By targeting these mechanisms, a person can minimize mal-
adaptive behaviors (e.g., poor diet, chronic stress, and substance abuse), replace them 
with adaptive ones, and improve health and well-being.

12.2 NUTRITION AND EATING BEHAVIORS

One of lifestyle medicine’s primary aims is to provide medical providers with practi-
cal, preventative measures to alter people’s behaviors and habits to reduce the bur-
den of chronic conditions such as diabetes and cardiovascular disease. One popular 
domain in which this occurs is the eating domain. Links between patterns of over-
eating and/or unhealthy eating and diseases such as cancer, cardiovascular disease, 
and type 2 diabetes are well established,5,6 but effective interventions to promote 
healthier eating patterns less so.

We believe that medical practitioners would greatly benefit from learning more 
about the neural bases of the generation and regulation of eating behaviors, as this 
can inform the development of interventions to alter eating and nutritional intake in 
the service of health.

Many factors contribute to a person’s overall nutritional wellness, but neural 
mechanisms that underlie impulsivity and self-control, respectively, play a signifi-
cant role in how people approach their dietary decisions.7 One of the key components 
of eating and appetitive behaviors is, put quite simply, control. Control can be broken 
down into different areas in the brain, with executive control being housed in our dor-
solateral prefrontal cortex and inhibitory control in both our ventrolateral prefrontal 
cortex and inferior frontal gyrus.8–11 Like most brain systems, these regions impact 
our functioning in many ways, but they play a seminal role in how humans engage 
in self-regulation and, ultimately, make decisions regarding their food intake. One of 
the primary goals of executive control (and, thus, the dorsolateral prefrontal cortex) 
is to lead a long and healthy life.8 To lead that long and healthy life, a person would 
then need to engage in self-regulatory behaviors regarding food (and other areas like 
stress and substance abuse, which will be discussed later) not only to reach that goal 
but also to maintain it as well. Many factors contribute to why a person may make an 
"unhealthy" choice regarding their food intake, such as heavy cognitive load (using 
more cognitive resources and, thus, using more mental effort) and the subsequent 
ego depletion.7 This concept forms the basis of the connection between one’s idea of 
control and one’s perception of the ensuing effects of nutritional decision-making on 
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overall health.6 These "unhealthy" decisions may be facilitated by our orbitofrontal 
cortex, which houses pleasantness and satiation centers, among others, as a way to 
derive pleasure from the food a person may eat.12 The neural bases of eating and 
other food behaviors allow practitioners, researchers, and medical professionals to 
understand not only how decisions are made with food, but also why some people 
may make "unhealthy" decisions regarding their health and food intake.

While neural and brain bases are imperative to our understanding of how and 
why food-based decisions are made, there is growing evidence (and subsequent lit-
erature) that details the connection between the gut biome and brain and neural path-
ways and how their interaction influences these decisions. The connection between 
the gut and the brain, formally called the gut-brain axis (GBA), has been the interest 
of mental health and wellness research in the past and presents many interesting 
intersections between the brain and other biological systems.13 Specifically, there 
is a link between a disrupted GBA and anxiety and depression, highlighting how 
changes in other areas of the body impact neural pathways.13 This idea is also pres-
ent in the stress response and hypothalamic-pituitary-adrenal (HPA) axis, where gut 
microbiota plays a large role in the programming of the HPA and how we react to 
stress in our lives.14 Knowing this allows interventions curated by medical profes-
sionals to be more specific, as understanding that the GBA has implications in both 
food-related neural bases and stress-related neural bases opens the door for more 
exploration. The link between the central nervous system (CNS) function and the 
GBA is also relevant, as the CNS also triggers the stress response through stress 
circuits.14 This link indicates that the bacteria within the gastrointestinal (GI) tract 
have the ability to elicit these stress circuits within the CNS, prompting a reaction 
that starts outside of the neural networks.15,16 With the GBA and bacteria present in 
the GI tract able to elicit stress responses and contribute to the psychological and 
physiological symptoms of anxiety and depression (through these stress responses), 
mental health and GBA stability have more in common than was previously thought. 
The perspective health neuroscience and, more broadly, neuroscience, have on these 
important neural-body connections allows researchers and medical professionals to 
continue to dive deeper into the different brain-body interactions and continue to 
research how interventions within the GBA can be helpful in reducing stress and 
improving overall well-being.

12.3 STRESS AND EMOTION REGULATION

Appetitive cues represent a physical aspect to the domains of lifestyle medicine, 
but what about emotionally-laden cues, and affective responses they engender, 
that are so prevalent in our daily lives? By examining the importance of stress 
and emotion regulation in both mental and physical health fields, medical pro-
fessionals and other personnel can expand knowledge of how and why stress is 
maintained. When discussing neural and brain pathways associated with stress 
and emotion regulation, there are a few imperative pathways that contribute to 
the response seen, including the sympathetic nervous system (SNS), the hypo-
thalamus-adrenal-pituitary (HPA) axis, and the sympathetic-adreno-medullary 
(SAM) axis.17–20 To break these down a little more specifically, the SNS supports 
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bodily functions like blood pressure and heart rate;19 the HPA axis helps to regu-
late cortisol levels throughout the body;19 the SAM axis releases noradrenaline 
and norepinephrine to ensure the body is prepared for the stressor.20 Much like 
the brain bases present in nutrition, these neural pathways have multiple func-
tions outside of the stress response but are integral to how our body prepares 
to process the stressor. Another connection comes from a broader place, where 
it has been established that the dorsal anterior cingulate cortex (dACC) and the 
amygdala, both associated with our body’s threat response, have been linked to 
similar physiological symptoms seen in the SNS and HPA axis, as well as our 
body’s inflammatory system (which will be detailed below).19 The intersection 
of neural pathways (and responses, such as symptomatic reactions) in both the 
stress and threat response highlights how brain systems can work together to cre-
ate a response to protect our survival; an example of this type of response would 
be a person feeling threatened (life at risk or feeling rejected) and the SNS and 
HPA axis subsequently being stimulated (increased heart rate, increased cortisol 
 levels, raised blood pressure, etc.).

Stress and emotion regulation are not new to the neural, or medical, world, as they 
both highlight the importance of understanding how negatively perceived situations 
in life can influence a person’s brain and neural network. High stress and cortisol 
levels have been linked to greater risk in cardiovascular diseases, arthritis, and even 
cancer,19,21–23 indicating a strong relation between one’s mental health and one’s phys-
ical health. Much of this speculation comes from the fact that inflammation and the 
sympathetic nervous system are influential in infection and illness response, as well 
as stress response.19 Inflammation is a response our body elicits when under attack, 
and based on findings from,19 stress is considered an attack worthy enough to see a 
response. Similarly, this is seen in the sympathetic nervous system, where a response 
is enacted when under stress.19 In other words, the same mechanisms in place to help 
fight infection are also involved in the stress response.

Looking more broadly at the neural pathways present in the stress response, 
researchers have found that the neural pathways work together with other physi-
ological responses to elicit a reaction. For example, strong cardiovascular reactions 
(quickening heart rate or increased blood pressure) to acute psychological stressors 
lead to activations in the amygdala24 and the medial prefrontal cortex,25 indicating 
that more than one process is at play when a stress response is prompted.26 This 
idea is not only important in the field of health neuroscience, but gives researchers, 
doctors, and other medical and mental health professionals the ability to develop 
interventions as a way to incorporate healthy coping mechanisms into a person’s 
everyday life. There is also evidence that, beyond physiological responses, social 
factors and interpersonal mechanisms are also interwoven into the stress response, 
indicating that emotional systems also impact health outcomes of those experienc-
ing stress.26 Knowing this, different types of intervention methods targeting specific 
types of stress would greatly benefit a person attempting to combat a stressor. As 
stated above, there are many different neural bases at play when a stress or threat 
response is prompted. Having the knowledge and understanding that different types 
of stress responses may be coming from the same neural pathway(s) allows medical 
professionals and researchers to target and intervene in specific responses.
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12.4 SUBSTANCE ABUSE

Substance abuse, whether involving licit or illicit drugs, can have an immense impact 
on the medical field and all fields (like health neuroscience) related to it. The way 
drugs and substances influence and alter the brain and neural pathways within it has 
been a seminal research question for decades and remains an integral interaction 
between neuroscience and medical practice.

Reliance on various substances has been a large-scale societal problem, especially 
in the United States, where 12.5% of people ages 18 and above smoke cigarettes and 
25.8% of people binge drink and/or engage in heavy alcohol use.27,28 Alcohol, nico-
tine, and other drugs raise questions regarding why people enjoy drugs, especially 
when cognitive dissonance (i.e., knowing that smoking cigarettes is bad for your 
health and wellness but continuing to do it) and other self-violations (i.e., knowing 
that drinking alcohol in excess goes against personal goals but continuing to partake 
in the behavior) are present?29 By examining the neural bases of substance abuse, 
we can begin to understand the underpinnings of these maladaptive behaviors while 
also recognizing why they may be maintained.

Reward and pleasure centers in the brain, specifically the mesolimbic dopamine 
pathway, play a large role in the maintenance of substance abuse and may provide 
some more context to the question “why do people enjoy drugs?”29 The chronic 
use of certain drugs can change the brain’s chemistry, creating a cycle of dependence 
and addiction that becomes extremely difficult to break.29 This is because most drugs 
mimic the natural neurotransmitters in the brain, leading to a decrease in the natu-
ral production when a drug is abused.29 When the reward and pleasure pathways 
have been altered by the drug of choice, you begin to see withdrawal symptoms. 
The withdrawal symptoms associated with motivation are dysphoria, anhedonia, and 
subsequent cravings, leading to a need for the drug to overtake all other needs a 
person may experience.29 While these responses are typically seen in people abusing 
opiates or stimulants like cocaine, these same principles still apply to people abusing 
alcohol or nicotine. People going through alcohol withdrawal experience symptoms 
like tremors, hallucinations/delusions, and tachycardia,29 illustrating the mind-body 
connection present in substance abuse.

Much like with stress and emotion regulation, similar brain regions are acti-
vated when people are dependent on substances. This is due to the connection 
between substance abuse and self-control, as well as a person’s ability to self-
soothe and regulate when under stress. Specifically, subcortical regions such as 
the ventral striatum and the amygdala play significant roles by supporting drug-
seeking behaviors and emotional appraisals associated with those behaviors.30 
Higher-order cognition, such as self-related processing, also plays a role in the 
maintenance and regulation of substance abuse.31 People who may abuse a sub-
stance, like alcohol or nicotine, may only be able to quit if long-term, negative 
health consequences are actively brought to mind to alter appraisals of the sub-
stance. This kind of reappraisal process is seen in Whelan and colleagues’ 2017 
study, which demonstrated short-term behavioral changes when participants were 
shown pictures of darkened lungs, as such images can be interpreted as self- 
relevant (i.e., “this can happen to me”).11 This bolsters the idea of how self-related 
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processing impacts substance abuse, as Falk and colleagues32 found that self-
reflection and self-related processing have the potential for behavior change, 
which is imperative as we begin to research stronger and healthier interventions 
for smoking cessation and to lower the number of people that partake in binge 
drinking.

12.5 CONCLUSION

The importance of proper mental health practices is an integral aspect of both 
lifestyle medicine and health neuroscience. Lifestyle medicine, an evidence-based 
approach that aims to treat and reverse disease by replacing unhealthy behaviors 
with positive ones, can help mitigate maladaptive behaviors that undermine men-
tal health and well-being. Health neuroscience presents the necessary theoretical 
grounding to pave the way for future interventions targeting physical and mental 
health problems. Indeed, lifestyle medicine practitioners will benefit greatly from 
an enhanced understanding of the neural bases underlying nutrition and eating 
behaviors, stress and emotion regulation, and substance abuse. By implementing 
such brain-based interventions, medical practitioners can develop more detailed 
and personalized treatment plans that help mitigate the physical and emotional 
symptoms of poor nutrition, stress, and substance abuse they observe in their 
patient population. Health neuroscience and lifestyle medicine allow this all to be 
possible and open new avenues to connections between the mental and physical 
health fields.
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KEY POINTS

• Psychological trauma, PTSD, and depression have been linked to indices 
of cell aging, including shorter telomeres and accelerated epigenetic clocks.

• A growing number of lifestyle and mind–body interventions have exam-
ined effects on cell aging indices (i.e., telomere length, telomerase activity, 
and epigenetic clocks) with promising initial results.

• Few psychosocial or behavioral interventions that target psychiatric disor-
ders or psychopathology have been examined to see if they also beneficially 
influence cell aging indices.

13.1 INTRODUCTION

Psychiatric disorders are associated with significantly shorter healthspan and lifes-
pan. For instance, depression is linked to greater premature mortality, largely from 
causes associated with diseases that more commonly occur with advanced age (e.g., 
CVD, T2DM, stroke, dementia).1–3 The field of geroscience posits that if interventions 
slow the rate of cellular aging, we can prevent the onset or progression of disease and 
increase healthspan.4 Given the comorbidity between psychopathology and chronic 
diseases of aging, it is important to understand how interventions might improve 
both mental and physical health at multiple levels. For example, integrative interven-
tions may reduce stress-related dimensions of psychopathology, such as rumination, 
sleep dysregulation, and exaggerated threat reactivity, and at the same time influ-
ence stress mediators, such as oxidative stress, excessive exposure to hypothalamic-
pituitary-adrenal (HPA) axis mediators (e.g., adrenocorticotropic hormone (ACTH), 
cortisol), and inflammation, which can influence cellular aging (see Figure 13.1).

This chapter reviews links between mental health and cellular aging as well as 
the current evidence and gaps in understanding of how psychosocial and behavioral 
interventions can impact these relationships. Examining indices of cellular aging 
before disease develops may eventually be used to design more beneficial mental 
health interventions. At the cellular level, both symptoms and disorders of psycho-
pathology, particularly distress-related disorders (e.g., anxiety and depression), are 
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linked to cellular aging. Two indices of cellular aging that have been studied con-
cerning mental health are the epigenetic clock and immune cell telomere length. 
Although there are several indices of cellular aging, for illustrative purposes, we 
focus on two that have been widely studied and can be easily measured in humans. In 
this chapter, we review associations of mental health with epigenetic aging and telo-
mere length, as well as the existing evidence on whether lifestyle, mind-body, and 
psychotherapeutic intervention can impact these indices of aging. We do not cover 
pharmacological interventions here as they are beyond the scope of this chapter.

13.2  THE EPIGENETIC CLOCK AS A BIOMARKER 
OF AGING AND DISEASE

Epigenetic clocks are composite markers of cellular aging that are derived by com-
bining multiple DNA methylation sites. DNA methylation (DNAm) occurs when 
a methyl group (CH3) attaches to cytosine-guanine dinucleotides (CpGs). DNAm 

FIGURE 13.1 Theoretical model by which psychosocial interventions may reduce clini-
cal manifestations of psychopathology and, at the same time, induce beneficial changes in 
stress mediators and cellular aging. Although the pathways in this model are speculative, 
evidence underlies the relationships between stress mediators and cellular aging. The associa-
tions between inflammation and both epigenetic aging and telomere length have been docu-
mented.5–8 Another mediator with established links to cell aging is glucocorticoid signaling; 
Zannas and colleagues found that the CpGs utilized in the Horvath DNAm clock colocalize 
with glucocorticoid response elements and change in response to synthetic glucocorticoid 
exposure.9
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can regulate gene expression by activating or silencing the genes associated with 
the sites.10 Patterns of age-related alterations in DNA methylation can function as 
a cellular clock, much like “counting rings on a tree to assess its age” (Dr. Steve 
Horvath).11 The magnitude of an epigenetic clock’s deviation from an individual’s 
chronological age is thought to reflect how much the individual is aging faster (if the 
deviation is positive) or slower (if the deviation is negative) than expected at the cel-
lular level. Accelerated cellular aging measured with epigenetic clocks is associated 
with a greater risk for age-associated diseases such as cancer, cardiovascular disease, 
and dementia, as well as premature mortality.12

Different epigenetic clocks use largely non-overlapping CpG sites to assess cel-
lular aging. Horvath’s original epigenetic clock (Horvath)13,14 was developed across 
different cell and tissue types by combining DNA methylation levels at 353 CpG 
sites that correlate strongly with chronological age. A newer generation of epigenetic 
clocks has selected CpGs due to their correlations with risk factors for age-related 
disease or mortality instead of chronological age. DNAm GrimAge was developed 
by using DNAm surrogate markers of seven plasma proteins and smoking pack years 
to predict mortality.15 GrimAge outperforms other epigenetic clocks in the predic-
tion of time-to-death, time-to-coronary heart disease, and time-to-cancer.15 Another 
new generation clock, DunedinPoAm (Pace of Aging Methylation),16 and its updated 
version, DunedinPACE (Pace of Aging Calculated from the Epigenome),17 assess the 
rate of epigenetic aging and were developed with many clinical indicators of multi-
organ system integrity across multiple time points.

13.2.1 ASSOCIATIONS BETWEEN EPIGENETIC AGING AND MENTAL HEALTH

 
Further, accelerated epigenetic aging was identified in World Trade Center respond-
ers who had developed PTSD (GrimAge)25 as well as war veterans diagnosed with 
PTSD (Hannum),26 and for veterans, the severity of symptoms was correlated with 
epigenetic aging. Even exposure in utero may impact epigenetic aging; prenatal 
exposure to stress during the Great Depression predicted age acceleration (GrimAge, 
DunedinPoAm).27

For depression, having a current diagnosis of major depressive disorder (MDD) 
was associated with accelerated epigenetic aging, and individuals who had more 
severe symptoms of depression were the most accelerated (Horvath).28 Other stud-
ies have replicated these associations between the current diagnosis of MDD and 
depression severity with accelerated epigenetic aging (Jansen clock,29 GrimAge30). 
Moreover, a large nationally representative study of older adults found an associa-
tion between depressive symptoms and accelerated epigenetic aging, assessed via 

Accelerated cellular aging as assessed with epigenetic clocks has been associated with 
a greater risk for psychopathology, particularly stress-related pathology. Consistent 
associations with accelerated epigenetic aging have been found for trauma expo-
sure, post-traumatic stress disorder (PTSD), and major depression. Trauma exposure 
in childhood, particularly abuse or threat-related trauma, has been associated with 
accelerated epigenetic aging in children (Horvath18–20; Hannum clock21) and in adults 
(GrimAge22; Horvath23; Hannum24). Cumulative lifetime stress was associated with 
accelerated epigenetic aging in an urban, African American cohort (Horvath).9 
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multiple clocks (GrimAge, DunedinPoAm, PhenoAge, Horvath),31 as did a twin 
study (Hannum, PhenoAge).32 Studies of post-mortem brain tissue found that the 
epigenetic age of regions BA10 (anterior prefrontal cortex, involved in executive 
functioning)33 and BA25 (subgenual cingulate area, found to be overactive in treat-
ment-resistant depression)34 of those with MDD was approximately a year older than 
that of healthy controls (Horvath).28

Most studies of epigenetic aging and mental health are cross-sectional. A few 
longitudinal studies support that experiencing trauma and depression, particularly 
at the clinical level, accelerates epigenetic aging. For war veterans, having PTSD 
symptoms or an alcohol-use disorder predicted an accelerated pace of epigenetic 
aging over two years (Horvath).35 In the same sample, having a diagnosis of MDD 
or general anxiety disorder (GAD) did not impact the pace of epigenetic aging. In 
combat- exposed veterans diagnosed with PTSD, increases in PTSD symptoms were 
correlated with increases in epigenetic age acceleration over three years (GrimAge).36

One benefit of cell aging measures is that they can be examined in children. As 
with adults, psychopathology has been associated with accelerated epigenetic aging 
in children and adolescents (Horvath,37 pediatric-buccal-epigenetic (PedBE) clock,38 
DNAm GA39). Internalizing symptoms at ages 2.5 and 4 predicted accelerated epi-
genetic aging at age 6, which in turn predicted internalizing symptoms at ages 6–10 
(Horvath).40 Maternal transmission effects of psychopathology on the epigenetic 
aging of offspring have been documented. Evidence suggests that maternal depres-
sive symptoms during pregnancy may predict the epigenetic aging of offspring at 
birth (Knight clock).41,42 Suarez and colleagues found that the effect of maternal 
depression on the internalizing problems of young boys (ages 3–4) was through ges-
tational epigenetic age acceleration (DNAm GA).39 In two cohorts, maternal anxiety 
during pregnancy predicted child epigenetic age acceleration: results appeared to be 
largely restricted to male children (PedBE clock).38 One of these cohorts displayed 
a weak association between depression during pregnancy and child epigenetic age 
acceleration, and the other cohort showed no association.

Overall, research supports that accelerated epigenetic aging accompanies some 
forms of psychopathology. So far, epigenetic aging has not predicted the new inci-
dence of mental illness with any specificity and so may be better thought of as a 
marker of future morbidity risk. Future research is clearly needed before any conclu-
sive statements about the effects of epigenetic aging on psychopathology are made.

13.3  TELOMERE LENGTH AS A BIOMARKER 
OF AGING AND DISEASE

Telomeres are non-coding DNA sequences at the end of chromosomes that help 
maintain DNA and cell integrity.43 Telomeres naturally shorten with cell division, so 
telomere length provides a useful metric of cellular aging.44 The enzyme telomerase 
buffers the shortening of telomeres and replaces the lost base pairs to decrease telo-
mere attrition.45,46 As first established by Epel, Blackburn, and colleagues,47 chronic 
stress is associated with shorter telomeres and reduced telomerase activity. We 
now understand how psychological stress can “get into the cell” – through cortisol, 
inflammation, and the tight relationship between telomere length and mitochondria.46 
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When a cell reaches a critically short telomere length, the cell is programmed to 
induce its senescence or cell death (apoptosis).48 As with epigenetic clocks, acceler-
ated telomere shortening has been associated with and can predict aging-related dis-
eases such as cardiometabolic disease, stroke, cancer, and premature mortality.49–51

13.3.1 ASSOCIATIONS BETWEEN TELOMERE LENGTH AND MENTAL HEALTH

As with accelerated epigenetic aging, telomere shortening has been associated with 
psychopathology. A meta-analysis found accelerated telomere shortening across psy-
chiatric disorders; effects were larger for PTSD, anxiety disorders, and depressive 
disorders than for bipolar and psychotic disorders.52 Another meta-analysis found 
relationships between telomere shortening and PTSD, depression, and anxiety.53 
Multiple studies have found an association between trauma in early life and telomere 
length,54 and there is a link between PTSD and telomere shortening in adults. A 
diagnosis of PTSD and PTSD symptoms have been associated with shorter telo-
meres, in both military and civilian samples.55–57

MDD has also been associated with telomere shortening,58,59 and a dose-response 
relationship has been supported for individuals diagnosed with MDD.  Those with 
the most severe and chronic episodes had the shortest telomeres.60 Wolkowitz and 
colleagues61 found that lifetime depression correlates with telomere length, as indi-
viduals above the median were approximately seven years older than those below 
the median. Severity of depressive episodes has also been negatively correlated with 
telomere length in older adults with late-life depression.62 Individuals with current/ 
remitted depression or anxiety disorders demonstrated shorter telomeres than 
healthy controls; however, changes in disorder status or symptoms did not correlate 
with telomere attrition over six years.63 The latter finding suggests telomere shorten-
ing may be a consequence of psychopathology or a pre-existing vulnerability factor.

Discrepancies exist for some of the findings across studies. For example, Simon 
and colleagues64 did not find a significant association between MDD and telomere 
length. To conclude that depression exposure predated accelerated shortening would 
require large longitudinal studies of individuals without MDD at baseline followed 
by regular measurements of telomere length and diagnostic assessments. As with 
epigenetic aging, most work is cross-sectional, but a few studies have found longitu-
dinal associations between psychopathology and telomere shortening. In one study, 
men diagnosed with an internalizing disorder experienced telomere attrition over 
eight years;65 however, effects were not found for women. In addition, there has been 
evidence that longer telomeres may protect against future depression; middle-aged 
women with longer telomeres had lower risk of worsening depressive symptoms later 
in life.66

Associations have been found between psychopathology and telomere length in 
children and adolescents. In a longitudinal study with multiple assessments of telo-
mere length, internalizing symptoms at ages 8 to 10 predicted telomere shortening 
at ages 12 to 14, with no reciprocal effects.67 As with epigenetic aging, prenatal 
stress exposure and parental psychopathology may also impact the telomere short-
ening of children. Maternal stress during pregnancy predicted shorter telomeres in 
newborns,68 children aged 6 to 16,69 and young adults.70 Further, girls of depressed 
mothers had shorter telomeres, even if they had never experienced depression 
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themselves;71 this vulnerability appeared to have been inherited through prenatal 
experience or direct “telotype” transmission.46,72

13.4 CAN INTERVENTIONS SLOW CELLULAR AGING?

Most interventions that have been examined for their effect on cellular aging are life-
style modifications, primarily diet and physical activity. The first such lifestyle study 
was by Dr. Dean Ornish, in which intensive lifestyle modification (nutrition, diet, 
activity, stress reduction) in thirty men with prostate cancer73 was associated with 
increase in telomerase activity, which was correlated with decrease in psychologi-
cal distress. A systematic review of lifestyle behaviors found associations of being 
less sedentary, good sleep habits, and not smoking with less telomere shortening.74 
A meta-analysis of 12 studies on physical activity found a positive effect on slow-
ing telomere attrition, and that strength and endurance training may be the most 
beneficial.75 Cross-sectional studies show that moderate-intensity aerobic exercise 
is reliably associated with longer telomeres.76 A randomized controlled trial (RCT) 
of a nutrition and exercise intervention for obesity did not directly impact average 
telomere length across the sample; however, a small subsample who successfully 
maintained weight loss for one year demonstrated telomere lengthening.77 Exercise 
may have a stronger impact on telomeres for individuals under chronic stress. Elderly 
caregivers of patients with dementia under high stress who were randomized to 
engage in aerobic exercise for six months showed telomere lengthening compared to 
controls.78 Much available research demonstrates heterogeneity across interventions, 
and there is a need for more targeted interventions and standardized protocols.

Examinations of lifestyle intervention on epigenetic clocks are few, but we expect 
many such studies are in progress or will be published soon. Early evidence demon-
strates some initial promise. The RCT of an eight-week intervention of diet, exercise, 
sleep, and relaxation guidance led to a reduction of approximately two years in the 
epigenetic age of men (Horvath).79 Similarly, the RCT of a two-year dietary interven-
tion slowed the epigenetic clock of women (GrimAge).80

Mindfulness-based, mind-body, or meditation interventions have been found to 
reduce the expression of inflammation-related genes,81,82 and such interventions may 
also impact aspects of cellular aging, particularly telomerase levels. A review by 
Conklin and colleagues83 found only two of nine studies of meditation interven-
tions showed increases in telomere length; however, nine of eleven studies demon-
strated increases in telomerase activity, the enzyme that stabilizes telomere length 
and protects them from stress-related shortening.46 Another review concluded that it 
is unclear if meditation can reliably impact telomere length and that well-designed 
RCTs with larger sample sizes are needed to advance the field.84

There have been some indications that decreases in stress and symptoms of 
depression or anxiety may be correlated with changes in telomerase activity. A small 
RCT of an 8-week yoga meditation for caregivers resulted in reduced depressive 
symptoms as well as increased telomerase activity.85 A pilot study on mindfulness 
for stress eating did not lead to intervention-related differences in telomerase activ-
ity; however, decreases in chronic stress and anxiety were correlated with increases 
in telomerase activity.86 To our knowledge, the effects of meditation as an inter-
vention on epigenetic aging have yet to be assessed. The epigenetic clock may be 



158 Lifestyle Psychiatry

decelerated in long-term meditators (Horvath)87 compared to controls, but RCTs are 
needed to address this possibility.

The effect of psychosocial group-based interventions on cellular aging of youth 
and their parents has a small evidence base. A ten-session family-based interven-
tion for divorced families was associated with longer telomere length in parents six 
years later; there was no intervention effect on the telomere length of their children.88 
Brody and colleagues89,90 designed Adults in the Making (AIM) as a family-based 
intervention for rural African American adolescents that would increase emotional 
support, instrumental assistance, vocational coaching and advocacy, and racial 
socialization. Adolescents who experienced non-supportive parenting at age 17 had 
shorter telomeres at age 22; however, adolescents that participated in AIM at age 17 
did not show this association between parenting and telomere length.91 Brody and 
colleagues92 also implemented the Strong African American Families (SAAF) pro-
gram to enhance supportive parenting and evaluated the effect on epigenetic aging 
(Horvath). In the control group, parental depressive symptoms when children were 
age 11 predicted the epigenetic aging of children at age 22; children in the SAAF 
treatment group did not show this association. There also appeared to be an indirect 
effect of treatment on epigenetic aging through reductions in harsh parenting.

Whether interventions that target psychopathology influence cellular aging 
remains an open question as very few studies of interventions have included cell 
aging outcomes. In one study of cognitive behavioral therapy for social anxiety dis-
order, neither telomere length nor telomerase changed significantly after treatment; 
however, an increase in telomerase activity across treatment was associated with 
reduced anxiety symptoms.93 While the preliminary evidence that interventions can 
impact epigenetic age or telomere activity is promising, it is not clear how durable the 
effects on cellular aging will be or how effects will vary long, distinct mental health 
trajectories over longer time periods. To clarify these queries, the field needs more 
rigorous studies of interventions for psychiatric disorders that target cellular aging.

13.5  FUTURE DIRECTIONS IN MENTAL HEALTH  
AND CELLULAR AGING

Along with detrimental effects on functioning and well-being, psychopathology may 
prematurely age an individual at the cellular level, increasing the risk for chronic 
diseases of aging. Research supports a robust relationship for trauma and depression, 
particularly at the clinical level, with accelerated cellular aging as assessed by epi-
genetic clocks and telomere length.6,9,18–32,52–60,62,63 With the cross-sectional nature of 
most studies, we cannot rule out that premorbid accelerated cellular aging increases 
the risk of later psychopathology, that effects are bi-directional over time, or that 
psychopathology and cellular aging have a common genetic antecedent.

The literature on lifestyle interventions supports that aerobic activity may stabi-
lize telomere length and several studies of mindfulness-based interventions show 
an increase in telomerase. Only two studies have examined if lifestyle interventions 
impacted epigenetic clocks and, to our knowledge, no studies have assessed the effect 
of mindfulness, mind-body, or meditation interventions on epigenetic aging. Given 
that trauma and depression appear to result in accelerated cellular aging, preventing 
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the onset of psychopathology could protect the body from the negative consequences 
of premature morbidity and mortality. There is a lack of research on the effects 
of evidence-based treatment for psychopathology on epigenetic aging and telomere 
length. To advance the field, research on interventions that target both psychiatric 
disorders and cellular aging is needed. Stored whole blood or DNA from already 
existing longitudinal studies could be newly used for assays of telomere length or 
epigenetic methylation. Although not without challenges, piggybacking cell aging 
assessments into existing trials should be considered when possible.

Most current research on mental health and cellular aging is cross-sectional or 
uses small samples. Along with rigorous study design and methodology, studies need 
to integrate multiple biomarkers of cellular aging in the same study, and measure-
ments of cellular aging biomarkers need to be standardized. The National Institute 
on Aging (NIA) and the National Institute of Environmental Health Sciences have 
funded a Telomere Research Network in order to identify gold-standard measurement 
protocols (https://trn.tulane.edu/). Epigenetic clock research may have progressed 
quickly due to the use of shared technology and publicly available tools (such as from 
the Horvath lab, https://dnamage.genetics.ucla.edu/),94 and research on telomeres may 
similarly benefit from shared resources. Research collaboration to determine stan-
dardization and share resources will facilitate well-powered intervention trials of the 
systemic and individual factors that impact cellular aging as well as mental health.

An association that needs further exploration is the one between childhood adver-
sity and cellular aging.72 Evidence suggests that it is adversity during childhood and 
not during adulthood that is most responsible for accelerated telomere shortening.95 
In both patient and post-mortem samples, those diagnosed with MDD who also 
experienced childhood trauma demonstrated the most advanced epigenetic aging.28 
In addition, telomere length was significantly shorter only in individuals diagnosed 
with PTSD who also had exposure to trauma in childhood.96 Similarly, telomere 
attrition only predicted child behavior problems, if the mother had experienced a 
high number of childhood adverse experiences (ACEs).97 The former surgeon gen-
eral of California has initiated universal screening of ACEs in primary care, along 
with referrals and psychoeducation, which could reduce the impact and occurrence 
of these experiences on biological aging.

13.5.1  ARE TELOMERES AND EPIGENETIC CLOCKS EFFECTIVE 

FOR INDIVIDUAL CLINICAL USE?

For clinical use, it would be helpful to have accurate markers of cellular aging we 
could measure over the course of an intervention as changes in telomere activity or 
epigenetic aging could provide an early indication that a given treatment is working. 
However, telomere length changes over years, which is not a useful time frame for 
most interventions, and the time frame for changes in the epigenetic clock is not clear. 
Measures of malleable clinical biomarkers for short-term indices of health that can 
change in shorter periods include level of insulin resistance, inflammation, and aspects 
of autonomic nervous system balance such as heart rate variability. Testing kits to mea-
sure telomere length and epigenetic aging are now sold commercially. In our opinion, 
these kits are not warranted for clinical use at the present time – given the measurement 

https://trn.tulane.edu
https://dnamage.genetics.ucla.edu
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error at an individual level, which may be equivalent to (or larger than) the average 
change seen after one year of aging. Currently, telomere activity and epigenetic aging 
are best interpreted at the population rather than at the individual level.

13.6 CONCLUSION

Psychological trauma, PTSD, and depression have been linked to shorter telomere 
length and accelerated epigenetic clocks. As shown in Figure 13.1, we hypothesize 
that stress-related dimensions of psychopathology drive stress mediators that lead 
to accelerated cell aging. Interventions could impact dimensions of psychopathol-
ogy or their mediators and result in changes in cellular aging. Existing research 
suggests that lifestyle, mind–body interventions, and improving family functioning 
may impact cellular aging in the form of telomere length, telomerase activity, and 
epigenetic clocks. Few studies targeting stress and affective disorders have exam-
ined potential improvements in cell aging indices. Most studies are small-scale, and 
larger controlled clinical trials are needed. In addition to focusing on just symp-
tom reduction, promoting emotional well-being (in line with the tenets of positive 
psychology and psychiatry) is a relatively new aim in public health.98 Along with 
examinations of whether interventions on well-being facilitate changes in telomere 
activity and epigenetic aging, future research should determine if social and public 
health measures (e.g., decreases in air pollution, increases in education) could impact 
cellular aging on a larger scale.99

Indices of aging, such as telomeres and epigenetic clocks, provide evidence of the 
accelerated aging phenotype seen in MDD and other disorders. There is currently 
insufficient evidence to support a causal role for cellular aging in psychiatric disor-
ders; our model in Figure 13.1 suggests that improvements in psychopathology may 
decelerate cellular aging by dampening the effects of stress mediators. Due to the 
overlap between the biological aging changes seen in MDD and those observed dur-
ing the aging process, some researchers are suggesting the use of geroscience-guided 
interventions to improve treatment outcomes or lessen the negative consequences of 
MDD.100 Interventions that successfully slow cell aging (e.g., physical exercise, seno-
lytic drugs)100 may lessen the impact of psychiatric disorders. This idea is largely unex-
plored, but such interventions might prevent the somatic consequences of cell aging 
and so interrupt a bidirectional cycle between psychopathology and aging-related 
outcomes (healthspan, dementia, physical disability). Longitudinal RCTs that assess 
biomarkers at multiple timepoints would be necessary to take the next step to modify-
ing epigenetic aging and telomere length as an effective way to impact mental health.
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KEY POINTS

• Dementia is a costly disease that affects multiple aspects of life and across 
various levels (e.g., individual, societal).

• There are multiple known factors that can increase or mitigate risk for 
dementia.

• Planning is essential for adequate treatment and caregiving.

14.1 DEFINITION, EPIDEMIOLOGY, AND TRENDS

Alzheimer’s disease and related dementias (ADRDs) are a group of disorders 
characterized by a progressive decline in memory and other cognitive skills, 
such as language and attention. These declines lead to loss of autonomy and 
impaired ability to complete activities of daily living (ADLs), ultimately impact-
ing health and quality of life. ADRDs represent a significant health risk for 
adults ages 65 and above; approximately 6.5 million adults in this age group live 
with dementia in the United States, where ADRDs are the fifth leading cause of 
death for this population.1 ADRD mortality rates grew by 146% from 2000 to 2018; 
in 2019, dementia was considered the underlying cause of death for over 200,000 
older adults.2

Biological, sociological, psychological, and cultural factors have been associ-
ated with the risk of developing dementia. Women represent nearly two-thirds of 
Americans living with Alzheimer’s disease,3 a trend that may be due to the greater 
longevity of women compared to men4 and to the role of age as the greatest risk 
factor for dementia.5 Beyond age and sex/gender, disparities have been identified 
in the prevalence and etiology of ADRDs concerning race/ethnicity; Hispanic/
Latino and Black/African American older adults are at increased risk for ADRD, 
often develop dementia earlier in life, and show greater degrees of impairment 
than their non-Hispanic White counterparts, a trend that has remained stable 
over time.6 Data suggest systemic barriers related to health care access and qual-
ity of services available for historically underserved groups contribute to these 
disparities.7
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14.1.1 COST

ADRDs represent a significant human and financial burden in the United States that 
impacts individuals living with these disorders, their families, and the health care 
system. Significant costs endured by persons living with dementia and their loved 
ones are related to quality of life, mental health, and finances during the years follow-
ing dementia onset, when individuals experience severe impairment in their thinking 
abilities, physical strength, and overall autonomy.8 Expenses associated with caring 
for a person living with dementia (PLWD) are equal to, and sometimes larger than, 
those for other serious chronic illnesses. This costliness is partly due to the unique 
needs of adults with cognitive impairment, and partly given the common comorbid-
ity of ADRD with other conditions such as stroke and depression.9 Managing the 
clinical symptoms of adults with dementia often involves pharmacological interven-
tions, special services such as outpatient physical and/or occupational rehabilitation, 
surgeries, and stays of varying lengths at nursing homes and hospitals. As an individ-
ual’s level of daily functioning declines, they may also require home health care or 
a change in residence (i.e., moving into assisted living communities) to ensure their 
safety and well-being. Based on data representative of the US population, the yearly 
monetary cost attributable to dementia was estimated to range between $30,000 and 
$70,000 per person.10

Caregivers of PLWDs often face significant demands, increasing their risk for 
stress, health complications, financial burden, social isolation, and other unfavorable 
outcomes.11 In addition to expenses related to health care services, some caregivers 
personally provide home care for their loved ones, which can lead to financial burden 
in the form of lost work hours. Comprehensive care for persons living with dementia 
has reached a cost of as much as 305 billion dollars in hospice services and 244 bil-
lion dollars in hours of care labor by family members and unpaid caregivers.12

14.2 ETIOLOGY, COURSE, & PREVENTION

The clinical syndrome observed in ADRDs is associated with the neuroanatomical 
course of the pathology. Synaptic cleaving and necrosis due to pathological pro-
tein deposition leads to clinical symptoms across various cognitive domains, such 
as memory, language, and executive functioning (e.g., planning, decision-making). 
While Alzheimer’s disease is the most common cause of dementia syndromes, other 
conditions associated with dementia syndromes include cerebrovascular disease, 
Lewy body disease, frontotemporal lobar degeneration, Parkinson’s disease, hippo-
campal sclerosis, and mixed pathologies.12 Understanding of ADRDs is constantly 
evolving as additional information is gleaned from scientific investigations. The cur-
rently accepted framework for defining the condition of Alzheimer’s disease demen-
tia is based on criteria proposed by the National Institutes on Aging – Alzheimer’s 
Association (NIA-AA), which posits that the beta-amyloid plaques (Aβ) and neurofi-
brillary tau tangles are abnormal protein deposits that characterize the Alzheimer’s 
disease diagnosis.13

ADRDs develop across a continuum, starting with the preclinical phase and pro-
gressing through a mild cognitive impairment (MCI) stage into the mild, moderate, 
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and severe stages of dementia. The preclinical stage constitutes a period where path-
ological changes may be detected in the brain (e.g., accumulation of beta-amyloid 
or tau protein deposits) without evidence of clinically significant symptoms. It is 
possible during this preclinical stage that the individual reports subjective cognitive 
decline that is undetectable on objective cognitive testing (e.g., via neuropsycho-
logical evaluation).14 In the MCI stage, very mild symptoms begin to manifest but 
these are not significant enough to impair everyday functioning. As disease severity 
progresses into the dementia stage, individuals often begin to experience notice-
able interference in higher-level or instrumental ADLs, such as managing finances 
or medications, planning transportation, and other activities that require higher-
level thinking abilities. In later stages of disease severity, more basic ADLs become 
impaired, including eating, toileting, and basic hygiene maintenance.12,15–19 Notably, 
not all individuals who present with MCI advance to a dementia syndrome and about 
18-24% of individuals with MCI cognitively revert to baseline functioning when 
tested at later dates.20,21 Individuals with an amnestic form of MCI (i.e., predomi-
nantly characterized by deficits in memory abilities) are more likely to progress to 
ADRD diagnosis.22

14.2.1 RISK & RISK REDUCTION

The literature on ADRD has examined risk and protective factors associated with 
dementia etiologies. As noted earlier, age is the largest risk factor for ADRD; increas-
ing age is associated with greater risk. Genetically, there is significant evidence of a 
relationship between ADRD and the apolipoprotein (APOE) ε4 allele in non- Hispanic 
White individuals. However, APOE ε4 may not be a consistent dementia risk factor 
in groups historically underrepresented and excluded from ADRD research.23 Rare 
mutations in presenilin-1, presenilin-2, and amyloid precursor protein genes have 
been identified as pathogenic loci for ADRD that typically follow a fully penetrant, 
autosomal dominant pattern; however, these account for less than 1% of ADRD 
cases.24 Down’s Syndrome (trisomy 21) is associated with increased amyloidosis 
with advanced age, ultimately leading to a dementia syndrome.25 Cardiovascular 
disease and related risk factors like hypertension and obesity have been shown to 
increase risk of cognitive decline,26–29 possibly due to decreased vascular integrity 
of the blood-brain barrier.30 Cholesterol levels from mid- to late-life may correlate 
with the development of AD pathology, but the reasons for this remain unclear.31 
Diabetes increases risk for global cognitive decline and is associated with increased 
prevalence of dementia.32,33 Along these lines, management of these risk conditions 
may subsequently reduce risk for ADRD. However, lower socioeconomic resources, 
related stress, and reduced access to healthcare further contribute to ADRD risk 
profiles and aging-related health disparities.34 Individuals who show early signs of 
ADRD but have limited health care access experience delayed diagnosis, treatment, 
and management, possibly accelerating the dementia process.

Several factors may help mitigate the risk for developing ADRD as well as possibly 
slow progression.35 The APOE ε2 allele has been identified as a potentially protective 
variant36 in ADRD. Behaviorally, higher levels of habitual physical activity have been 
associated with decreased amyloid accumulation and lower ADRD risk, regardless of 
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APOE ε4 status; however, physical activity tends to decline with age.37–39 Long-term 
adherence to overall healthy dietary patterns as opposed to single nutrient supple-
ments, such as the Mediterranean, DASH (Dietary Approach to Stop Hypertension), 
and MIND (Mediterranean-DASH Intervention for Neurodegenerative Delay) diets 
have been associated with decreased risk of cognitive impairments. These neuro-
protective diets are characterized by high intake of plant-based foods, moderate 
intake of fish, and lower intake of red meat, sweets, cheese, high-fat dairy prod-
ucts, and pastries.40 Stress also plays a role in disease resilience with early life stress 
and chronic stressful experiences demonstrating salient associations with dementia 
risk; therefore, stress reduction and improvements in stress management may lead to 
decreased dementia risk.41 Abnormal sleeping patterns developed prior to dementia 
symptom onset play a role in amyloid accumulation and clearance.42 Having good 
social support may contribute to resilience in ADRD; increasing and maintaining 
social networks may help prevent development of dementia via both direct (e.g., cog-
nitive engagement) and indirect (social support) mechanisms, while evidence sug-
gests social isolation may accelerate cognitive decline43,44 Generally, these and other 
brain health strategies may help build resilience to decline, slowing progression of 
the disease and contributing to quality of life.

Cognitive reserve – the brain’s ability to maintain normal cognitive performance 
despite processes related to aging or disease burden45 – may contribute to resistance 
and resilience to ADRD, helping explain individual variability in disease presenta-
tion.46 Greater cognitive reserve is also potentially associated with delayed onset of 
clinically significant disease. Intellectual enrichment and cognitive stimulation, such 
as through formal and informal educational experiences, both early and later in life 
seem to be associated with greater cognitive reserve.47–49 While greater educational 
attainment has been predictive of lower rates of amyloid deposition,35 findings have 
been mixed, especially in ethnoracially diverse samples.50 One reason for this dis-
crepancy may be related to differences between quality and quantity of education, 
given that historic and systemic issues have precluded equitable access to quality edu-
cation in diverse communities. Indeed, quality of education has been shown to explain 
differences in age- and sex-adjusted memory scores between non-Hispanic Black/
African American and non-Hispanic White individuals.51 Cross-cultural relation-
ships between education and cognitive abilities are further complicated by evidence 
of possible non-linear effects and diminishing returns of greater education in ethnora-
cially diverse groups compared to non-Hispanic Whites.52 Despite equivocal findings 
related to educational attainment and cognition in historically underrepresented and 
excluded groups, there is growing evidence that factors such as biculturalism and 
bilingualism, which require cognitively switching between two or more cultural or 
linguistic frameworks, may contribute to reserve in some cultural groups.53,54

14.2.2 SCREENING AND DIAGNOSIS

The diagnosis of dementia requires cognitive impairment that is significant enough 
to affect independent living. Screening for early stages of ADRD (e.g., MCI) serves 
several purposes. First, it allows for the detection of reversible causes of cogni-
tive decline, such as infections or hormonal conditions. Notably, managing health 
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conditions related to cognitive decline may further help reduce risk of ADRD given 
the implications of these conditions on brain health and resilience to neurodegenera-
tion. While no cure currently exists for ADRD, early diagnosis allows for access to 
pharmacological treatments that may be effective in the management of behavioral 
symptoms of dementia (e.g., insomnia, agitation, apathy)55 as well as research oppor-
tunities that may contribute to finding a cure. Critically, early diagnosis also allows 
for a larger window of time for planning for a future with dementia considering its 
medical, financial, and legal implications.

14.3 MANAGEMENT

Care management for a person living with dementia can be both intimidating and 
burdening. Behavioral challenges, multiplicity of tasks, and social isolation can 
strain the caregiver, and even threaten safety and integrity for the PLWD. Effective 
organization of family, formal and informal caregivers, and integration of the inter-
disciplinary care team may help reduce burnout, facilitate management of potential 
complications, maximize resources, diminish obstacles to care, and improve quality 
of life for the PLWD and caregivers alike.56–59

Organization of caregiving can first begin with acceptance of the dementia 
diagnosis, given the level of stigma and avoidance often observed among families. 
Individuals, families, and caregivers may benefit from having a comprehensive view 
of what to expect along the disease spectrum rather than engaging in avoidant behav-
iors.58 Identifying available resources within the family and elsewhere (e.g., commu-
nity health agencies) may contribute to a reduced burden. The earlier the diagnosis, 
the larger the window of opportunity a PLWD will have to actively participate in 
this decision-making process, making it easier to respect their wishes throughout 
the disease span.60

The second step is to discuss a plan of action with the interdisciplinary care team, 
as they are integral to the caregiver system’s well-being. While primary care physi-
cians (PCPs) are not expected to lead all caregiving conversations or even have knowl-
edge in all areas of expertise and support, they do play an essential role in fostering 
those discussions. At a minimum, PCPs are often familiar with support services for 
effective care.61,62 Unfortunately, many PCPs do not engage in these conversations 
because many (1) lack the practical knowledge of these issues themselves,63,64 (2) feel 
the patient needs to be shielded from what they perceive as difficult conversations,65,66 
or (3) because they lack time and have cost-effectiveness constraints.59

Caregiver burnout may negatively impact care of the person living with dementia 
and contribute to the caregiver’s personal risk for poor health outcomes.67,68 Burnout 
risk reduction may be achieved through the adequate distribution of tasks among all 
caregivers. Care partners may benefit from having clear roles and responsibilities. 
Even so, families may have to shift and adapt as the needs of the PLWD increase. 
Eventually, tasks may have to be divided among informal and formal caregivers, 
depending on financial resources. Lastly, individualized self-care for dementia care-
givers involves activities that help the caregiver feel mentally and physically rested. 
However, caregivers may need help developing awareness to notice when help or 
respite might be needed as some may not be inclined to ask for help.69
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14.3.1 PLANNING

Advance care planning (ACP) is generally defined as the process of discussing and 
documenting a person’s wishes for the end of their life.70 However, ACPs are often 
underutilized, with only one out of every three U.S. Americans reporting having a 
completed plan.71 Moreover, most dementia ACPs focus on medical management 
during the final stages of life. Given the nature of the disease, end-of-life issues can 
extend over several years, and present unique challenges related to other factors such 
as finances, symptom management, long-term care and housing, and navigation of 
healthcare systems. These challenges vary with each successive stage of dementia 
(i.e., preclinical, mild, moderate, and severe stages). Therefore, adequate planning 
and coordination are key to successfully resolving those challenges along the disease 
spectrum. Below is a list of suggestions that can be incorporated into ACP:

• Preclinical stage: Financial allocation, medical directives/living will, 
homestead/asset protection, and family discussions regarding finances and 
legal affairs

• Mild stage: Durable Power of Attorney (DPoA), identification of addi-
tional financial resources, up-to-date bank signatures, fraud/financial 
scam prevention, discussion regarding home modifications, and other legal 
documents

• Moderate stage: Feasibility of home modifications, caregiving and medi-
cal care coordination, long-term care decision-making, and enforcement of 
DPoA

• Severe stage: Placement in long-term care, expanded medical/hospital 
care, hospice, and funeral arrangements

Notably, this list is not exhaustive, and cultural differences exist in the way people 
approach the end of life. Attitudes towards the healthcare system, cultural and reli-
gious beliefs about death, their prior experiences with the disease, and their view 
on autonomy and/or inter-dependent decision-making affect the family’s approach 
to end-of-life decisions; these can be collaboratively discussed between the person 
living with dementia, families, and health care providers.72 Persons and families liv-
ing with dementia may wish to seek professional advice on how to protect assets 
and legal matters as well as how to prepare for care decision-making, treatment 
options, alternatives for respite care, home modifications, housing choices, and how 
to finance care costs.
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KEY POINTS

• Sleep has an immediate impact on our state of mind upon waking, but it 
also has long-term effects on our body and mind.

• Both sleep dimensions and commonly occurring sleep disorders, such as 
insomnia and sleep-disordered breathing, are associated with risks for 
depression, anxiety, and post-traumatic stress disorder (PTSD).

• Sleep also affects our physical health, and established associations have 
been described with cardiometabolic diseases and cancer.

15.1 INTRODUCTION

Sleep is a seemingly passive state in which both our brain and our bodies are dor-
mant. However, during sleep, the brain is actively engaged and carries out func-
tions that are essential to every process in the body. Not only does sleep have an 
immediate impact on our state of mind and well-being upon waking, but it can also 
affect our long-term mental and physical health. In this chapter, we will discuss the 
importance of sleep as it relates to our body and mind by (1) defining sleep health, 
(2) outlining the most common sleep disorders and their respective current treatment 
regimens, and (3) describing associations between sleep and both mental and physi-
cal health outcomes in adult populations.

15.2 DEFINING SLEEP HEALTH

Sleep is essential to good health.1 In spite of its importance, the field of sleep 
medicine, like with many other medical disciplines, has traditionally focused 
on educating patients about sleep, or the lack thereof, in the context of sleep 
deficiency. In doing so, previous approaches to sleep medicine largely outlined 
disorders/diseases in need of medical treatment to patients.2 The health of popu-
lations, however, is increasingly being defined in terms of wellness, performance, 
and adaptation – not simply the absence of disease.3 This shift in population 
science, coupled with the accumulation of research on the links between sleep 
and health, encouraged efforts to provide an explicit definition of optimal sleep 
health.

15
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In 2014, a seminal paper proposed, for the first time, a definition of sleep health 
based on concepts derived from empirical data.3 This manuscript described sleep 
health as follows:

Sleep health is a multidimensional pattern of sleep-wakefulness, adapted to individual, 
social, and environmental demands, that promotes physical and mental well-being. 
Good sleep health is characterized by subjective satisfaction, appropriate timing, ade-
quate duration, high efficiency, and sustained alertness during waking hours.

This definition did not include any specific sleep disorder, but rather provided 
attributes of sleep itself that can be measured in any individual with or without a 
sleep disorder. More importantly, it highlighted the multidimensional nature of sleep 
and outlined five key dimensions of sleep that have consistently been associated with 
(mental and physical) health outcomes (see Figure 15.1). The five key dimensions of 
sleep include:

Satisfaction with sleep. An individual’s subjective assessment of the quality 
of their sleep (e.g., “poor”, “good”).

Sleep duration. The total amount of sleep an individual obtained in a period 
of 24 hours.

Alertness/Sleepiness. The degree to which an individual can maintain atten-
tive wakefulness.

Sleep efficiency. The amount of time an individual was asleep while lying in 
bed with the intention to sleep. It is calculated using the total amount of 
actual sleep time divided by time spent in bed.

Timing of sleep. The placement of sleep within the 24-hour period (e.g., night 
vs. day).

FIGURE 15.1 Five key dimensions of sleep that have consistently been associated with 
mental and physical health outcomes.
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These dimensions were chosen to characterize sleep health for several rea-
sons.3 First, they can each be expressed in both positive and negative terms. In 
taking sleep duration as an example, one may categorize sleep duration as “good” 
if it falls within a certain optimal range (7–9 hours is the recommended sleep 
time for adults)4 or “poor” if it falls below or above this optimal range. Second, 
the majority of these dimensions (with the exception of satisfaction) can be mea-
sured via self-report or across behavioral and physiological levels of analyses. For 
instance, sleep efficiency can be derived from self-reported sleep diaries, actig-
raphy (wrist-worn accelerometers), and/or in the laboratory via polysomnography 
(PSG). Finally, all of these dimensions have demonstrated good face or ecological 
validity,3 and they can be easily understood by both health providers and a lay 
audience.

15.3 SLEEP DISORDERS AND THEIR TREATMENT

Consistent disruptions in one (or all) of the dimensions of sleep health can lead to 
sleep disorders. In addition to a definition of sleep health, an international classifi-
cation of sleep disorders is necessary to discriminate among symptoms, to under-
stand their etiology, and most importantly, to deliver appropriate treatment.5 Below, 
we review the most common sleep disorders and their treatments with a focus on 
evidence-based behavioral treatments.

15.3.1 INSOMNIA

The first most common sleep disorder that is unique to about one-third of adults is 
insomnia.6 Insomnia is characterized by dissatisfaction with sleep (at sleep onset or 
sleep maintenance), as well as other daytime symptoms (e.g., sleepiness, impaired 
attention, mood disturbance). Although several insomnia subtypes have been identi-
fied (e.g., psychophysiological, paradoxical, idiopathic), diagnosis and treatment of 
each subtype are comparable to one another.

The American Academy of Sleep Medicine recommends the use of Cognitive-
Behavioral Therapy for Insomnia (CBT-I) as the first line of treatment for insomnia.7 
CBT-I is an intervention that aims to change dysfunctional thought and behavior pat-
terns in an effort to increase sleep time and improve sleep quality.8 The effectiveness 
of CBT-I, the subject of several meta-analyses, has been documented across a vari-
ety of age ranges and patient populations.9,10 In spite of the effectiveness of CBT-I, 
pharmacological treatment continues to be common either in addition to behavioral 
treatment or when access to CBT-I providers is limited.

15.3.2 SLEEP-DISORDERED BREATHING

Sleep apnea is a sleep disorder defined by pauses of breathing during sleep.6 The three 
main types of sleep apnea are the following: obstructive (characterized by closure/
reduction of airflow that occurs as a result of the collapse of the upper airway during 
sleep), central (lack of effort to breathe during sleep usually arising from the brain 
respiratory centers), and complex.6 Sleep apnea is diagnosed with PSG, either at home 
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or in the laboratory, by quantifying the number of respiratory events (cessations in 
breathing) per hour.6 At least five events per hour are needed for a diagnosis of sleep 
apnea. Additional common symptoms of sleep apnea include loud snoring, choking/
gasping, sleepiness and fatigue, and morning headaches. The primary treatment for 
obstructive sleep apnea is continuous positive airway pressure (CPAP) therapy, which 
provides an interpreted airway flow into the nose via a machine. This therapy has 
been able to lessen daytime sleepiness and enhance cognitive functioning, mood, and 
well-being.11 Other treatments include positional therapy (for mild cases) or surgical 
treatments.

15.3.3 CIRCADIAN RHYTHM SLEEP DISORDERS

The sleep-wake cycle is regulated by two important factors: homeostatic sleep 
drive (usually described as “hunger” for sleep) and the circadian rhythm. The sleep 
phase of the circadian rhythm typically starts 2 hours after the onset of melato-
nin secretion.6 Melatonin secretion taking place earlier or later than socially driven 
sleep times results in advanced or delayed circadian rhythm disorders, respectively. 
Usually, sleep length is normal and patients wake up refreshed when sleeping at their 
desired time. The treatment for circadian rhythm sleep disorders includes the use of 
a blue or bright light schedule, as well as melatonin prescribed approximately 1 hour 
before the desired sleep time.6

15.3.4 HYPERSOMNIA

Hypersomnia disorders are characterized by increased sleepiness in spite of ade-
quate sleep opportunity and night-time sleep quality.6 While rare, these types of 
sleep disorders include narcolepsy type 1 (with cataplexy [loss of muscle tone 
following intense, usually positive, emotions such as laughter]), narcolepsy type 2 
(no cataplexy), idiopathic hypersomnia (with or without long sleep time), and 
periodic hypersomnia (such as Kleine-Levin syndrome). The diagnosis of narco-
lepsy is usually done in a clinic and is followed by a multiple sleep latency test 
(MSLT) to validate the sleepiness. This is usually performed following a night-
time PSG and consists of five nap opportunities throughout the day (most narco-
lepsy patients fall asleep within minutes of being given a nap opportunity). The 
treatment of narcolepsy is usually pharmacological, although behavioral treat-
ments with the aim of improving quality of life among narcolepsy patients are in 
development.12

15.3.5 PARASOMNIAS

Parasomnias are characterized by a wide range of behaviors occurring during sleep 
(e.g., walking).6 They are commonly classified based on the time in which they 
occur in the sleep cycle (non-rapid eye movement [REM] or REM parasomnias). 
Therefore, the diagnosis of parasomnia is confirmed with nocturnal PSG. Treatment 
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is usually pharmacological, although melatonin appears to be equally beneficial for 
some REM parasomnias.13

15.3.6 RESTLESS LEGS SYNDROME AND PERIODIC LIMB MOVEMENTS OF SLEEP

Restless legs syndrome is characterized by an uncomfortable urge to move the legs 
that occurs or worsens while at rest, occurs predominantly during the evening, and 
is partially relieved by physical activity.6 One distinctive feature of restless legs syn-
drome is that its characteristic worsening during the late evening hours can affect 
sleep onset/quality. Restless legs syndrome can be idiopathic (no known cause) or 
secondary to another disorder (e.g., Parkinson’s disease, multiple sclerosis, preg-
nancy, iron deficiency). Periodic limb movement disorder is described as repetitive 
limb movements that occur during sleep and cause sleep disruption.6 Both of these 
conditions often co-occur. Treatment is usually pharmacological and includes iron 
supplementation when appropriate.6

The presence of sleep disorders or disruptions/disturbances to any or all of the 
five sleep health dimensions can affect the long-term mental and physical health of 
individuals. Below, we review the impact of sleep on mental and physical health.

15.4 THE IMPACT OF SLEEP ON MENTAL HEALTH

The association between sleep and mental health disorders in adults is often bi- 
directional, 14,15 with the most common comorbidities being depression, anxiety, and 
post-traumatic stress disorder. In this section, prevalence of these disorders in rela-
tion to sleep disturbances, causation, and treatments will be described.

15.4.1 SLEEP AND DEPRESSION

Sleep disturbance is one of the most prominent symptoms in adults with depression 
to the extent that sleep disturbance is sometimes regarded as a secondary mani-
festation of depression.16 Depression is categorized as depressed mood, diminished 
pleasure, significant and unintentional weight loss, reduction of mental or physi-
cal movement, fatigue, feelings of worthlessness, inability to focus, and/or recurrent 
thoughts about death or suicide.17 The lifetime prevalence of depression is 16%.18,19

Insomnia and depression often co-occur,16 and the relationship is thought to 
be bi-directional. Common biological mechanisms include inflammatory fac-
tors, dysregulation of biochemical pathways, genetic correlations, and changes in 
circadian rhythm.16 Insomnia has also been found to be associated with incident 
depression.20 For example, a recent study showed that 71% of participants who 
endorsed having depression disclosed that insomnia symptoms occurred before 
the depressive symptoms.21 Similarly, insomnia is a common secondary symp-
tom of depression.20 Current treatment regimens for depression typically do not 
address sleep disturbances. In fact, some antidepressant drugs have been linked to 
suppressed REM during sleep, leading to sleep disruption/poor quality that may 
result in insomnia.
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Given the high comorbidity between insomnia and depression, recent research 
efforts have been devoted to the development of appropriate treatments that 
address both of these disorders. Treatments to date include antidepressants, cog-
nitive CBT-I, sleep deprivation, bright light therapy, and deep brain stimulation.16 
Antidepressants help resolve depressive symptoms, but as mentioned earlier, 
may increase symptoms of insomnia. CBT-I is the gold standard for insomnia 
treatment, and modified versions of CBT-I have shown promise for patients with 
comorbid depression.22 The combination of addressing sleep disturbance, barriers 
surrounding sleep, and reorganizing ruminating thoughts before bed appears to be 
advantageous for those who have comorbid insomnia and depression. Other lines 
of treatment like sleep deprivation, bright light therapy, deep brain stimulation, 
and psychotherapy can be used in conjunction with CBT-I and antidepressants to 
create an optimal outcome in the setting of both sleep and depressive symptoms 
(Figure 15.2).

15.4.2 SLEEP AND ANXIETY

Anxiety is defined as both a state and a trait.23 Anxiety as a trait is a natural response 
to a threat. When anxiety is a state, our bodies turn on the sympathetic nervous 
system and can adapt to a risk. Anxiety as a trait, or psychiatric condition, describes 
a continuous experience that presents itself throughout life and may not serve as a 
necessity for survival.23 Anxiety disorders like generalized anxiety disorder (GAD), 
panic disorder, post-traumatic stress disorder (PTSD), and obsessive-compulsive dis-
order (OCD) may disrupt the ability to function on a daily basis.24 Anxiety symptoms 

FIGURE 15.2 Describes the ways to treat insomnia and depression in conjunction.
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may include sleep disturbance, chronic worry, tension, fatigue, restlessness, and dif-
ficulty coping.24

GAD and insomnia often co-occur.25 As mentioned previously, sleep disturbance 
and problems falling asleep are also regarded as symptoms of anxiety.24 In GAD, 
symptoms sometimes worsen around bedtime or when falling back to sleep after a 
nighttime awakening. Anxiety may also present itself as rumination, worry, negative 
emotionality, or restlessness at night.15 Panic disorder has also been linked to insom-
nia.25 In fact, in studies using objective methods of sleep recording, there has been 
evidence of impaired sleep initiation and maintenance in those with panic disorder.26 
Similarly, of those who experience panic disorder, 33–71% of patients surveyed 
through clinical reports admit to having sleep panic attacks, as well.27 In contrast, 
obsessive-compulsive disorder (OCD) is not commonly associated with sleep distur-
bance. Literature shows conflicting results on this topic, as some studies demonstrate 
that sleep maintenance and reduced latency in REM sleep were reflected in people 
with OCD,28 but others report no difference in sleep patterns between someone with 
or without sleep problems.29

Within these psychopathologies, sleep may also be impacted by pharmacotherapy.  
While certain medications may improve clinical symptoms of a particular mental 
disorder, adverse effects might include sleep disturbances.24 However, some research 
notes that CBT-I may reduce anxiety symptoms in some patient populations.30

15.4.3 SLEEP AND PTSD

The comorbidity of sleep and trauma-induced conditions, specifically post-traumatic 
stress disorder (PTSD), is high.31 About 7/100 people will develop PTSD in their life-
time. PTSD is defined by direct or indirect exposure to a traumatic event, intrusive 
symptoms (i.e., nightmares, flashbacks, emotional distress), avoidance of a stimuli, 
negative adaptations in cognition and mood, and alterations in arousal or reactivity.17 
Symptoms of PTSD must also last more than a month to be able to diagnose and 
cause functional impairment.17 PTSD symptoms tend to wax and wane as different 
triggers may occur.

Given this change in mood, reactivity, and cognition, the relationship between 
PTSD and sleep disturbance is expected. In fact, sleep disturbance is one of the 
most prevalent symptoms of PTSD.32 About 80-90% of people with PTSD expe-
rience insomnia symptoms and about 50–70% report experiencing nightmares.33 
Nightmare frequency averages to about five per week.34 Insomnia is only one of the 
many sleep disturbances that people with PTSD may experience.  Examples of sleep 
disturbances associated with PTSD include sleep-disordered breathing, periodic leg 
movement disorders, parasomnias, and disruptive nocturnal behaviors (i.e., night 
sweats, dysphoric dreams, dream reenactment).35 Sleep helps emotional regulation. 
Thus, patients with PTSD may overconsolidate emotions attached to memories due 
to disruptions in their REM and sleep cycle. This may result in more intense symp-
toms and debilitation of PTSD.36

The treatments used for PTSD and sleep disturbance are similar to those men-
tioned for anxiety and depression. CBT-I, antidepressants, and psychotherapy tend 
to assist in the resolution of sleep disturbance and symptoms of PTSD.36 Imagery 
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rehearsal therapy (IRT) is also used to treat PTSD symptoms through mitigation 
of sleep disturbance.37 IRT is a type of cognitive-behavioral treatment that helps 
rescript nightmares by creating a nightmare diary, addressing those nightmares, and 
adjusting the dream to pleasant imagery.

Overall, sleep and mental health problems often co-occur, and the comorbidity 
between sleep and psychiatric disorders is high, particularly for depression, anxiety 
disorders, and PTSD. Research on how best to address sleep disturbance in psychiat-
ric disorders is imperative, and effective treatment options continue to be developed.

15.5 THE IMPACT OF SLEEP ON PHYSICAL HEALTH

Over the past two decades, epidemiological research has shown that disrupted sleep 
has a detrimental impact on our physical health. While research on sleep’s associa-
tion with various other conditions continues to emerge, established associations with 
highly prevalent chronic conditions, including cardio-metabolic disease and cancer, 
have been reported.

15.5.1 SLEEP AND CARDIO-METABOLIC DISEASE

Cardiovascular disease (CVD) is the leading cause of death in the United States.38 
There is increasing awareness of the fact that sleep disturbance is an important factor 
in CVD and also has established links to the development of cardio-metabolic risk 
factors such as obesity, diabetes, and hypertension.39

The strongest evidence of the link between sleep and cardio-metabolic disease 
can be derived from the study of sleep duration. The association between sleep dura-
tion and cardio-metabolic disease is well-established and has been the subject of 
several reviews.40,41 Briefly, both short (<6 hrs. of sleep per night) and long sleep 
duration (>9 hrs.) have been linked with obesity-related outcomes,42,43 with stronger 
associations in the context of short-sleep duration. Similarly, there is a strong link 
between short sleep duration and diabetes-related outcomes,44 hypertension,45 cho-
lesterol levels,46 and CVD endpoints such as heart attack47 and stroke.48

In line with the findings from sleep duration studies, a growing number of data 
shows an association between insomnia and cardio-metabolic conditions. While a 
comprehensive assessment of insomnia disorder is challenging in epidemiological 
studies, a recent meta-analysis of prospective cohort studies illustrated a strong asso-
ciation between insomnia and increased risk of hypertension.49 Other meta-analyses 
demonstrate associations between insomnia and type 2 diabetes (T2D), but not body 
mass index (BMI).50 Some of these meta-analyses suggest that the cardio-metabolic 
risk associated with insomnia is particularly strong for those suffering from insom-
nia with short sleep duration.50,51

When it comes to circadian rhythm abnormalities, epidemiological studies have 
largely focused on the impact of unusual sleep timing, as in the case of individuals 
doing shift work, rather than circadian rhythm disorders per se. These studies show 
a significant detrimental effect of shift work on various cardio-metabolic conditions 
including incident obesity,52 hypertension,53 T2D, 54 and cholesterol.55 It appears that 
eating behavior and timing may be at the root of the link between circadian rhythm 
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abnormalities and cardio-metabolic conditions.56 While reports are still equivocal, 
some studies suggest that night shift work was also associated with the consumption 
of unhealthy foods57 (greater consumption of energy, fat, carbohydrates, saccharose, 
and lower consumption of fruits and vegetables) and increased snacking.58 Similarly, 
shift work may have an impact on timing of food consumption, as some studies illus-
trate the prevalence of longer eating duration59 and irregular eating timing among 
shift workers.57

Finally, the link between sleep-disordered breathing (specifically, obstructive 
sleep apnea [OSA]) and cardio-metabolic risk is well established.60 OSA is sig-
nificantly associated with obesity,61 hypertension,62 and T2D.63 Most importantly, 
OSA has been linked to various CVD endpoints, including stroke,64 coronary heart 
disease,65 atrial fibrillation,66 and heart failure.65 Interestingly, regular CPAP use 
has been shown to significantly decrease cardiovascular risk among OSA patients. 
Unfortunately, the low rates of CPAP compliance is a challenge that warrants further 
attention.

In sum, various sleep domains (such as duration and timing) and some sleep dis-
orders (such as insomnia and OSA) have a documented impact on CVD and cardio-
metabolic risk. These associations have been so widely documented in recent years 
that the American Heart Association updated the list of factors that optimize and 
preserve cardiovascular health.67 Previously known as “Life’s Simple 7,” past metrics 
for optimal cardiovascular health included smoking abstinence, healthy weight, eat-
ing healthy, exercising, and managing blood pressure, cholesterol, and blood sugar.68 
The updated list, labeled “Life’s Essential 8,” now includes sleep health as an impor-
tant factor in both cardiovascular health promotion and the preservation of health 
across the life course.67

15.5.2 SLEEP AND CANCER

Cancer is the second leading cause of death in the US and one of the most common 
causes of death around the world.38 The prevalence of cancer varies widely across 
cancer types. Although breast, lung, and prostate cancer are the most common can-
cers worldwide, lung, liver, and stomach cancer are associated with the highest rates 
of mortality.69 Literature on the association between sleep and cancer suggests a 
bidirectional link.70

The largest and most conclusive evidence for a prospective association between 
sleep disorders and cancer onset comes from studies examining the role of insomnia. 
A recent review suggests that insomnia is a risk factor for a wide range of tumors,70 
including those of the breast, nose, trachea, liver, oral cavity, colon, thyroid, bladder, 
and kidney.71

Circadian rhythm disorders may also represent a risk factor for various types of 
cancer, including thyroid, gastrointestinal and breast cancer, as well as squamous 
cell carcinoma.70 The link with breast cancer appears to be most conclusive given the 
role of melatonin in tumor genesis.72 The literature on cancer and sleep disturbances 
related to shift work appears to be less conclusive,70 with conflicting data limited to 
breast, thyroid, and gastrointestinal cancer.



187Biopsychosocial Perspective on Sleep

Some recent studies have proposed an association between other sleep disorders 
and cancer, yet this is still an emerging area of research. A small body of litera-
ture suggests a link between narcolepsy and greater risk of head-neck and gastric 
cancers, particularly among women.73 Furthermore, associations between OSA and 
prevalence of melanoma, breast, uterus, kidney, pancreas, colorectal, and central 
nervous system (CNS) cancer have also been reported.74

It is important to note that the onset of sleep disturbances and sleep disorders can 
also be a natural consequence of a cancer diagnosis.70 General sleep disturbances 
have been documented in all major cancer types.75 Unfortunately, sleep disturbances 
appear to linger beyond treatment and recovery, particularly among breast cancer 
survivors.76 Insomnia is perhaps the most common complaint in cancer patients and 
has been documented in all cancer types, especially those of head, neck, breast, and 
lung, with a prevalence ranging from 16% to 63%.70 Similarly, the onset of circadian 
rhythm disorders has been identified among patients with brain, lung, and breast 
cancer.77 Furthermore, a recent review has documented the onset of narcolepsy in the 
context of brain cancer,78 as well as a link between cancer diagnosis and the worsen-
ing of OSA symptoms, particularly in lung cancer.79

Overall, sleep disturbance and some sleep disorders have been shown to have a 
prospective association with cancer onset across various cancer types. Similarly, 
sleep disturbance is a common experience following a cancer diagnosis. While 
research on the link between cancer and sleep disturbances continues to expand, 
there is a need for the development of interventions aimed at reducing sleep distur-
bance among cancer patients.

15.5.3 SLEEP AND OTHER HEALTH CONDITIONS

The effect of sleep on the risk for cardio-metabolic conditions and cancers has been 
widely documented over the past couple of decades. However, emerging research 
is also linking sleep to other physical conditions, including Alzheimer disease and 
other dementias,80 gastrointestinal disorders,81 and polycystic ovary syndrome,82 
among others. Similarly, a significant association between sleep and pain has been 
widely documented.83

15.6 CONCLUSIONS

Sleep is essential to optimal functioning in everyday life at an individual level, 
and its relationship to our mind and body is extensively documented. A close bi- 
directional link between sleep and psychiatric disorders exists, in particular, for 
depression, anxiety, and PTSD. The effects of sleep, or lack thereof, on physical 
health are most widely documented for chronic diseases such as CVD and cancer. 
Future studies should focus on improving sleep and preventing the adverse effects 
of sleep on mental and physical health.
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KEY POINTS

• Regular physical activity or exercise training is negatively associated with 
risk for mental illness and neurological disease, and exercise interventions 
may diminish disease burden.

• The mechanisms through which exercise mitigates the burden of mental 
illness and neurological disease are likely multi-factorial, including both 
physiological and psychosocial effects.

• Despite the potential protective and therapeutic effects of exercise, the etiol-
ogy and disease presentation must be considered as a part of programming. 
Though generally beneficial, optimal exercise programming strategies may 
necessarily vary between diseases and individuals.

16.1 INTRODUCTION

Consistent, lifelong exercise is almost universally recommended due to many dis-
eases and conditions that it can prevent and manage. Exercise is known to provide 
benefits against cardiovascular disease, certain cancers, insulin insensitivity, and 
all-cause mortality. It also improves bone health and increases muscle mass, thus 
decreasing the risk for functional impairments and disability, such as the age-related 
conditions of osteoporosis and sarcopenia. Additionally, along with a balanced diet, 
exercise helps maintain a healthy body weight, thereby lowering the risk for met-
abolic syndrome and obesity. Finally, regular physical exercise is associated with 
reduced risk for mental illness and neurological disease and may lessen the symp-
toms of those afflicted. Exercise reduces risk for and may improve symptoms of 
anxiety, depression, Alzheimer’s disease and related dementias, schizophrenia, and 
bipolar disorder.1–3

Exercise is classified as a subtype of physical activity: the movement of the 
body produced by skeletal muscles that results in increased energy expenditure. 
Specifically, exercise is planned, structured, and repeated physical activity per-
formed for the purpose of physical conditioning.4 Exercise has broad physiological 
impacts across many systems of the body; consequently, exercise may reduce disease 
risk and maintain health through various potential mechanisms.5 This chapter dis-
cusses the effects of exercise on mental health and potential mechanisms mediating 
these effects. We conclude with implications of these effects on the role of exercise 
in maintaining or improving mental health.

16
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16.2 EXERCISE AND MENTAL HEALTH

Exercise training may promote health through its ability to buffer responses to psy-
chological stress. Long-lasting psychological stress can contribute to disease by 
inducing a state of chronic inflammation, a known risk factor for many health condi-
tions, such as cardiovascular and metabolic diseases.6,7 Psychological stress is also 
a risk factor for mental illnesses, including depression.8 Both moderate and high-
intensity exercise can reduce general stress, and aerobic exercise training reduces 
work-related stress.1 Individuals with greater aerobic fitness, suggesting regular 
participation in exercise, typically demonstrate lower physiological activation in 
response to psychological stress, such as smaller elevations in blood pressure, corti-
sol, and heart rate.9

Exercise training has shown benefits for reducing symptoms and/or improving  
quality of life in a range of mental illnesses and chronic neurological diseases. 
Discussed below are mental illnesses and neurological diseases that have been most 
frequently studied in the context of exercise training. However, the specific needs of 
each affliction may require unique programming considerations to elicit beneficial 
effects, and optimal exercise prescriptions may necessarily vary between illnesses 
and individuals. These caveats are emphasized to provide context for interpreting the 
following data. See Table 16.1 for abbreviated review.

16.2.1 ANXIETY

Exercise training is consistently associated with a small but significant decrease in 
anxiety among non-clinically afflicted adults.10 Although exercise has been demon-
strated to diminish comorbid anxiety, patients with clinical manifestations of anxi-
ety disorders less consistently demonstrate symptom improvements with exercise.10,11 
This discrepancy may be due to the heterogeneous etiology and symptom triggers 
among anxiety disorders and reinforces the importance of individualized exercise 
prescriptions among clinically afflicted individuals.12

16.2.2 DEPRESSION

Individuals who are more physically active are at lower risk of developing depres-
sive symptoms compared to less active individuals.13 Exercise may also be an 
important intervention in the treatment of depression. Exercise training is asso-
ciated with a moderate reduction in depressive symptoms among non-clinically 
afflicted individuals and a moderate to large reduction among those diagnosed 
with clinical depression.2,10,11,14 The latter effects may be equal or superior to tra-
ditional therapies and suggest exercise as an important intervention in the treat-
ment of depression.11 Generally, interventions that prescribe more frequent and/or 
intense exercise demonstrate larger reductions in depressive symptoms.1 Exercise 
may also be useful in addressing cognitive deficits that frequently accompany clin-
ical depression.2,11
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16.2.3 DEMENTIA AND ALZHEIMER’S DISEASE

Exercise training, especially aerobic exercise, can limit age-related declines in cog-
nition and the incidence of dementia and Alzheimer’s disease.15 For example, adults 
aged 65 years and older who engaged in moderate-intensity exercise such as walk-
ing had lower cognitive impairment risk than sedentary older adults. There is also 
evidence that exercise training a few hours per week can improve physical func-
tion and ability for activities of daily living, and memory and cognition in people 
with dementia.15 Even among older adults without dementia, exercise training can 
improve cognitive processes, particularly executive function.1,16 This benefit may 
remain for some time even after cessation of exercise training.

16.2.4 SCHIZOPHRENIA AND BIPOLAR DISORDER

Exercise training has also shown benefit for individuals with schizophrenia and 
bipolar disorder, although the effects of exercise in the latter condition have been 
less frequently examined. Those with schizophrenia are frequently at higher risk of 
developing cardiometabolic disease, likely due to low activity.1,2 Routine physical 
activity (e.g., 90 minutes per week of moderate-to-vigorous exercise) can ameliorate 
both cardiometabolic risk factors and schizophrenia symptoms, including reduced 
frequency and severity of auditory hallucinations.1,2 Exercise training may also 
improve cognition among patients with schizophrenia and bipolar disorder. People 
with schizophrenia or bipolar disorder who performed physical activity at least 
90 minutes each week had greater global function, working memory, and execu-
tive function compared to those who were less physically active2,3 Aerobic exercise 
interventions have also demonstrated improvements in global and social cognition, 
working memory, processing speed, and attention among those with schizophrenia.2

16.3  MECHANISMS TO EXPLAIN THE EFFECTS 
OF EXERCISE ON MENTAL HEALTH

16.3.1 INFLAMMATION

Inflammation begins with the detection of a physiological insult, such as a patho-
gen, by innate immune cells. In response, activated innate immune cells release 
inflammatory mediators that act locally and systemically, leading to swelling, red-
ness, pain, and recruitment of other immune cells. Acute inflammation may last for 
hours to days and resolves after the insult is removed. In contrast, chronic inflam-
mation is generally of lower magnitude (i.e., low-grade) and may last for weeks to 
years, fueled by persistent infection, collateral tissue damage, and/or dysregulated 
inflammatory responses. The causes of chronic, low-grade inflammation are almost 
certainly multi-factorial, with genetic and environmental factors contributing indi-
vidually and interacting to perpetuate inflammation. Adipose tissue is a large source 
of the inflammatory mediator tumor necrosis factor (TNF)-α, the secretion of which 
stimulates interleukin (IL)-6 production, which in turn increases levels of IL-1 and 
C-reactive protein (CRP) systemically. Thus, obesity is associated with chronic 
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low-grade inflammation.17 Aging is also associated with chronic inflammation, lead-
ing to the coin of the term “inflammaging” to describe the age-associated increase 
in inflammatory-related conditions.18

Systemic inflammation and neuroinflammation are implicated in the onset and 
progression of mental illness.19 Induction of systemic inflammation reliably pro-
duces depressive symptoms including social withdrawal and anhedonia. Further, 
individuals diagnosed with depression frequently display elevated plasma or serum 
levels of pro-inflammatory cytokines.20 Acute inflammatory events, such as the 
response to infection, injury, or surgery, have been linked to rapid cognitive decline 
in previously high-functioning older adults.21 Inflammation in the periphery can 
be communicated across the blood-brain barrier through several mechanisms, 
including stimulation of afferent nerves, the active transport of pro-inflammatory 
cytokines and proteins through the blood-brain barrier, and other signaling path-
ways.22,23 For example, activated macrophages may reduce the synthesis of dopa-
mine, norepinephrine, and serotonin.24 Inflammation also activates enzymes which 
convert the serotonin precursor tryptophan into kynurenine. Beyond decreasing 
serotonin availability, kynurenine can be degraded into neurotoxic metabolites and 
is implicated in several mental health disorders.25 Within the brain, inflammation-
activated microglia and astrocytes release additional inflammatory cytokines. 
These cytokines negatively affect neurotransmitter signaling by decreasing precur-
sor molecules availability, inhibiting neurotransmitter transmission, and increasing 
neurotransmitter reuptake. These changes promote anxiety, cognitive dysfunction, 
dementia, and depression.26–28

Exercise training is inversely associated with chronic inflammation.29 This may 
be explained in part through reductions in adipose tissue. For example, declines in 
circulating CRP among adults with obesity relate to fat mass reductions following 
exercise interventions.30 However, reductions in circulating TNF-α and IL-6 fol-
lowing exercise training have been reported independently of fat mass change, indi-
cating exercise may decrease inflammation via mechanisms additional to reduced 
adiposity. Such mechanisms may include the release of anti-inflammatory myo-
kines from contracting skeletal muscle, and reduced toll-like receptor expression on 
monocytes, thereby lowering inflammatory responses.31 Exercise training appears 
to reduce the number of circulating immune cells, thus decreasing the probability 
of potentially inflammatory immune cells.32 Further, physically active adults dem-
onstrate fewer exhausted and highly differentiated T cells (cells typically exhib-
iting a pro-inflammatory phenotype) relative to those who are less active.33 The 
mechanisms underlying these effects are still being elucidated. Leptin, heat shock 
proteins, adrenergic, and myokine signaling all appear to play a role.32–34 Finally, 
exercise training is also associated with reductions in sympathetic nervous system 
and hypothalamic-pituitary-adrenal axis activity, and these reductions may contrib-
ute to improvements in both systemic inflammation and maladaptive responses to 
acute stress.11.

Given the relationship between peripheral inflammation and mental illness 
described above, exercise-induced reductions in inflammation may be expected to 
improve mental health. Promisingly, exercise-induced reductions in neuroinflamma-
tion have been demonstrated in animal models.28 Further, increased expression of 
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peroxisome proliferator-activated receptor-gamma co-activator (PGC)-1α in skeletal 
muscle, frequently observed with endurance exercise training, elicits the expression 
of enzymes to detoxify kynurenine and prevent its neurotoxic effects.35

16.3.2 BRAIN PLASTICITY

Structural changes within the hippocampus, amygdala, striatum, and frontal cor-
tex have been observed across several neurological and mental illnesses, including 
Alzheimer’s and dementia, depression, and schizophrenia.1,2,28 Exercise training 
has shown the potential to counter such changes, particularly within the hippocam-
pus. As reductions in hippocampal volume are frequently observed in patients with 
mental illness and neurological disease, exercise-induced improvements in hippo-
campal volume may directly antagonize this aspect of the disease process. As can 
be achieved through regular exercise, cardiorespiratory fitness has been positively 
related to hippocampal volume in the general population, and improvements in car-
diorespiratory fitness have been related to increases in hippocampal volume.1,11,28 
Additionally, exercise training among patients with schizophrenia may improve neu-
ronal viability in the prefrontal cortex.2

Mechanistically, physical exercise modulates the release of a variety of hor-
mones and signaling factors including the following: adiponectin, brain-derived 
neurotrophic factor (BDNF), dopamine, epinephrine, endocannabinoids, insulin-
like growth factor 1, irisin, nerve growth factor, serotonin, and vascular endothe-
lial growth factor. Each of these may participate in exercise-induced neurological 
effects.28 As an example, increases in BDNF levels with exercise have been reported 
both centrally and in the periphery.1,28,36 As BDNF acts as a growth factor in the hip-
pocampus, elevations in BDNF with acute exercise may improve brain architecture 
and symptom severity among individuals with mental illness or neurological dis-
ease.2,11,28,37 Exercise also increases adiponectin, a hormone with anti-inflammatory 
and insulin-sensitizing properties. Adiponectin decreases risk for type 2 diabetes 
and insulin resistance, which are risk factors for dementia. Adiponectin also lim-
its neuroinflammation and may enhance hippocampal neurogenesis.28 Although 
less studied, exercise-induced elevations in endocannabinoids appear to facilitate 
improvements in mood and reductions in pain perception.11

16.3.3 OXIDATIVE STRESS

Oxidative stress occurs when the production of free radicals (unbalanced, highly 
reactive chemical species) is not managed by antioxidant defenses. Oxidative stress 
impairs normal cellular activity and can trigger inflammation, which in turn results in 
the production of free radicals and perpetuates a cycle of oxidative stress. Oxidative 
stress is implicated in microglial and astrocyte activation within the brain, leading to 
neuroinflammation, and the neurotoxicity of plaques and tau proteins in Alzheimer’s 
disease.11,28 Exercise training increases endogenous antioxidant enzymes such as glu-
tathione peroxidase and superoxide dismutase, which downregulate inflammatory 
signals within glial cells.38 Exercise also increases levels of irisin throughout the 
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body, which may protect neurons from oxidative stress via attenuation of inflamma-
tion.28 Thus, exercise training may protect against oxidative stress-induced neuroin-
flammation and neurotoxicity, and thereby offer protection against associated mental 
illnesses.

16.3.4 PSYCHOSOCIAL FACTORS

Downstream of or parallel to its physiological effects, exercise training may diminish 
the burden of mental illness through its behavioral and perceptual impacts. Exercise 
training can improve sleep quality, and decrease mood disturbances.2 The regular 
practice of exercise may provide structure and a sense of normal societal integra-
tion for individuals with mental illness, particularly when practiced in a group set-
ting. This feedback counteracts tendencies towards social withdrawal and anxiety, 
which are common features of mental illness.1 Additionally, physiological arousal 
experienced during structured exercise (i.e., in a non-threatening setting) has the 
potential to distract from psychological distress. This distraction from other sensory 
input during exercise may provide episodic relief from distress and be of significant 
magnitude when practiced regularly.11 The physiological arousal of exercise can also 
demonstrate that certain illness symptoms (i.e., sweating, elevated heart and breath-
ing rate) are not signs of danger.1

Exercise training may also counteract negative self-conception consequent to 
mental illness or neurological disease via its potential to strengthen self-efficacy. 
Recognition of one’s ability to complete a daunting workout or exercise program, 
with or without quantifiable improvements in fitness, can improve the individual’s 
estimation of their capacity to confront challenges (i.e., self-efficacy). Such con-
fidence may improve self-esteem and mood and has the potential to decrease the 
severity of mental illness symptoms.11 Collectively, physical exercise may provide 
therapeutic benefit to individuals with mental illness or neurological disease through 
both short and long-term psychological mechanisms.

16.4 INTERACTION BETWEEN EXERCISE AND DIET

Exercise and diet (referring to caloric intake and diet quality) may interact to influence 
neuroplasticity and mental health.36,37 As discussed above, exercise increases levels 
of BDNF in the hippocampus, which has important implications for neuroplasticity 
and protecting neural function. Hippocampal BDNF is also sensitive to diet; it is 
increased by consumption of omega-3-fatty acids and by calorie restriction, whereas 
a diet high in sucrose and saturated fats decreases hippocampal BDNF in animal 
models.36,37 Exercise training can reduce the negative effects of a high sucrose/high 
saturated fat diet on cognition and synaptic plasticity, at least in animal models.39 
The omega-3 fatty acid docosahexaenoic acid (DHA) is of particular importance 
in supporting brain health, as it reduces oxidative stress and inflammation and pro-
motes synaptic signaling.36,39 The combinations of exercise with caloric restriction 
and exercise with DHA supplementation yields greater increases in BDNF in animal 
models than either exercise or diet-intervention alone.36,39 As predicted from these 
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effects on BDNF, interventions combining exercise and healthy diet (high in fruits, 
vegetables, and fish) have also demonstrated greater cognitive benefit to middle-
aged and older adults than diet-interventions alone.36 Thus, although more frequently 
examined separately, exercise and diet may interact synergistically to benefit mental 
health.

16.5 IMPLICATIONS

Higher levels of aerobic fitness, as provided by regular exercise training, are associ-
ated with lower physiological activation during stress, less depressive symptoms, and 
superior self-reported well-being. Exercise training also appears to improve memory 
and cognition and may alleviate symptoms of schizophrenia. Conversely, low aero-
bic fitness is a common consequence of mental illness due to low activity and is a 
risk factor for dementia. Lack of physical activity likewise contributes to the devel-
opment of comorbidities among those with mental illness or neurological disorders 
that adds to excess mortality in these populations.1,2 As is true in the general popula-
tion, exercise training can improve cardiometabolic risk biomarkers (e.g., inflam-
mation, blood lipids) and vascular health among those affected by mental illness. 
In addition to potential direct involvement with symptom severity, improvements in 
the latter risk factors may be important to ameliorate the risk or burden of comorbid 
conditions and death.1 A properly designed exercise training program is also likely 
to improve cardiorespiratory fitness and strength. These effects may provide a range 
of benefits in mental illnesses as low fitness and fatigue are common consequences 
of illness and are generally associated with more severe disease.10

Collectively, data demonstrate regular physical activity is a preventative factor 
against the development of mental illness and some neurological conditions. Low 
physical activity is associated with worse outcomes. This suggests that physiologi-
cal adaptations to exercise (e.g., improved aerobic fitness) may play a critical role 
in mitigating the risk for and burden of mental and neurological illnesses. Thus, 
exercise interventions ought to be a routine part of addressing health challenges in 
those with mental illness. The evidence for a protective effect of exercise appears 
strongest for aerobic exercise training, although benefits from resistance train-
ing, combined aerobic and resistance training, and yoga have also been noted 
in people with depression and schizophrenia.2 There is also evidence that more 
frequent and/or intense interventions may elicit more robust responses. However, 
such programming may need to be balanced against the low energy or motiva-
tion for physical activity among ill individuals to facilitate the accessibility of 
exercise for patients. Importantly, improvements in fitness or strength may not be 
necessary for symptom improvement.10 Interventionists must also be mindful that 
some patients with mental illness may be taking medications that impact their 
response to exercise, such as beta-blockers. Thus, prescribing exercise intensity 
via heart rate zones will not apply; these individuals may instead be instructed 
to monitor exercise intensity via perceived effort scales. Finally, safety concerns 
may exist for exercise among people with dementia and Alzheimer’s disease, and 
these individuals may see the greatest benefit from supervised exercise. Table 16.1 
summarizes these key points.
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Summary Table

Condition Effects of Exercise Additional  

Considerations
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Anxiety

• Reduces stress and acute stress response
• Small and moderate anxiolytic effects for 

non-clinical and clinically affected adults, 
respectively
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against clinical anxiety. 
Benefits of exercise 
should be weighed 
against its potential to 
provoke symptoms.
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Depression • Lowers risk for depressive symptoms
• Moderate and moderate-to-large 

anti-depressive effect for non-clinical and 
clinically affected adults, respectively

• May increase hippocampal volume and 
mitigate cognitive deficits associated with 
depression

• Higher frequency and/ 
or intensity yields 
larger benefits, where 
tolerated

2,10,11,13,14

Dementia & 

Alzheimer’s 

Disease

• Lowers risk for age-related cognitive 
impairment, dementia, Alzheimer’s disease

• Training benefits both physical and 
cognitive function in older adults, with or 
without dementia
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KEY POINTS

• Insomnia disorder is associated with short-term and long-term deficits in 
functioning, including co-morbid medical and psychiatric complaints.

• Cognitive Behavioral Therapy for Insomnia is an evidence-based treatment 
with demonstrated efficacy and effectiveness.

• Scaling up insomnia treatments will address growing demands for patient care.

17.1 INTRODUCTION

Insomnia disorder is characterized by difficulties falling asleep, staying asleep, or 
non-restorative sleep that occurs despite the opportunity for adequate sleep. Insomnia 
disorder is associated with significant distress or impairment in functioning, along 
with daytime symptoms, including mood disturbances, fatigue, daytime sleepiness, 
and impairments in cognitive functioning.1 While nearly one-third to one-fourth of 
individuals in industrialized countries report disrupted sleep at some point during their 
lives, approximately 10% to 25% of the population meets the diagnostic threshold for 
insomnia disorder.2 Insomnia is a chronic problem in one-third to three-fourths of 
patients,3,4 with more than two-thirds of patients reporting symptoms for at least 
1 year.5 Without intervention, chronic insomnia is unremitting, disabling, costly, and 
may pose a risk for additional morbidity and potentially mortality.6,7 Given the scope 
and significance of this problem the identification and implementation of effica-
cious and effective forms of treatment is necessary. Cognitive behavioral therapy for 
insomnia (CBT-I) is not only efficacious and effective, it is now considered the stan-
dard of treatment for chronic insomnia8 and is recommended as the initial treatment 
by the American College of Physicians.9 First, a theoretical overview of insomnia 
and CBT-I will be discussed, followed by a review of the efficacy and effectiveness 
of CBT-I, including a consideration of key demographic factors such as race, sex, and 
age. Finally, alternatives to CBT-I for the treatment of insomnia will be discussed, 
followed by a discussion of approaches to scale-up insomnia interventions.

17.2  THEORETICAL FOUNDATION OF COGNITIVE 
BEHAVIORAL THERAPY FOR INSOMNIA

Insomnia can be broadly conceptualized within a diathesis-stress framework. 
Within this diathesis-stress framework, an influential theoretical model, known as 
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the 3-P Model10 suggests that individual vulnerabilities or predisposing characteris-
tics (e.g., various forms of hyperarousal and/or tendency to worry or ruminate), when 
paired with precipitating factors (e.g., stressful life events, daily hassles, and/or ill-
ness), result in acute insomnia. Negative thoughts and maladaptive coping behaviors 
(e.g., anticipatory anxiety about one’s ability to initiate or maintain sleep, remaining 
in bed without sleeping) result in conditioned arousal that when repeated over time, 
is learned and leads to chronic insomnia. This heuristic model captures, in a way 
that can be used as treatment rationale for patients, the dynamic course of insomnia; 
readers interested in a more in-depth review of insomnia pathophysiology models 
are referred elsewhere.11,12

17.3  COMPONENTS OF COGNITIVE BEHAVIORAL 
THERAPY FOR INSOMNIA

CBT-I has demonstrated empirical support for its efficacy13–18 and growing sup-
port for its effectiveness.19 CBT-I is a multi-component therapeutic approach that 
includes psycho-education, in addition to behavioral strategies and cognitive therapy. 
Specifically, CBT-I includes three behavioral strategies (e.g., stimulus control, sleep 
restriction therapy, and sleep hygiene), cognitive therapy, and relaxation training. 
CBT-I targets the factors that interfere with sleep initiation and maintenance by uti-
lizing operant and classical conditioning principles in the form of stimulus control, 
promoting sleep hygiene to limit behaviors that interfere with sleep, reducing cogni-
tive and physiological hyperarousal, and regulating the homeostatic and circadian 
influences on sleep through sleep scheduling and sleep restriction.

Stimulus control is an intervention that rests on behavioral principles designed to 
extinguish learned associations between the bed and negative states such as worry, 
wakefulness, or frustration.20 Wakefulness and its associated negative emotions are 
conditioned by frequent and prolonged periods of time spent awake in bed. The goals 
of stimulus control therapy are to establish a stable sleep-wake schedule and for the 
patient to maintain a positive association between the bed and sleep. The goal of 
stimulus control is to re-associate the bed/bedroom with sleep. This includes telling 
patients to get into bed when they feel sleepy, to maintain a consistent wake time, to 
avoid naps, to use the bed only for sleep and intimacy, and if they are unable to fall 
asleep (or fall back to sleep following awakenings) within 20 minutes, to get out of 
bed and engage in a relaxing activity until drowsy, and to then return to sleep.

Sleep restriction therapy21 attempts to align the time in bed and total sleep time 
(TST) based on data from at-home sleep dairies. This intervention is designed to 
improve sleep consolidation by restricting TST to enhance sleep drive, or “readi-
ness” for sleep by prolonging wakefulness. As the drive for sleep increases and the 
opportunity for sleep remains, restricted sleep becomes consolidated (i.e., patients 
fall asleep more quickly and remain asleep for longer periods of time). Sleep restric-
tion instructions include using an at-home sleep log or sleep diary to determine aver-
age TST for a baseline period of 1 to 2 weeks. Next, bedtimes are delayed and wake 
times are set at a consistent time so that time in bed approximates mean TST. As 
an intervention, this controlled form of mild to moderate sleep deprivation usually 
decreases the amount of time it takes to fall asleep or return to sleep. Initially, patients 
get less sleep, but tend to produce sleep that is consolidated. As sleep efficiency (TST 



207Sleep-Related Disorders

divided by time in bed x 100%) increases, weekly adjustments to the sleep schedule 
may be made. With sustained sleep efficiencies (7 days or more) above 85%, time in 
bed can be increased by 15 to 20 minutes. This adjustment provides the opportunity 
for increased TST while maintaining consolidated sleep.

Sleep hygiene22 involves educating the patient about health practices (e.g., avoid-
ing tobacco, alcohol, large meals, and vigorous exercise for several hours before bed) 
and environmental factors (e.g., light, noise, temperature) that are either conducive or 
detrimental to sleep. Sleep hygiene is not effective when delivered as a monotherapy 
but may be useful in combination with cognitive therapy or other behavioral strate-
gies (e.g., sleep restriction, stimulus control therapy) aimed at improving sleep.

Cognitive therapy for insomnia23 addresses the preoccupations and potential con-
sequences of the patient’s sleep disruption. While specific cognitive interventions 
differ in their approach, all rest on the notion that insomniacs have negative beliefs 
and attitudes about their sleep. Helping patients challenge the usefulness and validity 
of their negative beliefs and thoughts is believed to reduce the anxiety and arousal 
associated with nighttime worry and daytime concerns.

Relaxation training targets cognitive and physiological hyperarousal that inter-
feres with sleep and is often utilized with CBT-I. A variety of relaxation techniques 
may be utilized (e.g., progressive muscle relaxation, diaphragmatic breathing, auto-
genics, mindfulness meditation), but the optimal method is the one that is most suit-
able or easiest for the patient to learn. The goal of relaxation training is not to induce 
sleep, but rather a reduction in basal levels of arousal.

17.4  EFFICACY OF COGNITIVE BEHAVIORAL 
THERAPY FOR INSOMNIA

A recent meta-analysis shows that randomized controlled trials of CBT-I have sig-
nificant positive effects on all reported sleep outcomes, with the smallest effects 
on total sleep time.24 Across all studies reviewed in this meta-analysis, the largest 
effects were for reductions in insomnia severity, with large effects also obtained 
for sleep efficiency, wake after sleep onset, and sleep onset latency.24 For example, 
in a randomized, placebo-controlled trial, 78 adults with chronic insomnia were 
randomly assigned to CBT-I, pharmacotherapy, or both. These three active treat-
ment conditions were compared to a placebo group. All 3 active treatments were 
more effective than the placebo immediately post-treatment. However, over the long-
term, CBT-I alone was associated with sustained improvements in sleep outcomes.25 
Moreover, CBT-I is as effective as sedative-hypnotics during acute treatment (4 to 
8 weeks)15,17,18,26 and is more effective than sedative-hypnotics in the long-term (more 
than 3 months after treatment).27

17.5 CBT-I OUTCOMES BY DEMOGRAPHIC CHARACTERISTICS

17.5.1 RACE

Patients enrolled in CBT-I treatment studies are predominantly White, with some 
notable exceptions.28,29 When minorities are included, the group size is too small 
to conduct meaningful post-hoc analyses of race or ethnicity differences.28 In an 
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efficacy study of a six-session, internet-based study of CBT-I of 658 participants 
(21% African American), secondary analyses revealed no differences in treatment 
outcomes or attrition based on race.29 Clearly, future studies need to be planned and 
conducted to test race and/or ethnicity as an important factor.

17.5.2 SEX

Efficacy studies of insomnia show comorbidities with women’s reproductive health, 
including in pregnancy, the post-partum period, menopause, and pre-menstrual dys-
phoric disorder.30–37 For example, in a randomized, unmasked, 3-site controlled trial 
where pregnant women were randomly allocated to CBT-I or to an active control 
condition, those in the CBT-I condition had a significantly greater reduction in self-
reported total wake time. Importantly, a larger percentage of women in the CBT-I 
condition experienced remission of their insomnia compared to those in the control 
condition (64% compared to 52%). This study not only demonstrated the effective-
ness of CBT-I during pregnancy but offers a safe, non-pharmacological approach for 
treating insomnia during pregnancy.35

In a single-site randomized controlled trial of 150 postmenopausal women with 
chronic insomnia disorder, women were randomized to one of three conditions: 
sleep hygiene education, multi-component CBT-I, or sleep restriction therapy.31 
While average sleep duration increased in all 3 groups at 6 months, women in the 
CBT-I group obtained almost 45 more minutes of sleep per night compared to those 
in the sleep hygiene education or sleep restriction conditions. Remission rates were 
higher in the sleep restriction and the CBT-I groups compared to the sleep hygiene 
education group.

17.5.3 AGE

CBT-I is effective for treating insomnia across the lifespan, including well into late 
life.16,25 In a meta-analysis of randomized controlled trials conducted on middle-
aged and older adults with insomnia,16 the authors evaluated the relative efficacy 
of three different treatment modalities (cognitive-behavioral treatment, behavioral 
only, and relaxation) on five different sleep outcomes (sleep quality, total sleep time, 
sleep latency, sleep efficiency, and wake after sleep onset). This meta-analysis sup-
ported the efficacy of behavioral interventions across all sleep outcomes, except for 
total sleep time. The authors hypothesized that these behavioral treatments may be 
operating through common mechanisms that led to general improvements in sleep 
outcomes. Moreover, they suggested that total sleep time may be influenced by fac-
tors such as work schedules and nighttime activities that were not addressed by the 
behavioral interventions examined in this meta-analysis. Behavioral interventions 
produced medium effects for sleep latency and wake after sleep onset. Large effects 
were observed for sleep quality and sleep efficiency. This meta-analysis did not reveal 
differences between behavioral intervention modalities, with one exception. Namely, 
CBT proved to be substantially more effective than relaxation training for improving 
sleep efficiency. Moreover, when age was tested as a moderator of the effectiveness 
of behavioral interventions for insomnia, there were notable differences between 
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those younger than 55 years old and those older than 55 years old. Behavioral inter-
ventions were more effective for total sleep time and efficiency in those under 55 
years old. Moreover, older adults did not differ from the control group on total sleep 
time following behavioral interventions for insomnia.

17.6 DO THE TREATMENT EFFECTS OF CBT-I LAST?

There are proven clinical gains that are maintained months to years after CBT-I 
has ended. In long-term randomized controlled trials of CBT-I, it was found that 
sleep latency and wake after sleep onset effects are stable for time periods up to 
2 years.25,38 While effects for total sleep time are marginal in the short term, they 
appear to accrue with time. For example, when followed over time, patients had an 
average increase in total sleep time of 50 minutes after 2 years. This improvement 
in total sleep time appears to be due to increased time in bed while maintaining 
good sleep efficiency. In contrast to these findings, results from recent meta-analysis 
showed that CBT-I continues to be effective at 3, 6, and 12 months compared to non-
active controls, but the clinical gains for sleep onset latency, sleep efficiency, and 
wake after sleep onset, in the treatment condition wane over time.25,38,39 It is likely 
that the discrepancy between the results of individual studies and the findings of the 
recent meta-analysis may be due to several factors, including the between-study dif-
ferences in the administration of CBT-I, variability in effect size estimates, and the 
inclusion of small studies in the meta-analysis.

17.7 IS THERE AN ESSENTIAL COMPONENT OF CBT-I?

Comparative efficacy studies, or dismantling studies are one approach for determin-
ing which components of a therapy are essential or carry the majority of the outcome 
variance. To date, there have been two CBT-I dismantling studies.40,41 In an initial 
dismantling study,40 patients with primary insomnia were randomly assigned to one 
of four conditions: stimulus control therapy, sleep restriction therapy, a combina-
tion of stimulus control therapy and sleep restriction, or a waitlist control condition. 
Compared to those in the control condition, patients in intervention conditions expe-
rienced improvements in sleep onset latency (SOL), wake after sleep onset, total sleep 
time, and sleep efficiency. Patients also reported reductions in negative thoughts and 
beliefs about sleep. The largest effects and greatest remission of  symptoms were 
observed for patients in the combined sleep restriction/stimulus control therapy con-
dition. The findings from this dismantling study align with recommendations from 
the American Academy of Sleep Medicine (AASM) in that they support stimulus 
control therapy and sleep restriction therapy as standards of practice for the treat-
ment of primary insomnia.1

However, this study did not directly compare behavioral interventions to cogni-
tive therapy for insomnia or clearly distinguish whether any of the interventions 
are uniquely targeting underlying mechanisms of insomnia. A second dismantling 
study41 addressed a limitation of the prior dismantling study by directly comparing 
the behavior therapy, cognitive therapy, and full multi-component CBT-I in a sample 
of mid-life patients with persistent insomnia. Behavior therapy led to faster treatment 
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responses, but those treatment gains were not maintained over time, in the absence 
of cognitive therapy. Cognitive therapy led to slower but more sustained treatment 
gains. Ultimately multi-component CBT-I was found to be the optimal treatment, 
with both behavioral and cognitive therapy components contributing uniquely to 
short and long-term efficacy. The authors concluded that the different trajectories of 
change may provide some insight into the process of behavior change through cogni-
tive compared to behavioral pathways.

17.8 EFFECTIVENESS OF CBT-I

Moreover, there is mounting evidence to suggest that treating insomnia may actu-
ally improve other mental and physical health conditions. Randomized controlled 
trials have demonstrated that CBT-I is effective for patients with comorbid insom-
nia with a host of mental health conditions, such as depression,42,43 post-traumatic 
stress disorder,44,45 generalized anxiety disorder,46 and schizophrenia.47 CBT-I has 
also proven effective for patients with a wide range of comorbid medical condi-
tions, including heart failure,48 cancer,49 chronic pain,50 Alzheimer’s disease,51 alco-
hol misuse disorder,52 obstructive sleep apnea,53 and chronic obstructive pulmonary 
disease.54 Randomized controlled trials conducted in these patient populations have 
found treatment outcomes similar to those observed in patients with insomnia dis-
order only, and some have demonstrated even better treatment outcomes.43–45 For 
example, individuals with major depression and insomnia disorder had better depres-
sion remission rates when their treatment included CBT-I in addition to pharmaceuti-
cal treatment for depression.55 CBT-I, in comparison to an attention control group, 
significantly improved sleep and reduced pain in a sample of 23 patients with osteo-
arthritis randomly assigned to CBT-I.56 At a one-year follow-up, improved sleep and 
reduced pain were maintained for those enrolled in CBT-I.

17.9 ALTERNATIVES TO CBT-I

Alternatives to CBT-I include intensive sleep retraining (ISR), a brief 25-hour treat-
ment that relies on acute sleep deprivation to facilitate rapid sleep onsets across a 
series of 50 half-hourly sleep onset opportunities to counteract conditioned insom-
nia.57 The ISR intervention has been associated with significant improvements in 
sleep onset latency, total sleep time, and sleep efficiency that are comparable to other 
behavioral treatments for insomnia (e.g., stimulus control therapy). However, the 
greatest improvements in sleep outcomes (e.g., total sleep time, wake after sleep 
onset, sleep efficiency) are found when ISR is combined with more traditional behav-
ioral interventions, such as stimulus control therapy. Benefits from ISR (either alone 
or in combination with stimulus control) often emerge within one week and are 
maintained for 6 months.

Additional treatment approaches include brief behavioral treatment for insomnia 
(BBTI).58,59 The goals of BBTI are similar to other treatment approaches for insom-
nia: (1) to improve sleep quantity and quality and (2) to reduce daytime impairment 
associated with insomnia. This intervention is delivered as a single 45- to 75-minute 
session focused on sleep education, stimulus control, and sleep restriction with a 
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booster session at two weeks. Two follow-up phone calls, occurring after the first 
session and following the third session, lasting less than 20 minutes each, address 
the patient’s current sleep and daytime functioning, discuss treatment challenges, 
increase time in bed as needed, and review relapse prevention. Preliminary empiri-
cal support from a handful of studies on BBTI demonstrates that it is acceptable 
and efficacious in improving insomnia symptoms.59–64 These studies found better 
remission and response rates in BBTI groups compared to control groups.59–64 For 
example, in a randomized controlled trial of 79 older adults, those in the BBTI group 
showed improvements in sleep onset latency, wake after sleep onset, and sleep effi-
ciency, compared to an information control group. Moreover, over half of the par-
ticipants in the BBTI group no longer met criteria for insomnia disorder, compared 
to only 13% in the control group.59 While much of what is known about the efficacy 
of BBTI has been observed in older adult populations, BBTI has also proven useful 
for treating insomnia among patients with human immunodeficiency virus (HIV)62 
and cancer survivors.63 In a one-group quasi-experimental pilot study of 12 men with 
HIV, there were significant improvements in sleep onset latency, wake after sleep 
onset, and sleep quality.62 Taken together, these findings suggest that BBTI is accept-
able and efficacious in improving both global and specific symptoms of insomnia, 
with some participants no longer meeting criteria for insomnia. Further, it appears, 
based on the existing literature, that BBTI is efficacious among older adults with 
diverse medical histories, but that treatment responses may differ based on medical 
and psychological comorbidities.

17.10 SCALING-UP OF INSOMNIA TREATMENTS

Despite the favorable results of CBT-I, there is, unfortunately, a gap between evi-
dence-based practice guidelines and current clinical practices. In many parts of the 
country, CBT-I is rarely available, and few patients have access to this treatment 
modality. That is, there is a discrepancy between the needs of patients and the supply 
of practitioners who are adequately trained to provide high-quality CBT-I.65

17.10.1 TELEHEALTH AND ONLINE MODES OF DELIVERY

One option for addressing this discrepancy is to utilize technology such as video 
conferencing and online applications. For example, in a study comparing CBT-I 
delivered in-person to CBT-I delivered via videoconference, 65 adults with chronic 
insomnia were randomly assigned to six sessions of telemedicine or six sessions of 
in-person CBT-I.66 Across sleep outcomes, CBT-I delivered via video conference 
performed as well as in-person CBT-I for reducing sleep latency and wake after sleep 
onset. There were also increases in sleep efficiency, but total sleep time did not differ 
for either group following intervention.

In a study using an online CBT-I application, 45 adults were randomly assigned 
to an internet condition or to a wait-list control.67 Compared to those in the waitlist 
control, participants in the treatment condition had significantly shorter sleep latency 
and wake after sleep onset times. There were also improvements in total sleep time 
and sleep continuity for participants in the treatment condition.
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Online CBT-I applications have also been used to address sleep complaints 
among US service members. For example, in a randomized controlled trial of 100 
active-duty soldiers, both internet and in-person CBT-I performed significantly bet-
ter than waitlist control. Specifically, sleep latency decreased by 10 minutes for the 
internet group and 15 minutes for the in-person group. There were also increases in 
total sleep time in both the internet group and the in-person CBT-I group. Of note, 
the overall effect size for in-person CBT-I was larger than the internet treatment.68 
Overall, taken together, these findings suggest the internet-based delivery of CBT-I 
may be an adequate mode of delivery when in-person CBT-I is not available.

17.10.2 STEPPED CARE

A second option is to utilize a stepped-care approach for the treatment of insomnia. 
In this approach, the least intensive therapy that is the most readily accessible, lowest 
cost, least personal inconvenience, and least specialist time is the entry step. Next, 
progressively smaller numbers of patients move into more intensive treatment as 
needed.69,70 When applied to insomnia treatment, patient needs, including insomnia 
comorbid with other mental health or physical health conditions would be taken 
into account along with the method of treatment delivery and provider expertise. 
For example, one proposed approach starts with patient-administered CBT-I using 
booklets or the internet and ends with a certified behavioral sleep medicine specialist 
delivering in-person CBT-I.69

17.10.3 SLEEP HEALTH PROMOTION

One final option could include leveraging health behavior theories to improve sleep 
hygiene at a community or population level.71 Many studies have utilized the theory 
of planned behavior72,73 as a framework for promoting or modifying sleep hygiene.71 
Applied to sleep hygiene, the theory of planned behavior would focus on sleep-
related decision making. In fact, several studies have demonstrated that the theory 
of planned behavior predicted behavioral intentions to sleep between 7 and 8 hours 
per night and actual behavior both in the short-term74–76 and up to 6 months later.77 
Integrating traditional health behavior models in order to promote sleep is a promis-
ing future direction and should be applied to other aspects of CBT-I, such as sleep 
restriction and stimulus control therapy, that have greater demonstrated efficacy 
compared to sleep hygiene.

17.11 SUMMARY AND CONCLUSIONS

Insomnia is one of the most common sleep complaints. In the short-term, the impact 
of insomnia includes fatigue, mood disturbances, poor cognitive functioning, and 
impairments in daily living. If untreated, insomnia is associated with substantial 
societal costs and may pose a risk for additional medical and psychiatric comor-
bidities. Given that many different factors contribute to the development and main-
tenance of insomnia, a multifaceted treatment approach such as CBT-I is a preferred 
treatment of chronic insomnia in adults. As an AASM standard of practice, CBT-I 
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produces treatment gains that are long-lasting and efficacious, with some demon-
strated effectiveness. Future treatment considerations include adapting the delivery 
of CBT-I into brief modules and examining the utility of CBT-I for conditions that 
commonly co-occur with insomnia, such as depression, chronic pain, cancer, and 
post-traumatic stress disorder. Opportunities to scale up the treatment of insomnia 
to increase patient access include the delivery of CBT-I through internet applications 
and public sleep health promotion efforts.
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KEY POINTS

• Physical activity has manifold benefits for physical and mental health. 
Federal agencies and health departments issue guidelines for physical activ-
ity to help attain and maintain health, prevent disease, and improve quality 
of life.

• Theories of behavioral change are operationalized at multiple levels of 
influence to help increase physical activity.

• Empirically valid interventions that utilize the latest technology are being 
developed and implemented to help individuals and groups increase physi-
cal activity and, in turn, to improve health and well-being.

18.1  DEFINITIONS, BENEFITS, AND GUIDELINES  
BY AGE

Regular physical activity represents one of the pillars of lifestyle medicine. As one of 
the most potent predictors of good physical health, regular physical activity reduces 
the risk of chronic diseases of older adulthood, including cancer, type 2 diabetes, 
cardiovascular disease, and dementia. Not only does exercise foster physical health, 
it also has a substantial effect on mental health.1 Those who report low levels of fit-
ness have a 47% greater likelihood of developing depression than those with high 
levels of fitness.2 In this chapter, we briefly describe the health benefits of exercise. 
Then, we summarize current exercise guidelines by age. Finally, we describe cur-
rent theories of health behaviors, emphasizing the importance of considering mul-
tiple levels of influence to design effective interventions. In so doing, we provide an 
example of an exercise intervention designed based on the principles and theories 
outlined in this chapter.

Physical activity can be defined as any bodily movement produced by skeletal 
muscles that causes energy expenditure, measured in kilocalories.3 Physical activ-
ity encompasses many activities, including, but not limited to, recreational activ-
ity, household activity, occupational activity, etc. Exercise is a physical activity that 
is planned, structured, intentional, and repetitive and aims to improve or maintain 
physical fitness.3

According to the U.S. Department of Health and Human Services, engaging in 
regular physical activity, being less sedentary, and moving more helps maintain and 
improve health.4 Being physically active has many beneficial effects on mental and 
physical health4,5, details of which are provided in Table 18.1.

18
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Several of the most common chronic diseases in the U.S., such as heart dis-
ease, cancer, diabetes, etc., are benefited from regular physical activity.4 A lack of 
physical activity is associated with approximately $117 billion in annual healthcare 
costs.4 Federal agencies, thus, provide recommendations for physical activity to help 
improve the population’s health and quality of life and mitigate preventable health-
care costs. Table 18.2 provides physical activity guidelines by age, modified from the 

TABLE 18.1

Benefits of Physical Activity for Physical & Mental Health4,5

All-Cause Mortality Reduces Risk of All-Cause Mortality by 33 Percent

Cancer Regular physical activity reduces risk for the following malignancies:

• Bladder
• Breast
• Colon
• Endometrium
• Esophagus (adenocarcinoma)
• Kidney
• Lung
• Stomach

Musculoskeletal system • Improves bone health
• Reduces risk of osteoporosis
• Reduces risk of fractures.
• Muscle-strengthening activity helps maintain and improve muscle 

mass and strength.

Cardiovascular system Reduces risk of

• Hypertension
• Coronary heart disease
• Heart failure
• Stroke

Metabolic system Reduces risk of, and helps control 

• Type 2 diabetes
• Obesity
• Adverse blood lipid profile

Neurological system • Improves cognition
• Reduces risk of Alzheimer’s disease
• Delays age-associated cognitive decline

Mental health Reduces risk of

• Symptoms of depression and Major Depressive Disorder
• Anxiety symptoms and disorders
• Chronic fatigue and low energy

General health • Helps improve sleep quality
• Helps reduce feelings of distress
• Helps enhance sense of well-being
• Helps lower risk of falls in older adults
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Physical Activity Guidelines for Americans based on the recommendations of the 
2018 Physical Activity Guidelines Advisory Committee.

18.2 DETERMINANTS OF PHYSICAL ACTIVITY

A large fraction of the population does not engage in adequate physical activity.4 
This is despite information regarding benefits of physical activity and guidelines 
being widely disseminated. Understanding the underlying reasons behind this lack 
of activity is essential in developing targeted interventions to improve physical activ-
ity levels.

TABLE 18.2

Physical Activity Guidelines by Age4

Age Guidelines

3 years to 5 years 

(preschool)

Children, between the age of 3 and 5 years should be physically active through 
the course of the day, and should be encouraged to engage in active play.

6 years to 17 years 

(children and 

adolescents)

Children and adolescents should do at least 60 minutes of moderate-to-vigorous 
physical activity daily. This should include the following:

• Aerobic: Most of the daily physical activity should be either moderate- or 
vigorous-intensity aerobic activity and should include vigorous-intensity 
physical activity on at least 3 days a week.

• Muscle-strengthening: Muscle-strengthening physical activity should be 
included at least 3 days a week.

• Bone-strengthening: Bone-strengthening physical activity should be included 
at least 3 days a week.

18 years to 

59 years

Adults should do, at least the following:

• 150 minutes (2.5 hours) to 300 minutes (5 hours) a week of moderate-intensity, 
or

• 75 minutes (1.25 hours) to 150 minutes (2.5 hours) a week of vigorous-
intensity aerobic physical activity, or

• an equivalent combination of moderate- and vigorous-intensity aerobic activity

>60 years Older adults should do at least 

• 150 minutes (2.5 hours) to 300 minutes (5 hours) a week of moderate-
intensity, or

• 75 minutes (1.25 hours) to 150 minutes (2.5 hours) a week of vigorous-
intensity aerobic physical activity, or

• an equivalent combination of moderate- and vigorous-intensity aerobic 
activity

Additionally, older adults should include balance training in their weekly physical 
activity

Older adults with chronic conditions should assess their ability to do regular 
physical activity safely. If unable to do 150 minutes of moderate-intensity 
aerobic activity a week, they should be as physically active as their abilities and 
conditions allow.
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Human behavior results from multiple factors and influences.6 Individual and 
interpersonal factors, along with social determinants are extremely important in 
understanding and changing behavior. Individual determinants include knowledge, 
self-efficacy, attitudes, etc. toward physical activity.6 Examples of interpersonal fac-
tors could be social support from peers, friends, and family.7 Social determinants 
are subjective social norms and other social influences8 on behavior which include 
socioeconomic position, safety, crime rates, etc.6 Additionally, environmental fac-
tors such as built environment, access to green spaces/walking paths, etc. are closely 
related to, and overlap with, social determinants.6

Like individual factors, social and environmental determinants vary significantly 
for individuals and groups. It is essential to keep this variance in mind while assess-
ing determinants to tailor interventions to target populations at multiple levels.

18.3 THEORIES OF HEALTH BEHAVIOR FOR PHYSICAL ACTIVITY

Theory-based interventions and programs can help identify the influences on health 
behavior and targets for behavior change.9 A theory is a set of interrelated concepts 
(or constructs) that specifies relationships among variables to explain events and 
behaviors.9 Theory-based research helps determine why individuals are not physi-
cally active, what factors must be changed, and how to implement effective change.

Table 18.3 provides a brief overview of a few theories and models that have been 
used for physical activity behavior change.10 For example, the Health Belief Model 
(HBM) was developed to understand why individuals do not engage in preventive 
and health-promoting behavior despite the availability of resources.9,11 Since this 
model was found to be more beneficial for occasional behaviors, the stage-based 
model (Transtheoretical Model) and cognitive-based theories were operationalized 
for physical activity behaviors.12

Cognitive-based theories propose that complex behaviors are controlled by ratio-
nal cognitive activity.10,13–15 The Transtheoretical Model assumes that individuals 
undergo stages while adopting or maintaining complex behaviors such as physical 
activity.10,16 Implementing theory-based research elucidates factors that impact physi-
cal activity behavior. No one specific theory, however, can be used to target behavior 
change.9 Rather, the choice of a theory and constructs should begin with identifying 
the level of influence, problem, and aim of the intervention.9,17

18.4 INTERVENTIONS

18.4.1 LEVELS OF INFLUENCE

Multiple factors influence physical activity behavior.9,10 As a result, a multi-level 
approach is recommended for interventionists targeting physical activity behavior 
change.9,19

The Socio-Ecological model considers factors at many levels, all of which influence 
behavior. These factors also tend to interact across the following levels of influence: 
Intrapersonal, Interpersonal, Organizational, Community, and Policy9 (as seen in 
Figure 18.1). For example, educational interventions designed to improve knowledge 
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about physical activity (Individual/Intrapersonal level) may be more effective when 
motivation from peers is incorporated into the study design20 (Interpersonal level). 
Additionally, to attain and sustain such complex behaviors, more up-stream fac-
tors such as access to safe neighborhoods, green spaces, sidewalks (Organizational/
Community level), and policies such as insurance discounts for regular exercise, 
further help improve physical activity levels.9 Health psychologists even suggest that 

TABLE 18.3

Theories of Health Behavior9,10,12

Theory/Model Overview Constructs

Health Belief 

Model11

HBM was developed to predict 
health-related behaviors.

Belief in a personal threat of 
disease along with belief in the 
effectiveness of the recommended 
health behavior predicts the 
likelihood of health behavior

• Perceived susceptibility
• Perceived severity
• Perceived benefits
• Perceived barriers
• Cues to action
• Self-efficacy

Transtheoretical 

Model16

Assumes that individuals do not 
change behaviors quickly and 
decisively, but rather, through a 
cyclical process of change

Also referred to as the ‘Stages of 
Change’ Model

• Precontemplation (unaware of problem 
& behavior)

• Contemplation (aware of problem and 
behavior)

• Preparation (intent to act)
• Action (practices behavior)
• Maintenance (sustains behavior change)
• Self-efficacy
• Decisional balance

Theory of Planned 

Behavior14

Attitude toward the behavior is a 
stronger predictor of the behavior 
being adopted rather than attitude 
toward the target or outcome.

Behavioral intention is a function 
of the attitude toward the 
behavior, subjective norms, and 
perceived behavioral control.

• Attitudes
• Behavioral beliefs
• Evaluation of outcome

• Subjective norms
• Normative beliefs
• Motivation to comply

• Perceived behavioral control
• Control beliefs
• Perceived power

Social Cognitive 

Theory13,18

Human behavior results from the 
interaction between personal, 
behavioral, and environmental 
influences.

Health and behavior are the result 
of multiple factors.

• Reciprocal determinism
• Observational learning
• Outcome expectations
• Self-efficacy
• Collective efficacy
• Incentive motivation
• Facilitation
• Self-regulation
• Moral disengagement

Self Determination 

Theory15

Behavioral regulation varies in the 
extent to which it is self-
determined or controlling.

• Autonomy
• Competence
• Relatedness
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rather than individual characteristics, the situations people experience may be better 
predictors of complex behaviors.9,21

Changing higher levels of influence may be beyond the scope of many interven-
tions. Despite this, considering multiple influences on behavior across levels is ben-
eficial as it aids interventionists to personalize and target their interventions.

18.4.2 SETTINGS AND MODES OF DELIVERY

Homes, schools, communities, places of work, and healthcare sites are common set-
tings for interventions designed to improve physical activity behavior.23

Within these settings, interventions can be delivered in residences through in-
person home visits or remotely conducted phone/internet calls, text messages, 
mail, smartphone applications, and email. Such interventions provide personal-
ized physical activity-enhancing strategies.9 Additionally, remote access can help 
reduce costs and allow interventionists to reach more significant and more vulner-
able populations.9,24

School-based physical activity programs increase the duration of physical activ-
ity, reduce television viewing, and decrease blood cholesterol levels.25 These out-
comes are achieved through changes in school curriculum and interactive education 
provided by teachers.25 Compulsory PE classes, longer recess, and incentivized 
exercise performance can mitigate increasingly sedentary lifestyles of children and 
reduce the risk of childhood obesity and diabetes.25 Physical activity behaviors in 

FIGURE 18.1 The Socio-Ecological model.22
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school-aged children also improve through online interventions such as gamifica-
tion, personalized learning applications, and social media messaging, which can 
be incorporated into both home and school-based programs.26 Similarly, programs 
providing workplace counseling and behavior change strategies positively influence 
physical activity and well-being.27,28 As many adults spend a significant part of their 
time in their workplaces, programs targeting sedentary behavior and incentivization 
for increasing physical activity can be effectively incorporated at worksites.9

Interventionists are encouraged to collaborate with communities such as places 
of worship, community and recreation centers, and neighborhoods to incorporate 
programs for large populations. Engaging community members in the design and 
delivery of interventions not only provides insights into cultural and environmental 
factors but also helps sustain the program over time.9

Healthcare settings such as clinics, hospitals, and primary care facilities have 
been, and continue to be, important settings for the provision of health behavior 
change strategies and personalized information.9 Additionally, collaborations among 
providers, community workers, and researchers result in effective planning and 
delivery methods for preventing disease and promoting health in at-risk populations.

18.4.3 ASSESSMENT AND OUTCOMES

Both subjective and objective methods are used to assess the duration, intensity, 
and frequency of physical activity.29,30 Subjective methods include questionnaires, 
diaries, and logs. Objective methods include measurement of physiological markers 
such as heart rate, calorimetry, and data from motion sensors.29,31

The International Physical Activity Questionnaire (I-PAQ),32 Global Physical 
Activity Questionnaire (GPAQ),33 and the European Health Interview Survey - 
Physical Activity Questionnaire (EHIS-PAQ)34 are some commonly used surveys 
to assess physical activity. Despite being cost-effective and associated with low 
researcher and patient burden,29 questionnaires tend to have low reliability and valid-
ity and are subject to biases.29,31 As such, combined monitoring strategies can better 
assess physical activity behavior.35

Wearable devices are being continuously developed and updated. These devices 
measure body motion, assess physical activity, and estimate energy expenditure. 
For example, accelerometers estimate the level of movement, pedometers calculate 
steps and distance walked,29 and calorimeters assess oxygen consumption.35 Using 
a combination of assessments, self-report data can be cross-checked with activity 
and physiological data.29 More recently, major corporations have developed devices 
that allow simultaneous monitoring of accelerations, heart rate, energy expenditure, 
sleep, etc. with the ability to collect data on computers and smartphones. This simul-
taneous monitoring, and the recorded data, provide an unprecedented amount of 
health information.30,36

Monitoring biomarkers and biological mediators helps researchers establish asso-
ciations between physical activity and health.31 Measurement of changes in weight, 
waistline, BMI, cholesterol, blood glucose, and inflammatory blood markers can 
be used to investigate the impact of interventions on health and the outcomes of 
physical activity.37 By assessing health indicators at multiple levels of analysis (e.g., 
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behavioral, biological, psychosocial), researchers are able to ascertain a comprehen-
sive profile of how physical health interventions impact health outcomes.

18.5  EXAMPLE OF INTERVENTION DEVELOPMENT USING 
THEORIES & INTERVENTION APPROACHES

We provide an example of an ongoing intervention and explain the decisional and 
planning aspects for selecting levels of influence, setting, mode of delivery, and assess-
ment. The COVID-19 pandemic increased the need to improve physical activity38 and 
address the loneliness resulting from social distancing and isolation guidelines. A 
dyadic study was designed incorporating the principles of Motivational Interviewing 
(MI) to increase physical activity levels in an at-risk population (Alzheimer’s disease 
and related dementia caregivers). On average, caregivers experience higher levels of 
loneliness than non-caregivers39,40; significantly, social isolation guidelines during 
the COVID-19 pandemic further enhanced feelings of loneliness and isolation in this 
population.41 This intervention aimed to assess whether attempts to increase physical 
activity levels with a friend/family member while maintaining social distancing lead 
to sustained increases in exercise time and quality, intrinsic motivation, and reduc-
tion in stress levels.

18.5.1 LEVEL OF INFLUENCE

Dyadic partnerships were encouraged to facilitate emotional bonds, reduce loneli-
ness, and enable productive interpersonal interactions. Motivational interviewing-
based methods aimed to build intrapersonal self-efficacy and optimism through 
reflective listening and developing discrepancy between goals and current behav-
ior.42 These methods also enabled the research team to tailor the intervention to the 
participants’ needs and address behavioral barriers at multiple levels of influence.

18.5.2 SETTING, MODE, AND ASSESSMENT

The pandemic made it necessary to deliver the intervention remotely. The sessions 
were conducted through Zoom or via phone calls with both dyad partners. The edu-
cational components, which consisted of a physical activity guidebook and motiva-
tional messages, were sent via email and text respectively. Physical activity levels, 
psychological stress levels, and motivation were assessed before and after the inter-
vention, using online questionnaires. Only self-report assessments were used due to 
the preliminary nature of the study and pandemic-related constraints. In the next 
stage of feasibility and acceptability testing, we will include objective measures of 
activity levels and autonomic physiology for Alzheimer’s disease and related demen-
tia caregivers.

18.5.3 THEORY

This study used a combination of MI and TTM (Transtheoretical Model) strategies 
which are recommended as an approach to improve the likelihood of increasing 
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physical activity.43 After verification that the participants were in the preparation 
stage (intent to act), the three calls were scheduled during the preparation and early 
action stages to focus on strategies such as development of realistic goals and a time-
line for change, positive reinforcement, and self-liberation (choosing and making a 
commitment to change).44 The calls consisted of material from the physical activity 
booklet which we designed using material from (1) The Centers for Disease Control 
and Prevention, Division of Nutrition, Physical Activity and Obesity fact-sheets,45, 
and (2) Daughters and Mothers Against Breast Cancer (DAMES): Main Outcomes 
of a Randomized Controlled Trial of Weight Loss in Overweight Mothers With 
Breast Cancer and Their Overweight Daughters.46

We randomized participants into experimental and control groups to ensure 
an unbiased assignment to intervention conditions. Both groups were offered the 
intervention for ethical purposes. Participants in the experimental group received 
the intervention before those in the control group. The experimental approach also 
allowed a time-effective and cost-effective means of testing whether a larger inter-
vention can work in a similar population and setting.47

18.6 FUTURE DIRECTIONS & CONCLUSION

Lifestyles have become increasingly sedentary in the US and some developed coun-
tries worldwide.48 Accordingly, interventions designed to increase physical activity 
and reduce sedentary habits are critically needed.49 There is a crucial need for more 
theory-based randomized controlled trials that capitalize on mobile technology to 
assess and intervene on physical activity and sedentary behaviors.49 To improve the 
adoption and efficacy of sustainable community-based interventions, we propose that 
researchers should account for multiple levels of influence and  tailor  interventions to 
target populations. Toward this end, it will be imperative for researchers to investigate 
why disparities in physical activity exist (e.g., gender, race/ethnicity, environment).50 
Finally, to maximize the impact of evidence-based interventions, an interdisciplin-
ary team of stakeholders should be included at every intervention development and 
dissemination stage.9

Physical activity is a critical component of Lifestyle Medicine.51 The health ben-
efits of physical activity are well established.52 Although patients report a desire to 
exercise regularly, the majority have difficulty adopting a regular exercise practice 
that can be maintained. Given the importance of exercise for preventing and treat-
ing chronic disease and mental health, it will be critical for intervention scientists to 
design and test evidence-based interventions that lifestyle medicine practitioners can 
prescribe. For these interventions to be disseminated broadly, it will be essential to 
tailor them to the individual patient, based on his/her needs and limitations.
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KEY POINTS

• Research has shown that dietary interventions can play an important role 
in preventing and treating mental health problems and reducing mortality, 
morbidity, and health inequalities associated with mental illnesses.

• Eating patterns can impact brain function, mood, and cognitive performance.
• Whole food, nutrient-dense, plant-predominant dietary interventions may 

be considered an essential component of mental health care because they 
provide important nutrients for brain function, support the brain-gut- 
microbiota axis, reduce inflammation and oxidative stress, and can have 
specific effects on neurotransmitter production and mental health outcomes.

19.1 INTRODUCTION

Consideration of nutritional interventions within the mental health care space may 
have major clinical implications for improving mental health, physical health, 
and brain health outcomes. Poor diet, defined as low consumption of fruits, veg-
etables, legumes, whole grains, and nuts and seeds, as well as high consumption 
of red meat, processed meat, and sugar-sweetened beverages, has been identified 
as a leading contributor to the global burden of disease.1 According to the World 
Health Organization (WHO), a healthy diet includes fruits, vegetables, legumes, 
nuts, and whole grains, limited refined sugar and sodium, and polyunsaturated 
fats in replacement of saturated fats and trans-fats.2 Data indicate that adher-
ence to the minimum WHO dietary recommendations would necessitate at least 
a twofold increase in the consumption of fruits and vegetables by most adults 
worldwide.3 One in ten Americans consume enough fruits or vegetables to meet 
daily recommendations, nine in ten Americans consume too much sodium, and 
at least five in ten Americans consume at least one sugar-sweetened beverage per 
day.4 Dietary factors contribute to almost 20% of all US healthcare costs related 
to chronic disease.5 Almost one in three people affected by a long-term physical 
health condition are also affected by a mental health condition.6 Dietary pat-
terns can significantly impact overall health and well-being, thereby establishing 
nutrition as a critical interventional target and key physical and mental health for 
healthcare professionals, as well as a key risk factor for chronic disease onset and 
progression.7
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There is emerging data demonstrating that there may be a link between chronic 
conditions (e.g., diabetes, cardiovascular disease) and mental health conditions (e.g., 
depression, anxiety).8 A bidirectional relationship between diet and mental health 
has also been established by both epidemiological studies and intervention stud-
ies.9,10 The possible entanglement of the associations between chronic diseases, men-
tal health, and nutrition may provide insight into the global trends in mental health, 
burden of disease, and unhealthy dietary patterns. In light of evidence clustering 
psychiatric disorders, cardiometabolic diseases, and lifestyle factors, such as daily 
food choices, mental healthcare professionals have the unique opportunity to utilize 
nutritional interventions from a lifestyle psychiatry perspective as a patient-centered 
tool to address both individual health concerns and the global need for attenuation 
of mental illness and chronic disease on a population-level scale. This chapter will 
discuss nutrition as an integral component of lifestyle psychiatry, as well as a key 
determinant and factor in mental health outcomes and outcomes for those with men-
tal health illness.

19.2  THE SYNERGY OF MENTAL HEALTH CARE 
AND NUTRITIONAL INTERVENTIONS

Those suffering from subsyndromal or syndromal psychiatric symptoms are at 
increased risk for inadequate nutrition, which may further exacerbate mental, physi-
cal, and brain health issues.11 The World Health Organization has reported that men-
tal health disorders are the leading cause of years lived with disability.12 Mental 
health care, in conjunction with healthy dietary interventions, can significantly 
improve health outcomes in psychiatric patients.13 However, individuals with mental 
health disorders are more likely to encounter obstacles to attaining adequate men-
tal health care and adhering to healthy dietary patterns than those without mental 
health disorders.9 Multiple factors can affect the ability of people living with mental 
illnesses to receive proper mental health treatment and make healthy food choices, 
including financial obstacles, geographic barriers, inadequate social support, and 
availability of and access to healthy food and mental health providers, as well as 
healthcare professionals equipped with dietary information and resources in the set-
ting of mental health conditions.14–16 Data suggest that only half of all individuals 
with mental disorders receive appropriate mental health treatment.17 One in four 
Americans must decide between paying for daily necessities and receiving mental 
health treatment.18 Moreover, 37% of the U.S. population live in areas with a short-
age of mental health practitioners as of 2021.19

Insufficient mental health treatment for people living with mental health disor-
ders can compound barriers to healthy eating. Cognitive impairments; decreased 
attention, motivation, and information processing; limited nutrition knowledge and 
skills essential to making informed and healthy dietary decisions; increased appetite 
due to psychotropic medications; and certain personality traits (e.g., neuroticism) 
are barriers to healthy eating associated with mental health conditions that can 
impact lifestyle decision-making, shopping, and food preparation capabilities.15,20–22 
Individuals affected by severe mental illness have a higher risk of food insecurity, 
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which further hinders ability to adhere to healthy eating behaviors.21,23 Awareness 
and prioritization of mental health and the implications of lifestyle factors, such 
as nutrition, on mental and physical health alike is increasing. However, the aver-
age governmental health budget worldwide spends only slightly more than two per-
cent on mental health services.12 The statistics surrounding mental health care and 
nutrition in those at risk for or affected by mental health conditions indicate that 
further integration of dietary components may be an effective strategy to provide 
patients with crucial tools and support to make healthy lifestyle choices and achieve 
improved health outcomes.24

19.3  THE EFFECTS OF PSYCHIATRIC MEDICATIONS ON 
MENTAL HEALTH THROUGH THE LENS OF NUTRITION

Pharmacotherapy and psychotherapy have been historically recommended as the 
first line of treatment for those with mental disorders.25 Emerging evidence indi-
cates that traditional treatment regimens for mental disorders may be less effec-
tive than established literature suggests.26 Psychopharmacological interventions 
for mental conditions may attenuate individual disability and suffering. However, 
pharmacotherapy may have limited influence on the burden associated with mental 
disorders at the population level.27–29 Research has shown that about half of those 
diagnosed with a psychiatric disorder do not appropriately adhere to their medica-
tion regimen.30 An average of one in five patients assigned to pharmacotherapy and 
psychotherapy prematurely terminate their treatment.31 Of note, patients with men-
tal health conditions who are treated with pharmacotherapy alone are more likely to 
prematurely terminate or refuse treatment than those treated with psychotherapy.31 
There is a current paucity of evidence analyzing adherence to lifestyle interven-
tions, such as dietary interventions, in patients with poor mental health and mental 
health illnesses.

19.3.1 ADVERSE EFFECTS OF PSYCHOTROPIC MEDICATIONS

There are differences between and within drug classes regarding the effects of psy-
chotropic medications on bodyweight, metabolic status, and appetite. Weight gain 
is recognized as a common adverse effect of antidepressant, antipsychotic, mood-
stabilizing, and other classes of pharmacotherapeutic agents used in the treatment 
and management of psychiatric disorders.32–34 The association between psychotro-
pic drugs and weight gain may be mediated by increased appetite via drug-induced 
metabolic effects.35 Some medications used in patients with mental health condi-
tions can also have sedative effects, including decreased mental alertness, attenuated 
cognitive and psychomotor function, and increased fatigue.36 These adverse effects 
may impact lifestyle-related decision-making abilities, as well as exercise habits in 
patients taking psychotropic medications, which may lead to insufficient physical 
activity necessary to balance caloric consumption and weight gain. However, further 
research is needed to elucidate the mechanisms by which appetite is increased via 
psychotropic medications.
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19.3.2 PSYCHIATRIC MEDICATIONS

Most of the most commonly prescribed psychiatric medications (i.e., selective sero-
tonin reuptake inhibitors) are antidepressants which target the serotonin network.37 
Almost every aspect of human behavior is modulated by serotonin, including but not 
limited to attention, mood, perception, memory, reward, sexuality, and appetite.38 
Data indicate that a serotonergic antidepressant administered alone results in remis-
sion in less than a third of patients.39 Of note, remission is achieved in only half of 
patients taking a second medication in addition to a traditional antidepressant. The 
use of a third medication targeting the serotonin pathway rarely results in remission 
for patients who do not adequately respond to two different monoaminergic antide-
pressants.40 Systemic inflammation, neuroinflammation, and chronic stress, which 
may be at least partially mediated by diet, can interfere with the efficacy of medi-
cations used to treat mental and brain health disorders, as well as treatment resis-
tance.41 Research suggests that there is a bidirectional link between inflammation, 
health status, and mental conditions.42 Data have revealed that negative outcomes of 
first-line antidepressant therapy are associated with the presence of inflammation in 
patients with major depressive disorder.43 Pro-inflammatory processes and overacti-
vation of the immune system have also been correlated with the attenuated clinical 
therapeutic benefit of antidepressants and pharmacotherapeutic agents used in the 
management of mental health illnesses.44

19.3.3 ANTI-INFLAMMATORY EFFECTS

Dietary intake of anti-inflammatory compounds, including vitamins, minerals, 
omega-3 fatty acids, polyphenol, and probiotics through fruits, vegetables, legumes, 
nuts, seeds, spices, and herbs, in conjunction with avoidance of foodstuffs that pro-
mote inflammation may facilitate regulation of metabolic, oxidative, and inflam-
matory processes, as well as enhance production of neurotransmitters and integrity 
of the blood-brain barrier.45 These diet-induced effects on the brain-gut-microbiota 
(BGM) axis are linked to lower risk of neurological and psychiatric conditions and 
may enhance health outcomes and effectiveness of pharmaceutical agents that target 
neurotransmitter systems in patients with mental illnesses.13 According to a blueprint 
for protecting physical health in individuals living with mental illness, the combina-
tion of dietary interventions with best-practice prescription of psychotropic medica-
tions, physical activity, smoking cessation, and metformin use are key strategies that 
ought to be implemented in the healthcare field in order to improve health outcomes, 
as well as reduce health inequalities and increased risk of mortality in psychiatric 
patients.46

19.4 WEIGHT, METABOLIC STATUS, AND MENTAL HEALTH

Metabolic mechanisms may play a crucial mediatory role in the link between men-
tal illness, chronic disease, and nutrition. An emerging body of evidence suggests 
a potential positive bidirectional relationship between metabolic status, body mass 
index (BMI), and mental health.47 Individuals with overweight and obesity have an 
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increased risk of psychiatric conditions, including mood disorders, anxiety disor-
ders, and substance use disorders, that are independent of physical health condi-
tions.48,49 Those with BMIs in the overweight or obese ranges also have an increased 
risk of physical health issues, decreased life expectancy, and worsened quality of life 
compared to those with a normal BMI.50,51 The prevalence of overweight, obesity, 
metabolic syndrome, diabetes, hypertension, hypertriglyceridemia, and low HDL is 
higher among individuals with severe mental illness in comparison to the general 
population.52 Data have shown that individuals with mental conditions have more 
years of potential life loss than the general population.53 Indeed, physical comorbidi-
ties (e.g., cardiovascular diseases) account for approximately 60% of the increased 
mortality in psychiatric patients.52

Dietary interventions, in conjunction with other lifestyle interventions (e.g., 
physical activity, substance use harm reduction), appropriate psychotropic pharma-
cotherapy, and metformin, may be key strategies to reduce health inequities, attenu-
ate adverse effects of drugs, and decrease the mortality gap and common comorbid 
physical conditions, such as overweight or obesity, in people with mental illness.46 
Lifestyle interventions have been found to attenuate medication-induced weight gain 
in individuals with mental health disorders and may reduce risk of comorbidity and 
reduce the life expectancy gap for people living with poor mental health or mental 
health conditions.54,55 Multiple variables, including lifestyle and behavioral factors, 
quality of healthcare, and social determinants of health (e.g. social connectivity, 
socioeconomic status), as well as availability of and access to healthcare, contribute 
to the increased mortality observed among individuals with mental health condi-
tions.56 It is important to note that those with mental disorders are often not provided 
with preventive services or consultation, which may further increase their risk of 
multimorbidity and poorer health outcomes and mental health symptoms.57

19.5 INSULIN RESISTANCE AND MENTAL HEALTH

Growing evidence suggests that insulin resistance may be linked to mental health 
conditions.58 Insulin receptors are expressed ubiquitously throughout the brain. 
There is a higher expression of insulin receptors in specific brain regions, such as 
the hypothalamus, cerebellum, and cortex.59 Glucose uptake in the brain is primarily 
insulin-independent. However, insulin activity modulates mitochondrial and cellular 
metabolism in both the periphery and the brain.59 Several higher-order cognitive 
functions, such as learning and memory, are regulated by insulin through modula-
tion of neural stem cell fate and neural network function.60 Insulin has been shown 
to exert neurotrophic effects and promote metabolic and central nervous system 
homeostasis that facilitates neuroplasticity.61 Insulin may alter mitochondrial func-
tion and turnover of neurotransmitters, thereby indicating a potential link between 
insulin resistance and mental health conditions.27,62

It has been noted that high-fat diets and excess daily calorie intake can result in 
insulin resistance and impaired signaling throughout the BGM axis via mechanisms 
such as inflammation, mitochondrial dysfunction, and endoplasmic reticulum stress 
in the hypothalamus.63 Research has indicated an association between insulin resis-
tance, impaired executive function, and memory, decreased hippocampal volume, 
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abnormal neural connectivity between the hippocampus and medial prefrontal cor-
tex, and altered metabolism in the medial prefrontal cortex.64 Higher levels of insulin 
resistance are associated with more severe neuropsychiatric symptoms.65 Moreover, 
data that consider confounding variables (e.g., body mass index) suggest that psycho-
logical factors may be linked to the development and progression of insulin resistance 
and type 2 diabetes.66,67 Therefore, there may be a bidirectional relationship between 
depressive and affective symptomatology and insulin resistance due to altered insu-
lin signaling, increased pro-inflammatory compounds, upregulated distress-related 
signals in the hypothalamic-pituitary-adrenal (HPA) axis, and enhanced activation 
of the sympathetic nervous system.68

Insulin resistance can be appropriately addressed through lifestyle interventions, 
such as diet, exercise, and behavioral therapies.69 There is a well-established link 
between lower insulin resistance and diets high in plant-based foods and low in ani-
mal-based foods. A whole food, plant-predominant eating pattern can reduce the risk 
of insulin resistance by over 30%.70 Of note, a plant-predominant eating pattern with 
reduced quality and increased processed foods has been correlated to an increased 
risk of insulin resistance.71 Therefore, dietary interventions in clinical practices that 
aim to promote mental health, physical health, and overall well-being through insu-
lin and blood sugar regulation should emphasize the importance of dietary quality 
and whole foods in healthy plant-based diets.

19.6 TRYPTOPHAN-KYNURENINE METABOLISM

Psychiatric disorders, neurodegenerative diseases, cancer, and immune diseases 
have been linked to disruptions in the tryptophan-kynurenine metabolic pathway.72,73 
There is an emerging area of research in psychiatry related to the metabolism of tryp-
tophan along the kynurenine pathway and how it may influence mental health issues. 
It has been hypothesized that a serotonin deficiency or excess of kynurenine metabo-
lites may affect the onset, progression, and outcomes of depression, mood disorders, 
and other mental health conditions.74–76 The tryptophan-kynurenine metabolic path-
way converts the essential amino acid tryptophan, a precursor for neurotransmit-
ters and hormones, into various metabolites, including serotonin and kynurenine. 
Both neurotoxic metabolites (e.g., quinolinic acid) and neuroprotective metabolites 
(e.g., kynurenic acid) are involved in the tryptophan-kynurenine metabolic pathway. 
The tryptophan-kynurenine metabolic pathway is activated in the setting of acute 
or chronic inflammation and is regulated by a variety of factors, such as oxidative 
stress, inflammation, and availability of tryptophan. Evidence suggests that there is 
a strong correlation between dietary intake and tryptophan availability.77 Gut micro-
biota directly and indirectly modulate the tryptophan metabolism.78–80 Therefore, 
tryptophan and its related metabolic pathways play an important role in maintaining 
the proper function of the BGM and the immune system.81

Many pharmacotherapeutic agents prescribed for the treatment of mental health 
conditions, such as depression and anxiety disorders, involve neuroactive compounds 
that are derived from tryptophan.82 Serotonergic neurotransmission is enhanced 
by a diet rich in tryptophan.83 Dietary tryptophan intake is correlated to attenu-
ated depressive symptoms, decreased anxiety, reduced stress, improved mood, and 
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enhanced cognitive functioning.84–88 The gut microbiota produces indole byproducts 
of tryptophan metabolism that play a critical role in transmitting signals along the 
BGM axis.89 Clinical interventions promoting a balanced diet that incorporates foods 
with anti-inflammatory and antioxidant benefits, as well as adequate levels of dietary 
tryptophan, may be beneficial for optimal mental and physical health through mech-
anisms related to the tryptophan-kynurenine metabolic pathway, enhanced produc-
tion of neurotransmitters, and increased diversity of gut microbiota.

19.7 THE BRAIN-GUT-MICROBIOTA AXIS AND MENTAL HEALTH

Dietary factors may regulate a multitude of pathways along the BGM axis that 
can have implications on mental health.90 The BGM axis involves bidirectional 
communication between the central nervous system (CNS) and gut microbiota. 
Microorganisms living in the gastrointestinal tract, including bacteria, fungi, viruses, 
and protozoa, compose the gut microbiota. The gut microbiota plays a key role in 
overall health across the lifespan.91 The gut microbiota aid digestion and absorption 
of nutrients, regulation of the immune system, production of substances involved 
in various metabolic and endocrine pathways in the body, and communication with 
the central nervous system to influence behavior, mood, and cognitive function.92 
Neural, endocrine, and immune signaling channels transmit information from gut 
flora to the CNS. The CNS is capable of directly communicating with gut micro-
biota by altering the expression of virulence genes through stress-related mediators, 
such as through the HPA axis, and indirectly communicating with gut microbiota by 
influencing gut function through the autonomic nervous system.93,94

Human gut microbiota colonization begins at the time of birth.95 Diet, genet-
ics, metabolic status, body mass index, age, epigenetics, psychological and physical 
stress, and other environmental factors can affect the gut microbiome and thereby 
alter communication along the BGM axis and the vast array of bodily mechanisms 
mediated by the BGM axis.96 Diet is the most significant determinant of microbiota 
composition in adults over the course of the lifespan.97 Structure and function of the 
gut microbiome, the collective genetic material within the gut microbiota, can be 
influenced by a variety of dietary factors, such as quantity and quality of carbohy-
drates, proteins, fats, vitamins, and minerals, as well as food processing and food 
additives.98 Gut dysbiosis is characterized by decreased diversity of gut microbiota, 
reduced beneficial microbiota, and increased harmful microbiota.99 Studies have 
shown that gut dysbiosis may be associated with mental illnesses, neurodevelop-
mental disorders, and other conditions, such as cancer, neurodegenerative disorders, 
and cardiovascular, metabolic, skin, and infectious diseases.100–102

19.8 HPA AXIS

A growing body of data suggests that dysregulation or alterations of the hypotha-
lamic-pituitary-adrenal (HPA) axis may affect psychoneuroendoimmunological 
functions in the body (i.e., behavioral, metabolic, autonomic, and neuroendocrine 
activities).103 The HPA axis is a major component of the BGM axis that plays a cen-
tral role in maintaining homeostasis in the setting of stress by modulating immune 
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responses, metabolism, and autonomic nervous system processes through neuroen-
docrine mechanisms. Stress-mediated activation of the HPA axis facilitates commu-
nication along the BGM axis. Activation of the HPA axis triggers immune responses 
that can lead to dysbiosis. Bacteria produce substances that stimulate the enteric ner-
vous system and vagal afferents in the setting of reduced diversity of the gut micro-
biota diversity, which results in enhanced activation of the HPA axis.104 Research has 
revealed that several environmental factors influence HPA axis functioning, includ-
ing insulin regulation, metabolic status, and composition of gut microbiota.105 There 
is evidence that the high comorbidity of mental disorders and obesity may be linked 
to altered insulin receptor signaling in neurons responsible for the integration of 
psychiatric and metabolic information.106,107 Research indicates that diet may be a 
key common modulatory factor among the mechanisms that contribute to worsened 
mental and physical health outcomes, including metabolic abnormalities, gut dysbio-
sis, HPA axis dysfunction, and inflammation.

19.9 INFLAMMATION

The role of nutrition in mental health status and mental health disorders may be 
largely modulated by inflammation, including neuroinflammation. Numerous fac-
tors can contribute to inflammation, such as diet, dysbiosis of the gut microbiome, 
leaky gut syndrome, epigenetics, biopsychosocial factors, genetics, metabolic sta-
tus, and early life adversity (Haroon et al., 2012).108 Research has demonstrated that 
diets high in pro-inflammatory foodstuffs, such as saturated fats, trans-fats, simple 
carbohydrates, refined sugars, and processed food products increase levels of inflam-
mation in the body.109–113 Excess caloric intake and unhealthy dietary patterns can 
damage the blood-brain barrier and allow proinflammatory substances to enter the 
CNS.114 The microorganisms and immune cells involved in the BGM axis play a 
critical role in maintaining overall health and protecting the body against harmful 
stimuli. Excessive or prolonged levels of inflammation can eventually lead to chronic 
inflammation through tissue and organ damage, which has been linked to poor men-
tal health and severe mental illnesses, as well as chronic disease.46

Diet plays a significant role in the mediation of inflammation, oxidative stress, 
and mitochondrial function.115 Inflammation is closely linked to oxidative stress and 
mitochondrial dysfunction. Inflammatory cells produce reactive oxygen species in 
immunological pathways, which can lead to oxidative stress and mitochondrial dys-
function. Oxidative stress can be induced by inflammation, exposure to toxins or 
infection, and unhealthy dietary habits. Increasing evidence indicates that neuro-
psychiatric disorders are mediated by impaired antioxidant capacity, inflammation, 
neurotoxicity, and free radicals.116 It is important to note that nutritionally-induced 
oxidative stress can occur even in the setting of normal physiological conditions.117 
Evidence has also indicated that there may be a link between poor diet and mito-
chondrial dysfunction.118 Excessive long-term exposure to pro-oxidant and proin-
flammatory factors can lead to abnormal mitochondrial biogenesis, which leads 
to an increase in free radical production, inflammation, and insulin resistance.119 
Notably, the saturated fats, heme iron, and other compounds found in many animal 
products can cause oxidative stress, inflammation, and damage to mitochondrial 
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DNA when consumed in excess. Plant-predominant eating patterns are linked to 
attenuated inflammation and oxidative damage.120 Dietary patterns that emphasize 
plant-based foods may be useful for lifestyle interventions in the mental health 
care space for individuals who are at risk of or affected by mental illness to reduce 
inflammation and oxidative damage, improve gut health, and enhance overall health 
in patients whose mental health conditions may be directly and indirectly affected 
by food choices.

19.10 EPIGENETIC CHANGE

Epigenetic nutrition-gene interactions have implications for mental health and well-
being, mental disorders, and neurological (e.g., neurodegenerative, neurodevelop-
mental) disorders.121 Epigenetics is the study of changes in gene expression that 
do not involve alterations to the underlying DNA sequence. Epigenetic changes in 
gene expression can be influenced by a variety of factors, including environmen-
tal and lifestyle factors (e.g., diet). The chemical modification of DNA appears to 
be one of the most important epigenetic mechanisms underpinning the interaction 
between lifestyle and environmental factors. There are biochemical links between 
nutritional quality and mental health that may be partially explained by the influ-
ence of many dietary components on genomic pathways that methylate DNA.122 It is 
becoming increasingly evident that epigenetic changes contribute to many diseases, 
such as mental illnesses, cognitive dysfunction, autoimmune disorders, and can-
cer.123,124 There is evidence that diets rich in fruits and vegetables may have similar 
effects on DNA compared to those of epigenetic drugs.125 Advances in nutritional 
epigenomics and genomics have led to a greater understanding of the mechanisms 
by which nutrition interacts with genes. Research has shown that cell structure and 
function in the brain are significantly influenced by nutrition-gene interactions.126 
Therefore, nutrition-gene interactions can impart significant effects on brain health, 
dysfunction, and disease. Changing gene expression is one of the primary mecha-
nisms by which nutrition impacts the functioning of the central nervous system. 
These diet-induced genetic alterations may be transient, dynamic, stable, long-term, 
or heritable and can have significant impacts on mental health, physical health, 
and overall health.127 However, more studies in clinical settings are needed to gain 
deeper insight into the impact of nutritional interventions on epigenetics and their 
potential therapeutic applications, as well as effects in the setting of specific psy-
chiatric conditions.

19.11 ULTRA-PROCESSED FOODS

There is growing evidence to suggest that there may be a link between ultra- processed 
foods and mental health.128 The Food and Agriculture Organization of the United 
Nations defines ultra-processed foods as “formulations of ingredients, mostly of 
exclusive industrial use, typically created by series of industrial techniques and pro-
cesses…some common ultra-processed products are carbonated soft drinks; sweet, 
fatty or salty packaged snacks; candies (confectionery); mass-produced packaged 
breads and buns, cookies (biscuits), pastries, cakes and cake mixes; margarine and 
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other spreads; sweetened breakfast ‘cereals’ and fruit yogurt and ‘energy’ drinks; 
pre-prepared meat, cheese, pasta and pizza dishes; poultry and fish ‘nuggets’ and 
‘sticks’; sausages, burgers, hot dogs and other reconstituted meat products; pow-
dered and packaged ‘instant’ soups, noodles, and desserts; baby formula; and many 
other types of product”.129 Ultra-processed food intake has continuously increased 
in the majority of the US population in the past two decades. Consumption of ultra- 
processed foods in the US increased from 53.5% of daily calorie intake to 57% of 
daily calorie intake between 2001 and 2018.130 Data have demonstrated that there is a 
25% higher risk of dementia for every 10% increase in daily intake of ultra-processed 
foods after adjusting for factors such as age, gender, and family history of disease.131

Research has also shown that the consumption of ultra-processed foods is asso-
ciated with a higher risk of developing depression and anxiety.132,133 There is a sta-
tistically significant increase in mild depression, poor mental health, and anxious 
days among individuals who report eating ultra-processed foods.134 Consumption 
of ultra-processed foods has also been associated with an increased risk of chronic 
metabolic diseases.135 Data suggest that ultra-processed foods negatively impact the 
gut microbiota and promote inflammation, which play a crucial role in mental health 
status.136 Of note, gut microbiome dysbiosis has been linked to the development of 
neurodegenerative diseases and mental illnesses, as well as an increased risk of poor 
mental health. The consumption of ultra-processed foods can have negative effects 
on mental health and increase the risk of mental illness, as well as adverse health 
consequences such as multimorbidity and inflammation, that may result in poorer 
health outcomes.

19.12 NEUROTRANSMITTERS, DIET, AND MENTAL HEALTH

Altered levels of neurotransmitters, including serotonin, dopamine, norepinephrine, 
histamine, acetylcholine, glutamate, and gamma-aminobutyric acid (GABA), con-
tribute to the pathophysiology of numerous diseases, such as depression, substance 
use disorders, Alzheimer’s disease, Parkinson’s disease, autism spectrum disorders, 
schizophrenia, multiple sclerosis, sleep disorders, amyotrophic lateral sclerosis, 
epilepsy, and Huntington’s disease.137–141 The composition of microbiota in the gut 
can alter neurotransmitter levels via both direct production of neurotransmitters 
or indirect regulation of pathways related to neurotransmitter metabolism.142 Gut 
microbiota release various molecules, metabolites, and toxins that can significantly 
impact neurotransmitter production, metabolism, and signaling.143,144 Interactions 
within the BGM system can alter the expression of neurotransmitters, precursors 
to neurotransmitters, and neurotransmitter receptors in the central nervous sys-
tem through the bloodstream or vagus nerve pathways, thereby influencing brain 
function, cognitive behavior, and a wide range of physiological and psychological 
processes.145

Over 90% of serotonin is synthesized in the gastrointestinal tract.146,147 About 
half of all dopamine in the body is produced and stored in the gut.148,149 Increasing 
evidence suggests that gut microbiota also synthesize or play a role in metabolizing 
other neurotransmitters, such as norepinephrine, acetylcholine, GABA, and hista-
mine.150,151 Research suggests that dietary choices and nutrients significantly impact 
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the balance and production of neurotransmitters in the brain.152 Neurotransmitters 
are chemical messengers that transmit signals between nerve cells and play a crucial 
role in regulating cognitive function, behavior, and mood.

Nutrients play an essential role as co-factors in the production of neurotransmit-
ters. Many neurotransmitters are derived from dietary amino acids, such as trypto-
phan, tyrosine, and phenylalanine. These amino acids serve as precursors for the 
synthesis of neurotransmitters, including dopamine, serotonin, and norepinephrine. 
For example, the cofactors vitamin B6 and iron are required to convert tryptophan 
to serotonin.153 Vitamin C, folate, and iron are needed to synthesize dopamine and 
norepinephrine.154 Other dietary co-factors, such as magnesium, zinc, and vitamin 
D, are also important in the production of neurotransmitters. Magnesium plays a 
role in the regulation and synthesis of acetylcholine, which plays an important role 
in learning and memory, and other neurotransmitter systems.155,156 Zinc is neces-
sary to modulate GABA, which helps regulate mood and anxiety.157 Vitamin D is 
involved in synthesizing brain-derived neurotrophic factor, which is a protein that 
supports the survival and growth of neurons.158 Therefore, balanced diets incorpo-
rating nutrient-dense, plant-based foods can support neurotransmitter production by 
providing nutrients necessary for their synthesis and protection against inflamma-
tion and oxidative stress. Healthy dietary interventions in patients with mental health 
conditions may help to reduce the risk or severity of mental illnesses, improve mood, 
and enhance cognitive function.

19.13  MATERNAL–FETAL NUTRITIONAL NEUROSCIENCE:  
THE FUTURE

Nutrition, mental health status, and environment during pregnancy may have both 
immediate and long-lasting impacts on offspring health outcomes. A pregnant per-
son’s diet can lead to epigenetic changes in the developing fetus, altering gene expres-
sion and increasing risk of mental health disorders in offspring. Epigenetic changes 
induced by events, including quality and quantity of nutrients, during embryonic, 
fetal, or neonatal development may alter mechanisms underlying growth, metabo-
lism, temperament/personality, intelligence, and susceptibility to chronic disease 
in offspring that may manifest in childhood and often persist into adulthood.159–161 
Global epidemiological data have revealed that one-third of those afflicted by mental 
health disorders experience onset of their first mental health disorder before the age 
of 14, almost half by the age of 18, and over half before the age of 25.162 Therefore, 
clinical applications of nutritional interventions via lifestyle psychiatry may be espe-
cially crucial in pregnant populations and offspring throughout key developmental 
periods. The pre-conception, pregnancy, perinatal, and early postnatal time periods 
are key developmental phases during which rapid and critical maturation processes 
occur in neural, endocrine, immune, and metabolic systems of offspring.163–171 These 
time windows of development are extremely sensitive to internal and external stim-
uli and pivotal predictors of neurocognitive development, as well as BGM axis and 
immune system function, of offspring across the lifespan. The microbiome of off-
spring is influenced by maternal diet during pregnancy.172 A period of development 
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with irreversible health implications occurs as early as the first few months of life 
when bacterial signals are required for the normal development of neurobehavioral 
systems. Some studies have demonstrated that the standardized coefficients for the 
relationship between dietary exposure in pregnant people and mental health out-
comes for offspring are similar in magnitude to those for depression, which is a well-
established risk factor for poor mental health disorders in children.160,173

19.14 HUMAN STUDIES SURROUNDING NUTRITION

The most affordable and cost-effective dietary patterns are plant-predominant in 
nature.174 Studies have shown that prescribing healthful foods and diets to patient 
populations, including those at high risk for poor health outcomes (e.g., individu-
als with lower socioeconomic status, individuals with disabilities, the elderly), can 
be a highly cost-effective and cost-saving method of providing healthcare that also 
results in improved health outcomes.175 Of note, research findings that support the 
implementation of nutrition programs within public and private healthcare systems 
are consistent across patient population subgroups, such as those related to race, 
ethnicity, age, education, socioeconomic status, and status of participation in the 
Supplemental Nutrition Assistance Program (SNAP).5

Research evaluating the link between healthy dietary patterns and disease out-
comes has largely focused on specific dietary components (e.g., vitamins, miner-
als, phytonutrients), dietary indices (e.g., inflammatory, glycemic), and healthy 
eating frameworks such as the Mediterranean diet or the Dietary Approaches to 
Stop Hypertension (DASH). Recent literature has shown that adherence to the 
Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet, 
Mediterranean diet, and DASH diet is associated with decreased risk of psychiat-
ric and neurodegenerative conditions, increased cognitive function, and protection 
against cognitive decline.176–179 The Mediterranean, DASH, and MIND dietary pat-
terns include the following: emphasize whole, nutrient-dense foods; limit unhealthy, 
processed foods and refined sugars; promote plant-based sources of healthy fats; 
and have been shown to exert a positive impact on mental health. The MIND diet 
may improve mental health and brain health via anti-inflammatory and antioxidant 
mechanisms, as well as contain fewer unhealthy foodstuffs, such as processed foods, 
red meat, and refined sugars, than typical Western eating patterns. Greater adher-
ence to the MIND diet has been correlated with increased mental health and brain 
health benefits.180 It has also been noted that those who follow the MIND diet have 
lower stress levels due to dietary neuroprotective factors.181 Emerging data suggest 
that the MIND diet can reverse the harmful implications of obesity on cognition and 
brain structure.182

Plant-predominant eating patterns that incorporate minimally processed foods 
and include vegetables, fresh fruits, legumes, and whole grains and lower intakes 
of saturated fats, trans-fats, sodium, refined sugar, and animal proteins are linked 
to and predictive of better mental health and physical health outcomes.9 Literature 
indicates that whole food eating patterns are protective against mental health symp-
toms and increase quality of life, while processed food intake is a risk factor for 
poor mental health and mental illnesses and lower quality of life.183,184 Increased 
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consumption of whole foods is associated with attenuated mental health symptoms 
and decreased risk of mental illness. In conclusion, intervention programs aiming 
to improve physical health can also significantly improve mental health, furthering 
previous evidence regarding the bidirectional entanglement of mental health, physi-
cal health, and nutrition.185
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KEY POINTS

• The impact of stress on metabolic health is partially mediated by eating 
and dietary behaviors. Through the intricately woven system of psycho-
logical, behavioral, and physiological processes that compose the body’s 
stress response, stress exerts strong biopsychosocial influences on diet. To 
a slightly lesser extent, diet and eating behaviors likewise impact stress.

• Both stress and diet are individual determinants of metabolic health. 
However, with the connections between them, dietary behaviors can aug-
ment or exacerbate stress effects on disease and other metabolic and physi-
ological consequences, and vice versa.

• Interventions aiming to improve stress and diet may be effective in mitigat-
ing their respective and cumulative impacts on metabolic health.

20.1 INTRODUCTION

Globally, unhealthy diets pose a greater risk to morbidity and mortality than unsafe 
sex, alcohol, drug, and tobacco combined.1 However, while there are many deter-
minants of poor diets and eating behaviors, an arguably overlooked risk factor is 
stress—a factor that exerts its own influence on metabolism and health. Clearly, 
stress is an inevitable part of life. In the US, for example, Americans report having 
average past month levels of stress higher than what they perceive to be healthy.2 
Worldwide, negative experiences like stress and worry have gradually risen over 
the years.3 Despite normal variation in specific sources and magnitudes of stress 
across sociodemographic groups and over time, the toll stress can potentially take 
on people’s health is universal. This chapter will focus on the intersection of stress, 
diet, and metabolic processes, wherein the intricate and complex interplay of a mul-
titude of systems—particularly the psychological, behavioral (i.e., diet/eating), and 
physiological—come together to exemplify the utility of the biopsychosocial model 
and bolster the need for applying such holistic frameworks to health. Figure 20.1 
illustrates the overarching relations reviewed in this chapter.

For this chapter, we use Baum’s4 definition of stress as “a negative emotional 
experience accompanied by predictable biochemical, physiological, cognitive, and 
behavioral changes that are directed either toward altering the stressful event or 
accommodating to its effects” (p. 653). One important point is that “stress” comprises 
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two main parts: a stressor or stimulus (Box A) that triggers (Path 1) an accompanying 
stress response (dotted circle), which comprises one’s perceived or subjective appraisal 
(Box B) of the exposure as well as its correspondent behavioral (Box C) and physiologi-
cal (Box D) reactions.5,6 As such, the variability in individual stress responses and their 
influence on health (Box E) is explicably wide, contextually dependent, and critically 
deterministic. A multitude of factors weigh in, including person-level characteristics such 
as genetics, developmental processes, personal histories of stressor exposure, and current 
stress loads; macrolevel influences such as one’s socio-economic standing and cultural 
environment; and the existence of social, psychological, and behavioral protections.5–7

Stress may be acute, event-based, daily, or chronic.5 More frequent and/or severe 
bouts of stressor exposures, however, will affect a more long-lasting stress response 
through repeated and/or intense activation of stress response pathways. Additionally, 
stressors that are difficult to control and pose a distinct threat to one’s physical or 
social evaluation or integrity of being (i.e., one’s perceived value, self-esteem, status) 
have been observed to figure especially prominently in metabolic processes via more 
pronounced cortisol and related hormone changes and perturbations.5,8,9 Examples of 
threats of these type include weight stigma and racial discrimination.5,8 Given this chap-
ter’s focus on diet and metabolic processes, which together can foster the development 
of chronic conditions and/or disease over the long term, more chronic and severe-type 
stress experiences are most relevant. Indeed, seminal research on stress and diet estab-
lished differential effects between chronic and acute stress: while acute stress decreases 
appetite, chronic stress is more likely to drive the processes described herein.10

20.2  THE PHYSIOLOGICAL STRESS RESPONSE 
IN THE CONTEXT OF DIET

Overall, the stress response is an evolutionarily conserved phenomenon.8 Stemming from 
genetic polymorphisms likely naturally selected during trying environments,11 cellular 
level reactions to stress spur adaptive changes in body cells and tissues intended to protect 
an organism and promote its survival.6 Ultimately, these adaptations can serve to dampen 
psychological and physiological stress reactions and reduce stress-related behaviors.8

FIGURE 20.1 Conceptual framework relating stress, diet, and metabolic processes. Boxes 
A-E and Pathways 1–6 will be described within the text. Also, note the conceptualization of 
the stress response (dotted circle) to be composed of Boxes B–D.
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Two principal pathways mediate the physiologic stress response after exposure to 
a stressor: the autonomic nervous system’s sympathetic-adrenal-medullary (SAM) 
axis and the HPA axis. The primary goal of these axes is to conserve energy expen-
diture and increase the availability of fuel substrates for action.7,12,13 In the SAM axis, 
stress exposure stimulates the adrenal glands to release the catecholamines epineph-
rine and norepinephrine, eliciting a “fight-or-flight” physiological state. Heart rate, 
myocardial contraction intensity and cardiac output, arterial blood pressure, blood 
coagulation, and plasma glucose levels are all increased.7,12

At the same time, a cascade is initiated in the HPA axis that stimulates the 
adrenal glands to release glucocorticoids (e.g., cortisol) into the blood, which 
then increases body metabolism, blood pressure, and retention of sodium and 
water.7,8,12 On its own, cortisol mobilizes amino acids from muscle and free fatty 
acids (FFAs) from adipocytes and increases hepatic gluconeogenesis.13 It also 
inhibits pancreatic beta-cells from secreting insulin. However, in excess levels 
due to stress, cortisol will work to enhance insulin secretion. Excess cortisol lev-
els in combination with insulin will then upregulate lipoprotein lipase, an enzyme 
that liberates FFAs from lipoprotein triglycerides. Insulin will also assist in the 
transport of glucose and activate necessary enzymes that will ultimately facilitate 
triglyceride accumulation in adipocytes.12,14 Such adipocytes are primarily situ-
ated in the visceral area as visceral adipose tissue has a high density of gluco-
corticoid receptors. As cortisol functions to regulate the differentiation, function, 
and distribution of adipose tissue, body fat is shuttled to areas of high gluco-
corticoid activity. The high cellular density of visceral tissue also contributes to 
its high metabolic activity and adipocyte turnover. The presence of more cells 
commands greater blood flow and innervation to the area,14 for example, by cat-
echolamines that assume lipolytic capacity in the presence of cortisol post-HPA 
axis activation.14,15

This activity has key implications for metabolic health. As catecholamines are 
attracted to visceral fat cells, the stage is set for insulin resistance. Catecholamines 
cause visceral adipose cells to release FFAs, resulting in high FFA concentrations 
in the portal vein. This leads to increased glucose production and decreased insulin 
clearance in the liver. FFAs, in conjunction with cortisol, also work to stimulate 
very-low-density lipoprotein (VLDL) secretion and promote hepatic triglyceride 
synthesis, as well as inhibit insulin secretion and increase insulin insensitivity in tis-
sues. One of insulin’s primary functions is the regulation of triglyceride and VLDL 
synthesis. Thus, when stress acts to reduce insulin activity, regulation of triglycer-
ides and VLDL production become inhibited. Moreover, insulin resistance and cor-
tisol transpire to hinder LDL clearance from the blood by suppressing hepatic LDL 
receptors and LDL breakdown.14,15

Repeated and/or intense activation of stress-related pathways can lead to lasting 
changes to the stress response, facilitated by stress-induced alterations to synaptic 
plasticity and gene expression.16 Metabolic regulatory systems are particularly vul-
nerable as they are often the target of stress mediators such as cortisol.17 Ultimately, 
these changes heighten the excitability and tone of the HPA and SAM axes, enabling 
their ability to continually rise to the demands of new subsequent stressors the body 
meets.17 However, it also fosters a metabolically dysfunctional state of allostatic load, 
or the overactivation of stress systems that leads to wear and tear on the body.9,18 
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Insulin resistance and compensatory hyperinsulinemia, abdominal adiposity, athero-
genic dyslipidemia, and hypertension are collectively recognized as metabolic syn-
drome, a condition attributed to “stress of diverse origins”7 (p. 717) and a potent risk 
factor for chronic conditions including diabetes, cardiovascular disease, and kidney 
disease, as well as premature mortality.7,12,14,15

Finally, a host of additional hormones, neuropeptides, and related systems have 
likewise been implicated in these stress-related processes and their metabolically dys-
functional aftermath. These will be further discussed in the context of stress eating.

20.3 STRESS EATING

A common behavioral response or coping behavior to stress is eating. More specifi-
cally, stress eating (also stress-induced eating, comfort eating, or emotional eat-

ing) is defined as eating in response to negative affect or stimuli.19 The prevalence 
of stress eating is sizeable, hovering around 15–46% in the general population or 
47–71% in clinical samples with obesity or eating disorders.19,20

Cortisol, the primary actor of the HPA stress response, promotes eating both 
directly21 and indirectly. For example, cortisol (1) reduces sensitivity to leptin, an 
appetite-reducing hormone in the brain, (2) stimulates the expression of neuropep-
tide Y (NPY), an appetite-increasing hormone, and (3) potentiates reward processing 
pathways (e.g., dopamine release)22 by sensitizing neural reward centers to foods that 
are highly palatable (e.g., sweet, fatty).8 Sweet and fatty food consumption, driven 
by cortisol and insulin, stimulate pleasure centers of the nucleus accumbens while 
reducing discomfort arising from stimulation of its stress-sensitive centers.23 Thus, 
consuming such “comfort” foods expedites psychological relief and reduces feelings 
of stress, incentivizing such behavior to become a habit.8 Interestingly, sugar itself 
may have inhibitory effects on HPA reactivity as well via heightened opioidergic 
activity that inhibits HPA axis activity.24

Preferred foods during stress are often calorically-dense and highly-palatable 
(sweet and fatty or salty and fatty);25 “comfort” foods replete with energy, sugar, 
and fat are especially coveted.19,26 Accordingly, there is just cause for public health 
concern. Stress eating and comfort foods have been epidemiologically linked to 
abdominal obesity and poor metabolic health reflected through elevated glucose, 
insulin, insulin resistance, and glycosylated hemoglobin, as well as higher risks for 
prediabetes, diabetes, cardiovascular disease, and mortality.19,26,27

Metabolic dysfunction is further assisted by leptin, NPY, and the gut microbiota 
(microbiome). In excess, cortisol may interfere with leptin signaling and facilitate 
stress-related overeating.22,28 Second, NPY can facilitate the development of abdom-
inal obesity and metabolic syndrome-like symptoms under conditions of stress and 
consumption of high fat and high sugar foods.29 NPY may additionally modulate 
reward processing pathways (e.g., dopaminergic and serotoninergic networks) to 
promote hedonic eating of palatable foods.30 Lastly, microbiome constituency can 
impact stress and eating and be affected by these factors – e.g., via physiological 
stress responsivity and HPA axis activity and by appetite and sweet/fatty food prefer-
ences, respectively.8

Beyond metabolism, other impacts of stress on diet and health have been estab-
lished.31 A recent meta-analysis found stress was associated with increased overall 
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intake and intakes of unhealthy foods with decreased intake of healthy foods.32 While 
another review and meta-analysis found associations between stress and overall diet 
quality to be mixed,33 attributes of diets associated with stress include higher con-
sumption of saturated fats, added sugars, sweets, snacks, fast foods, red/processed 
meat, and/or ultra-processed foods33–36 simultaneous to lower intakes of fruits, veg-
etables, fish, unsaturated fats, fiber, and an assortment of micronutrients.33,35,36

Finally, increasing evidence demonstrates the powerful impact of diet on stress 
and mental health.37 Healthier dietary patterns have also been associated with more 
diverse and beneficial microbiomes38 as well as lower odds for allostatic load.39 
Indeed, one intervention found improvements in perceived stress and allostatic loads 
with higher vegetable consumption and less sodium.40

20.4 IMPLICATIONS FOR INTERVENTION AND FUTURE WORK

Lifestyle interventions to improve metabolic health and other health outcomes may 
focus on Boxes A, B, and/or C (Figure 20.1). Possible strategies include those to 
improve stress management—such as mindfulness41 or physical activity42—as well 
as those to improve diet—such as disseminating strategies to consume less fat, sugar, 
and/or convenience foods when stressed or finding alternatively acceptable comfort 
foods. Our group found that comfort foods may not need to be unhealthy as after 
a laboratory stressor, fruits and vegetables provided equal stress relief to unhealthy 
comfort foods.43

Additionally, the role of moderators is a noted investigative need. Gender, body 
weight status, age, eating styles (i.e., dietary restraint, emotional and external eat-
ing), dispositional factors, and individual differences (e.g., cortisol reactivity) may 
all be important to account for, but research is lacking in these areas.32

20.5 SUMMARY

Stress and diet are powerful individual determinants of metabolic health. However, 
because of the multitude of pathways between them, dietary behaviors can augment 
or exacerbate stress effects on disease and other metabolic and physiological conse-
quences, and vice versa. Interventions aiming to improve stress and diet health may 
effectively mitigate their respective and cumulative impacts on metabolic health and 
disease outcomes.
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KEY POINTS

• Social connections appear as important to health as standard biomedical 
risk factors.

• Existing research finds that difficulties with social relationships can directly 
or indirectly impede medical care.

• Healthcare professionals will play a crucial role in helping advance social 
connections as a medical priority.

21.1 INTRODUCTION AND OVERVIEW

A patient comes into your office presenting with chest pains. An assessment of their 
blood pressure reveals that they are hypertensive. The patient starts complaining 
about a bad marriage and that others treat them poorly. How would you respond? 
Such medical communications related to psychosocial issues are not uncommon.1 
Do you think this additional information on the quality of their social connections 
matters for their current condition? The main goal of this chapter is to provide health 
professionals with general information that will help inform the answers to these 
questions. What we hope to do is to provide evidence that such issues are of great 
importance to the goal of understanding part of the etiology of your patient’s physi-
cal health problems and have significant prognostic value for its clinical course.

21.2 WHAT DO WE MEAN BY SOCIAL CONNECTIONS?

Social connections can be defined at both broad and more specific levels. At a broad 
level, there is a distinction between positive and negative aspects of social rela-
tionships.2 The more specific positive aspects include social integration, perceived 
support, and received support. Social integration examines the extent of social con-
nections (e.g., number of friends, amount of contact); perceived support is the per-
ception that support would be available if needed; and received support is the actual 
support received.3 The more specific negative aspects include social negativity and 
loneliness.2 Social negativity refers to adverse social behaviors by others (e.g., criti-
cism, undermining), whereas loneliness is the perception that one lacks close con-
nections.2 These broad and specific distinctions are important as not all of these 
measures are related to health outcomes equally or via similar processes as will be 
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discussed below.4 For instance, receiving support from others is not always helpful if 
it is not communicated in a caring manner.5

A general model linking relationships to health is depicted in Figure 21.1. As 
shown in the first box, social networks provide the interpersonal context (e.g., fam-
ily, friends) for positive and negative interactions and perceptions. These social pro-
cesses have bidirectional links with behavioral and psychological pathways, which, 
in turn, have documented links to health-relevant autonomic, neuroendocrine, and 
immune system functioning. Alterations in these biological pathways are predicted 
to influence disease development (i.e., morbidity) and/or course (i.e., mortality). It is 
also clear that coping with a chronic disease may influence relationship processes 
and psychological processes for better or worse (e.g., relationship growth, stress of 
caregiving) and is depicted as feedback loops in the model.

21.3  WHAT IS THE EVIDENCE LINKING SOCIAL 
CONNECTIONS TO HEALTH?

It is clear that close relationships are related to significant mental health outcomes 
such as depression.6 However, less known is the equally strong and rapidly increas-
ing evidence base linking social connections to physical health outcomes such as 
cardiovascular disease, cancer, and longevity.2 At this point in time, there is ample 
epidemiological evidence linking social connections to health. A meta-analysis was 
consistent with early data indicating that positive aspects of relationships (i.e., per-
ceived social support) were associated with a lower risk for mortality.7 Indeed, effect 
sizes from the meta-analysis appeared as large as, if not larger than, standard risk 
factors such as exercise and obesity. Moreover, the links between social relationships 
and mortality were found across a number of diseases,7 especially cardiovascular 
disease.8 There is also meta-analytic evidence linking social support and social inte-
gration to lower cancer mortality.9 Although less epidemiological evidence is avail-
able currently, negative aspects of relationships, such as criticism and conflict, have 

FIGURE 21.1 General mechanistic model linking social connections to health.
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been linked to negative cardiovascular outcomes, such as the incidence of hyper-
tension.10,11 A recent meta-analysis has also linked higher levels of loneliness and 
social isolation to increased mortality – especially among individuals younger than 
65 years old.12

Several studies linking social connections to biological mechanisms implicated 
in disease provide converging evidence for the epidemiological evidence to date.13 
There is relatively consistent evidence linking social support and social integra-
tion to lower levels of blood pressure, cortisol, and inflammatory cytokines (e.g., 
C-reactive protein, IL-6), whereas negative aspects of relationships are linked to 
higher blood pressure, cortisol, and inflammation13 These studies are important as 
they are consistent with theoretical models and highlight the direct biological plau-
sibility of the link between social connections and disease outcomes such as cardio-
vascular disease and cancer.

21.4  CAN INTERVENTIONS IMPROVE RELATIONSHIPS  
AND IMPACT HEALTH?

One of the most pressing issues in this literature is whether we can leverage the epi-
demiological evidence to date to design effective interventions. Randomized clinical 
trials (RCTs) are critically important given that the epidemiological literature relies 
on cross-sectional/observational studies which raise questions about confounding 
and causality. On the other hand, designing an effective relationship intervention 
to impact health is a tall task considering the complexity of relationships ranging 
from their simple presence, past history, how they are perceived, and what they actu-
ally do to promote the health of others. Relationship interventions are further com-
plicated when considering that one is trying to modify health outcomes that are 
multiply- determined and can have a long-term course. For instance, the development 
of chronic conditions like heart disease is years in the making, and at advanced 
stages might be more difficult to alter given their clinical status.4 Taking into account 
these complexities at both the social and biomedical levels is key in adhering to an 
important support doctrine to “do no harm.” If researchers are not careful, individu-
als in support interventions may get ineffective information, feel frustrated with their 
relationships, feel let down by the support provider, or incur costs due to suboptimal 
support.

Two recent reviews paint a promising picture of interventions targeting social 
connections aimed at impacting health.13,14 The National Academies of Science, 
Engineering, and Medicine formed an expert interdisciplinary panel. The panel 
found that interventions to reduce loneliness and isolation have produced some 
successes. Still, most work in the area has suffered from (1) limited sample size, 
(2) short follow-up periods, (3) lack of randomized controlled trials, and (4) lack of 
theory.13 However, some findings appear more robust and include evidence from a 
meta-analysis indicating that cognitive-behavioral approaches that focused on mal-
adaptive thoughts were more effective in reducing loneliness compared to social 
skills training.15 More recent approaches include mindfulness-based interventions 
that appear to have positive influences on both relationships and biological func-
tion.16 Finally, one limitation of existing interventions is that they tend to focus on 
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the individual. There is increasing evidence that interventions that actively include 
family members (e.g., spouses, parents) may be superior as they consider the social 
context of health maintenance in which close others play an active role.17

A second recent review was a meta-analysis to test if psychosocial support inter-
ventions impacted survival in healthcare settings.14 The review included 106 RCTs 
comprising over 40,000 inpatient/outpatient participants. Of the health conditions, 
42% had cardiovascular disease, 36% had cancer, and 22% had other conditions. 
Across all RCTs, there was a statistically significant 20% increased likelihood of 
survival (discrete time period), and 29% increased survival over time for partici-
pants provided with psychosocial support compared to standard medical care.14 
These results were more robust when RCTs focused on health behavior change and 
patients with less severe disease. There was evidence of bias in only one of three 
subgroup analyses.14 However, given the nature of such interventions, the authors 
noted the difficulties in blinding study personnel to the intervention conditions. The 
authors concluded that the current status of the literature suggests that psychosocial 
support RCTs have comparable effects on survival to most rehabilitation programs 
(e.g., exercise, alcohol interventions). The evidence linking interventions that focus 
on social connections is thus promising and refinements based on theory and new 
technology will be important to maximize positive outcomes. These refinements 
include the need to consider indirect intervention approaches such as participation in 
activity groups (e.g., exercise) that can benefit relationship processes18 and the use of 
interventions delivered online (e.g., apps) which are important for individuals who 
have mobility limitations or social anxiety.

An alternative way of thinking about interpersonal interventions is as a form 
of primary prevention.19 Most interventions focus on individuals who already have 
health problems. These are often referred to as secondary prevention efforts, which 
stand in contrast to primary prevention efforts that focus on preventing problems in 
healthy individuals. In a compelling analysis, Kaplan19 argued for the promise of pri-
mary prevention efforts, especially in light of the more limited public health benefits 
that seem to arise from secondary prevention. Repetti et al.20 have argued that early 
familial interventions are an important starting point and may pay large dividends 
in the long term. A focus on primary prevention thus raises the interesting possibil-
ity that support interventions aimed at improving relationship functioning may be 
useful if applied early on with children and adolescents to place them on healthier 
trajectories. In one example, Miller et al.21 found that training parents in nurturance, 
monitoring, and communication skills was associated with lower levels of inflamma-
tion in the adolescent 8 years later.

21.5  WHAT ARE THE PRACTICE AND POLICY IMPLICATIONS 
OF WORK ON RELATIONSHIPS AND HEALTH?

Given the epidemiological evidence to date, an important practice issue that has been 
highlighted is if healthcare professionals should screen to identify people who are 
low in support or socially isolated in order to facilitate treatment outcomes.22 Critics 
of such an approach would argue that we do not know enough regarding what screen-
ing measures to use, what would be an appropriate cut-off score, and perhaps more 
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importantly what exactly we can do to help them.23 Proponents, on the other hand, 
argue that there are scales based on the available epidemiological evidence that could 
be developed for such purposes and promising treatment protocols.22,24 Work in this 
area is rapidly expanding, and several brief instruments are now available to screen 
for the social determinants of health.25,26 Even if we might have difficulty treating 
low support, it can still be assessed for prognostic or predictive purposes along with 
other factors like age, sex, and family history.27 In fact, regardless of its treatment, 
such information might be used to inform individualized treatment protocols such as 
more intensive monitoring or follow-ups.

The work linking social connections to health also has important policy impli-
cations. Public policies can be aimed at increasing funding for understanding the 
more specific nature of such links or at fostering better interpersonal functioning.28 
As an example, the Deficit Reduction Act of 2005 devoted significant funds to the 
Healthy Marriage Initiative (HMI) to help build stronger, stable marriages.29 The 
HMI focused on research and demonstration projects regarding relationship education 
and skill-building (e.g., listening, problem-solving), which have produced small effect 
sizes on relationship quality and communication patterns with considerable variabil-
ity, highlighting the complexity of such interventions.29 Most recently, the importance 
of social relationships was acknowledged explicitly in Healthy People 2020, a nation-
wide health promotion plan that seeks to create social and physical environments 
that promote good health for everyone. It has explicit goals for increasing social con-
nections (e.g., increasing the proportion of adolescents with a support figure in their 
lives) that can guide program development, funding, and assessment. From a policy 
standpoint, it would also be important to evaluate existing or future policies regarding 
their impact on social connections (e.g., open spaces, end-of-life issues).

21.6  WHAT ARE THE CRITICAL FUTURE QUESTIONS IN NEED 
OF ANSWERS IF WE ARE TO FULLY CAPITALIZE ON THE 
RESEARCH LINKING RELATIONSHIPS TO HEALTH?

Although there is ample evidence to act on the research linking social connections 
to health, several important questions will require future work. First is the need for 
more theoretical development on social connections. What are the critical social con-
structs that impact health and longevity? Most work in the area focuses on distinct 
measures of relationships (e.g., social support, loneliness), but few studies compare 
constructs that might differ in their mechanisms and implications for intervention 
development. One area with some history in addressing such issues is the work on 
a social negativity bias.30 It has been proposed that negative aspects of relationships 
(e.g., conflict) might have stronger links to health than positive aspects (e.g., support). 
There is some evidence to this point as studies that directly contrasted both positive 
and negative relationship measures show that links appear stronger for negative rela-
tionship processes.10 More work that directly compares different measures of social 
connections will help with theory and intervention development.

A second important issue is the need to test and refine interventions. There are cer-
tain animal models of social connection that highlight its causal impact on health.31 
Such causal studies are challenging to do with humans, but short-term laboratory 
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studies find that receiving comforting social support from others decreases cardio-
vascular reactions to stress.32 As noted above, RCTs provide an opportunity to not 
only capitalize on this literature but also strengthen causal inferences. RCTs that are 
replicable and generalizable are the gold standard for evidence-based practice and 
should be a priority for future work.

Finally, understanding antecedent processes that give rise to health-relevant 
social connections will be important. By antecedent processes, we mean the factors 
that contribute to developing strong or poor social connections. Highlighting the role 
of epigenetic processes on social connections and health is important work.33 There 
is also emerging evidence that adult support and conflict processes have their origins 
in the early family environment which influences later health34 More proximal ante-
cedent processes facilitating smooth interpersonal functioning are also important 
to understand (e.g., sexual behavior).35 The lack of a clear understanding of these 
antecedent factors will limit primary prevention efforts that are likely to be highly 
cost-effective.

21.7 CONCLUSIONS

Social connections are a reliable and often robust predictor of physical health and 
longevity. Decades of research across disciplines have found that positive and nega-
tive aspects of relationships (e.g., support, conflict) are related to the major causes 
of morbidity and mortality in the world including cancer, cardiovascular disease, 
and infectious illnesses. Mounting research suggests that social connections directly 
influence biology, which may mediate links to both acute and chronic disease devel-
opment and its clinical course. More work is needed on intervention development to 
complete this research circle but promising examples exist.2

Let’s return to our hypothetical example where a patient starts disclosing a bad 
relationship with their spouse and other interpersonal problems. How would you 
now respond to such information? First, we hope that you can convey that such 
 relationship issues are tied to both the development and clinical course of health 
conditions  – perhaps the very health condition with which the patient has been 
diagnosed. Second, you could consider screening for relationship issues as such 
instruments are now available. Third, in collaboration with clinical/counseling psy-
chologists and social or community workers, treatment referrals might benefit the 
patient’s relationships and their physical health condition. We believe that medical 
professionals will play a critical role in advancing and applying this robust literature. 
The extent of these collaborations will ultimately enable biomedical and behavioral 
professionals to assist individuals in living happier and healthier lives.

REFERENCES

 1. Roter DL, Stewart M, Putnam SM, Lipkin MJ, Stiles W, Inui TS. Communication pat-
terns of primary care physicians. J Am Med Assoc. 1997;277(4):350–356. doi:10.1001/
jama.1997.03540280088045

 2. Holt-Lunstad J. Why social relationships are important for physical health: A systems 
approach to understanding and modifying risk and protection. Annu Rev Psychol. 2018; 
69(1):437–458. doi:10.1146/annurev-psych-122216-011902

https://doi.org/10.1001/jama.1997.03540280088045
https://doi.org/10.1001/jama.1997.03540280088045
https://doi.org/10.1146/annurev-psych-122216-011902


266 Lifestyle Psychiatry

 3. Uchino BN. Social Support and Physical Health: Understanding the Health Con-

sequences of Relationships. Yale University Press; 2004. doi:10.1093/aje/kwi036
 4. Uchino BN. Understanding the links between social support and physical health: A 

life-span perspective with emphasis on the separability of perceived and received sup-
port. Perspect Psychol Sci. 2009;4(3):236–255. doi:10.1111/j.1745-6924.2009.01122.x

 5. Selcuk E, Ong AD. Perceived partner responsiveness moderates the association between 
received emotional support and all-cause mortality. Heal Psychol. 2013;32(2):231–235. 
doi:10.1037/a0028276

 6. Gariépy G, Honkaniemi H, Quesnel-Vallée A. Social support and protection from 
depression: Systematic review of current findings in western countries. Br J Psychiatry. 
2016;209(4):284–293. doi:10.1192/bjp.bp.115.169094

 7. Holt-Lunstad J, Smith TB, Layton JB. Social relationships and mortality risk: A meta-
analytic review. PLoS Med. 2010;7(7). doi:10.1371/journal.pmed.1000316

 8. Barth J, Schneider S, von Känel R. Lack of social support in the etiology and the prog-
nosis of coronary heart disease: A systematic review and meta-analysis. Psychosom 

Med. 2010;72(3):229–238. doi:10.1097/PSY.0b013e3181d01611
 9. Pinquart M, Duberstein PR. Associations of social networks with cancer mortality: A 

meta-analysis. Crit Rev Oncol Hematol. 2010;75(2):122–137. doi:10.1016/j.critrevonc. 
2009.06.003

 10. De Vogli R, Chandola T, Marmot MG. Negative aspects of close relationships and heart 
disease. Arch Intern Med. 2007;167(18):1951–1957. doi:10.1001/archinte.167.18.1951

 11. Sneed RS, Cohen S. Negative social interactions and incident hypertension among 
older adults. Heal Psychol. 2014;33(6):554–565. doi:10.1037/hea0000057

 12. Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D. Loneliness and social 
isolation as risk factors for mortality: A meta-analytic review. Perspect Psychol Sci. 
2015;10(2):227–237. doi:10.1177/1745691614568352

 13. National Academies of Sciences, Engineering, and Medicine. Social Isolation and 

Loneliness in Older Adults: Opportunities for the Health Care System. Washington, 
DC: The National Academies Press; 2020. doi:10.17226/25663

 14. Smith TB, Workman C, Andrews C, et al. Effects of psychosocial support interven-
tions on survival in inpatient and outpatient healthcare settings: A meta-analysis of 
106 randomized controlled trials. PLoS Med. 2021;18(5):1–25. doi:10.1371/journal.
pmed.1003595

 15. Masi CM, Chen H-Y, Hawkley LC, Cacioppo JT. A meta-analysis of interventions 
to reduce loneliness. Personal Soc Psychol Rev. 2011;15(3):219–266. doi:10.1177/ 
1088868310377394

 16. Lindsay EK, Young S, Smyth JM, Brown KW, Creswell JD. Acceptance lowers 
stress reactivity: Dismantling mindfulness training in a randomized controlled trial. 
Psychoneuroendocrinology. 2018;87:63–73. doi:10.1016/j.psyneuen.2017.09.015

 17. Martire LM, Helgeson VS. Close relationships and the management of chronic ill-
ness: Associations and interventions. Am Psychol. 2017;72(6):601–612. doi:10.1037/
amp0000066

 18. Rook KS. Facilitating friendship formation in late life: Puzzles and challenges. Am J 

Community Psychol. 1991;19(1):103–110. doi:10.1007/BF00942258
 19. Kaplan RM. Two pathways to prevention. Am Psychol. 2000;55:382–396.
 20. Repetti RL, Robles TF, Reynolds B. Allostatic processes in the family. Dev Psy-

chopathol. 2011;23(3):921–938. doi:10.1017/S095457941100040X
 21. Miller GE, Brody GH, Yu T, Chen E. A family-oriented psychosocial intervention 

reduces inflammation in low-SES African American youth. Proc Natl Acad Sci. 2014; 
111(31):11287–11292. doi:10.1073/pnas.1406578111

 22. Lett HS, Blumenthal JA, Babyak MA, et al. Social support and prognosis in patients 
at increased psychosocial risk recovering from myocardial infarction. Heal Psychol. 
2007;26(4):418–427. doi:10.1037/0278-6133.26.4.418

https://doi.org/10.1093/aje/kwi036
https://doi.org/10.1111/j.1745-6924.2009.01122.x
https://doi.org/10.1037/a0028276
https://doi.org/10.1192/bjp.bp.115.169094
https://doi.org/10.1371/journal.pmed.1000316
https://doi.org/10.1097/PSY.0b013e3181d01611
https://doi.org/10.1016/j.critrevonc.2009.06.003
https://doi.org/10.1016/j.critrevonc.2009.06.003
https://doi.org/10.1001/archinte.167.18.1951
https://doi.org/10.1037/hea0000057
https://doi.org/10.1177/1745691614568352
https://doi.org/10.17226/25663
https://doi.org/10.1371/journal.pmed.1003595
https://doi.org/10.1371/journal.pmed.1003595
https://doi.org/10.1177/1088868310377394
https://doi.org/10.1177/1088868310377394
https://doi.org/10.1016/j.psyneuen.2017.09.015
https://doi.org/10.1037/amp0000066
https://doi.org/10.1037/amp0000066
https://doi.org/10.1007/BF00942258
https://doi.org/10.1017/S095457941100040X
https://doi.org/10.1073/pnas.1406578111
https://doi.org/10.1037/0278-6133.26.4.418


267Social Connections in Health and Well-Being

 23. Bucholz EM, Krumholz HM. Loneliness and living alone. Arch Intern Med. 2012; 
172(14):1084–1085. doi:10.1001/archinternmed.2012.2649

 24. Butler AC, Chapman JE, Forman EM, Beck AT. The empirical status of cognitive-
behavioral therapy: A review of meta-analyses. Clin Psychol Rev. 2006;26(1):17–31. 
doi:10.1016/j.cpr.2005.07.003

 25. Andermann A. Screening for social determinants of health in clinical care: Moving 
from the margins to the mainstream. Public Health Rev. 2018;39(1):1–17. doi:10.1186/
s40985-018-0094-7

 26. O’Gurek DT, Henke C. A practical approach to screening for social determinants of 
health. Fam Pract Manag. 2018;25(3):7–11.

 27. Lett HS, Blumenthal JA, BabLett HS, et al. Perceived social support predicts outcomes 
following myocardial infarction: A call for screening - in response. Heal Psychol. 
2008;27(1):1–3.

 28. Umberson D, Montez JKJ. Social relationships and health: A flashpoint for health pol-
icy. J Health Soc Behav. 2010;51(Suppl):S54–S66. doi:10.1177/0022146510383501

 29. Bradbury TN, Bodenmann G. Interventions for couples. Annu Rev Clin Psychol. 
2020;16:99–123. doi:10.1146/annurev-clinpsy-071519-020546

 30. Taylor SE. Asymmetrical effects of positive and negative events: The mobilization- 
minimization hypothesis. Psychol Bull. 1991;110(1):67–85. doi:10.1037/0033-2909.110.1.67

 31. Snyder-Mackler N, Burger JR, Gaydosh L, et al. Social determinants of health and sur-
vival in humans and other animals. Science (80-). 2020;368(6493). doi:10.1126/science.
aax9553

 32. Teoh AN, Hilmert C. Social support as a comfort or an encouragement: A systematic 
review on the contrasting effects of social support on cardiovascular reactivity. Br J 

Health Psychol. 2018;23(4):1040–1065. doi:10.1111/bjhp.12337
 33. Spithoven AWM, Cacioppo S, Goossens L, Cacioppo JT. Genetic contributions to lone-

liness and their relevance to the evolutionary theory of loneliness. Perspect Psychol 

Sci. 2019;14(3):376–396. doi:10.1177/1745691618812684
 34. Chen E, Brody GH, Miller GE. Childhood close family relationships and health. Am 

Psychol. 2017;72(6):555–566. doi:10.1037/amp0000067
 35. Diamond LM, Huebner DM. Is good sex good for you? Rethinking sexuality and health. 

Soc Personal Psychol Compass. 2011;6(1):54–69. doi:10.1111/j.1751-9004.2011.00408.x

https://doi.org/10.1001/archinternmed.2012.2649
https://doi.org/10.1016/j.cpr.2005.07.003
https://doi.org/10.1186/s40985-018-0094-7
https://doi.org/10.1186/s40985-018-0094-7
https://doi.org/10.1177/0022146510383501
https://doi.org/10.1146/annurev-clinpsy-071519-020546
https://doi.org/10.1037/0033-2909.110.1.67
https://doi.org/10.1126/science.aax9553
https://doi.org/10.1126/science.aax9553
https://doi.org/10.1111/bjhp.12337
https://doi.org/10.1177/1745691618812684
https://doi.org/10.1037/amp0000067
https://doi.org/10.1111/j.1751-9004.2011.00408.x


268 DOI: 10.1201/b22810-25

Substance Use 

Approaches

Autena Torbati, PhD and  

Marcel A. de Dios, MS, PhD

KEY POINTS

• Substance use is a significant public health concern.
• The impact of substance use is far-reaching and can have effects on a vari-

ety of areas of a person’s life, including, but not limited to, physical health, 
mental well-being, social connections, sleep, and more.

• Interventions aimed at reducing substance use must be integrative and con-
sider the interrelationships that exist between substance use and other life-
style domains.

22.1 INTRODUCTION

Substance use is a significant public health concern. According to a 2021 survey 
by the Substance Abuse and Mental Health Services Administration (SAMHSA), 
approximately 16.5% of people aged 12 years and older in the United States (US) 
reported having a substance use disorder (SUD) in the past year.1 Of these 46.3 mil-
lion people with an SUD, 29.5 million struggled with alcohol use disorder specifi-
cally.1 Moreover, research has identified overconsumption of alcohol as a leading 
cause of preventable death among individuals living in the US,2 with the Centers for 
Disease Control (CDC) estimating an average of 95,158 alcohol-attributable deaths 
occurring per year between 2011-2015.3 Moreover, consequences associated with 
excessive alcohol use come at a significant economic cost to the US. For example, in 
2010, costs related to criminal justice, healthcare, and workplace productivity losses 
stemming from excessive alcohol use totaled $249 billion.4 In addition to alcohol, 
tobacco use is another notable public health concern. According to SAMHSA,1 of 
people aged 12 years or older in the US, 19.5% (or 54.7 million) report having used 
tobacco in the past month, with cigarette smokers comprising 43.6 of those 54.7 mil-
lion. Importantly, cigarette smoking continues to be the leading cause of preventable 
death and disease in the US.5 In fact, over 480,000 US adults die annually from 
consequences related to cigarettes, and 16 million have a smoking-related illness.6

22.2 SCOPE OF THE PROBLEM 

Alcohol and tobacco use have numerous deleterious effects on one’s physical and 
mental health. Alcohol use is associated with several diseases, including liver 
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cirrhosis, cardiovascular diseases, and some cancers.7 In addition to health risks 
at the individual level, alcohol use can lead to violence, road traffic crashes,7 and 
increased contraction and transmission of communicable diseases such as HIV8 and 
tuberculosis.9 Smoking is also associated with increased risk for tuberculosis,10 as 
well as several other illnesses including, but not limited to, heart disease, cancer, 
lung diseases, and immune system complications.11 Alcohol and tobacco also have 
harmful consequences for other areas of one’s life. For example, alcohol use has 
been shown to be associated with marital dissatisfaction, higher levels of marital 
violence,12 and poorer cognitive functioning.13 Early tobacco use has also been asso-
ciated with negative outcomes later in life, including low academic achievement, 
delinquent behaviors such as stealing, use of violence, early pregnancy, and poly-
substance problems.14 Unsurprisingly, given the vast impact alcohol and tobacco use 
can have on health and functioning, they each are also associated with significant 
healthcare costs. In 2012, the global economic cost of smoking was over $1.4 trillion, 
with treatment for smoking-related illnesses comprising $422 billion.15 According to 
the 2020 Surgeon General’s Report, in the US, smoking-related illnesses cost over 
$300 billion per year.16 Considering these associations, both alcohol and tobacco use 
represent a substantial global health problem.

22.3 PHYSICAL AND MENTAL HEALTH OVERLAP

The many negative consequences of using alcohol, tobacco, and other substances 
cut across various domains of one’s life, including physical, mental, and social well-
being, it is important to assess and treat substance use in the context of integrated 
health care. A more recent framework proposed for the delivery of integrated health-
care is Lifestyle Medicine.17,18 Lifestyle Medicine (LM) attempts to prevent, treat, or 
reverse lifestyle-related disease by implementing behavioral modifications across six 
pillars of life: nutrition, physical activity, stress management, restorative sleep, social 
connection, and the avoidance of risky substance use.17 Decades of research have 
supported the association between the aforementioned pillars and various physical 
health outcomes. For example, a study examining the relationship between diet and 
COVID-19 outcomes among a sample of nearly 3000 healthcare workers across six 
countries found that participants who adhered to a plant-based or pescatarian diet 
and consumed more vegetables, legumes, and nuts had lower odds of contracting 
moderate-to-severe COVID-19 than those who adhered to a high protein, low car-
bohydrate diet.19

The interrelationships between substance use and other LM pillars are particu-
larly complex, and a nuanced emphasis on substance use can play a pivotal role in 
negatively impacting one’s ability to improve or maintain optimal functioning in 
the other LM pillars. For example, excessive alcohol use can damage organs, which 
over time may lead to nutritional deficiencies among individuals who drink heav-
ily.20,21 Research has also found a negative relationship between cigarette use and 
physical activity in young adults.22 Both alcohol and tobacco use are particularly 
intertwined with the experience of stress over time. While alcohol and tobacco 
may diminish the experience of stress in the short-term, both have been linked to 
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higher levels of long-term stress.23,24 Excessive drinking, for example, can cause 
an individual to release higher amounts of cortisol, which can lead an individual 
to experience higher anxiety when confronted with stressful situations compared 
to less excessive drinkers.23 Cigarette smoking has also been shown to generate or 
exacerbate negative emotional states and promote negative coping strategies, lead-
ing to increased experience of stress over time.25,26 Sleep is also known to be nega-
tively impacted by alcohol use. Similar to stress, many individuals turn to alcohol 
to aid sleep, but over time, alcohol use leads to disrupted and fragmented sleep.27 
Substances, particularly alcohol use, can also negatively impact social relation-
ships. In fact, roughly 20% of adults in the US report experiencing harm due to 
another’s alcohol use each year.28

While substance use can clearly have a negative impact on functioning across the 
pillars targeted by LM, many individuals may use substances as a way to improve 
their functioning with respect to the other pillars of the LM model. For example, nic-
otine has been shown to reduce appetite, which has led many to turn to smoking for 
the management of body weight.29 While tobacco use has been inversely related to 
physical activity, several research studies have found a positive association between 
moderate drinking and physical activity levels.30,31 Both tobacco and alcohol are also 
commonly used as forms of stress management. Perceived stress has been linked to 
the onset and maintenance of smoking in several research studies.32,33 Additionally, 
coping with stress has been identified as a major reason individuals drink alcohol.34 
Similarly, many individuals turn to alcohol to induce sleep, as alcohol can initially 
have a sedating effect.27 Moreover, vivid dreams and insomnia can often occur in 
chronic drinkers who are practicing abstinence, which can lead to relapse.27 Finally, 
both tobacco and alcohol use play an important role in the social connections of 
many individuals. For example, young adults identify alcohol as a means for devel-
oping and maintaining social connectedness.35

22.4 INTERVENTIONS

Given the complex, interrelated nature of substance use and the LM pillars, it is 
important for interventions aimed at reducing substance use to integrate the other 
lifestyle pillars simultaneously. Such interventions have been developed and used 
with some success. For example, noting that stress is often a precipitating factor 
for tobacco use, and can maintain tobacco use, interventions that incorporate stress 
management skills both prior to quitting and during quit attempts have been shown 
to be particularly effective in reducing tobacco use.36,37 In addition, researchers have 
found that supplementing an existing alcohol intervention with relaxation training 
and psychoeducation regarding stress management resulted in lasting reductions 
in alcohol use among college students.38 Sleep difficulties have often been shown 
to lead to relapse in individuals with alcohol use disorders.39 Thus, clinical stud-
ies have attempted to address sleep quality as a means for reducing alcohol use. 
Research has thus far found support for pharmacological treatment in improving 
sleep and reducing risk of alcohol relapse in individuals with alcohol use disor-
ders,40,41 and research continues to be done on psychological interventions, such as 
cognitive behavioral therapy for insomnia, that may aid existing alcohol use disorder 
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treatments.42 Clinical studies have also sought to develop and test interventions that 
target alcohol reduction through increasing physical activity. One such study found 
that women who engaged in physical activity to cope with negative mood and alcohol 
cravings were better able to maintain abstinence from alcohol.43 Similarly, research 
has shown that an increase in physical activity is associated with a greater likelihood 
of sustained abstinence from smoking. 44 Leveraging social relationships in an effort 
to reduce alcohol use is another method by which LM pillars may be integrated with 
substance use reduction strategies. Specifically, Behavioral Couples Therapy, which 
acknowledges that relationships and substance use are intertwined, has been effec-
tive in both improving relationship functioning and reducing alcohol use.45 Research 
has also supported the efficacy of the “CATCH My Breath” intervention, a preven-
tion program that centers on social competence, social influences, and refusal skills 
to reduce e-cigarette use among middle school students.46 Research on programs 
that incorporate nutrition-related content with substance use cessation interventions 
is more limited. However, some research has outlined a link between smoking ces-
sation and a greater readiness to increase fruit and vegetable intake,47 while another 
study found that participants involved in an intervention for reducing smoking were 
more likely to also reduce binge drinking, increase exercise, and increase the num-
ber of days they ate healthy breakfasts.48 These studies suggest that interventions that 
target multiple areas of healthy lifestyle may be effective.

22.5 SUMMARY

Decades of research have documented the negative effects of substance use on health 
and well-being. Nevertheless, the associations between substance use (alcohol and 
tobacco in particular) and other domains of LM are complex. Health care practi-
tioners seeking to implement approaches that account for lifestyle and behavioral 
factors must carefully consider some of the less apparent ways that individuals use 
substances in an effort towards more optimal functioning. Healthcare systems and 
approaches that are designed with the aim of concurrent integration have the greatest 
potential for positively impacting health and wellness.
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KEY POINTS

• Neuroinflammation is a fundamental mediator connecting deficiencies in 
connectivity and the brain gut microbiota system to brain health.

• Disorders like Alzheimer’s disease, Parkinson’s disease, and autism spec-
trum disorder are all deeply affected by neuroinflammation, connectivity, 
and the brain gut microbiota system.

• Brain health should be considered a priority in treatment and promotion of 
well-being in psychiatric practice.

23.1 INTRODUCTION

The brain is arguably the most complex and important organ in the human body. All 
functions of the body, including movement, sensation, perception, thought, and emo-
tion, are controlled and coordinated by the brain. Brain health is an essential com-
ponent to overall health and well-being. Therefore, maintaining brain health through 
healthy lifestyle choices may be considered a priority in medicine and public health.1 
Each of the aforementioned chapters in this section discusses one of the 6 pillars of 
lifestyle medicine, all of which partly contribute to brain health across the lifespan.

The role of the brain in medicine spans neurological, cognitive, and mental 
disorders. Nearly 300 million people globally experience neurological disorder to 
some degree,2 but the brain has far-reaching effects and implications on health. 
Importantly, the concept of brain health is typically restricted to emotional, cogni-
tive, and neural diagnoses. In other words, brain health is typically characterized 
by emotion regulation (e.g., Major Depressive Disorder, MDD), cognitive ability 
(e.g., Alzheimer’s Disease, AD), or neural dysfunction (e.g., Multiple Sclerosis). We 
have made strides in combating such diseases, but health in general is an ongoing, 
lifestyle-centered process. We should therefore consider brain health to be a concept 
extending beyond deficiency or diagnosis. Brain health is specifically defined as the 
promotion of optimal brain development, cognitive health, connection to people and 
purpose, and well-being across the life course.3 The interplay between well-being, 
wellness, mental health, and brain health is depicted in Figure 23.1.4

The characteristics of psychiatric conditions and their implications for lifestyle 
psychiatry should not be understated; without research, diagnosis, and treatment 
relating to the brain, the present topic would not be included in this volume. However, 
brain development and well-being across a lifetime require more than treatment or 
diagnosis; rather, they involve lifestyle factors that offer continual maintenance and 
improvement of the mind and body. These factors include mechanisms of social 
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connection, resilience, meaning and purpose in life, happiness, compassion, and spiri-
tuality. They also include mechanisms along the brain gut microbiota (BGM) system 
that have important implications for ongoing brain development and well-being.

This chapter will discuss inflammation as the mediator between factors and 
mechanisms that affect brain health. Inflammatory processes help to protect the 
body and promote healing and homeostasis in the setting of infection, injury, or 
tissue damage. However, chronic or prolonged inflammation can negatively impact 
brain health. Chronic inflammation in the brain, spine, and/or other nervous tissue 
(neuroinflammation) has been linked to a variety of brain-related issues. We will 
also describe the ways in which neuroinflammation contributes to Alzheimer’s dis-
ease (AD), Parkinson’s disease (PD), and autism spectrum disorder (ASD).

23.2 NEUROINFLAMMATION

Chapter 11 discusses the inflammatory response, described here in brief. 
Inflammation has evolved as an immune defense mechanism that prepares the 
body for injury. In the modern world, poor diet, lack of physical activity, toxins, 
and other frequent stressors activate this response maladaptively, overwhelming the 
immune system. The acute sympathetic nervous system response is characterized by 
the release of catecholamines that increase heart rate and blood pressure to prepare 
the body for stress.5 Corticotropin-releasing hormone (CRH) is secreted from the 
hypothalamus, which activates adrenocorticotropic hormone (ACTH) release from 

FIGURE 23.1 Relationship of wellness, mental health, and brain health.
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the anterior pituitary gland. Cortisol, a glucocorticoid, is then released after ACTH 
binds to receptors in the adrenal cortex.6 Glucocorticoids suppress the initial inflam-
matory response, reducing the expression of proinflammatory cytokines that sig-
nal and recruit monocytes to damaged or infected areas for tissue repair. However, 
chronic stress sometimes leads to glucocorticoid resistance, allowing for increased 
proinflammatory cytokine expression and circulation.7–10 Chronic stress thereby con-
tributes to low-grade inflammation.8,10

The peripheral immune response impacts and influences inflammation in the 
central nervous system. Neuroinflammation is characterized by the recruitment of 
immune cells to areas of the brain affected by inflammation. A balance between pro- 
and anti-inflammatory signaling is maintained by cytokines to reach homeostasis 
following stress. Cytokines also mediate monocyte function in the central nervous 
system (CNS) driven by microglia.11 Increased pro-inflammatory cytokine produc-
tion is associated with tissue damage12 through decreased levels of brain-derived 
neurotrophic factor (BDNF).13 A negative disruption of neural connectivity may 
occur due to disinhibited phagocytosis of neurons and glia in the CNS induced by 
inflammatory healing mechanisms.12 Furthermore, areas in the brain involved in 
mood processes generally display a heightened immune response compared to other 
regions of the brain.14 promoting negative alterations in neural connectivity due to 
disinhibited phagocytosis of neurons and glia in the CNS.11 The specific roles of the 
hippocampus and prefrontal cortex have sensitive responses to pro-inflammatory 
signals,10,11 suggesting glucocorticoid resistance to anti-inflammatory signaling can 
negatively affect hippocampal neurogenesis and executive brain function.

Chronic neuroinflammation is implicated in negative brain health outcomes, 
including inhibited neurodevelopment and neurogenesis, accelerated aging, and 
psychiatric disorders.15–18 Neuroimmunological factors significantly impact brain 
health by influencing a diverse range of neural mechanisms in various psychiatric/ 
neurological disorders. A variety of symptoms associated with ASD have been 
attributed to immune dysfunction, including increased social withdrawal, disor-
dered eating, and disordered sleeping.19,20 ASD is characterized by deficits in social 
development, interaction, and repetitive interests or behaviors. A growing body of 
evidence suggests that neuroinflammation may be implicated in the pathogenesis, 
severity, and clinical presentation of ASD.19 Patients with ASD have been found to 
have increased levels of CNS and circulating pro-inflammatory cytokines including 
tumor-necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6).20–26 Current research 
indicates that the pro-inflammatory phenotypes of microglia and astrocytes also 
contribute to ASD in similar ways to PD. Patients with ASD exhibit increased astro-
cyte and microglial markers compared to those of neurotypical controls.21 Further 
evidence indicates microglia may be more densely located in the dorsolateral pre-
frontal cortices of patients with ASD. Therefore, neuroinflammation may signifi-
cantly affect the cognitive, affective, or sensory differences between those with ASD 
and their neurotypical counterparts.27

Age-related increases in neuroinflammation are linked to decreased adult  
hippocampal neurogenesis (AHN), long-term potentiation, and maladaptive den-
dritic remodeling.28 Current data suggest that aged microglia amplify cytokine 
production and activation during the aging process can lead to anorexia, social 
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withdrawal, depressive behavior, and cognitive impairment, the most severe of 
which includes AD.28,29 AD is a condition characterized by neurodegeneration 
and neurocognitive decline resulting from accumulations of amyloid-beta (Aβ) 
plaques and tau tangles.30 Chronic microglial functional impairment related to 
neuroinflammation contributes to the pathogenesis of AD.31 Although microglia 
can combat Aβ plaques, long-term exposure to plaque accumulation can result in 
increased levels of pro-inflammatory cytokines in the brain that alter the phago-
cytic properties of microglia.29 The pathogenesis of PD is also heavily mediated 
by neuroinflammation. PD is characterized by the death of dopaminergic neu-
rons mediated by glial dysregulation.32 Cell death leads to low dopamine levels 
resulting in motor dysfunction, cognitive impairment (including dementia), and 
psychiatric disorders.32 Both cells have pro- and anti-inflammatory phenotypes, 
the balance of which is crucial to healthy cell and tissue maintenance in the brain. 
Apoptosis of such dopaminergic cells is induced by astrocytes and promoted by 
microglia, likely due to overexpression of pro-inflammatory phenotypes from 
both cells.13

23.3 CONNECTIVITY

Connections with people and purpose are important protective factors for mental 
and physical health. The concept of connectivity related to brain health is defined by 
6 factors: social connectivity, resilience, meaning in life, happiness, compassion, and 
spirituality. The following section introduces these concepts and uses neuroinflam-
mation to illustrate their impact on brain health.

23.3.1 SOCIAL CONNECTIVITY

As discussed in Chapter 21, social connection and integration are important for a 
variety of mental and physical health outcomes. A variety of mental and cognitive 
disorders are associated with deficits in social connectivity. Indeed, negative social 
experiences can trigger inflammation. This section introduces the ways in which 
brain health interacts with inflammation in the periphery and CNS, as well as the 
ways in which inflammation leads to deficiencies in social connection and interac-
tion in ASD.

Human and non-human animal studies provide evidence that social defeat and 
related stress can promote heightened neuroinflammatory signaling in the brain 
and periphery.33,34 Neuroinflammatory responses to social stress can lead to cog-
nitive impairment.35 Social processes and inflammation interact bidirectionally. 
Therefore, neuroinflammation can influence downstream social processes and 
functions. Increased social pain,36 increased sensitivity to social information,37 and 
increased desire and searching for social integration may induce neuroinflamma-
tion that has the potential to engender negative depressive effects.38 Current animal 
models provide evidence of the role of social desire, interaction, and response in 
brain health and function. There is little literature examining the effect of neuroin-
flammation on social activity in neurotypical humans. However, emerging evidence 
indicates that endotoxins and inflammatory signaling can enhance feelings of social 
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disconnection,39 avoidance of stranger interactions,40 and sensitivity to social reward 
and punishment.41,42 Moreover, new research indicates that social connectivity plays 
a protective factor against suicidal ideation for adults with ASD.43,44

Recent data suggest that social cognitive deficits in people with ASD may be 
explained by neuroinflammation.45 Rodent models demonstrated that mice with 
increased proinflammatory cytokines in the cerebellum displayed reduced social 
interaction and impaired play behaviors.46 Social cognitive deficits in humans may 
also result from decreased reward and pleasure in social interaction.47 Inflammation 
can lead to decreased communication in people with ASD and increased overall 
symptom severity.48–50 Neuroimmune abnormality could also adversely affect dopa-
mine reward processing that can contribute to ASD symptoms.51 The link between 
ASD and neuroinflammation is complex and under investigation. However, research 
on impaired social function in patients with ASD reveals important mechanisms by 
which brain health and neuroinflammation interact in the etiology and maintenance 
of the disorder.52 Targeting neuroinflammation may be a potential avenue for creat-
ing novel treatments for those with ASD.

23.3.2 RESILIENCE

Psychological and health resilience can positively impact brain health.53,54 Current 
literature on stress and its impact on brain health is grounded in concepts related 
to resilience. This section aims to identify how stress can be combated, who is 
resilient, and the factors that contribute to resilience. Many definitions are used to 
describe resilience in many fields. To best illustrate brain health, we will discuss 
stress resilience specifically as the capability of achieving positive or neutral out-
comes during adversity. In other words, those demonstrating resilience show little to 
no stress response when presented with stressful stimuli. In fact, resilient people may 
be affected positively by stress.55 Health care professionals may be able to improve 
brain health, mental health, and physical health outcomes in patients by understand-
ing the mechanisms behind resilience.

The brain coordinates physiological and behavioral responses to stressful stim-
uli, making brain health key towards the promotion of stress resilience. Normally, 
chronic stressors negatively influence this response by inducing a chronic, low-grade 
inflammation. As mentioned previously, this response is maladaptive and nega-
tively impacts the health of the brain. However, considerable variability in stress 
response exists, and emerging evidence examines the mechanisms that allow some 
individuals to respond adaptively to stress. In rodent models, resilient individuals 
display decreased neuroinflammatory responses such as decreased corticotropin-
releasing factor (CRF), cytokines, and monocytes in the brain in response to induced 
stress.56,57 Resilience to neuroinflammation may be influenced by epigenetic fac-
tors that reduce the neuroinflammatory cytokine response, promoting resilience to 
depression-like behaviors. Specifically, Dihydrocaffeic acid (DHCA) and malvidin-
3’-O glucoside (mal-gluc) are involved in expression inhibition of IL-6 production 
and synaptic plasticity sequences, respectively.57 Resilience may also be mediated 
by adult hippocampal neurogenesis (AHN). While research surrounding AHN is 
under active investigation, some evidence suggests that increased AHN contributes 
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to greater cognitive and emotional processing, thereby allowing for effective stress 
coping.58 Neuroinflammation normally inhibits AHN such that a balance between 
pro- and anti-inflammatory responses could be important for stress resilience to pro-
mote AHN.58

Resilience in AD and PD helps illustrate the link between inflammation and neu-
rocognitive decline. Patients with PD with greater psychological resilience displayed 
less disability, attenuated depressive symptoms, and greater of quality of life com-
pared to those with less psychological resilience.59 Other factors, like social con-
nection, may be important for resilience directly related to disease in AD.60 Social 
connectivity can buffer the compounding effects of a dysregulated stress response on 
the neurocognitive deficits associated with AD.60

Existing literature indicates that individuals can improve their resilience and abil-
ity to cope with stress and adversity by promoting brain health through positive 
social connectivity.61,62 However, further research is needed to better understand the 
specific protective factors of psychological and inflammatory resilience in PD and 
AD to combat neurodegenerative disease.

23.3.3 COMPASSION, HAPPINESS, MEANING IN LIFE, AND SPIRITUALITY

Researchers are beginning to investigate compassion, happiness, meaning in life, 
and spirituality as factors influencing inflammation. However, emerging evidence 
indicates that lifestyle fulfillment and incorporation of each of the 4 topics can be 
protective for brain health. Increased self-compassion is associated with lower lev-
els of IL-6 and better mental health.63,64 Practicing compassion through kindness 
meditation may have protective age-related longevity effects.65 Compassion train-
ing may help reduce amounts of circulating CRP for individuals who report early 
life adversity.66 This effect was also uniquely observed in populations with a high-
stress vulnerability, suggesting that compassion training may be uniquely effective 
for high-risk individuals.67 Joy, contentment, and pride have also been shown to 
decrease inflammation, indicating that a happy disposition may be important in pro-
tecting the body from immunological stress.68,69 Additionally, happiness measured 
by positive affect may help buffer the effect of stress on CRP levels.70 Having both a 
meaning or purpose in life and a spiritual connection may be protective against the 
inflammatory effects of aging and stress.71–73

Each of the 6 factors influencing connectivity (social connectivity, resilience, 
compassion, happiness, meaning in life, and spirituality) needs more investigation 
on their neural and immunological effects. The incorporation of therapeutic modali-
ties addressing the roles of each of these factors and quality of life may be fundamen-
tal to promoting brain health and well-being across the lifespan.

23.4 BGM SYSTEM

The brain gut microbiota (BGM) system influences brain health in ways that should be 
considered fundamental. Gut microbiota (GM) consist of the organisms that inhabit 
the gastrointestinal tract.74 The GM produce vital chemical precursors to many neu-
rotransmitters, immune cells, and hormones that are fundamental to the survival  
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of host organisms.75–77 This system is directly innervated and modulated by the 
vagus nerve, which serves as the main line of communication between the CNS and 
GM.78,79 The BGM system also relies heavily on the enteric nervous system (ENS), 
the part of the peripheral nervous system that directly coordinates the functions of 
secretion, motility, and mucosal and immunologic maintenance.80 A variety of fac-
tors can disrupt this system, including neuroinflammation, mental disorders, and 
psychological or immunological stress.81–86

The vagus nerve is fundamental to the communication between the GM and the 
brain. Bidirectional communication between the brain and gut relies on a system 
composed of 80% afferent and 20% efferent neurons.79,80,87,88 An epithelial layer and 
proximal mucosal layer create the barrier between the vagus nerve afferent receptors 
in the GM. The afferent receptors end in the epithelium of the intestine and enteroen-
docrine cells reside in the mucosal layer.89 Little to no bacteria reside in the epithelium 
under normal conditions. Still, GM products are detected by enteroendocrine cells 
(EECs), which release serotonin as a form of direct communication between bacte-
ria and vagal receptors.90 Vagal receptors throughout the gastrointestinal tract detect 
microbial metabolites and inflammatory signaling through EECs, thereby allowing for 
changes or disruption in the balance of organisms within the gut to be communicated 
with the CNS. Such balance disruption within the gut is known as dysbiosis and is 
involved in many of the adverse health outcomes described in this section.80

Efferent fibers of the vagus nerve can affect intestinal permeability and gut 
microbiota composition via communication from the CNS to the gut. Efferent vagal 
innervations within the gut reduce inflammation. Afferent fibers of the vagus nerve 
signal inflammation to the CNS during the stress response. Efferent fibers of the 
vagus nerve then release acetylcholine to activate the cholinergic anti-inflammatory 
pathway which inhibits cytokine production.79 Enteric glial cells regulate the per-
meability of the gastrointestinal epithelium through a variety of mechanisms.91,92 
Chronic stress and inflammation suppress the parasympathetic response of the vagus 
nerve and can lead to increased intestinal permeability and dysbiosis.79 Research 
currently examines the role of vagus nerve stimulation as a therapeutic approach and 
distinct parasympathetic responder to the effects of stress on the gut.93 Researchers 
have shown that vagus nerve stimulation can prime the body for injury by maintain-
ing low epithelial permeability,94 and prevent common symptoms of gut dysbiosis, 
including body weight loss and increased defecation.78 Studies have also demon-
strated that vagus nerve stimulation can decrease pain in response to colorectal dis-
tension, a classic marker of irritable bowel syndrome in humans.78 Limited research 
currently investigates the downstream effects of CNS vagus nerve stimulation on 
the gut microbiota. However, ongoing investigation of this relationship may provide 
further insight into how the gut microbiota can affect brain health.

The bidirectional relationship between inflammation and the BGM system is 
complex and still not fully understood. However, psychoneuroimmunology research 
reveals that disruptions to homeostasis or communication in the BGM pathway can 
significantly affect gut and brain health. Gut dysbiosis promotes and is promoted 
by elevated stress and the peripheral immune response.77 Inflammation can alter 
the integrity of the intestinal barrier via the vagus nerve.79 Factors including poor 
diet and stress that alter the composition of the GM enhance the epithelial immune 
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response through increased recognition of pathogenic bacteria.83,92 The blood-brain 
barrier (BBB) can be altered by increased inflammation in the periphery through 
reduced tight junction protein expression along the BGM system.95,96 Gut permeabil-
ity allows endotoxins secreted by bacteria, like lipopolysaccharide (LPS), to enter 
the bloodstream. Such endotoxins can then reach the brain after penetrating the 
BBB and influence the CNS inflammatory response.97 LPS promotes the phagocytic 
and pro-inflammatory phenotypes of microglia in the brain, inducing cell death and 
brain dysfunction.98

The GM influence neurotransmitter precursors and inflammatory mediators that 
contribute to the pathology and development of AD, PD, and ASD. Enhanced per-
meability of the epithelium and BBB in patients with AD increases the risk of bac-
terial endotoxins reaching the brain.99 LPS levels are much higher in patients with 
AD compared to healthy controls. Cerebrospinal fluid (CSF) concentrations of LPS 
specifically can increase neuroinflammation and Aβ accumulation.100,101 Microbiota 
influences on microglia can also promote the progression of AD by exacerbating 
neuroinflammatory mechanisms. Indeed, the upregulation of proinflammatory 
cytokines is associated with increased levels of pathogenic species of bacteria and 
decreased levels of beneficial species of bacteria, which can contribute to chronic 
inflammation in the CNS.76,82,102 Excessive inflammatory signaling can therefore 
cause microglia to cease phagocytic activity, thereby allowing for the progression of 
Aβ accumulation and subsequent dementia.103

Patients with PD are also more likely to present with dysbiosis. Less research 
has been done that examines the mechanisms between dysbiosis and dopaminergic 
cell death in patients or models of PD. Motor symptoms worsen with an accelerated 
decrease in the variability of intestinal microbiota,104,105 and dysbiosis can lead to 
LPS accumulation.106 The gut produces α-synuclein, a major component of Lewy 
bodies that characterize PD. Under dysbiosis, this protein can promote the develop-
ment of Lewy bodies in the CNS.107 The GM of patients with PD often resemble 
that of patients with irritable bowel syndrome, resulting in leaky gut syndrome and 
neuroinflammation.108

ASD is often associated with gastrointestinal issues and dysfunction. Research 
has demonstrated a link between severity of emotional, behavioral, and GI symp-
toms in patients with ASD.109 Indeed, over half of the GI symptoms experienced 
by people with ASD are associated with dysbiosis. Patients with ASD often present 
with high levels of pathogenic bacteria and low levels of beneficial bacteria in the 
gut compared to neurotypical controls.19,109 Dysbiosis, increased intestinal perme-
ability, promotion of systemic inflammation, and decreased lactic acid production 
commonly present in patients with ASD.74,109,110 Each of the mechanisms associated 
with dysbiosis and GI symptoms in patients with ASD promotes neuroinflammation, 
indicating the role of the BGM system in the expression, pathogenesis, and clinical 
presentation of ASD.

A variety of research establishes effective probiotic intervention in AD, PD, and 
ASD. Probiotic treatment through bacterial administration may improve memory 
and cognitive decline in AD.108,111,112 The protective effects of probiotic adminis-
tration on dopaminergic neuron loss have been demonstrated in rodent models.113 
Fecal matter transplant from a healthy donor to a child with ASD has been shown to 
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alleviate characteristic behavioral symptoms.114 Mechanistic research regarding the 
role of the gut brain system in AD, PD, and ASD is needed due to current lack of human 
studies in this space.

23.5 CONCLUSION

Overall well-being and brain health across the lifespan are dependent on mecha-
nisms and communication within the BGM system that link lifestyle factors to 
psychiatric outcomes. Future assessments and interventions must rely on and con-
sider how this relationship indicates organ functioning and well-being. Psychiatry 
cannot overlook lifestyle factors or brain health. Healthcare historically neglected 
and misunderstood brain health as a key process for improving overall health and 
well-being in patients. Neuroinflammation underlies many mental and brain health 
diseases, including neurodegenerative disorders. The emergence of this mechanism 
holds promise for advancing the diagnosis and treatment of brain health conditions. 
Lifestyle interventions can offer solutions that promote health across the lifespan by 
addressing the mind, brain, and body alike.
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KEY POINTS

• A healthy lifestyle can prevent 80% of sudden cardiac death and 72% of 
premature deaths due to heart disease; psychological stress is associated 
with a 40-60% excess risk of CVD.

• Both acute and chronic psychological stress alter physiological and bio-
chemical processes related to CVD-related morbidity and mortality.

• Emotions and social relationship processes affect physiological and bio-
chemical processes associated with CVD via the stress-response system.

24.1 INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death in the United States 
and globally. A healthy lifestyle can prevent 80% of sudden cardiac death and 72% 
of premature deaths due to heart disease. Emotions and social relationships shape 
health behaviors and affect physiological and biochemical processes associated 
with CVD via the stress-response system. Psychological stress is associated with 
a 40-60% excess risk of CVD.1 Both acute and chronic psychological stress alter 
physiological and biochemical processes related to CVD-related morbidity and mor-
tality. Stress and other negative emotions also adversely impact health behaviors 
associated with CVD-related morbidity and mortality. This chapter describes the 
interconnected effects of emotions and close relationship processes on CVD through 
psychobiological mechanisms. Our primary objective is to articulate how emotions 
and social connections interact to alter physiological and biochemical processes 
contributing to CVD-related morbidity and mortality. We also briefly describe how 
stress impacts sleep, a critical pathway to CVD-related morbidity and mortality.

24.2  ACUTE PSYCHOLOGICAL STRESS & 
CARDIOVASCULAR EVENTS

Stress can promote risk for acute cardiovascular events, especially for those with 
preexisting conditions. Data collected during natural disasters or other traumatic 
circumstances have provided some of the best “real-world” evidence linking 
acute stress to acute coronary events.2 For example, New Yorkers who underwent 
implanted cardioverter-defibrillator interrogation in the month preceding the attack 
on the World Trade Center in 2001 exhibited a two-fold increase in tachyarrhythmias 
compared to those who received an implantable cardioverter-defibrillator between 
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3 and 12 months after the attacks.2 When the eastern Gulf of Corinth, Greece, was 
struck by three severe earthquakes within two weeks in 1981, CVD-related deaths 
doubled among those with existing heart disease.3 In the two weeks following a sig-
nificant earthquake in the Los Angeles area in 1994, the average number of cardiac 
deaths among those with preexisting heart disease increased by 41% compared with 
the two weeks before the earthquake.4

24.2.1 IMPLICATIONS FOR CLOSE RELATIONSHIPS

"The “widowhood effect” is perhaps the most well-known example of a major life 
stressor boosting the risk for acute coronary events.5,6 In a matched cohort study 
using a UK primary care database, older adults who were widowed in the past month 
experienced myocardial infarction (MI) and stroke at twice the rate of non-bereaved 
controls. Within 24 hours of learning of the death of a significant person, the rate of 
acute MI onset was elevated 21.1 fold.7 Those hospitalized with MI were 21 times 
more likely to have experienced the death of a significant person within the last 
24 hours compared with those demographically similar but not hospitalized for MI.7

24.2.2  BIOLOGICAL MECHANISMS LINKING ACUTE STRESS  

TO CARDIOVASCULAR EVENTS

When confronted with a stressor, the limbic and cortical regions of the brain involved 
in attention, memory, and emotion processing initiate the fight-or-flight response, 
characterized by autonomic nervous system (ANS) and hypothalamic-pituitary- 
adrenal (HPA) axis activity.8 When the autonomic nervous system is activated 
as part of a coordinated physiological stress-response, parasympathetic activity 
decreases, and sympathetic activity increases.9 The neuroendocrine system is also 
highly responsive to psychological stress. When the brain signals a stress response, 
corticotropin-releasing hormone is secreted, which initiates a cascade of processes 
associated with HPA activation.9 Corticotrophin-releasing hormone activates the 
release of adrenocorticotropic hormone from the anterior pituitary gland. In turn, 
the adrenal cortex secretes cortisol, the glucocorticoid secreted in humans.9

The link between acute stress and an acute cardiovascular event is likely mediated 
through sympathetic influences.10 Adenosine triphosphate and the catecholamine 
norepinephrine interact to promote coronary artery vasoconstriction and reversible 
ischemia. Takotsubo cardiomyopathy, a transient left ventricular wall dysfunction, 
is caused by extreme acute emotional stress.11 Colloquially called “broken heart 
syndrome,” Takotsubo cardiomyopathy is triggered by an acute surge in the stress-
hormones, norepinephrine, and epinephrine. Preexisting cardiovascular disease is 
common among those who experience a coronary event in the wake of a significant 
acute stressor.10

24.3 CHRONIC STRESS AND CORONARY ATHEROSCLEROSIS

Atherosclerosis can start developing early in life, decades before clinical manifesta-
tions of the disease emerge. Psychological stress can have a cumulative impact on 
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subsequent CVD-related morbidity mortality. Workplace stress can alter CVD-related 
outcomes. A meta-analysis of 5 high-quality studies found that among employees 
with preexisting cardiovascular conditions, workplace stress is associated with a 65% 
excess risk of a heart attack.12 More broadly, those exposed to high levels of work 
stress have an excess risk of CVD-related morbidity and mortality that ranges from 
10-40%.13 Those exposed to high levels of heart attack patients studied in Stockholm 
as part of the Whitehall II study were at a 2.15-fold increased risk for new coro-
nary heart disease if they were employed in jobs where they experienced a mismatch 
between effort and reward.14

24.3.1 IMPLICATIONS FOR CLOSE RELATIONSHIP

Relationships have a powerful impact on CVD-related morbidity and mortality. 
Indeed, both the presence and quality of close interpersonal relationships confer 
risk. The effect relational stress has on cardiovascular disease commences early in 
life.15 Over twenty high-quality studies have linked childhood abuse and neglect to 
adult CVD-related morbidity and mortality.16 As the central, close relationship for 
most adults, several studies have linked marital status and quality to CVD. More 
significant marital conflict increases the risk of both non-fatal and fatal myocardial 
infarctions and the rate of coronary atherosclerosis progression.17 Hostility within 
close interpersonal relationships such as marriage appears to confer a unique risk. 
A meta-analysis that included 25 studies investigating CVD-related morbidity and 
mortality among initially healthy adults found those reporting high levels and anger 
and hostility more likely to have a subsequent coronary event than those with lower 
levels of anger and hostility. Furthermore, anger and hostility were associated with 
a poorer prognosis among those who had a CVD event.18 In a study of over 97,000 
women free of cardiovascular disease at study entry, those who reported being more 
optimistic had lower age-adjusted rates of cardiovascular disease and total mortality 
than those who reported less optimism. A similar effect exists for hostility; however, 
optimism and hostility were independently associated with these cardiovascular 
outcomes.19

In addition to its immediate acute effects on cardiovascular events, the link 
between CVD-related morbidity and mortality and widowhood persists.20 The risk 
for CVD-related morbidity and mortality continues throughout the first two years 
of widowhood. One study showed a 30–90% increased risk of mortality in the first 
six months of widowhood.5,6 Another study showed that widow(er)s had 61% greater 
odds of death in the first six months of widowhood. Even two years after the death of 
a spouse, widow(er)s have 18% greater odds of death.21

In a study of 30,447 individuals aged 60 to 90, widow(er)s had a 25% higher 
mortality risk in the first year post-loss.22 Cardiovascular-related death was the most 
common cause of death. In a study of 373,189 older American couples, the effect 
of widowhood on mortality was higher for husbands than wives, but substantial 
for both males and females5; the study showed an association between widowhood 
and partners’ mortality from vascular diseases for men and women. The effect was 
equivalent to or exceeded CVD’s established risk factors for all four cardiovascular 
disease categories.5
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24.3.2 BIOLOGICAL MECHANISMS UNDERLYING ATHEROSCLEROSIS

Chronic activation of the stress-response system mobilizes plasma lipids and promotes 
changes in blood platelet aggregation and inflammatory activity.23 Inflammation 
serves as a primary route linking stress to atherosclerosis. Atherosclerosis is a con-
dition where the artery wall develops lesions that narrow due to plaque that builds up 
in the artery walls, consisting of calcium, fat, cholesterol, and other circulating sub-
stances in the blood.24 Under normal conditions, when inflammation is low, immune 
cells (i.e., lymphocytes) interact with the cells that layer the inside surface of blood 
vessels (i.e., endothelial cells).25–28 However, when the stress response activates 
proinflammatory cytokine production, endothelial cells increase molecules that 
facilitate cells binding to the endothelium via upregulation of adhesion molecules.24 
Endothelial cells also selectively recruit immune cells (e.g., monocytes, macro-
phages, helper T cells) that release proinflammatory cytokines. When macrophages 
are activated in these conditions, they also store fat. Therefore, they are referred to as 
‘foamy macrophages.’23 These foamy macrophages bind to the blood vessel wall and 
induce a local immune response, finally damaging the vessel wall. Proinflammatory 
cytokines simultaneously inhibit collagen production (i.e., connective tissue made 
up of protein), weakening the fibrous cap that forms over plaque buildup in the blood 
vessel wall.24 When the fibrous plaque eventually breaks, a thrombus (i.e., blood clot) 
develops, the event responsible for most heart attacks.29–33 Inflammatory biomarkers 
assessed in the blood are reliable predictors of cardiovascular events in males and 
females. C-reactive protein (CRP), an acute-phase protein produced primarily by the 
liver, serves as a relatively stable index of systemic inflammation.34

Sympathetic activation produces transient increases in proinflammatory cytokine 
production. Specifically, norepinephrine induces nuclear factor kB (NF-kB) tran-
scription, an intracellular signaling molecule that controls proinflammatory cytokine 
gene expression.23 Acetylcholine can inhibit proinflammatory cytokine production 
by partially inhibiting this response through the cholinergic anti-inflammatory path-
way.23 Functionally slower, the cortisol inhibits inflammation. Yet when cortisol 
is chronically elevated, glucocorticoid insensitivity can develop, which sometimes 
leads to glucocorticoid resistance.35 This phenomenon indirectly leads to higher lev-
els of systemic inflammation by producing an unregulated proinflammatory environ-
ment.35 Recent work suggests that acute stress increases proinflammatory cytokine 
production which may also play an etiological role in Takotsubo cardiomyopathy. 
We recently demonstrated that grief primes the acute inflammatory stress response 
in recently widowed older adults, which may help explain the link between grief and 
Takotsubo cardiomyopathy.36

Chronic stress primes the inflammatory stress response.35 Experimental labora-
tory stress reliably elevates the proinflammatory cytokine, IL-6. We have demon-
strated that grief and depressive symptoms independently promote an exaggerated 
proinflammatory response to acute stress. Loneliness is also a potent predictor of an 
exaggerated proinflammatory response to acute stress. In addition, work from our 
lab and others has shown that chronic stress of widowhood promotes elevated proin-
flammatory cytokine activity.37 This dovetail will work showing that early life stress, 
depression, adverse interpersonal events, relationship insecurity, dementia spousal 
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caregiving, and being of low socioeconomic status (SES) is associated with an over-
active proinflammatory state.36,38

24.3.3 ROLE OF THE PARASYMPATHETIC NERVOUS SYSTEM

Historically, most of the work linking stress to cardiovascular disease has focused on 
the impact of the sympathetic branch of the autonomic nervous system; however, the 
parasympathetic branch of the autonomic nervous system also plays a central role.39 
The mechanisms by which lower vagally mediated heart rate variability (HRV) 
boosts CVD risk, heart attack, and CVD-related mortality are multifactorial— higher 
vagally mediated HRV indexes suggest higher parasympathetic nervous system 
activity, which reflects a well-regulated autonomic nervous system. Parasympathetic 
activity promotes energy conversation and allows the body to be more dynamic and 
flexible when psychological stressors or other perturbations that impact poor health 
emerge. When under tonic inhibition by parasympathetic activity (reflected as higher 
vagally mediated HRV), people can adaptively react to stressors and recover, thus 
avoiding the negative repercussions of the physiological (e.g., high blood pressure).39 
Likewise, because the vagus innervates the heart’s pacemaker, it can modulate rapid 
fluctuations in heart rate to restore normal function. Low parasympathetic activity 
(reflected as low vagally mediated HRV) is also related to hypertension, diabetes, and 
high high-density lipoprotein (HDL), even after accounting for age, body mass index 
(BMI), smoking, alcohol consumption, and unfavorable cholesterol (lipid) levels.39 
Lower HRV increases the risk for atherosclerosis, incident myocardial infarction, 
incident coronary heart disease (CHD), fatal coronary heart disease, and all-cause 
 mortality.39 For example, after a myocardial infarction (MI) (i.e., heart attack), 
 having lower vagally mediated HRV was a significant independent predictor of mor-
tality.39 In an older adult sample within the Framingham Heart Study (736 men and 
women with an average age of 72), vagally mediated lower HRV was associated with 
higher all-cause mortality.40 Although studies typically adjust for standard risk fac-
tors, lower HRV is prognostic for high blood pressure (hypertension), diabetes, high 
triglycerides, and elevated low-density lipoproteins (LDL).40

24.4 STRESS, SLEEP, AND CARDIOVASCULAR DISEASE

In addition to the impact of stress and close relationships on CVD through a dys-
regulated stress-response system, health behaviors are influenced by stress and close 
interpersonal relationships. Stress’s impact on health behaviors is significant; 80% of 
cardiovascular and coronary heart disease events can be attributed to the following 
health behaviors: poor-quality diet, excess calorie intake, physical inactivity, sleep, 
and smoking.41 Detailing how each health behavior is associated with CVD-related 
morbidity and mortality is beyond the scope of this chapter. However, here is a brief 
outline of recent work describing sleep’s impact on cardiovascular risk.

Given the importance of sleep to long-term health outcomes, researchers have 
been increasingly interested in characterizing the mechanisms linking sleep to 
increased risk of cardiovascular events. Sleep is vital for maintaining physiologi-
cal homeostasis. Sleep generally supports cardiovascular relaxation (e.g., decreases 
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in heart rate, blood pressure, and cardiac output; increases in parasympathetic 
activity) and preserves immune competence.42,43 In contrast, sleep disturbances are 
linked with increased cardiovascular risk. Indeed, meta-analyses demonstrate that 
those reporting shorter (<= 5 hours) and longer sleep duration (>=9 hours) have an 
increased risk of hypertension and developing other cardiovascular events.44–46 Poor 
sleep quality is also associated with less adaptive responses to infection and elevated 
levels of proinflammatory biomarkers.

Shorter sleep duration is associated with less adaptive patterns of stress reactivity 
and recovery, such as higher blood pressure reactivity to stress,47 more significant 
increases in proinflammatory cytokines (IL-6, TNF-a) during marital conflict,48 
and prolonged elevations in blood pressure post-stressor.49 The link between greater 
blood pressure reactivity to stress, prolonged heart rate recovery following stress, 
and poorer longitudinal cardiometabolic outcomes is consistently supported by sev-
eral studies.50 Exaggerated stress-induced increases in IL-6 have also previously 
been linked with indicators of poorer cardiometabolic health 12 years later.51 Sleep 
may also be a protective factor against stress-induced changes in surrogate mark-
ers of atherosclerosis. In a sample of 99 middle-aged participants, increased stress 
reactivity predicted greater carotid artery intima-media thickness only in those 
showing lower slow-wave sleep, the sleep stage crucial for cardiovascular rest and 
 recovery.52 In sum, research suggests that poor sleep quality exaggerates the physi-
ological stress response, which, in turn, can shape downstream health. In contrast, 
good quality sleep protects against the negative consequences of stress on cardiovas-
cular physiology.

Psychosocial factors affect the relationship between sleep and health. Being 
more socially integrated protects against the adverse effects of sleep on physiology. 
Indeed, in a sample of middle-aged men53 and individuals at risk for cardiovascular 
disease,54 poorer subjective sleep quality was associated with increased levels of 
proinflammatory biomarkers only in those reporting low social support, not high 
social support. Sleep behaviors may also explain the benefits of social integration on 
health. Higher levels of social integration were associated with greater blood pres-
sure dipping, which is more adaptive; this relationship was partially explained by 
greater sleep regularity among more socially-integrated individuals.55

24.5 CONCLUSION

Cardiovascular health is governed by biological, psychological, and social factors 
that interact to impact disease.56 Psychological stress, especially if interpersonal, 
profoundly impacts autonomic, neuroendocrine, and immune processes associated 
with CVD-related morbidity and mortality.57 These same psychosocial processes 
also influence health behaviors; indeed, poor health behaviors such as physi-
cal inactivity, high caloric intake, poor sleep, diet, smoking, and excess alcohol 
consumption are all risk factors for the development and progression of CVD.58 
By emphasizing positive social connections, stress management, and good health 
behaviors, lifestyle medicine can significantly reduce CVD-related morbidity and 
mortality.58
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KEY POINTS

• The metabolic syndrome, a cluster of conditions that increase risk for car-
diometabolic disease (CMD), is both a cause and consequence of psycho-
logical distress.

• Many, but not all, studies show that long-chain n3 polyunsaturated fatty 
acids (LCn3PUFAs) impact dyslipidemia and chronic inflammation, two 
risk factors that contribute to CMD.

• In addition to affecting dyslipidemia and acute inflammation through oxy-
lipin metabolites, LCn3PUFAs may attenuate the chronic inflammation 
that underlies some cases of depression.

• There is mixed evidence in randomized controlled trials for whether 
LCn3PUFAs decrease CMD risk and reduce distress or depression. Rigorous 
randomized controlled trials are needed before recommendations can be 
made to use LCn3PUFAs in the treatment of distress, depression, and CMD.

25.1 OVERVIEW

Cardiometabolic disease (CMD) is a group of co-morbid diseases that are the most 
prevalent non-communicable diseases in the United States.1,2 These diseases include 
cardiovascular disease, diabetes mellitus, and chronic renal failure. One in three 
adults has CMD risk factors, such as elevated waist circumference, triglycerides, 
blood pressure, and fasting glucose, along with low high-density lipoprotein (HDL) 
cholesterol – all encompassed in the metabolic syndrome designation.1–3 Major 
depressive disorder is also a leading cause of disability, and one in five US adults 
has had at least one major depressive episode.4 There is a bi-directional relationship 
between CMD and clinical depression, and diet can influence both.

In fact, the nearly 60-fold variance in the annual prevalence of major depression 
across countries is very similar to the pattern for cardiovascular disease, which shows 
a strong comorbidity for depression.5 Long-chain omega-3 polyunsaturated fatty acids 
(LCn3PUFAs), found in cold-water fish and from some algae, may modulate inflam-
mation, metabolism, and at least for some at-risk individuals, it may affect mood. 
This review captures some potential mechanistic links from clinical research studies 
concerning LCn3PUFAs and mood and describes a theoretical mechanistic link for 
LCn3PUFAs as potential therapy for reducing the risk for CMD (Figure 25.1).
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25.2 MECHANISMS CONNECTING DISTRESS TO CMD

Central obesity (waist circumference ≥ 88 cm for women or ≥ 102 cm for men) is 
a leading contributor to CMD. Central obesity, as a marker of excessive visceral 
adipose tissue, is a cornerstone of CMD risk.6 Of note, visceral adipose tissue is to 
blame for approximately one-third of the circulating inflammatory marker interleu-
kin-6 (IL-6), which stimulates the liver to produce the acute phase protein C-reactive 
protein (CRP).7 CRP appears to be a stronger predictor of cardiovascular events than 
other more commonly monitored risk factors, like low-density lipoproteins (LDL) 
cholesterol, and in one study among women, those who had the highest quintile 
of CRP were 2.3 times more likely to have a subsequent cardiovascular event than 
those in the lowest quintile.8 In addition to central obesity, multiple factors, including 
genetics, poor diet quality, excessive intake of calories, and inactivity are dominant 
risk factors for CMD.9

Psychological factors that increase distress (e.g., depression, anxiety, hostility) 
are now receiving recognition as other important contributors to central obesity 
and CMD development. Cross-sectional studies have linked abdominal obesity 
with depression,10–12 and a large community-based prospective study replicated and 
extended these findings: Older depressed adults gained an average of 9 cm2 of vis-
ceral fat over five years, while study participants who were not depressed lost 7 cm2 of 
visceral fat.13 Importantly, the association between depression and central adiposity 
was independent of overall obesity, which suggested that depressive symptoms were 
specifically associated with changes in visceral adipose tissue. Given the connection 
between distress and visceral fat accumulation, it makes sense that chronic stressors 
and stressful life events enhance the development of CMD.14 In this regard, it is nota-
ble that chronic work stressors over 14 years showed a dose-response relationship 
with development of CMD.15 In a different study, chronic interpersonal strain also 

FIGURE 25.1 Schematic diagram showing proposed interplay between LCn3PUFAs, nega-
tive mood (also called negative affect or stress symptoms), central obesity, and cardiometa-
bolic disease (CMD).
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heightened risk: Women who were dissatisfied with their marriages had greater odds 
of developing metabolic syndrome than their peers who were satisfied.16 Therefore, 
distress-related psychological factors are a linchpin of the CMD-risk profile.

In an effort to understand whether distress changes metabolism, we conducted a 
trial evaluating whether depression and recent stress affect women’s energy metabo-
lism after a high-fat meal (60% calories from fat).17 Women with greater numbers 
of stressors on the day prior to their clinical visit exhibited lower post-meal resting 
energy expenditure, fat oxidation, and higher insulin levels. If women had a history 
of major depressive disorder, they had higher post-meal cortisol and fat oxidation. If 
women reported stress the day before and a history of major depressive disorder, they 
exhibited an exaggerated and prolonged elevation of triglycerides after the meal.17 
In a separate study, we had married couples eat a high-fat meal and then, two hours 
later, try to resolve an ongoing, central disagreement during a  20-minute discus-
sion.18 Participants with a mood disorder and who exhibited more hostile behav-
iors (e.g., eye rolling) during the discussion exhibited reduced postprandial resting 
energy expenditure and higher peak triglycerides and insulin. Participants with a 
mood disorder also had a steeper rise of interleulin-6 and glucose. Higher levels 
of hostility were associated with elevated post-meal tumor necrosis factor-alpha 
 (TNF-α).18 The findings from our studies suggest that distress may alter aspects of 
postprandial metabolism that contribute to CMD risk.

As another mechanism, depression is associated with the dysregulation of the 
hypothalamic-pituitary-adrenal axis, including chronically elevated cortisol levels.13 
The sustained levels of cortisol increase adipocyte differentiation and lipid filling 
especially in visceral adipose tissues (e.g., those adipose tissues immediately adja-
cent to the internal organs). Cortisol also affects fat distribution, such that more is 
stored in the lower abdomen. Visceral fat has more glucocorticoid receptors than 
other tissue types, and therefore it is more responsive to cortisol’s fat-enhancing 
effects.13 Cross-sectionally, stress-induced cortisol responses are larger among 
women with central obesity than women without central obesity.19 In further work, 
women who had larger stress-induced cortisol responses also ate more snack foods 
following a laboratory stressor than when they were not stressed, and post-stress 
mood worsening promoted more snack consumption.20 A field study confirmed and 
extended these findings: High-cortisol responders who reported more daily stressors 
ate more snacks, a pattern not found among the low-cortisol responders.21 Putting 
these studies together, stress and visceral adiposity promote hypercortisolemia as 
well as greater consumption of calorically-dense, high-fat foods, all of which further 
enhance adipocyte accumulation.6,22

Stress, anxiety, and low mood additively contribute to sustained increases of 
pro-inflammatory cytokines, especially IL-6.5,23–25 Ex vivo studies, in which human 
immune cells are stimulated with antigens, have shown that both clinical depression 
and subthreshold depressive symptoms may sensitize the inflammatory response, 
particularly in men.26 Also, those with mild depressive symptoms as well as clini-
cal depression have higher inflammatory responses to psychological stressors.27 
Further compounding this issue, women with greater central adiposity produced 
larger inflammatory responses to a laboratory stress task than their leaner counter-
parts.28 Therefore, the combination of depression and obesity, which is prevalent, 
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may be especially problematic in terms of inflammatory responsivity to acute stress. 
Additionally, in the context of frequent stress exposure, inflammation levels may not 
fully return to baseline (i.e., recover), ultimately leading to elevated basal levels of 
inflammation. Indeed, the combination of greater inflammatory reactivity to stress 
and frequent social stress exposure in daily life predicted depressive symptom wors-
ening over time.29 Heightened basal inflammation itself also longitudinally predicts 
depressive symptom worsening, and vice versa – a vicious cycle.30

25.3  CHRONIC INFLAMMATION UNDERLYING CMD  
AND DEPRESSION: A POTENTIAL TREATMENT 
AND PREVENTION TARGET

Chronic inflammation may link stress with central obesity and depression. Recently, 
a meta-analysis identified a strong relationship among depression, stress, and central 
obesity.13 Many pro-inflammatory cytokines [e.g., TNF-α, IL-6, C-reactive protein 
(CRP)] contribute to accumulation of visceral adipose tissue mass, in part, by dimin-
ishing insulin-mediated metabolism in key tissues such as adipose and muscle. Also, 
chronic inflammation may contribute to CMD by increasing oxidative stress and 
redox-sensitive transcription factors leading to transcription of TNF-α, IL-6, and 
other chemokine genes. In essence, chronic or repetitive stress may provoke sus-
tained increases in basal inflammation, which is a shared etiological factor in CMD 
and some cases of depression. Therefore, strategies to reduce inflammation may do 
double duty by lowering risk for both clinical depression and CMD.

Possible anti-inflammatory treatments that have been proposed or tested range 
from inexpensive non-steroidal anti-inflammatory drugs (e.g., aspirin, acetamino-
phen, etc.) to expensive biologic injectables (e.g., pharmaceuticals that oppose the 
effects of proinflammatory cytokines). For instance, a seminal study showed that 
infliximab, a biologic anti-inflammatory treatment commonly used to treat Crohn’s 
disease, effectively treated intractable cases of major depressive disorder among 
people who had high levels of inflammation at the start of the intervention.31 Even so, 
such biologic anti-inflammatory treatments are expensive and carry risks.32 As a less 
expensive option, low-dose aspirin has been a mainstay of cardiovascular disease 
(CVD) prevention in clinical care for decades. Yet, meta-analytic evidence suggests 
that, at least for the prevention of a first cardiovascular event, the harm of excessive 
bleeding may outweigh the benefits – even among those at high risk for CVD.33 
In short, pharmacological interventions to reduce inflammation to treat or prevent 
depression or CMD have downsides.

25.4  LCn3PUFAs MAY LOWER INFLAMMATION, 
DEPRESSION, AND CMD RISK

LCn3PUFAs [e.g., eicosapentaenoate (EPA, 20:5n3), docosapentaenoate (DPA, 
22:5n3) and docosahexaenoate (DHA, 22:6n3) may be an inexpensive, low-risk 
mechanism to reduce inflammation.34 LCn3PUFAs are readily esterified into phos-
pholipids of cell membranes. If hydrolyzed from phospholipid membranes via 
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phospholipase activity, LCn3PUFAs may be enzymatically metabolized to form 
oxylipins. Oxylipins have relatively short-lived effects on inflammation and work in 
a paracrine manner to affect cellular events in nearby tissues.35,36 Several epidemio-
logical studies have linked higher dietary intakes of LCn3PUFAs with lower serum 
proinflammatory cytokine levels.37–40 Data from food frequency questionnaires 
showed that higher fish or other n-3 consumption was associated with lower IL-639 
and lower TNF-α37 which was corroborated in a recent meta-analysis. Although 
food frequency questionnaires are well validated and widely used, fatty acid expo-
sure depends not only on intake, but also absorption and metabolism.41 Therefore, 
LCn3PUFA in the blood may more reliably track with inflammation. The association 
of blood levels of LCn3PUFAs with cytokines has been shown in some,34,42–44 but 
not all,45 studies. Differences between studies can be due to a variety of differences 
in methods. Methods such as measuring cytokines isolated from plasma vs. isolated 
and stimulated ex vivo may introduce different conditions that need consideration.

Although prior research shows a promising anti-inflammatory effect of 
LCn3PUFA, which may in turn lower CMD risk, it is important to note that the most 
recent Cochrane review does not suggest that omega-3 supplementation is helpful in 
preventing CVD.46 Therefore, omega-3 supplementation for the purpose of reduc-
ing CVD risk is not a staple of current medical care. This null finding may result 
from not enough high-quality, randomized, controlled trials, or it is also possible 
that omega-3 is helpful only for some people, and perhaps especially for those with 
elevated inflammatory markers.

Moving on to depression risk, there is an inverse relationship between LCn3PUFA 
consumption and prevalence of major depression.47 Also, higher dietary intake of 
LCn3PUFAs was related to lower hostility.48 These findings are echoed in stud-
ies that measure LCn3PUFA in the blood: People who have lower blood levels of 
LCn3PUFA tend to have higher depressive symptoms.5,24,49–52 As one example, in 
older adults, we showed that lower levels of LCn3PUFAs in plasma predicted for 
increased levels of markers of inflammation in older people who have depression.53 
Also, in a seminal study in medical students, baseline levels of LCn3PUFAs mod-
erated the proinflammatory response to examination stress.54 Students who had 
lower serum LCn3PUFA levels (below the median at baseline, several weeks before 
exams) demonstrated greater increases in stimulated IL-6 and TNF-α production 
during exams than those with higher levels, while LCn3PUFA levels, measured at 
each of the three time points in the study, did not change significantly.

After this study, we conducted a randomized controlled double-blinded study on 
medical students who were supplemented with a placebo or 2.5 g/LCn3PUFA oil 
per day for 12 weeks.55 Supplementation with LCn3PUFA oil for 12 weeks resulted 
in decreased lipopolysaccharide-induction of IL-6. In addition, anxiety, as mea-
sured using the Beck Anxiety Inventory, was reduced after 12 weeks of interven-
tion with LCn3PUFA, but depressive symptoms were unchanged. We had similar 
results from a subsequent double-blinded randomized controlled trial in older adults 
testing two doses of LCn3PUFA oil (1.25 g/day and 2.50 g/day) supplementation.55 
Indeed, both doses reduced inflammation but had no effect on depressive symp-
toms, which were low at baseline and remained low at follow-up. Additionally, in 
this study, we demonstrated that both doses of omega-3 lowered oxidative stress 
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by about 15% compared to the placebo group.56 Using data from this trial, we also 
tested whether omega-3 supplementation could blunt the physiological toll of an 
acute speech stressor. Indeed, we reported that both doses of LCn3PUFA oil sup-
plementation prevented the placebo-group’s post-stress declines of the anti-aging 
enzyme telomerase and the anti-inflammatory cytokine IL10. In addition, adults 
in the 2.5 gram per day supplement group had lower salivary cortisol and plasma 
IL-6 throughout the duration of the stress test, compared to the placebo group. 
Overall, the LCn3PUFA oil groups had a stress response profile that was more resil-
ient, which over time may promote healthy biological aging trajectories, especially 
among those who experience frequent stress. Overall, our omega-3 randomized 
controlled trials demonstrated that regardless of age, omega-3 can reduce chronic 
inflammation. In our younger population, we also showed that it could reduce 
anxiety, and in our older population, we showed that it can increase physiological 
resilience in the face of acute stress. The collective findings are notable because 
the cohorts were consuming a typical “Western” diet, and thus supplementation 
could be applicable to other populations consuming their personalized/typical diets. 
However, we also showed that regardless of age, omega-3 supplementation did not 
impact depressive symptoms.

Consistent with our null findings concerning depressive symptoms, the most 
recent Cochrane review did not find an effect of omega-3 on depression in adults, even 
though there are some positive reports.50,57 The ambiguous reports raise the urgency 
for rigorous randomized controlled trials to test the effects in various types of mood 
and distressed populations. Indeed, inflammation is only elevated in approximately 
one-third of depression cases.58 Omega-3 may have an anti-depressant effect among 
those who have, or are at risk for, the inflammatory subtype of depression. Indeed, 
future studies should investigate whether it boosts the efficacy of traditional antide-
pressant medications, especially among those with heightened levels of inflamma-
tion. Although the null Cochrane review findings for omega-3 and its effect on CVD 
and depression are disappointing, they point to the need for a more personalized 
approach that recognizes that the etiology of disorders and diseases varies, and some 
may benefit more than others from preventative strategies and treatments.

25.5 SUMMARY AND CONCLUSIONS

There are no recommendations of optimal levels of LCn3PUFAs for reducing 
the risk for depression and CMD. The American Heart Association recommends 
that all adults consume 1-2 servings of oily fish per week (averaging between 
0.25 g/d - 0.50 g/d of LCn3PUFA) to achieve a level of EPA and DHA that may reduce 
risk for cardiovascular diseases.59,60 Yet, we predict that adults are getting far less 
than this: Estimates from NHANES suggest that US adults are consuming less than  
100 mg/day.61 Adequately powered studies are needed to define whether LCn3PUFAs 
are effective for altering mood and CMD risk factors. In addition, further work 
is needed to identify whether, under what conditions, and for whom LCn3PUFAs 
complement pharmaceutical management of chronic inflammation, e.g., cytokines 
responses, with depression will reduce CMD risk. Overall, LCn3PUFA’s anti-
inflammatory effect is clear, and systemic inflammation is certainly an etiological 
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factor in CMD and some cases of depression. Therefore, it is plausible that increas-
ing LCn3PUFA in the diet, even via supplementation, may help to reduce CMD and 
depression risk for certain individuals, especially those with elevated stress levels or 
inflammation.
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KEY POINTS

• Health behaviors potentiate the onset and progression of several cancer 
types.

• Biological and genetic mediators exist linking health behaviors and the 
development and progression of cancer.

• Health behavior interventions have been shown to be effective in the preven-
tion of cancer as well as slowing the progression of cancer once diagnosed.

26.1 INTRODUCTION

The pathogenesis of cancer is understood to be a complex multistep process. Hanahan 
and Weinberg (2011) described eight hallmark functions that are acquired as normal 
human cells evolve into malignant cells.1 These hallmarks include sustaining cellu-
lar proliferative signaling, evading tumor suppressor mechanisms, evading immune 
system destruction, resisting cell death, enabling replicative immortality of cells, 
inducing angiogenesis, reprogramming of energy metabolism, and activating local 
invasion and metastasis.1

Many factors are known to potentiate the onset and progression of cancer, includ-
ing modifiable health or lifestyle behaviors and environmental factors.2,3 This chap-
ter will focus on the relationship between health behaviors (e.g., diet, sleep, physical 
activity, tobacco and alcohol use, UV exposure, sexual behavior) and their biological 
and genetic mediators in the development and progression of cancers. We will also 
discuss health behavior interventions to prevent cancer and slow its progression.

26.2  HEALTH BEHAVIORS IN THE DEVELOPMENT 
AND PROGRESSION OF CANCER

It is estimated that 52% of cancers are preventable with changes in lifestyle.4,5 The 
adoption of a healthy lifestyle (e.g., physical activity, diets rich in fruits and vegeta-
bles, no tobacco use) is associated with lower risks of several site-specific cancers.5 
However, to our knowledge, not all of these health behaviors contribute to the inci-
dence or progression of all types of cancer.4
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Tobacco use is the leading preventable risk factor for cancer, accounting for 
approximately 19% of all cancer cases and 29% of cancer-related deaths.2,5,6 Studies 
have demonstrated a dose-response pattern between tobacco use (both intensity and 
duration) and incidence of lung, larynx, bladder, esophagus, pancreas, kidney, stom-
ach, oral cavity, and pharynx cancer.7 Moreover, after receiving a tobacco-related 
cancer diagnosis, continued tobacco use is associated with increased risk of recur-
rence and cancer-related mortality.8,9 Even among non-smoking-related cancers, 
smoking is associated with decreased tolerance and efficacy of radiation and sys-
temic treatments, increased risk of post-surgical complications, greater incidence of 
second primary tumors, and shorter overall survival.8

Physical inactivity is estimated to account for 2.9% of all cancer incidence, with 
the highest proportion for cancer of the corpus uteri (26.7%), but the largest num-
ber of cases was for colon cancer (16.3%) and breast cancer (3.9%).6 Greater physi-
cal activity after being diagnosed with cancer is also associated with lower cancer 
cell proliferation, cancer cell viability, tumorigenic potential, risk of recurrence, and 
mortality.10,11

Dietary recommendations for cancer prevention vary by cancer type; however, 
general guidelines include daily consumption of fruits and vegetables, while lim-
iting consumption of alcohol, processed grain products, red meat, and processed 
meats.12,13 Alcohol intake is a particularly potent risk factor and was estimated to 
account for 5.6% of total cancers.6 Western diets (e.g., high in fat, red meat, and pro-
cessed foods) tend to increase risk of cancer-related mortality,14,15 whereas, adherence 
to a Mediterranean diet and other high-quality dietary patterns are associated with 
increased quality of life and lower mortality among those diagnosed with cancer.14,15

Few studies have demonstrated the role of sleep in the incidence of cancer. 
Markedly long and short sleep duration, insomnia, parasomnia, night shift work, 
and obstructive sleep apnea have been associated with a higher cancer incidence.16–19 
Similar to findings in the general population, a U- or J-shape relationship between 
sleep duration and mortality has been observed in those diagnosed with cancer, 
wherein markedly short (< 6 hrs.) or long (> 9 hrs.) sleep durations may be associated 
with increased mortality in certain cancers.19

Approximately 95% of skin cancer (e.g., basal cell, squamous cell, and mela-
noma) cases were attributable to UV radiation (e.g., from indoor tanning and sun 
exposure).6 Although only associated with skin cancers, UV radiation contributes to 
a significant proportion of total cancer cases in both men (5.8%) and women (3.7%).6 
Once diagnosed with skin cancer, ongoing exposure to UV radiation may result in a 
recurrence or new lesions.20

An estimated 3% of cancer cases were attributable to viral infections due to sex-
ual or IV drug risk behaviors.6 Strategies to prevent infection-related cancers include 
adherence to screening recommendations, reducing risky behaviors, vaccination for 
human papillomavirus (HPV) and hepatitis B virus (HBV), using antiviral medica-
tions to treat or cure hepatitis C virus (HCV), and using antiretroviral medications to 
suppress the viral load in patients with human immunodeficiency virus (HIV).6 Use 
of these antiretrovirals, once diagnosed with HCV or HIV, can slow the progression 
to liver failure and/or cancer or AIDS-related cancers, respectively, as well as reduce 
the risk of infection of others.6,21
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26.3  BIOLOGICAL MECHANISMS LINKING HEALTH  
BEHAVIORS AND CANCER

A number of biological mechanisms have been implicated in facilitating health 
behaviors’ influence on cancer development and progression. While a comprehen-
sive review of this topic is beyond the scope of this chapter, this section will provide 
an overview of possible biological and genetic mechanisms linking health behaviors 
with the onset and progression of cancer.

More than 60 carcinogens have been detected in cigarette smoke.4 Tobacco car-
cinogens react with deoxyribonucleic acid (DNA) to form adducts which can induce 
gene mutations that promote carcinogenesis in the lungs.4 There is growing evidence 
that epigenetic reprogramming appears to play a major role in the association between 
cigarette smoking and cancer outcomes.4,22 Smoking causes significant changes to 
DNA methylation patterns which alter the expression of numerous genes that are 
implicated in the initiation and progression of cancer.22 Several studies have demon-
strated an inverse association between physical activity and breast cancer risk, even 
among women at high risk due to tumor suppressor gene mutations (e.g., BRCA1 and 
BRCA2).4 A hormonal mechanism is believed to mediate this relationship wherein 
physical activity lowers estrogen levels, a hormone that stimulates cell proliferation.4 
Physical activity may inhibit the development of colorectal cancer and progression 
by decreasing bowel transit time, thereby reducing exposure to fecal carcinogens.4 
Physical activity may also attenuate the development and progression of certain can-
cers by slowing the body’s production of insulin-like growth factors, increasing can-
cer cell growth.4

One way in which diet may influence cancer incidence and progression is via the 
gut microbiota by promoting the growth of bacteria with either oncogenic or tumor-
suppressive properties.12 The beneficial effect of dietary fiber appears to be at least 
partially mediated by a bacterial fermentation process within the colon that produces 
butyrate, a fatty acid that suppresses the growth of colorectal cancer cells.12 Once 
diagnosed with cancer, diets high in polyphenols (micronutrients found in fruits 
and vegetables) have the capacity to prevent metastasis and slow tumor progression 
through epigenetic mechanisms by influencing non-coding ribonucleic acid (RNA) 
expression, DNA methylation patterns, and histone modifications in cancer cells.12

Inflammation has also been proposed as a biological link between diet, including 
the consumption of alcohol, and cancer, based on evidence that diets categorized as 
inflammatory (e.g., Western diet) are associated with greater cancer risk compared to 
anti-inflammatory diets (e.g., Mediterranean diet).12 Many of the carcinogenic effects 
of heavy alcohol consumption are attributable to its primary metabolite, acetalde-
hyde, a mutagenic compound that binds to DNA to form stable adducts.23 However, 
alcohol can also directly facilitate the development and progression of certain can-
cers by causing inflammation and organ/tissue damage, thereby increasing exposure 
and absorption of other carcinogens.23

Immune system dysregulation may explain the link between sleep and cancer 
development and progression. Short sleep duration has been associated with reduced 
Natural Killer cell activity, which plays an important role in tumor surveillance 
and, thereby, plays a vital role in tumor surveillance, putting an individual at risk 
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of developing cancer.24 Obstructive sleep apnea may also promote tumor onset and 
growth through its association with increased oxidative stress, induced by intermit-
tent hypoxia.25 Oxidative stress can cause damage to DNA, RNA, and lipids, which 
may result in gene mutations that promote tumorigenesis and cancer progression.25

26.4  HEALTH BEHAVIOR INTERVENTIONS FOR CANCER  
PREVENTION AND MANAGEMENT

A multitude of health behavior interventions to prevent cancer exist. Smoking cessa-
tion interventions are the most common of health behavior interventions to prevent 
cancer and have been shown to be effective for decades. Today, tailored smoking ces-
sation interventions are targeted to adolescents and disadvantaged populations who 
may be at the greatest risk of developing tobacco-related cancers.26,27 Development 
of health behavior interventions that focus on diet, exercise, sleep, and alcohol use 
have been primarily designed to improve overall health and not specifically to reduce 
cancer risk.28 With regard to research on using diets to reduce cancer risk, a meta-
analysis concluded a vegetarian diet was not associated with lower risk of breast, 
colorectal, or prostate cancer.29 However evidence suggests that the Mediterranean 
diet was related to lower risk of cancer-related mortality.30 Interventions to increase 
screening behavior for cancers such as breast, prostate, colorectal, and cervical can-
cers have also been shown to be effective in reducing cancer-related mortality.31–34

Interventions to improve health behaviors after a diagnosis of cancer have also 
been designed and tested. Schmitz and colleagues (2005), in their meta-analyses 
of physical activity interventions for those diagnosed with cancer, concluded that 
the interventions were safe and improved cardiorespiratory fitness, reduced cancer-
related symptoms, and decreased fatigue.35 Physical activity interventions have 
also been shown to improve all cause and cancer-specific survival.36 Of note, with 
interventions targeted toward changing dietary habits after a diagnosis of cancer, a 
Mediterranean diet was not found to reduce the risk of cancer recurrence or mor-
tality.30 In a meta-analysis, the greatest efficacy for insomnia exists for cognitive-
behavioral therapy for insomnia, but no data regarding the effects of this intervention 
on cancer-related or overall survival were included in these studies.37 Interventions 
to reduce smoking and alcohol use after a diagnosis of cancer have been shown to be 
effective but have been primarily tested in cancer types in which alcohol or tobacco 
were the primary contributing factor in the development of the cancer (e.g., lung 
cancer, head, and neck).38,39 Smoking cessation after a diagnosis of cancer has been 
shown to improve all-cause and cancer-related survival.40

In the last two decades, technology-assisted interventions have been developed 
to increase the reach of interventions. However, recent meta-analyses have shown 
that technology-assisted interventions often have small effect sizes, and at this time, 
there is not enough evidence to recommend lifestyle interventions delivered using 
technology (e.g., internet, mobile app).41,42 Interestingly, couples-focused interven-
tions have been shown to be more effective than individual interventions in changing 
health behaviors and may be recommended.43 Mixed findings have been reported 
with regard to whether targeting multiple health behaviors at one time may be ben-
eficial, and it appears that when smoking cessation is included in these multiple risk 
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behavior interventions, it is not as effective.28,44 The need for innovative and effective 
health behavior interventions to prevent cancer as well as to reduce morbidity and 
mortality once diagnosed with cancer continues to exist despite decades of research.

26.5 CONCLUSION

In summary, health behaviors often play an important role in the onset and progres-
sion of several cancer types. These behaviors influence cancer outcomes through a 
number of biological and genetic processes. Considering that health behavior inter-
ventions effectively reduce the incidence and progression of cancer, they represent 
a promising option to reduce the morbidity and mortality resulting from cancer. 
Further research is still needed to understand the role of health behaviors in rarer 
cancer types to maximize the potential for health behavior interventions to reduce 
cancer morbidity and mortality.
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KEY POINTS

• Hypothalamic-pituitary-adrenal axis dysregulation and elevated inflamma-
tion are implicated in the pathophysiology of depressive and anxiety disorders.

• Biobehavioral interventions successfully reduce relapse rate and symptom 
severity, although cognitive behavioral therapy is more effective than mind-
body interventions.

• Reductionist and transdiagnostic approaches provide a promising perspec-
tive for understanding the complex etiology and presentation of depressive 
and anxiety disorders.

27.1 OVERVIEW

Depressive and anxiety disorders are the most common mental disorders worldwide.1 
They cause significant disruption to daily functioning, enhance the risk of develop-
ing cardiovascular illness,2 increase cardiovascular and all-cause mortality,3 and 
worsen disease prognosis and treatment outcomes when present alongside physical 
illnesses.4–6 Depressive disorders also increase the risk of cardiovascular multimor-
bidity, or the presence of multiple cardiometabolic illnesses.5,7 Moreover, the comor-
bidity of depressive and anxiety disorders predicts worse psychiatric symptoms and 
complicates treatment regimens for patients. Indeed, patients with major depressive 
disorder and comorbid anxiety reported more suicidal ideation, more depressed 
mood, and greater role impairment compared with patients with only major depres-
sive disorder.8,9 Identifying pathophysiological mechanisms is crucial for developing 
individualized treatment plans and improving patient outcomes. However, decades 
of research underscore the complexity of depressive and anxiety disorders, as their 
etiology remains elusive and conventional treatment options fail to sufficiently alle-
viate symptoms for all affected individuals.

The present chapter provides a brief description of depressive and anxiety dis-
orders, their etiology, and current treatment options. In describing the pathophysi-
ology and treatment of depressive and anxiety disorders, we primarily emphasize 
stress-related mechanisms and interventions, as substantial work implicates stress 
dysregulation as a pathophysiological mechanism underlying both depressive and 
anxiety disorders. Throughout the chapter, we occasionally highlight research on 
patients with comorbid anxiety and depression, as subtle differences in symptom 
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presentation and physiology exist between those with “pure” depressive or anxiety 
disorders and those with both depressive and anxiety disorders. We conclude with 
a brief discussion about the limitations of a symptom-based diagnostic system, the 
current research initiative to identify objective biomarkers that quantify risk and 
symptom severity, and the possibility that stress dysregulation may represent a trans-
diagnostic process of depressive and anxiety disorders.

27.2 WHAT ARE DEPRESSIVE DISORDERS?

Depressive disorders are characterized by varying degrees of sad or irritable mood 
that are accompanied by cognitive and somatic changes.10 The most common type 
of depressive disorder is major depressive disorder (MDD). An MDD diagnosis 
requires a discrete depressive episode lasting at least 2 weeks. A depressive episode 
is defined as having 5+ of the following symptoms: depressed mood, anhedonia (loss 
of interest or pleasure in most activities one usually would enjoy), significant weight 
loss, insomnia or hypersomnia, fatigue, feelings of worthlessness, difficulty concen-
trating or making decisions, and recurring thoughts of death. At least one of the 5+ 
symptoms must be depressed mood or anhedonia.10

27.3 WHAT ARE ANXIETY DISORDERS?

Excessive and persistent fear, anxiety, and related behavioral disturbances are the 
hallmark features of anxiety disorders.10 Fear presents as an emotional response to a 
real or perceived imminent threat, whereas anxiety often surfaces at the anticipation 
of future threat. Although similar, fear and anxiety generally manifest differently: 
While fear often is accompanied by an increase in the fight or flight response, escape 
behavior, and thoughts of danger, anxiety is associated with muscle tension, hyper-
vigilance toward future threats and dangers, and avoidance behaviors. Panic attacks 
frequently present in anxiety disorders as a type of fear response.

Despite their high comorbidity with each other, anxiety disorders are distin-
guished by the types of situations that elicit anxiety symptoms. For example, social 
anxiety disorder is characterized by extreme fear or anxiety in social situations. 
Generalized anxiety disorder (GAD) is the presence of core anxiety disorder symp-
toms and somatic ailments (e.g., fatigue, sleep disturbance, difficulty concentrating) 
for 6+ months in various contexts, such as school and work.10 The most common 
types of anxiety disorders are specific phobias (intense fear to specific situations 
or objects) and panic disorder with or without agoraphobia (fear of crowds, leaving 
home, or in places that are difficult to escape).11

27.4  MECHANISMS UNDERLYING DEPRESSIVE 
AND ANXIETY DISORDERS

27.4.1 GENETICS

Depressive and anxiety disorders are highly heritable with rates ranging between 
40-70%12,13 for depressive disorders and between 24-65% for anxiety disorders,14 
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depending on the specific phobia. Clinical features such as duration of longest epi-
sode, number of episodes (7-9 episodes), recurrent suicidal ideation, and level of dis-
tress and impairment are the strongest predictors of depression risk among co-twins, 
especially monozygotic twins.15 The genetic correlation between anxiety disorders 
and major depressive disorder is high, suggesting that these disorders, which often 
present together, share common genetic etiology.16

27.4.2 PSYCHOLOGICAL STRESS

Stressful life events substantially enhance the risk of MDD17 and GAD.18 Depressed 
individuals have 2.5 to 9.8 times greater risk of experiencing a major life event prior 
to the onset of a first-time major depressive episode.19 Similarly, the occurrence of one 
or more negative life events predicts a threefold risk increase of developing GAD.18 
The highest risk of MDD and GAD occurs within the same month of the negative 
event.20 However, there is a progressive decrease in the temporal association between 
life stress and depressive episodes as the number of previous episodes increases – an 
observation suggesting that less stress is needed to trigger future episodes.21

Certain stressors are more likely to provoke depressive and anxiety episodes more 
than others.18,22 Specifically, events characterized by significant loss and humiliation, 
such as childhood trauma, death of a close relative, job loss, or marital dissolution 
strongly predict impending depression.22 Loss events also predict the onset of pure 
GAD, but the magnitude of the association is weaker than that observed with MDD 
and MDD with comorbid anxiety.22 Notably, the specificity of stressful life events 
for predicting depressive or anxiety episodes is modest, as most events impartially 
increase the risk of both MDD and GAD.20

Research on childhood adversity suggests that increased vulnerability to stress-
induced psychopathology is driven by stress sensitization processes occurring across 
a person’s lifetime. Specifically, past life events sensitize individuals to psycho-
pathology following recent major life events by reducing their tolerance to minor 
stressors. Indeed, one study found that a low amount of stressful life events was 
associated with an increased risk of a major depressive episode only in individuals 
reporting a history of adverse childhood events (e.g., parental death, family violence, 
and divorce).23 In a sample of 34,653 participants, stressful life events in the past year 
were associated with an increased risk of MDD and anxiety disorders in individuals 
reporting three or more negative childhood events (e.g., family violence, emotional 
and physical abuse).24 In sum, prior exposure to highly threatening events can shape 
people’s response to life stress years later.

27.4.3 HPA AXIS DYSFUNCTION

The hypothalamic-pituitary-adrenal (HPA) axis regulates the body’s response to 
stress through its main byproduct, the human glucocorticoid cortisol.25 HPA axis 
activation involves the sequential release of corticotropin-releasing hormone (CRH) 
and adrenocorticotropic hormone (ACTH), which stimulate cortisol secretion from 
the adrenal glands. Cortisol self-regulates itself via a negative feedback system, such 
that elevated cortisol levels subsequently cause the system to inhibit the production 
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of CRH and ACTH. Cortisol coordinates essential homeostatic functions in the 
midst of changing environments.25 These changes include increased blood pressure, 
heart rate, and temporary suppression of vegetative functions such as inflammation, 
digestion, and reproduction.25 To assess HPA axis function, researchers assess levels 
of CRH, ACTH, or cortisol or evaluate the effectiveness of the negative feedback 
system through administration of dexamethasone, an exogenous steroid that sup-
presses ACTH and thereby cortisol production.

Substantial work implicates HPA axis dysregulation as a mechanism linking 
stress and depressive disorders. Currently depressed subjects, remitted depressed 
subjects, and non-depressed offspring of depressed subjects, all show increased 
cortisol levels relative to controls; this suggests that HPA axis dysregulation may 
represent a vulnerability rather than an indicator of present depressive mood.26,27 In 
a meta-analysis of 361 studies, cortisol and ACTH levels, but not CRH, were signifi-
cantly elevated in depressed individuals relative to non-depressed groups. Notably, 
cortisol differences between depressed and non-depressed groups are stronger for 
older samples compared to younger samples.28,29

Evidence of HPA axis dysregulation in anxiety disorders is less consistent than 
that of depressive disorders. Although some studies report less adaptive HPA axis 
functioning (e.g., higher morning cortisol levels, higher basal cortisol levels, greater 
non-suppression in the dexamethasone suppression test) in people with anxiety dis-
orders, these relationships are more commonly observed in the context of panic dis-
order, not generalized anxiety disorder.26 Instead, there is stronger evidence for a 
role of HPA axis dysregulation in patients with comorbid anxiety and depression. 
Whereas those with pure anxiety disorders showed normal ACTH and cortisol 
responses to a laboratory-induced social stressor, those with comorbid depression 
and anxiety showed higher levels of ACTH in response to the stressor.30

27.4.4 PROINFLAMMATORY ACTIVITY

Inflammatory processes are intimately linked with HPA axis function, making it a bio-
logical process sensitive to psychological stress. Although cortisol typically inhibits pro-
inflammatory activity, chronic stress desensitizes immune cells to the anti- inflammatory 
effects of cortisol.31 Consequently, psychological stress is associated with elevated pro-
inflammatory activity and less adaptive immune responses to infection and injury.32 
Systemic inflammation contributes to the pathophysiology of many age-related diseases, 
including cardiovascular disease, Alzheimer’s disease, and diabetes.33

Observational and experimental studies strongly support elevated proinflamma-
tory activity as a pathophysiological mechanism of depressive disorders.19 People 
with inflammatory disorders, such as rheumatoid arthritis, inflammatory bowel 
diseases, and chronic pain, exhibit increased rates of MDD, relative to the general 
population.19 Inflammatory challenges also elicit depressive symptomology. Patients 
receiving Interferon-alpha (IFN-α) treatment to strengthen their immune system 
developed clinically significant levels of depression.34 Specifically, over a 3-month 
period, a majority of patients developed somatic and neurovegetative symptoms 
(e.g., fatigue, pain, changes in sleep behavior) while a subset developed depressed 
mood, cognitive dysfunction, and anxiety. These effects were prevented through 
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treatment of paroxetine, an antidepressant, prior to IFN-α treatment.35 Even when 
healthy subjects are given the typhoid vaccination, which is considered the mildest 
inflammatory challenge, increases in depressed mood and fatigue and decreases in 
cognitive function are observed; these changes are mediated by the proinflammatory 
biomarker, Interleukin-6.36,37

Elevated levels of proinflammatory biomarkers are also observed in people with 
anxiety disorder. Meta-analyses of inflammatory biomarkers in people with general-
ized anxiety disorder38 and post-traumatic stress disorder39 demonstrate that there is 
modest evidence of increased levels of proinflammatory biomarkers. Antidepressants 
may reduce anxiety symptoms via their effects on proinflammatory pathways. In 
a sample of 42 subjects, antidepressant medication (e.g., serotonin selective reup-
take inhibitors) reduced inflammatory cytokine levels in patients with generalized 
anxiety disorder, and change in cytokine levels covaried with reduction in anxiety 
symptoms.40 However, high study heterogeneity, low sample sizes, and lack of a con-
trol group limit the generalizability and strength of the association between anxiety 
disorders and inflammatory biomarkers.

27.5 TREATMENT FOR DEPRESSIVE AND ANXIETY DISORDERS

27.5.1 STANDARD TREATMENT

Depending on the provider and patient preferences, the initial choice of treatment 
for MDD usually consists of psychotherapy or pharmacotherapy.41 There is a 50-50 
chance that the first form of treatment is tolerable, successfully reduces symp-
tom severity, and achieves remission.41 Antidepressants are commonly prescribed 
for MDD and are effective for depressive disorders of various severity. Serotonin 
selective reuptake inhibitors (SSRIs) are the first line of antidepressant pharmaco-
therapy.41 Continuation of antidepressant treatment for 6-9 months after successful 
response is crucial for obtaining full remission and preventing relapse. Those at high 
risk for relapse may be required to take medication indefinitely until more curative 
treatment is discovered.41 The combination of antidepressants (e.g., fluoxetine) and 
antipsychotics (e.g., olanzapine) also yields promising results for people with treat-
ment-resistant depression.41 Antidepressants and antipsychotics come with several 
side effects, including nausea, diarrhea, sexual dysfunction, daytime drowsiness, 
insomnia, weight gain, and increased blood pressure.41

Anxiety disorders are relatively undertreated, but treatment typically consists 
of psychotherapy, pharmacotherapy, or a combination of the two.42 Selective sero-
tonin norepinephrine reuptake inhibitors (SNRI) and SSRIs are the recommended 
first line of drugs. Benzodiazepines are sometimes administered, as their effects 
occur more immediately than SNRIs. However, preference for antidepressants 
over benzodiazepines is primarily attributed to the side effects associated with 
benzodiazepines, which include depression, fatigue, dizziness, impaired cognitive 
functioning, and dependency.42 Importantly, SNRIs and the combination of SNRIs 
with benzodiazepines are effective in treating patients with comorbid depression 
and GAD.43 While further research is needed to understand how these drugs 
improve psychological symptoms, there is some evidence suggesting that SSRIs 
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have an anti-inflammatory effect in patients with GAD, which may drive the anx-
iolytic improvements observed in these patients.40

27.5.2 COGNITIVE AND BEHAVIORAL INTERVENTIONS

As one of the most densely researched forms of psychotherapy, cognitive behav-
ioral therapy (CBT), effectively treats depressive disorders, anxiety disorders, and 
related comorbid illnesses.44,45 Cognitive behavioral therapy rests on the assump-
tions that psychological disorders arise from maladaptive cognitive patterns and cop-
ing behavior. Thus, CBT aims to modify thinking to subsequently change behavior 
and emotional responses. Several meta-analytic studies strongly support the use of 
CBT for improving depressive symptoms, anxiety, sleep quality, and psychosocial 
functioning and reducing relapse rates among people with depressive and anxiety 
disorders.46–48 Indeed, for specific phobia and generalized anxiety disorder, CBT 
performs more efficaciously compared to control or pill placebo conditions and per-
forms similarly to relaxation therapy and psychopharmacology for generalized anxi-
ety disorder.48 CBT with antidepressants is also effective for preventing relapse: CBT 
significantly reduces the rate of recurrent depression and the level of residual depres-
sive symptoms after traditional antidepressant treatment.49 Although CBT has been 
found to be effective for patients with both anxiety and depression, higher levels 
of depression are associated with less effective improvement in anxiety symptoms 
following CBT.43 Research on CBT has shifted toward identifying the biological 
mechanisms of action underlying its effectiveness.

27.5.3 MIND–BODY INTERVENTIONS

Mind–body interventions have been explored as alternative options for reducing 
stress and depressive symptom severity. Rooted in the understanding that the mind, 
brain, body, and behavior are intimately connected, mind–body interventions focus 
on using the mind to promote physical and mental well-being.

Yoga is one of the most commonly studied mind–body interventions. Yoga inte-
grates breathing exercises, physical activity, spiritual practice, and meditation.50 
Across multiple randomized controlled trials, yoga produced short-term improvements 
in depressive symptom severity, relative to standard treatment.51 However, the effects 
of yoga on depression severity are not noticeably different from the effects of other 
complementary treatments on depression, such as relaxation training and physical 
activity.51 Similarly, among people with GAD, yoga improved GAD severity, relative 
to the stress education attention control condition, but was not as effective as CBT.52

Mindfulness-based interventions also improve outcomes for people with psychi-
atric illness.53 Mindfulness is purposeful, nonjudgmental attention to the inward and 
outward experiences of the present moment.54 Mindfulness-based cognitive ther-
apy (MBCT), which combines components of mindfulness and cognitive therapy 
to reduce stress and improve psychological health,55 reduces depressive symptoms 
from pre- to post-treatment and also prevents depression relapse over a 60-week 
examination period.56 Notably, mindfulness-based therapy effectively improves 
symptoms in people with depressive and anxiety disorders when compared to other 
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active treatments (e.g., psychoeducation, relaxation, art therapy), but it does not out-
perform traditional CBT.53,57

27.6  TOWARDS A REDUCTIONIST AND TRANSDIAGNOSTIC 
APPROACH TO UNDERSTANDING DEPRESSIVE AND  
ANXIETY DISORDERS

Shared biological and psychological vulnerabilities suggest depressive and anxiety 
disorders may share more similarities than differences. Not only is it common for 
people with an anxiety disorder to have more than one anxiety diagnosis, signifi-
cant symptom overlap exists between depressive and anxiety disorders. Indeed, 57% 
of those with depression present with comorbid anxiety58 and as much as 67% of 
patients with GAD have a lifetime history of comorbid MDD.59 Whether mental 
disorders are qualitatively different from each other or whether they are better repre-
sented as a continuum of psychological functioning remains controversial.

Researchers are increasingly interested in using biobehavioral biomarkers as 
alternatives to symptom-based diagnosis of mental disorders. Developing an objec-
tive, biomarker-based diagnostic system is complicated by the realization that altera-
tions in biological markers exist in more than one mental disorder. To overcome 
these limitations, researchers are beginning to adopt a reductionist approach toward 
understanding psychopathology.60 Rather than defining a mental disorder and subse-
quently identifying the pathophysiology associated with those symptoms, the aim is 
to identify relevant systems, understand how they become dysregulated, and relate 
this dysregulation to symptoms.60

Research on etiology and treatment efficacy suggests that stress dysregulation 
may be a transdiagnostic process of mood and anxiety disorders. Transdiagnostic 
processes are mechanisms shared across multiple disorders. In addition to consider-
able evidence linking life stressors and physiological stress dysregulation to depres-
sive or anxiety disorders, treatments that target stress appraisal and stress mediators 
also prove effective. Indeed, both CBT47,48 and anti-inflammatory medications 
improve outcomes in individuals with MDD or GAD.61,62

Stress dysregulation as a transdiagnostic process may also explain the co- 
occurrence of depressive and anxiety disorders with other medical illnesses. 
Psychological stress, inflammatory cytokines, and HPA axis dysregulation are impli-
cated in the pathophysiology and exacerbation of cardiometabolic disorders, autoim-
mune disorders, and chronic pain. Transdiagnostic treatments such as CBT also have 
beneficial, untargeted effects on comorbid mental and physical illness.63 For example, 
CBT decreases symptom severity in people with comorbid anxiety and depression 
and improves depressed mood, quality of life, disability, and pain intensity in patients 
with chronic pain 64,65 and inflammatory bowel syndrome.66

27.7 CONCLUSION

Mood disorders are heterogeneous disorders characterized by complex, yet overlap-
ping etiology. Although genetics play a significant role in the development of depres-
sive and anxiety disorders, exposure to major life stressors, HPA axis dysregulation, 
and a proinflammatory profile play a prominent role in depressive disorders and, to 
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a lesser extent, anxiety disorders. Interventions that aim to modify stress apprais-
als, target stress mediators, and reduce perceived stress (e.g., cognitive behavioral 
therapy, mind–body interventions) have promising effects on depressive and anxi-
ety symptoms; however, whether these effects can be sustained long-term requires 
further examination. In light of commonalities observed between depressive dis-
orders and affective disorders, researchers are exploring different ways to capture 
psychopathology outside the conventional symptom-based approach. We considered 
the possibility that stress dysregulation may represent a transdiagnostic process 
that explains both the similarities among depressive and anxiety disorders and the 
comorbidity between these psychological disorders and physical illness.
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KEY POINTS

• Bipolar disorder is a chronic mental health disorder that is often associated 
with poor health outcomes, decreased social connections, reduced quality 
of life, and increased morbidity and mortality.

• Lifestyle interventions should be initiated in conjunction with psychotropic 
medication at the onset of mood symptoms to provide patients with the best 
health outcomes.

• The health consequences of BD are all-pervasive in the lives of those diag-
nosed with the condition and often necessitate both acute and maintenance 
therapy.

28.1 INTRODUCTION

Bipolar disorder (BD) is a chronic mental health illness that can cause significant 
quality of life impairment due to intense and unpredictable shifts in mood, levels of 
energy, and functional capacity. Descriptions of BD, including the extreme patho-
logical expressions of mood (i.e., severe sadness or extreme mania), date back to 
Hippocrates,1 who attributed severe sadness, or “melancholia,” to imbalances of 
black bile; he attributed the observed manic symptoms to imbalances of yellow bile. 
Bipolar episodes comprise extremes of mood-related symptoms: manic/hypomanic, 
depressive, or a mixture of both manic and depression, and the subsequent fluctua-
tion or cycling of these symptom clusters. BD exists on a spectrum of disorders based 
on the severity of these symptoms.1 The spectrum of BD is now classified within the 
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition-Text Revision 
(DSM 5-TR), as the following: Bipolar I Disorder, Bipolar II Disorder, Cyclothymic 
Disorder, and Unspecified Bipolar.2,3 In order to be diagnosed with BD, patients must 
exhibit distinct episodic cycling between two or more mood episodes (e.g., mania, 
hypomania, depression). Bipolar I Disorder has the most extreme symptoms with 
distinct periods of severe mania and major depressive disorder. Bipolar II Disorder 
has symptoms of major depressive disorder and hypomania. Cyclothymic Disorder 
has symptoms of hypomania and unresolved major depressive disorder symptoms 
lasting for at least two years.

The onset of BD symptoms typically develops in adolescents or young adults and 
persists throughout adulthood. BD is often misdiagnosed or classified as other psychi-
atric conditions such as personality disorders, major depressive disorder, generalized 
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anxiety disorder, substance use disorders (SUDs), and psychosis, due to the heteroge-
neous presentation of symptoms.3 Historically, the first-line treatment for individu-
als diagnosed with bipolar disorder has been psychotropic medications (i.e. mood 
stabilizers like lithium or Valproate and/or atypical antipsychotics like olanzapine, 
risperidone, quetiapine).4 However, due to the lack of efficacy or the occurrence of 
side effects associated with antipsychotic medications,5 individuals with BD are often 
managed with complex regimens to address both disease-related symptoms and drug-
induced side effects. Although there is no cure for BD, therapeutic interventions have 
been found to attenuate morbidity and mortality associated with the condition. The 
intent of this chapter is to provide an evidence-based review on the prospective role 
of lifestyle interventions in the management of BD. Lifestyle interventions are often 
overlooked by healthcare providers in the setting of psychiatric illnesses. Yet, data 
suggest that guided lifestyle modifications put into effect by informed professionals 
can help to improve brain health and decrease mortality and morbidity related to BD.6 
Additionally, lifestyle interventions may be instrumental in reversing common meta-
bolic side effects engendered by psychotropic medications in patients with BD.

28.2 IMPACT OF BIPOLAR DISORDER

The global lifetime prevalence of bipolar spectrum has been estimated at 0.5 to 
5.0%.3,7 Within the United States, the prevalence of BD has been estimated at 1.3 
to 2.0%. Nevertheless, BD carries one of the highest disease burdens. The health 
consequences of BD are all-pervasive in the lives of those diagnosed with the condi-
tion and often necessitate both acute and maintenance therapy.3 The US National 
Comorbidity Study (NCS) revealed that more than two-thirds of those diagnosed 
with BD have at least one additional comorbid psychiatric illness, the most common 
being a SUD. The lifetime prevalence for any SUD and any form of BD is nearly 
50%. For individuals with bipolar 1 disorder, the incidence of a SUD is over 60%.8 
The diverse array of symptoms associated with BD puts individuals affected by the 
condition at high risk for potentially self-harming behaviors. Compared to other 
mental health disorders, the rate of suicide among those with BD is also higher, and 
people with BD are 20 to 30 times more likely to commit suicide.9

Moreover, the prevalence of significant medical and other psychiatric comorbidi-
ties in BD is higher than that of the general population and is currently estimated 
to be within the range of 60-90%. The variety of potential medical comorbidities in 
the setting of BD include, but are not limited to, cardiovascular, metabolic, diges-
tive, and respiratory illnesses.3,10 Thus, the likelihood of patients with BD necessitat-
ing increased and more complex healthcare is high. The financial costs associated 
with living with BD are both direct and indirect. The direct costs of BD include 
hospitalizations, outpatient treatment, and pharmaceuticals, while indirect costs 
are correlated with morbidity, premature mortality (i.e., death by suicide), and lack 
of occupational contribution to society due to functional impairment.11 There is a 
paucity of literature calculating the direct costs of bipolar disorder, but in 1990, it 
was estimated to be $US 12.4-19.2 billion annually. The indirect costs of BD were 
estimated at $US 45.2 billion in 1991, which was higher than those associated with 
unipolar depression.7 Ultimately, BD causes the loss of quality of life and places 
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extreme burden on patients and their social circle. Individuals with BD also have 
a higher-than-average incarceration rate. It is estimated that nearly 50% of those 
diagnosed with BD are underperforming in their professional roles.9 Globally, the 
disability-adjusted life year, also known as DALY, in patients with BD increased 
54.4% from 1990-2017.12 DALY indicates the overall burden of disease and demon-
strates that individuals afflicted by BD are progressively losing more years of healthy 
life because of premature mortality, spending fewer life years in a state of full health, 
and experiencing more years of disabled life than those without the disorder.

28.3 NEUROBIOLOGICAL UNDERPINNINGS OF BIPOLAR

Since Emil Kraepelin’s observations in 1899, who coined the term “manic- depressive 
insanity” that would later be referred to as BD,1 researchers have tried to under-
stand the origins and characteristics of BD.13 As described above, the latest collec-
tive concords of symptoms within the bounds of the BD spectrum are included in 
the DSM 5-TR. However, due to the frequent enigmatic presentations of BD, there 
is an expanding body of research on the etiology and nosology of psychiatric ill-
nesses, such as BD, in the effort to attenuate rates of misdiagnosis and lag time 
between symptom onset and appropriate diagnosis/treatment. As novel technology 
has continued to evolve, researchers have turned to the field of genetics to gain new 
insight into the causes of this disorder. Twin studies comparing the concordance 
of BD between monozygotic and dizygotic twins have reported rates of prevalence 
between 60 to 90%.14 Additionally, genetic population studies have expanded their 
investigational scope beyond that of twins to identify the relative familial risks of 
BD diagnosis. The largest reported family study examining the hereditary preva-
lence of BD followed over four million Swedish nuclear families and revealed that 
the relative risk for first-, second-, and third-degree relatives was as high as 7.9, 3.3, 
and 1.6, respectively.14 Cumulatively, current literature suggests that BD is one of the 
most heritable conditions among all mental health diseases.15 Despite these findings, 
researchers have not yet isolated a single candidate gene or candidate region within 
the human genome responsible for BD.15

Recently, neuroimaging has also emerged as a modality to illuminate the etiology 
and nosology of BD. Thus far, attempts by imaging studies to discern specific foci 
of injury linked to the origin of a neurotoxic event that could account for clinical 
BD symptoms have generally been unsuccessful.16 However, according to a 2020 
review article by Kloiber et al., abnormalities in white matter integrity are present 
in individuals at risk for the development and progression of BD. Postmortem brain 
biopsies of individuals with BD have also revealed decreased cortical thickness and 
glial density in the anterior cingulate and reduced neuronal density in the amygdala 
and prefrontal cortex.17 Although neuroimaging studies have propounded various 
homogeneous cerebral features in the setting of BD, the current lack of complete 
congruence of evidence exemplifies the major challenge of present-day healthcare 
providers: Patients with BD do not always align with the modern diagnostic frame-
work for psychiatric illnesses.

In addition to their contributions specific to neuroimaging, Kloiber et al. sum-
marized their findings through the identification of potential environmental triggers 
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and formulation of a Neurodevelopmental Model for BD.17 Key contributory factors 
within the perinatal period include maternal/neonatal infection, toxin exposure, and 
poor diet. Significant determinants during the developmental period of adolescence 
and young adulthood include low vitamin D, lower socioeconomic status, cannabis 
and tobacco exposure, and early life stress.17 Poor diet and its role in the development 
of dysbiosis within the perinatal period is of particular interest, as there is a growing 
collection of literature suggesting that maternal gut microbiota is unable to provide 
neuroprotection18 to the development of the fetal brain and the later onset of mental 
illness disorders, such as BD, and validates its basis as a predisposing circumstance 
for the disease.3,19 Finally, there is a high correlation between childhood trauma and 
the subsequent development of BP. Garno and colleagues identified that 50% of the 
population diagnosed with BD experienced childhood trauma.20

28.4 LIFESTYLE INTERVENTIONS

As mentioned in the previous sections, the social and financial impacts of bipolar 
disorder and medical comorbidities are significant. The current recommended treat-
ment for the intense mood symptoms of BD is psychotropic medications. Despite 
the ongoing exploration and discovery of numerous potential candidate genes and 
underlying neurodevelopmental pathways for BD, there have not been any significant 
new treatment advancements. The current pharmacotherapeutic components of BD 
management have been independently linked to worsening obesity and metabolic 
syndrome among patients with BP.21 Of note, individuals diagnosed with BD are 
already at increased risk for metabolic complications. The long-term use of psycho-
tropic drugs, in conjunction with the persistence of poor lifestyle behaviors, further 
exacerbates metabolic health circumstances in patients with BD. In spite of these 
barriers, lifestyle interventions may serve as adjuncts to contemporary therapeutic 
regimes and may play a vital role in reversing the metabolic consequences induced 
by psychotropic medications.3

28.4.1 IMPROVE SLEEP

Lack of sleep or poor sleep is a common feature of BD. More precisely, sleep distur-
bances typically escalate in those with BD before, during, and after mood episodes.22 
In the setting of BD, it has been noted that shorter sleep patterns are associated with 
greater mood fluctuation and intensity during bipolar episodes, earlier age of onset 
of BD, and a longer duration of manic, hypomanic, and/or depressive symptoms.23 
Importantly, this association has been upheld even in individuals being treated with 
psychotropic medications.23 Furthermore, there is growing evidence to support the 
notion that sleep deprivation during the course of BP episodes has a significant 
influence on gut microbiota and the development of dysbiosis, as well as a lack of 
microbiota- and diet-related neuroprotection,18 which can potentially worsen BD 
symptoms.24

Cognitive behavior therapy for chronic insomnia (CBT-I) has emerged as the 
first-line therapy for insomnia.25 Modifications of CBT-I that target BD have been 
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developed and have been found to improve sleep and function outcomes.22 The 
RISE-UP routine integrates CBT-I with morning activity and has shown improve-
ment with sleep inertia, the state of compromised cognitive and sensory-motor func-
tion during the transition between sleeping to waking state, in individuals with BD.26 
This is significant, as typical CBT-I does not incorporate modifications to address 
sleep inertia. Sleep inertia can be so severe in patients with BD that it persists for 
hours and further exacerbates the functional impairments present during bipolar 
episodes at baseline. The RISE-UP routine has been reported to be associated with 
high rates of patient compliance and marked improvements in morning activity and 
operational functioning. Apart from CBT-I, additional lifestyle interventions sur-
rounding sleep in those with BD include the use of light therapy (direct exposure to 
a bright source of light), which has been demonstrated to treat bipolar depression,27 
and dark therapy (blocking blue wavelength at night), which has been used to treat 
bipolar mania.27

28.4.2 HEALTHIER DIETS

As mentioned, the historical gold standard treatment for BD has been psychotropic 
medications, typically in the form of a mood stabilizer and/or an antipsychotic. Xu 
and Zhuang recently reviewed the metabolic sequelae following the use of atypi-
cal antipsychotic (AAP) medications in patients with schizophrenia and BD. It was 
reported that 50% of the patients with schizophrenia and BD undergoing treatment 
with AAPs experienced weight gain.28 This study also delineated a relationship 
between the use of AAPs in individuals with schizophrenia or BD and hyperglyce-
mia, type 2 diabetes mellitus, dyslipidemia, and nonalcoholic fatty liver disease.28 
These findings are consistent with additional reviews on this topic.21,29 Aside from the 
metabolic factors associated with long-term AAP administration, individuals with 
BD had higher-than-average tendencies to consume highly processed foods. A study 
conducted by Platzer revealed that individuals with BP had greater food cravings for 
foods with high-fat content and for fast foods. The patient’s leptin or ghrelin levels 
could not explain these tendencies, suggesting the explicit link between AAP use 
and cravings for unhealthy foodstuffs. Individuals with BD who consumed highly 
fat-rich and processed foods tended to exhibit worsening depressive symptoms.30

With this in mind, Stroup and Gray have recommended the inclusion of diet and 
exercise in the treatment plan of all patients who are prescribed AAPs.31 Diets high 
in whole food plants and low in processed foods have been shown to provide signifi-
cant cardioprotective implications through the attenuation of metabolic syndrome 
sequelae (e.g., high blood pressure, high serum triglycerides, compromised fasting 
blood glucose levels, abdominal obesity, low serum high-density lipoprotein [HDL] 
levels).32 Diets high in fruits, vegetables, and unrefined grains, yet low in red meat, 
have demonstrated neuroprotective effects against depressive symptoms in general, 
including those in major depressive disorder and other psychiatric illnesses, as well 
as bipolar symptoms.33 Overall, the potency of whole foods in improving brain and 
metabolic health must not be undervalued in developing patient-centered synergistic 
strategies to manage BD in individuals afflicted with the condition.34
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28.4.3 EXERCISE MORE

Prior to discussion of the benefits of exercise, there is merit in reviewing the evi-
dence related to immune dysfunction within BD,35 particularly the increase of pro-
inflammatory cytokines that is especially notable throughout the course of manic 
episodes.36 Interleukin proteins exhibit unique patterns within the central nervous 
system,35 which may provide the basis as to why exercise is beneficial in the manage-
ment of BD. Consistent and regular exercise has been proven to impart significant 
anti-inflammatory benefits, including the release of hippocampal brain-derived neu-
rotrophic factor (BDNF), which may mitigate cytokine damage and promote neuro-
genesis.37 Sun et al. showed that increased physical activity levels decrease the risk of 
developing BD. There is scarce literature expounding the benefits of implementing 
exercise in treatment plans for patients with BD, apart from those describing the 
role of physical activity in attenuating depressive symptoms and improving overall 
activity and health.37,38 Given the higher levels of inactivity reported in patients with 
hippocampal brain-derived neurotrophic factor (BDNF) BD and the metabolic side 
effects of psychotropic medications commonly used to treat BD, those diagnosed 
with BD should be encouraged to exercise to help improve body metabolism, reduce 
symptoms of bipolar episodes, and improve overall health and quality of life.39

28.4.4 AVOID RISKY SUBSTANCES

A common symptom within the BD spectrum is involvement in activities that have a 
high potential for painful consequences,2 which include increased use of SUD. As men-
tioned, the prevalence of SUD in patients with BD is 20-70%, which is a higher preva-
lence than that of individuals with major depressive disorder (10-30%).40 Individuals 
with BD and SUD exhibit worsening cognitive impairment (specifically, executive 
function) throughout the lifespan, which further complicates the management and bur-
den of the illness.41 Inversely, a recent review article by Laili et al. has suggested the role 
of SUD in the development of BD, reporting that those with SUD are 3.7 times as likely 
to experience the onset of BD than the general population. This study also demonstrated 
the correlation between cannabis, alcohol, nicotine, and opioids as independent risk fac-
tors for the development of BD in individuals who partake in substance use.42

Integrated group therapy (IGT), developed by Weiss, Najavits, and Greenfield, 
has been one of the most studied and effective non-pharmacological treatments 
for BD and SUD.43 IGT focuses on identifying triggers preceding substance use, 
enhancing relationships with friends and family, and processing the pros and cons of 
recovery while promoting sobriety.43 This approach has been shown to be successful 
in community-based settings under the guidance of substance use counselors.40 It is 
noteworthy that many of the Lifestyle Medicine pillars are incorporated into the IGT 
model in several ways (e.g., substance avoidance, healthy social connections).

28.4.5 DECREASE STRESS

Individuals with BD have higher levels of psychosocial comorbidities. A meta analy-
sis from Lex et al. reviewed forty-two studies of over 4200 individuals with BD. 
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Results from this study revealed that individuals with BD were exposed to signifi-
cantly more stressful life events preceding acute manic episodes.44 This correlation 
suggests that stress management and interventions to improve resiliency among 
patients with BD may reduce bipolar episode relapses and increase time between 
acute manic episodes. The formulation of newer treatment recommendations rein-
forces the importance of including psychological interventions in the treatment of 
BD.45 Recent advances in psychotherapeutic modalities include mindfulness-based 
cognitive therapy (MBCT), which incorporates formal meditation practice (sitting 
and movement practices), and yoga.46 Recent review articles by Lovas and Schuman-
Olivier, and Xuan et al. have both described the efficacy of MBCT in improv-
ing emotional dysregulations, without adverse influences on manic symptoms, in 
patients with BD.46,47 Finally, emotionally focused therapy has shown to be effective 
in emotional balance, and strengthening interpersonal bonds, which can improve 
feelings of isolation and improve mood symptoms.48

28.4.6 HEALTHIER RELATIONSHIPS

Finally, individuals with BD tend to damage social relationships due to the extreme 
mood states and impaired psychosocial functioning correlated with bipolar episodes. 
BD leads to the unpredictable loss of social control, social disadvantages, mental 
health stigmatization, and poor social functioning, thereby constituting the impetus 
for the development of poor relationships and/or damage to healthy relationships. 
Kim et al. further related poor relationships with worsening negative symptoms, 
poor adaptive coping, and less resilience in individuals with BD.49 Dou et al. have 
highlighted the importance of including family strategies as part of BD treatment 
to improve psychosocial functioning, enhance social support, and bolster personal 
resilience in order to facilitate the development, maintenance, and growth of healthy 
relationships.50

28.5 NEXT STEPS

In alignment with this evidence-based review on the implications of lifestyle 
interventions in the management of BD, it is essential that healthcare profession-
als increase their awareness of and familiarity with lifestyle recommendations and 
treatments. Approaches to treating psychiatric disorders, such as BD, through the 
lens of lifestyle medicine can provide vital augmentation to the typical psychophar-
macology approach through attenuating symptoms, pharmaceutical side effects, 
and risk factors for comorbid physical and mental/brain illnesses. The extent of this 
discussion is not limited to mental health care providers. Mental/brain health is a 
global health crisis that is linked to innumerable public health issues outside of the 
psychiatric/psychological sphere. Mental health organizations, such as the American 
Psychiatric Association, must further advocate for lifestyle interventions as first-
order interventions in the treatment of psychiatric illnesses in order to provide ade-
quate patient-centered care that fosters health-promoting behaviors, maintenance, 
patient compliance, and overall health and quality of life in patients impacted by 
conditions like BD.
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KEY POINTS

• A growing body of evidence suggests that the pillars of lifestyle medicine, 
including exercise, nutrition, stress management (i.e., mindfulness), sub-
stance use harm reduction, sleep, and social connectedness can help pre-
vent, manage, and sometimes treat PTSD.

• Lifestyle interventions can be used to improve both mental and physical 
health outcomes of individuals diagnosed with PTSD given the bidirec-
tional relationship between PTSD and poor health outcomes and behaviors.

• It is imperative that more research is conducted in order to formulate effec-
tive patient-centered lifestyle treatment recommendations based on the 
unique comorbidity and mortality rates among those suffering from PTSD.

29.1 INTRODUCTION

Non-clinically, trauma is defined as an emotional response to a disturbing or life-
threatening event. An individual may experience or witness a single event or multiple 
events. These responses are influenced by several factors, including previous history of 
trauma, the response of the environment to the event(s), availability of treatment, and 
genetic or other vulnerabilities. There are a number of ways in which trauma can impact 
a person’s psychological, physical, and social well-being, some of which are currently 
defined as clinical disorders. The current version of DSM (DSM-5TR) lists the trauma- 
and stress-related disorders as: (1)  Reactive Attachment Disorder, (2)  Disinhibited 
Social Engagement Disorder, (3)  Posttraumatic Stress Disorder, (4)  Acute Stress 
Disorder, (5) Adjustment Disorders, (6) Prolonged Grief Disorder, (7) Other Specified 
Trauma- and Stressor-Related Disorder, and (8) Unspecified Trauma- and Stressor-
Related Disorder. Although a person can experience dissociative symptoms, such as 
derealization and depersonalization, as part of certain trauma- and stress-related dis-
orders, there are also discrete dissociative disorders that may intersect with trauma, but 
are treated and regarded separately due to their differences in presentation.

For the purpose of this chapter, we will be focusing on posttraumatic stress 
disorder (PTSD). The DSM-5TR defines trauma within the setting of PTSD as 
exposure to “actual or threatened death, serious injury, or sexual violence.” Exposure 
includes directly experiencing the event, witnessing the event, learning the event 
occurred to a close family member or friend, or related exposure to details of such 
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an event, such as with law enforcement or journalists. The diagnostic criteria for 
trauma-related PTSD are associated with prolonged traumatic experiences and/or 
singular or multiple serious life-threatening or distressing events. It is important to 
note that while other less stressful events (e.g., divorce, job loss) may be traumatic 
to an individual, they do not meet the criteria regarding trauma in the setting of 
PTSD. The symptoms of PTSD fall into categories that include intrusion (such as 
nightmares or flashbacks), avoidance (of thoughts, feelings, or external reminders), 
negative alterations in cognitions and mood (such as negative thoughts about oneself 
or the world, exaggerated blame, and decreased interest in activities), and alterations 
in arousal and reactivity (such as irritability, hypervigilance, and decreased sleep). 
For a diagnosis of PTSD, symptoms last for more than a month and are significant 
enough to cause issues in daily functioning.1

In addition to this psychological impact, a large body of literature has associ-
ated the profound impact of both early life adversity and PTSD with poorer physi-
cal health. For example, PTSD severity is associated with increased risk of obesity, 
diabetes, and cardiovascular disease. Increased severity of symptoms in the setting 
of PTSD is directly correlated with higher values of body mass index (BMI), leptin, 
fibrinogen, and blood pressure, and lower values of insulin sensitivity, with early life 
adversity having an additive effect on these metabolic outcomes.2 Research suggests 
a bidirectional relationship between PTSD and poorer health outcomes, with both 
worsened symptoms impacting health behaviors and poor health behaviors being 
associated with more severe symptomatology.3

Given this bidirectional relationship, there has been increasing interest in the use 
of lifestyle interventions to improve both the mental and physical health outcomes of 
those with PTSD. The focuses of these lifestyle interventions include exercise, nutri-
tion, mindfulness (particularly as a stress management tool), substance use, sleep, 
and social connectedness. This chapter will review each of these topics and explore 
both the evidence for their relevance in the prevention and management of PTSD, as 
well as discuss any available evidence for related interventions in improving either 
physical health outcomes or PTSD symptom severity.

While reading this chapter, it is important to keep two things in mind. One, 
PTSD is heterogeneous. As mentioned above, the diagnosis of PTSD relies on the 
presence of a variety of symptoms clustered into categories. Although there are a 
number of potential symptoms in each category, only 1-2 symptoms are required 
in each category to have a diagnosis of PTSD. To illustrate, this means that two 
people can be diagnosed with PTSD, despite presenting with distinct, differing 
symptoms. Although the current available research on PTSD largely refers to 
the condition as a singular disorder, it is possible that a certain set of symptoms 
can be better addressed with specific treatments than other symptom sets. Two, 
while exposure to trauma can lead to a variety of psychological consequences 
and health-related sequelae, this chapter is limited to the discussion of PTSD. 
However, future research endeavors concentrating on lifestyle interventions in the 
prevention and management of non-PTSD, trauma-related mental distress, as well, 
may add valuable insight into the fields of both lifestyle medicine and mental & 
behavioral health.
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29.2 EXERCISE

While exercise undoubtedly has physical and psychological benefits, the specific 
benefits of exercise in the setting of PTSD continue to be researched. It is important 
to note that different forms of exercise confer different biological and psychological 
effects. For example, the cardiovascular strain of aerobic exercise varies from that 
of resistance training. It has also been noted that group fitness or team sports may 
engender different psychological benefits than those induced by individual training. 
The current literature on the effects of exercise in the setting of trauma has failed to 
clearly delineate the impact of various physical activity interventions and exercise 
modalities on patients with a history of trauma. Studies on exercise as a lifestyle 
intervention in those with PTSD face a variety of challenges due to the highly vari-
able presentations of the disorder. For example, there are certain types of fitness that 
may alleviate specific symptoms that may not be present in all diagnosed with PTSD.

A growing body of evidence has indicated that exercise may be a useful adjunct 
treatment for PTSD. A 2018 review of the literature on this topic found that exercise 
was an effective adjunct treatment for patients diagnosed with PTSD, particularly 
in those with subsyndromal symptoms (symptoms similar to those of PTSD, but 
not severe enough to warrant diagnosis) and those with treatment-resistant PTSD.4 
Further, a 2021 systematic review and meta-analysis studied eleven randomized 
controlled trials that compared exercise groups to non-exercise groups among par-
ticipants with symptoms of PTSD. Data from this study demonstrated that exercise 
benefited those with PTSD, with more voluminous exercise (more than 20 hours 
in total) being slightly more beneficial than less voluminous (less than 20 hours in 
total). Subgroup analysis on the various exercise intervention modalities utilized in 
this study did not exhibit clinical significance. However, the authors noted that the 
lack of clinical significance with regard to the category of physical activity may be 
linked to the relatively few studies available on the use of different exercise method-
ologies in the prevention and management of PTSD among patients.5 Evidence sug-
gests the prospective therapeutic value of exercise for patients with PTSD. Further 
research is needed to delineate if specific exercise modalities play a significant role 
in patient outcomes.

A paucity of data is also apparent regarding the mechanism behind the effect of 
physical activity on symptoms associated with PTSD. Researchers of a 2021 study 
of 321 veterans (average age 74, 29.6% of whom had PTSD according to self-report 
questionnaires) enrolled in a group exercise intervention attempted to identify the 
mechanism behind clinical improvements in PTSD via physical activity. The study 
found that self-reported symptoms associated with PTSD, as well as self-reported 
physical function and social connectedness, significantly improved among those 
with PTSD subsequent to group exercise intervention Secondary analyses demon-
strated that the improvement in social connectedness was significantly associated 
with improvement in symptoms of PTSD. However, there was no significant associa-
tion between exercise-induced improvements in physical function and improvements 
in symptoms of PTSD. Of note, this study was limited by the participation of a 
specific population of older veterans, the lack of a control group, and the use self-
reported data rather than standardized clinical interviews.6
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The benefits of exercise may extend beyond enhancing social connectedness for 
those with PTSD and PTSD-related symptoms. Several hypotheses exist for this 
mechanism including exposure and desensitization to internal hyperarousal cues; 
increased neuroplasticity; reduced stress response and inflammatory markers; and 
enhanced cognitive function, behavioral activation, and sense of accomplishment.7,8

Positive results have been reported in studies examining the feasibility of exercise 
as an intervention for patients with PTSD. A randomized controlled study among 
older veterans with PTSD found that the exercise intervention was well-attended, 
had high rates of completion, and had high satisfaction ratings, with even higher rat-
ings for group interventions.9

The current data collection process still leaves many questions regarding exer-
cise as a treatment for PTSD. It is important to determine whether there is a type of 
exercise that provides the most benefit for patients with PTSD, if specific symptom 
clusters of PTSD interact with particular exercise types, how long the benefits of 
exercise last in patients, and how to create a method for prescribing the appropriate 
dosage and duration of exercise in the context of PTSD. Exercise may be considered 
an adjunct treatment for PTSD from the standpoint of its benefits in terms of overall 
health and physical function, as well as the demonstrated tolerability of interven-
tions. Future research must be conducted to clarify the contemporary gaps in lit-
erature on the implications of physical activity in the treatment and management of 
patients with PTSD.

29.3 NUTRITION

Literature on the link between nutrition and PTSD is scarce, with most studies con-
centrating on health behaviors, such as diet, in those with the disorder. However, data 
on this subject are expanding as a result of the relatively new conception and rapid 
growth of the field of nutritional psychiatry. The practice of nutritional psychiatry 
aims to treat mental health disorders and improve mental health outcomes through 
the use of nutrition and supplements.

Research conducted to date has shown that PTSD may be associated with both 
a poor diet and poor health outcomes, such as an increased risk of obesity and car-
diometabolic disease. A secondary analysis conducted in 2021 examined a random-
ized controlled trial of 54 veterans aged 60 and over to determine the association 
between diet quality and PTSD. The Dietary Screener Questionnaire (DSQ) was 
used to assess subjects’ daily intake of fiber, calcium, added sugar, whole grains, 
dairy products, fruits, vegetables, and legumes. Data from this study revealed the 
prevalence of poor diet among veterans with PTSD. Of note, study participants with 
PTSD who received exercise intervention improved in some health measures, but 
diet quality did not improve.10

Another study involving United States military veterans similarly found an asso-
ciation between PTSD symptom severity and poor diet quality. An additional cor-
relation between poor diet quality and the suppression of emotions was revealed by 
mediation models.11 Unfortunately, a study of the utilization of weight loss programs 
within Veterans Health Affairs revealed that veterans diagnosed with PTSD used 
weight loss programs less frequently than those without PTSD. Results from this 
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study demonstrated the positive association between the use of weight loss programs 
and subsequent improvement in PTSD symptoms.12

Furthermore, trauma reactions can have a variety of physical health consequences, 
including disrupted digestion. A 2022 randomized controlled trial found that 36% of 
a sample of US veterans with PTSD reported abdominal pain, and 25% met criteria 
for irritable bowel syndrome (IBS), which is greater than the general US popula-
tion.13 Some researchers and physicians have hypothesized that the link between 
the digestion system and trauma resides in the balance between the sympathetic 
and parasympathetic nervous systems; however, there is currently little research that 
has tackled this link. Based on this theoretical link and the increased occurrence 
of gastrointestinal distress, it has been speculated that anti-inflammatory foods, 
fermented foods, and probiotics may improve symptoms of PTSD, but research is 
needed.14 Ultimately, despite the promise of integrative medicine, which considers 
nutrition an important factor in PTSD treatment, much of the literature on this topic 
remains anecdotal. Further long-term studies must be conducted to fully understand 
the effects of specific foods/diet on PTSD presentation.

Aside from actual diet, eating habits are also an important part of nutrition in 
PTSD. Multiple small studies have found that PTSD impacts food behaviors, fre-
quently observing skipped meals, decreased general appetite, increased desire for 
sweetened and processed foods, as well as eating patterns dictated by stress or emo-
tions. This further lends credence to a correlation between PTSD and obesity. It may 
be beneficial for nutritional treatment plans to focus not just on type of food but also 
pattern of eating in order to improve both the actual diet of patients and their rela-
tionship with food.15–17

The link between PTSD and poor diet and higher rates of chronic health con-
ditions, such as cardiometabolic disease and IBS, is well established. Nutritional 
interventions have not yet been studied among those with PTSD to determine if 
they improve psychological or physical health. Thus, research suggests that those 
with PTSD should be screened for chronic conditions and counseled about protective 
health behaviors, but there is scant scientific literature on specific evidence-based 
nutritional interventions to recommend in clinical settings.

29.4 MINDFULNESS

Mindfulness is a mental state achieved by focusing one’s attention on the present 
moment while nonjudgmentally acknowledging any thoughts, feelings, and bodily 
sensations as they arise. There are many different practices through which a state 
of mindfulness can be achieved. The practice of mindfulness can be as simple as 
choosing to be fully attentive to the present moment while walking, drinking tea, or 
even washing dishes. More formal practices, such as meditation or yoga, can also be 
executed to achieve and promote mindfulness. Research on mindfulness interven-
tions and patients with PTSD is limited, both in terms of quantity and methodology, 
due to the variety of mindfulness practices available.18

A number of trials have used mindfulness-based stress reduction (MBSR), a 
standardized treatment consisting of 2-2.5-hour long group sessions per week over 
eight weeks and one full-day retreat, to overcome this methodological challenge in 
mindfulness research.19 A recent meta-analysis of 10 randomized controlled trials 
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of MBSR in the setting of PTSD found that MBSR was effective in reducing symp-
toms of PTSD regardless of trauma type. But, high attrition rates are noted within 
individual studies.20 For example, a 2017 feasibility study found MBSR to be effec-
tive in reducing symptoms of PTSD as a standalone treatment; however, the high 
drop-out rate, combined with results from post-study interviews, indicated a need 
to adapt protocols to incorporate mindfulness exercises targeted at PTSD symp-
toms with shorter duration of interventions.21 A multisite randomized controlled trial 
in 214 United States military veterans compared MBSR to active control (present-
centered group therapy). Results from this study demonstrated reductions in PTSD 
symptoms in both experimental and control groups in accordance with the Clinician-
Administered PTSD Scale for DSM-IV (CAPS-IV). Of note, high attrition rates 
were also observed in this study.22

Studies have been conducted on various other forms of mindfulness with mixed 
results owing in part to the variable nature of the protocols. Pilot studies have shown 
that metta (loving-kindness) meditation and mantra repetition practice, coupled with 
traditional treatment methods, showed significant reductions in PTSD symptoms. 
The low participation numbers of these studies and their concurrent use of other 
treatments limited their findings.19,23

Mindfulness practices have been associated with improvements in PTSD symp-
toms through various mechanisms. Psychological mechanisms of mindfulness may 
include increasing self-compassion, improving emotional flexibility, reducing rumi-
native tendencies, and decreasing hyperarousal. A mindfulness-based approach may 
facilitate the attenuation of PTSD symptoms by fostering awareness and nonjudg-
ment of one’s behaviors, such as in situations where avoidant behaviors are pres-
ent.19 PTSD-related emotional reactivity may be regulated by mindfulness on a 
neurobiological level via top-down modulation of limbic regions.19 Additional stud-
ies have suggested that increased mindfulness can also decrease the likelihood of 
developing PTSD following a distressing event, perhaps by moderating internalizing 
symptoms.19,24

It is important to consider that those with PTSD who are particularly prone to 
flashbacks, those who are still developing appropriate distress tolerance skills, and 
those who are prone to derealization or depersonalization may find mindfulness-
based practice to be psychologically challenging.19 Mindfulness interventions should 
therefore be administered carefully and as part of a patient-centered approach to care 
in the setting of PTSD.

Cumulative evidence suggests that mindfulness interventions, such as MBSR, 
may be effective in the treatment and management of patients with PTSD. The 
effectiveness of mindfulness-based interventions among those suffering from PTSD 
should be studied further to determine if any mindfulness-based interventions are 
superior to others, as well as to determine how to discern individuals who may derive 
greater benefit or tolerance from mindfulness interventions.

29.5 SUBSTANCE USE

Evidence-based treatments exist for substance use disorders (SUDs) and PTSD as 
individual conditions, but there is limited data on the treatment of patients in the 
setting of co-occurring SUD and PTSD. There is extensive research documenting 
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an association between SUDs and PTSD. Approximately 40% of people with PTSD, 
including military and non-military trauma, have a co- occurring SUD.25 Individuals 
with co-occurring PTSD and SUD are at increased risk for other psychiatric prob-
lems, such as depression and anxiety, suicidality, neuropsychological impairment, 
unemployment, and overall increased morbidity and mortality.25 A 2017 review of 
randomized controlled trials studying treatments for PTSD found that SUD was an 
exclusion criteria in three-fourths of the studies, and less than 10% of the studies 
reported substance use-related outcomes.26

The current framework for treatment of patients with PTSD lacks clear guide-
lines for those with comorbidities due to these limitations in research. Patients with 
co-occurring PTSD and SUDs are therefore subject to discrepancies in treatment 
approach and chronology of intervention execution. In some healthcare settings, it is 
recommended to treat SUDs first, but the US Department of Veterans Affairs rec-
ommends that individuals with SUDs receive evidence-based treatments for PTSD 
regardless of whether they have been diagnosed with an SUD.27,28 Furthermore, there 
is evidence linking substance use to severity of PTSD symptoms, suggesting that 
individual attempts to self-medicate may play a role in the prevalence and develop-
ment of substance use.29 This may lead to high drop-out rates in SUD treatments 
that do not simultaneously address PTSD symptoms as patients may experience an 
uptick in emotional distress as a self-coping tool is removed without the replace-
ment with other coping mechanisms.28 Integrated treatments have been developed 
to address the complex relationship between PTSD and SUD in patients with co-
occurring diagnoses.

There are two primary types of integrated treatments: non-trauma (present) 
focused and trauma (past) focused. The former primarily seeks to improve coping 
skills and self-compassion, while the latter more actively addresses PTSD symptoms 
by utilizing evidence-based psychological interventions for PTSD.29

A recent meta-analysis examined the available studies on psychological treat-
ments for comorbid SUD and PTSD. This meta-analysis showed that integrated 
programs and standalone SUD programs similarly reduced substance use. Of note, 
trauma-focused interventions of the integrated programs more effectively attenuated 
PTSD symptoms than non-trauma-focused methods.30 This study was somewhat 
limited by the lack of quantity and variety of non-trauma-focused and trauma-
focused therapies. The majority of studies analyzing the effects of trauma-focused 
integrated therapies on patients with comorbid SUD and PTSD studied prolonged 
exposure (PE). Few studies included an evaluation of cognitive processing therapy 
(CPT) or eye-desensitization movement and reprocessing (EMDR), both of which 
are evidence-based treatments for PTSD. Notably, there was a high non-completion 
rate across all of the studies, and treatment effect sizes were relatively modest when 
comparing integrated programs to traditional treatments.30

Ultimately, there is a large body of research that demonstrates the importance of 
addressing substance use among those with PTSD in order to reduce the psychologi-
cal, physical, and socioeconomic impact of their symptoms. The procedure by which 
these efforts may best be addressed remains a subject of research. The number of tri-
als including those with both PTSD and SUD has increased significantly in the past 
few years, showing potential for future data expansion on the topic.30
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29.6 SLEEP

A significant portion of those who suffer from PTSD experience sleep disturbances. 
In fact, sleep disturbances are part of the diagnostic criteria for PTSD.1 So, it is 
not surprising that addressing sleep may be a compelling and effective strategy in 
managing this disorder. Recurrent nightmares, as well as difficulty falling and stay-
ing asleep, are the most frequently reported sleep issues among those with PTSD.31 
Other sleep disorders commonly reported among those with PTSD include obstruc-
tive sleep apnea and atypical sleep-disruptive behaviors.31,32 Treatments for PTSD 
typically improve perceived sleep quality, but sleep disturbances often persist at 
clinically significant levels in posttreatment stages.31

The findings of polysomnographic studies examining sleep abnormalities in PTSD 
remain inconsistent despite the high prevalence of subjective complaints of sleep distur-
bances among those with PTSD. A 2020 meta-analysis of 20 polysomnographic studies 
on individuals with PTSD demonstrated that participants experienced longer duration 
of stage 1 sleep, less slow wave sleep, and greater rapid eye movement (REM) density 
compared to individuals without PTSD. The results of this study suggest that variables 
like depression and other disorders may explain inconsistencies in prior studies.33

Meta-analyses of randomized controlled trials have indicated that cognitive 
behavioral therapy (CBT) for insomnia (CBT-I) is effective in attenuating sleep 
disturbances in those with PTSD, with low attrition rates. This suggests that the 
favorable benefit-to-risk ratio conferred by CBT in the general patient population 
is maintained in patients with PTSD. Therefore, CBT-I may prove an effective and 
well-tolerated treatment for sleep disturbances in those with PTSD.32,34 Sleep distur-
bances, such as nightmares, can also be addressed through psychological approaches 
with validated protocols, such as imagery rehearsal therapy. Imagery rehearsal ther-
apy offers a therapeutic environment through which patients receive sleep education, 
rescript aspects of the nightmares, and practice daily imaginal rehearsals of new 
dream narratives that support healthy sleep.31,35

Prazosin can also help reduce the frequency and severity of nightmares, but does 
not significantly impact other non-sleep-related PTSD symptoms.36 Of note, other 
commonly prescribed hypnotics, such as benzodiazepine and non-benzodiazepine 
receptor agonists (Z drugs), should be approached with extreme caution due to lim-
ited positive evidence and the likelihood of adverse side effects (i.e. potential habit 
formation).32 It is also important for clinicians to be aware of psychotropic-induced 
interactions with sleep. For example, selective serotonin reuptake inhibitors (SSRIs) 
are sometimes used to target PTSD-related mood symptoms or comorbid depressive 
symptoms. SSRIs can impact sleep architecture, induce hyperarousal, and exacer-
bate sleep-disruptive behaviors.37

There is strong evidence that patients with PTSD should be screened for sleep 
issues and disorders. A targeted psychological intervention should be undertaken 
upon the identification of sleep disorders in the setting of PTSD. Future research 
should consider addressing larger comparisons of PTSD-specific psychological 
treatments with sleep-specific interventions and include trials comparing the effec-
tiveness of sequential treatments for sleep disturbances and PTSD to approaches 
incorporating the concurrent treatment of sleep disturbances and PTSD.
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29.7 SOCIAL CONNECTEDNESS

Several studies have attempted to explain the relationship between social connected-
ness and PTSD development and severity. The relationship between social function-
ing and mental illness can be hard to study because they are often interconnected 
and coexisting. Mental illnesses, including PTSD, can challenge social relationships. 
Some PTSD symptoms, including but not limited to irritability, anger, and avoidance, 
can pose a barrier to the establishment and maintenance of healthy relationships.

One study took a longitudinal approach in its assessment of the relationship 
between PTSD and two aspects of social connectedness: quality (defined in the 
study as degree of distress related to interpersonal conflict) and structural social 
support (defined by the number of days of contact with supportive loved ones). This 
study consisted of 1491 US military veterans in residential treatment for PTSD at 
35 Department of Veterans Affairs facilities who were evaluated at baseline (the 
30 days prior to initiating involvement in the study) and 4 months after discharge. 
Results from this study found that a higher prevalence of irritability/anger at baseline 
was associated with poorer quality of postdischarge relationships (i.e., more distress 
related to interpersonal conflict). Additionally, data revealed that more days of con-
tact with loved ones predicted lower severity of avoidance and numbing symptoms 
in patients with PTSD.38

Another longitudinal study used a patient database to study 101 World War II 
(WWII) veterans, their childhood relationship quality, their relationships with fellow 
soldiers in WWII, and their severity of PTSD symptoms. This study demonstrated 
that a higher level of peer relationship quality during deployment was associated 
with the development of less severe PTSD symptoms. Moreover, it appeared that 
higher quality early-life relationships were associated with healthier relationships 
during deployment.39 Social connection may also moderate other health outcomes in 
those with PTSD aside from PTSD symptomatology. For example, one study found 
that social connection moderated the strength of association between poor health 
outcomes and PTSD symptom severity in a group of older adults with war-related 
PTSD.40

The current studies suggest that social connectedness may be at least one indica-
tor or factor in the development and severity of PTSD symptoms. However, there 
have not yet been any randomized trials that utilize social connectedness as a spe-
cific intervention in the treatment of patients with PTSD. Comparable existing stud-
ies using social interventions in patients with PTSD have been conducted in group 
settings. The findings of these studies are limited by depth of analysis and propose 
that the group setting itself is responsible for the benefits derived from social inter-
ventions in those with PTSD. For example, one of the aforementioned exercise stud-
ies examined a group exercise intervention in US military veterans and found that 
the improvement in PTSD symptoms seen in the intervention group was associated 
with the social relationships and level of social connectedness facilitated by group 
exercise programs, rather than individual exercise programs.6 Further research is 
needed to elucidate the complex bidirectional relationship between PTSD and social 
connectedness and to better assess the patient populations affected by PTSD that are 
most likely to benefit from group intervention.
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29.8 CONCLUDING REMARKS

Current research on patients with PTSD has identified lifestyle factors, includ-
ing exercise, nutrition, mindfulness, substance use, sleep, and social connected-
ness, as important factors in the prevention, management, and treatment of PTSD. 
Previous literature on this topic is limited by the isolation of lifestyle factors from 
other lifestyle variables in data analyses. The entanglement of the benefits and 
relationships among these interventions must be clarified in order to formulate 
optimal treatment recommendations in the setting of PTSD and any comorbidi-
ties. Future research efforts, particularly within the lifestyle medicine space, 
should examine the potential of a lifestyle program addressing each of the lifestyle 
factors in patients with PTSD, as well as the additional conferred benefits of such 
a regimen plan.
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KEY POINTS

• Eating disorders are serious mental illnesses that contribute to significant 
physical and psychological suffering with mortality rates among the highest 
in mental illnesses.

• Guidelines by both the Academy of Eating Disorders and the Physicians 
Committee for Responsible Medicine suggest approaches that are specific 
to and appropriate for patients who follow a vegetarian or vegan diet.

• Collaboration of lifestyle medicine and eating disorder professionals is 
essential to providing comprehensive mental and physical health to patients 
with a past or current history of eating disorders.

30.1 INTRODUCTION

Eating disorders (EDs) are serious mental illnesses that contribute to a patient’s sig-
nificant physical and psychological suffering.1 EDs can present in all ages, races, eth-
nicities, genders, socioeconomic statuses, and body sizes and types. Lifetime rates 
of ED diagnosis by age 40 are estimated to be nearly 1 in 7 (14.3%) for men and 1 
in 5 for women (19.7%).2 Given these high rates of prevalence, most clinical settings 
will encounter a patient with an ED diagnosis (current or by history) or subsyndro-
mal symptoms (disordered eating). While the etiology and symptomology of EDs 
are complex, overt signs and symptoms observed include specific eating behaviors, 
exercise behaviors, and medical complications, among others. Notably, eating and 
exercise behaviors figure prominently in lifestyle medicine (LM) and are two of the 
six pillars (nutrition, physical activity, sleep, substance use, social connection, stress 
management). The current chapter will review EDs and discuss the intricacies of 
treating a patient with a current ED diagnosis, or history of an ED, from a lifestyle 
medicine perspective.

30.2 EATING DISORDERS

Disturbances of eating or eating-related behaviors that result in altered consumption 
of food that significantly impacts physical health and/or psychosocial functioning 
are characteristic of feeding and EDs.3 The four main EDs, Anorexia Nervosa (AN), 
Bulimia Nervosa (BN), Binge-Eating Disorder (BED), and Avoidant/restrictive food 

intake disorder (ARFID) are mutually exclusive such that only one diagnosis can 
be current at any given time, though individuals may cross diagnostic boundaries 
throughout their lifetime. AN is characterized by persistent restriction of energy 
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intake resulting in significantly low body weight, fears of being overweight or gain-
ing weight, consistent actions to prevent weight gain, and disturbance in perceived 
weight or shape.3 There are two diagnostic subtypes of AN: restricting due to dieting, 
fasting and/or excessive exercise; or binge-purge, due to recurrent binge eating and/
or purging. BN is characterized by recurrent binge eating (i.e. discrete episodes of 
eating large amounts of food while experiencing a sense of loss of control) and recur-
rent compensatory behaviors (e.g., purging, misuse of laxatives, diuretics or other 
medications, excessive exercise, fasting) with self-evaluation unduly influenced by 
shape and/or weight.

BED is characterized by recurrent binge eating without the presence of compen-
satory behaviors, occurring on average at least once a week for three months, with 
marked distress related to binge eating. BED also requires the presence of three of 
the following criteria related to binge eating: eating much more rapidly; eating until 
uncomfortably full; eating large amounts when not physically hungry; eating alone 
due to embarrassment; and feeling disgusted, depressed, or guilty after eating.

The hallmark feature of ARFID is avoidance or restriction of food intake with at 
least one of the following consequences: significant weight loss (or failure to achieve 
expected growth in children), significant nutritional deficiency, dependence on 
enteral feeding or oral nutrition supplements, or significant interference of psychoso-
cial functioning. Although not official subtypes of diagnosis, research suggests that 
there are three types of presentations (that may not be mutually exclusive) of ARFID 
related to (1) low interest in food or eating, (2) avoidance based on the sensory char-
acteristics of food, and (3) concern about possible aversive consequences of eating 
(e.g., choking, vomiting). Presentation of ARFID often appears like “picky eating” 
where certain categories or textures of foods are avoided.

It is also important to note that a category of other specified feeding or eating 
disorder (OSFED) exists, which represents patients that present with clinical impair-
ments without meeting full criteria for one of the “threshold” EDs (AN, BN, BED, 
ARFID) or other feeding disorders. Although understudied, many patient presenta-
tions fall into this important category, which encompasses subclinical presentations 
with significant impairment and warrants treatment.3

30.3 THE SPECIAL CASE OF ORTHOREXIA

Although not a defined diagnosis in the Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition, Text Revision (DSM-5-TR) or International Classification of 
Diseases, 11th Edition (ICD-11),3,4 Orthorexia Nervosa (ON) is a condition charac-
terized by compulsive behaviors and obsessive thoughts concerning healthy eating 
to the point of psychological and physical harm. There is considerable disagreement 
on diagnostic criteria for ON; four sets have been proposed.5–9 Consistent criteria 
among the four sets are the following: “(a) obsessive behaviors and preoccupation with 
healthy nutrition that includes rigidly following a restrictive “healthy” diet (that the 
individual believes to be health-promoting and pure) with strict avoidance of foods 
believed to be unhealthy; (b) violations of their restrictive dietary rules resulting in 
extreme emotional distress with feelings of guilt, shame, and/or anxiety; (c) physi-
cal impairments, whereby nutritional deficiencies may lead to significant weight loss, 
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malnutrition, and/or physical health complications; and (d) psychosocial impair-
ments in social, vocational, and/or academic functioning that may result from the 
other-diagnostic criteria.”8 Research suggests varying prevalence rates from 6% to 
nearly 90%, pointing to the need for improved assessment measures.10 The criteria 
and assessment of Orthorexia lack clear parameters by which clinicians may distin-
guish those who enthusiastically adopt a healthy diet from those who develop inflex-
ible beliefs, attitudes, and behaviors related to nutrition and ultimately suffer from 
related impairments and unhealthy consequences.11,12 Clinical anecdotes of people 
with impairments in the setting of ON describe patients as being paralyzed by self-
induced pressure to make the “correct” healthy choices due to the abundance of 
conflicting nutritional information that is pervasive in the media.

30.4 PREVALENCE RATES

The 12-month and lifetime prevalence rates for the three most distinct EDs are pre-
sented in Table 30.1.3,13,14 Women show higher rates across all three diagnoses, with 
gender differences being smallest in magnitude in BED. A recent simulation sug-
gested that lifetime rates of ED diagnosis by age 40 are nearly 1 in 7 (14.3%) for men 
and 1 in 5 for women (19.7%) with OSFED being the most common diagnosis.1 Recent 
research highlights higher rates of these EDs among sexual and gender minorities.15 
Prevalence rates of ARFID are harder to characterize due to limited research in 
this area. One study suggests a current prevalence of 0.3% among Australians and 
another study suggests 0.8% among Germans.16,17 Also, higher rates of ARFID may 
be found among individuals with Autism (~21%).

30.5 MEDICAL CONSEQUENCES

EDs are associated with significant medical and psychosocial consequences and can 
affect nearly every organ system.18 EDs may result in substantial weight gain, loss, 
fluctuation, or an otherwise unexplained deviation from growth trajectory in youth. 
EDs that include restriction or purging (AN, BN, ARFID) can result in malnutri-
tion or nutrient deficiencies. These patients may have cold intolerance or present 
with hypothermia, weakness, fatigue, dizziness, or fainting. Cardiorespiratory con-
sequences can include heart palpitations or arrhythmias, bradycardia, hypotension, 

TABLE 30.1

Prevalence Rates of Anorexia Nervosa (AN), Bulimia Nervosa (BN), and 

Binge-Eating Disorder (BED)3,13,14

12-month Prevalence Rate Lifetime Prevalence Rate

Total Women Men Total Women Men

AN 0.0–0.05% 0–0.08% 0–0.01% 0.60–0.80% 0.9–1.42% 0.12–0.3%

BN 0.14–0.3% 0.22–0.5% 0.05–0.1% 0.28–1.0% 0.46–1.5% 0.05–0.08%

BED 0.44–1.2% 0.6–1.6% 0.26–0.8% 0.85–2.8% 1.25–3.5% 0.42–2%
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and edema. Endocrine effects may include hypoglycemia, amenorrhea or irregular 
menses, increased bone fractures due to low bone density, and infertility. Clinicians 
may observe lanugo hair growth or hair thinning, carotenoderma, and skin that 
bruises easily. Self-induced vomiting may lead to inflammation and rupture of the 
esophagus, electrolyte imbalances, pancreatitis, cardiac concerns, GI distress, cal-
luses or sores on the back of the hand, and tooth enamel decay. Health risks of binge-
eating behavior include weight gain or obesity, which increases the risk for type 2 
diabetes, cancer, hypertension, hypercholesterolemia, sleep apnea, and cardiovascu-
lar, gallbladder, and liver disease. EDs are also often comorbid with other psychiatric 
disorders, including anxiety, depression, obsessive-compulsive disorder, substance 
use disorders, and suicidality and self-harm. Mortality rates of people with EDs are 
among the highest in mental illnesses, second only to opioid overdose.19

30.6 RISK FACTORS

The complex etiology of EDs involves multiple factors, including genetic, biologi-
cal, psychosocial, and temperamental vulnerabilities. The risk of developing an ED 
increases when these risk factors interact with each other and with environmental 
circumstances.1,20 Heritability of genetic factors accounts for an estimated 50–83% 
of the variance in predisposition to and presentation of AN, BN, and BED.21,22 
Additionally, these genetic factors contribute to neurobiological factors inherent in 
EDs.22,23 Psychosocial and biological risk factors include weight concerns, dieting, 
elevated body mass index (BMI), overeating, fasting, drive for thinness, body dis-
satisfaction, social pressure for thinness, thin-ideal internalization, daily exercise, 
excessive exercise, low interoceptive awareness, ineffectiveness, alcohol use, nega-
tive affect, social support deficits, and early puberty.24

30.7 TREATMENT

Family-based therapy (FBT) is the most supported treatment for youth with AN, 
while cognitive behavioral therapy (CBT) and cognitive behavioral therapy for eat-
ing disorders (CBT-E) is the most supported treatment for BN, BED, and adults 
with AN.25,26 Antidepressants are also supported for the management of BN and 
BED, while stimulants are indicated as a therapy for BED.26 It is recommended that 
multidisciplinary teams manage patients at all levels of care (outpatient, intensive 
outpatient, partial hospitalization, inpatient, and residential). Healthcare teams in 
the management of EDs generally consist of a therapist, dietician, psychiatrist, and 
primary care provider. Treatment goals specific to nutrition and exercise will be 
reviewed below, as these are the most relevant to lifestyle medicine.

30.7.1 NUTRITIONAL RECOMMENDATIONS

The consensus among ED professionals is that medical stabilization and fulfillment 
of basic energy needs are the necessary first steps in treating EDs. This includes 
weight restoration if the patient is underweight.27 Once weight is improved by the 
inclusion of higher energy density foods, the nutritional focus of the healthcare 
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provider should then shift to the improvement of nutrient intake and variety.27–29 
Structured meal plans are used to establish regular patterns of eating. Food plans 
should emphasize the inclusion of planned exposure to foods that are consumed 
in binge episodes, as well as “feared and avoided” foods.27 It is important to note 
that fewer than 6% of people with EDs are medically diagnosed as “underweight,” 
and approximately 30% of males and 23% of females with EDs have overweight or 
obesity. For this reason, relatively few patients with EDs will require weight res-
toration.30 When patients present with possible dietary-related comorbidities (e.g., 
elevated cholesterol, triglycerides, glucose, A1C, and blood pressure) the recommen-
dations are to first focus on improving ED behaviors, and then, if comorbidities are 
not resolved, consultation with the medical provider and the patient is recommended 
before any dietary restrictions are considered.27 Patients frequently continue eating 
patterns they adopted in treatment long after discharge due to familiarity and to 
maintain structure; these patterns usually have a greater emphasis on food variety 
than food quality. Additional targeted nutritional counseling may be necessary to 
shift the focus toward improved nutrient intake.

30.7.2 EXERCISE RECOMMENDATIONS

Excessive or compulsive exercise is present in 30-80% of individuals with EDs.27,31 
Recommendations for exercise are to cease or severely limit activity if the patient 
has abnormal labs, is underweight, and/or there are signs of bradycardia. Some mod-
erate exercise has been shown to help patients who are restoring weight consistently 
to accept body changes and decrease their drive to excessively or compulsively exer-
cise, as well as provide enjoyment and improve mood.27–29 Exercise allowance is 
often used as an incentive contingent on progress in treatment. Once in recovery, 
exercise limits include the following: (1) no more than an hour a day of exercise, 
(2) no more than one exercise session per day, and (3) exercise on no more than five 
days of a given week.29

30.8 PROGNOSIS

Data on the prognosis of EDs vary depending on diagnosis, treatment intensity, 
and follow-up length.32 Earlier intervention leads to better outcomes. Relapse rates 
are high, ranging from 40-50% of patients.33 For AN, remission rates are between 
30-70% of patients and more than 20% of patients continue to have an ED on long-
term follow-up. Mortality rates range between 5-15%.32–34 Remission rates for BN 
range from 27–70%, with chronicity ranging from 11%-14%, and a mortality rate of 
0.5-1%. BED remission rates are 25-80%. OSFED remission rates are reported as 
67-69% and do not seem to be affected by treatment intensity or length of follow-up.

30.9  ED AND LM: CONFLICTING RECOMMENDATIONS/ 
FRAMEWORKS?

Initially, it might appear that LM and EDs specialist recommendations do not align. 
LM recommends a whole food plant-predominant diet, 150 minutes of moderate or 
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75 minutes of vigorous activity weekly, and 2 days of strength training. Alternatively, 
the ED field recommends diets that are not restrictive (i.e., inclusive of all food 
groups, lack of food rules), and physical activity that is not excessive or compulsive. 
Although the fields may see these goals as mutually exclusive, we take the position 
that they are not. When an individual has an ED and it is impacting either their 
health (e.g., low weight, cardiometabolic issues) or their psychological functioning 
(e.g., large percent of their day thinking about food or weight, lack of flexibility in 
food choices or physical activity), primary targets for treatment should be focused on 
restoring health and psychological functioning. Once the patient progresses, moving 
toward the pillars of LM can follow. Patients with EDs often tend to be rigid and 
inflexible and should be monitored closely as they incorporate more LM goals dur-
ing their healing process. It is expected that improvement will not be linear but can 
be achieved with the support of knowledgeable and strategic healthcare providers.

To help recognize EDs early, ED professionals recommend evaluating those who 
present with “sudden changes in eating behaviors (e.g., recent vegetarianism/vegan-
ism, gluten-free, lactose free, elimination of certain foods or food groups, eating 
only ‘healthy’ foods, uncontrolled binge eating, lack of appetite).”27 Many ED pro-
fessionals are suspicious of patients presenting as vegetarian or vegan due to concern 
that removing complete food groups from one’s diet and following strict food rules 
frequently occur at the onset of EDs. Strict food rules often maintain or can exac-
erbate ED symptoms. Therefore, it is important that LM professionals thoroughly 
understand a patient’s history, as recommending the removal of entire food groups 
could precipitate the recurrence of ED symptoms. However, ED treatment guidelines 
exist for patients who follow a vegetarian or vegan diet.27,35 While there is evidence 
of higher rates of vegetarianism among ED samples, the evidence for higher rates of 
disordered eating symptoms among vegetarians is mixed.36–38 Some concerns about 
these data have been posed because many scales that measure ED symptoms do 
not distinguish between meat-avoiding behaviors characteristic of vegetarians and 
vegans and food avoidance, which may be more symptomatic of EDs.35,37 Relatedly, 
some data indicate that vegetarians and vegans who are motivated for reasons other 
than weight are more likely to endorse less eating-related pathology than others.10,39 
Interestingly, only one study to date has examined attitudes toward veganism in a 
sample of health care professionals.40 In this study, measures asked about attitudes 
towards veganism in general and not in the clinical context of EDs. Views towards 
veganism were found to be positive among all professionals; general mental health 
professionals had more positive attitudes than eating disorder specialists and other 
healthcare professionals.40

30.10 IS THERE SUCH A THING AS A “HEALTHY” RESTRICTION?

As highlighted above, the restriction of food groups in a patient with a history of an 
ED may raise red flags among ED professionals, as this can be a ‘socially acceptable’ 
way to limit total caloric intake or avoid binge-eating trigger foods. The data sug-
gesting that dietary restraint and dieting are causal risk factors for EDs are mixed.41 
Recent publications support the emerging consensus that dietary restraint and actual 
restriction of dietary intake may be practiced in a healthy manner and are both safe 
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and effective for weight management and the promotion of good physical and mental 
health in those without significant risks for the development of EDs.42,43 It is plausible 
that dietary restraint may activate vulnerability factors (i.e., those who have genetic 
and neurobiological vulnerabilities), or that dietary restraint may be a correlate or 
proxy risk factor of ED symptoms.41,42 Some experimental studies suggest that weight 
loss and weight maintenance diets actually reduce ED symptoms.41 In particular, a 
randomized controlled study, which was effective for inducing a chronic (two-year) 
reduction in total energy intake that resulted in weight loss, increased dietary restraint, 
and avoidance of “forbidden foods” (i.e., foods with high dietary fat or added sugar) 
and decreased binge-eating episodes and concerns about body size; additionally, ED 
symptoms did not increase.42 It is also important to note that while most Americans diet 
and seek to lose weight in culture, relatively few continue to develop EDs.2,3,10,13,14,21,22 
Accordingly, to comprehensively convey public health, it is important to balance the 
prevention and treatment of obesity and EDs concurrently.42,44

30.11  WHERE DOES THIS LEAVE US FROM A LIFESTYLE  
MEDICINE PERSPECTIVE?

Several questions arise: How do the LM pillars relate to managing people with EDs 
or history of EDs? What approach can be taken to address any associated sequelae? 
Is it possible to move a patient towards improved overall health, without any dete-
rioration of ED treatment gains? The following sections will discuss the benefits of 
targeting each pillar specifically for an individual with ED and provide recommen-
dations for approaches.

30.11.1 NUTRITION

The major mechanisms by which diet affects psychological health include the gas-
trointestinal (GI) microbiome, inflammation, epigenetics, and the effects of mac-
ronutrients and micronutrients.45 Existing literature also supports a bidirectional 
relationship between mental health and nutrients. Results of a 2017 meta-analysis 
indicated that healthier eating patterns may decrease the risk of depression, whereas 
‘Western’ eating patterns may increase the risk of depression.46 In 2019, another 
large meta-analysis provided evidence that dietary interventions significantly reduce 
symptoms of depression; women experienced greater benefits and reduced anxiety.47 
Nutritional choices lead to important improvements in depression and anxiety for 
ED patients, reducing comorbidity and improving engagement in treatment and 
recovery.

Recommendations: While approaching nutritional changes in a patient with, or 
history of, an ED is delicate, it is not necessarily contraindicated. LM principles 
focus on increasing whole foods, decreasing processed foods, and consuming mini-
mal animal products, if any.48 There is no specification of caloric limits. Plant-based 
approaches to nutrition focus on eating until satiation. Recommendations can be 
made, especially if other health conditions are present, that would improve with 
dietary changes; however, risks and benefits need to be evaluated. The patient must 
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be interested in making changes with the intention of health improvement in order 
to engage with and benefit from the process effectively. Major changes to eating 
patterns may constitute a ‘trigger’ of eating-disordered thoughts; therefore, it is best 
to proceed with small changes, particularly with the support of an ED therapist. 
Recovered individuals often have an ED therapist whom they see periodically for 
relapse prevention accountability. The patient needs to be willing to see their thera-
pist to evaluate the risks and benefits of dietary changes and to help manage any ED 
cognitions which may surface.

30.11.2 PHYSICAL ACTIVITY

The benefits of physical activity (PA) are wide-reaching, including mood and mental 
health improvements.49 LM recommends 150 minutes of moderate or 75 minutes 
of vigorous activity weekly and 2 days of strength training. When appropriate in 
the context of ED treatment, exercise can be integrated at a safe level, as outlined 
previously, as long as it is not excessive, compulsive, or compensatory in nature. 
Improvements in depressive symptoms are important for ED patients not only due to 
the co-morbid nature of the disorders, but because improvements in depression also 
lead to increases in self-efficacy, self-esteem, and prosocial behaviors, and these can 
increase engagement in treatment and contribute to success in recovery.50,51

Recommendations: Lifestyle medicine guidelines for physical activity do not 
conflict with activity guidelines for EDs, as previously discussed, on the condition 
that the patient is medically stable, weight restored, and did not have previous exces-
sive/compulsive exercise tendencies. In the case of the latter, proceed with caution 
and only with the support of an ED therapist.

30.11.3 SLEEP

EDs and eating issues frequently co-occur with sleep disturbances.52 This relation-
ship is considered bidirectional, where EDs can negatively affect sleep, and sleep 
disruptions can contribute to and intensify the symptoms of EDs.53,54 A large longitu-
dinal study found that an ED diagnosis was predictive of sleeping disturbances over 
time.15 Appetite and hunger are regulated by hormone production, which is affected 
by sleep. Sleeping problems may disrupt the normal production and levels of hor-
mones, resulting in altered eating behavior. Additionally, food intake patterns, and 
nutrient variety and deficits (malnutrition) may influence both sleep quality and day-
time sleepiness.53,55 Mood or anxiety disorders, which also affect sleep, are highly 
comorbid with EDs.56

Recommendations: Sufficient quantity and good quality of sleep are essential for 
vital biological processes that maintain physical and mental health symptoms. For 
adults, at least 7 hours of sleep is recommended.55,57 Sleep deprivation affects all the 
pillars of LM and may need to be addressed early to enable the patient to execute 
their lifestyle changes. Deprivation can lead to reduced energy for exercise, altera-
tions in eating, poor coping with stress, difficulty with interpersonal relationships, 
and engaging in risky behaviors, all of which interfere with progress in other LM 
pillars.58 Sleep improvement has shown a dose-response effect on mental health.59 
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Therefore, increasing sleep duration and quality, even by a modest amount, will ben-
efit the patient.

30.11.4 SOCIAL CONNECTION

Poor social support is a risk factor for the development of EDs.60,61 Social isolation 
and feelings of being alone with one’s disorder are common for those with EDs. 
Being diagnosed with and receiving treatment for an ED is disruptive to the patient’s 
social network. Often, family conflict increases and siblings frequently withdraw 
due to the shift in focus to the patient.62,63 Friends may disconnect from the patient, 
rendering the patient with limited social support.

Recommendations: Encouraging patients to focus on building social connec-
tion is warranted. Additionally, interpersonal psychotherapy (IPT), which directly 
focuses on improving relationships/fixing problems with relationships and has been 
shown to help reduce ED symptoms, may be indicated.64

30.11.5 STRESS MANAGEMENT

Stress management is crucial to patients’ recovery and relapse prevention with 
EDs. The comorbidity of anxiety has been reported to be up to 62% of patients.65 
Anxiety and stress are detrimental to one’s ability to cope with daily challenges, 
which hinders the recovery process and may put patients at risk for relapse. Eating 
patterns change during times of high stress, when diet quality diminishes and there 
is a tendency to eat foods higher in sugar, salt, and fat, all of which can trigger 
binge-eating.66–70

Recommendations: Therapeutic approaches to EDs generally include a compo-
nent of mindfulness, where the goal is to manage anxiety responses and increase 
awareness around emotions, eating, and appetite.71–73 This has many additional ben-
efits. Incorporating mindfulness practice has been shown to increase cortical thick-
ness in the prefrontal cortex and elevate serotonin levels, both of which can affect 
mood.74 Encouraging patients to engage in reasonable physical activity also helps to 
reduce anxiety and the physiological effects of stress on the body.49

30.11.6 SUBSTANCE USE

Any substance use is relevant to mental (and physical) health. In general, the prev-
alence rates of substance use disorder (SUD) in EDs have been reported as high 
as 27%.65 High rates of substance use are seen in those with higher frequencies of 
binge/purge behavior. Substances are commonly reported as strategies for coping 
with stress and negative emotions, or general relaxation. However, substance use 
often leads to negative mental health symptoms; withdrawal from alcohol leads to 
increases in anxiety, sleep disruption, and risk for major depression.75–77

Recommendation: Counseling for reduced substance intake is crucial to manag-
ing the ED patient’s sleep, mood, and anxiety. Referral for substance use treatment 
may be indicated. Treatment of ED and SUD is best addressed simultaneously using 
a multi-disciplinary approach.78
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30.12 CONCLUSION

This chapter provided an overview of EDs, what might be encountered in clinical 
practice in the setting of EDs, and how the frameworks of LM and EDs can be used 
in conjunction to support patients through their recovery process. A review of the 
LM pillars was given to highlight the benefits of an LM approach to complement 
recommendations for ED treatment and management. At first glance, treatment rec-
ommendations for LM and EDs, particularly for nutrition and exercise, might appear 
not to align. LM guidelines for physical activity fit well within the activity guide-
lines for ED patients (stabilized and/or recovered). LM nutrition principles focus on 
(1) increasing whole foods (2) decreasing processed foods (3) minimizing animal
products, and (4) no specification of caloric limits. Existing ED guidelines suggest
approaches that are specific to and appropriate for patients who follow a vegetarian
or vegan diet. Risks and benefits first need to be explored when any major changes to
patterns of eating and exercise are considered. Implementation of changes needs to
start with small steps, and with the support of an ED therapist for accountability and
relapse prevention. Moving a patient towards improved overall health without any
deterioration of ED treatment gains is possible within the LM framework.
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KEY POINTS

• Lifestyle psychiatry goes beyond the biopsychosocial model to include 
evidence- based recommendations such as exercise, diet, and sleep to pre-
vent and address mental illness.

• Schizophrenia spectrum disorders (SSD) are characterized by mental health 
symptoms such as positive symptoms, negative symptoms and neurocogni-
tive deficits, impairments in quality of life and function, and poor physical 
health outcomes including reduced life expectancy of up to ten to twenty 
years compared to the general population.

• There is a bidirectional relationship between lifestyle factors such as diet, 
physical activity, and mental and physical health outcomes of the illness.

• There is evidence for the benefits of lifestyle interventions such as yoga, 
exercise, and nutrition in improving positive, negative, and cognitive symp-
toms as well as quality of life and function and physical health parameters.

• Lifestyle interventions are feasible, relatively low-risk, can complement 
existing treatments for SSD, and should be integrated into routine mental 
health care.

31.1 INTRODUCTION

Lifestyle psychiatry is a subspeciality of lifestyle medicine that focuses on the man-
agement of psychiatric disorders through an integrated and holistic approach that 
may complement medication and psychotherapy. Lifestyle psychiatry goes beyond 
the biopsychosocial model to include evidence-based recommendations such as 
exercise, diet, and sleep to prevent and address mental illness.1

Schizophrenia spectrum disorders (SSD) are characterized by positive symp-
toms (such as hallucinations and delusions as well as disorganized behaviors and 
thoughts), negative symptoms (such as amotivation and social withdrawal) as well as 
neurocognitive deficits. These symptoms have a significant impact on quality of life 
and functional outcomes. The lifetime prevalence of schizophrenia is approximately 
one percent worldwide. The onset is typically in adulthood with many individu-
als having a chronic and relapsing course, with persistent symptoms in two-thirds 
of individuals despite optimal treatment. The etiology of schizophrenia is yet to 
be fully understood but involves a combination of genetics, biological, and social 

31

https://doi.org/10.1201/b22810-35


369Psychotic Disorders

factors. Neurodegeneration related to excess synaptic pruning has been implicated 
as an element in the underlying pathophysiology.

Conventional treatment of schizophrenia involves medical interventions with the 
mainstay being treatment with antipsychotics as well as psychosocial interventions 
such as cognitive behavioral therapy for psychosis (CBTp), supportive employment, 
and family education. Antipsychotics have less efficacy for negative and cognitive 
symptoms, which generates a greater symptom burden on the functional status of 
people with SSD.

There is a need for low-cost, accessible, and patient-centered treatments that 
reduce negative symptoms and cognitive deficits, increase quality of life, promote 
functional recovery, and improve the physical health of people with SSD to reduce 
morbidity and mortality.

31.2  RISK FACTORS ASSOCIATED WITH THE ILLNESS  
THAT IMPACT HEALTH

Individuals with schizophrenia have high rates of cardiometabolic disease leading 
to a reduced life expectancy of up to ten to twenty years compared to the general 
population. A meta-analysis found that individuals with schizophrenia spectrum dis-
orders (SSD) were 4 times more likely to have abdominal obesity, 2.4 times more 
likely to have metabolic syndrome, and twice as likely to have diabetes.1

The causes of increased cardiometabolic risk factors are complex and include 
genetics of the disease; side effects of antipsychotic medications including the nega-
tive impact of antipsychotic drugs on lipid and glucose metabolism, appetite, weight, 
and increased risk of metabolic syndrome;2 illness factors that impact engagement in 
care and social determinants of health; as well as lifestyle factors such as unhealthy 
diet, smoking, and sedentary behaviors. The shortest life expectancy is among those 
who do not take antipsychotic medication, suggesting that cardiovascular mortality 
in schizophrenia is attributable to factors other than antipsychotic treatment;3 thus ill-
ness factors and lifestyle factors are the dominant drivers of mortality Furthermore, 
individuals with serious mental illness have difficulty accessing health care and typi-
cally receive poorer quality health care services,4 and socioeconomic disparities are 
also contributory to these health inequities.

People with schizophrenia are less physically active than the general popula-
tion, with research showing that only one-quarter of individuals with schizophrenia 
adhere to guideline-recommended levels of physical activity. Research shows that 
individuals with SSD have higher levels of sedentary behavior, engage in less physi-
cal activity, and have low cardiorespiratory fitness (CRF) levels compared to age and 
gender-matched controls5,6

Unhealthy dietary habits, such as high intake of fat and sugar and low intake of 
fruits and vegetables, are also common.7 Research suggests that individuals with 
schizophrenia tend to have diets that are higher in caloric intake,8 energy, fat, and 
lower in fruits and vegetables, fiber, vitamin C, and beta carotene compared to the 
general population.8,9 Some studies have noted that individuals with SSD have a 
higher propensity for metabolic abnormalities at the onset of illness even prior to 
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medication initiation.1,8 Furthermore, epidemiological studies that examined the 
role of prenatal nutrition relative to mental health conditions have found that pre-
natal caloric malnutrition, low birth weight, and prematurity increase the risk for 
disorders such as schizophrenia.10 In 2004, Malcolm Peet completed an ecological 
study that evaluated outcomes of people with schizophrenia in relation to diet. The 
consumption of the “Western” diet such as red meat, dairy, and refined sugar signifi-
cantly worsened 2-year mental health outcomes (such as hospitalization and social 
impairment) of patients with schizophrenia, whereas consumption of foods such as 
legumes significantly improved outcomes. Peet postulated that dietary patterns that 
were causal in physical diseases, such as diabetes and coronary artery disease, may 
also contribute to psychiatric disorders such as schizophrenia, making a seminal link 
between diet and mental health.11,12

People with schizophrenia show a high incidence of metabolic syndrome, which 
is associated with greater mortality from cardiovascular disease. The prevalence 
of metabolic syndrome in a large sample clinical trial was 44%. The etiology of 
the metabolic syndrome in schizophrenia is multifactorial and may involve anti-
psychotic treatment, high levels of stress, and an unhealthy lifestyle, such as poor 
diet and sedentary behavior. Illness factors are also contributory, and some studies 
indicate a risk for elevated cortisol levels and cardiometabolic abnormalities in those 
with schizophrenia prior to antipsychotic initiation.

Sleep disturbances occur at high rates in people with schizophrenia spectrum 
disorder. Sleep disturbances can precede the onset of schizophrenia, can be a warn-
ing sign or predictor of an acute exacerbation of psychotic symptoms, and can be 
related to symptom severity. Psychotic symptoms can also directly lead to sleep 
disturbances, including insomnia, due to the intrusion of unwanted thoughts and 
hallucinations when trying to sleep. Schizophrenia is associated with various sleep 
disturbances including circadian dysregulation. difficulty with sleep onset and main-
tenance, decreased total sleep time, and reduced rapid eye movement (REM) sleep. 
Obstructive sleep apnea is observed in a greater proportion of people with schizo-
phrenia compared to the general population.

Approximately 50% of patients with schizophrenia develop a substance use 
disorder in their lifetime, and 60 to 90% endorse cigarette smoking. People with 
schizophrenia smoke tobacco at a rate of three to four times greater than the general 
population. The mechanistic underpinnings may include a shared genetic vulner-
ability or blunted brain reward responsiveness. Substance use both increases the risk 
of developing psychotic symptoms and negatively affects the course of SSD resulting 
in more positive symptoms; higher rates of treatment non-adherence, relapse, and 
hospitalization; worsened mood; as well as psychosocial, legal, and medical issues.

There is a bi-directional relationship between the risk factors associated with the 
illness and physical health outcomes. These factors impact the quality of life, func-
tion, and mental and physical health outcomes for those with schizophrenia spec-
trum disorders.

31.3 LIFESTYLE INTERVENTIONS

Lifestyle interventions are a first-line approach for decreasing cardiovascular dis-
ease risk for individuals with schizophrenia. There is also emerging evidence for 
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the benefits of lifestyle interventions such as exercise and diet in improving positive, 
negative, and cognitive symptoms as well as quality of life and function.2–4,13

Interventions as part of the field of lifestyle psychiatry include yoga, diet and 
nutrition, exercise, mindfulness and meditation, and sleep management. This chap-
ter will focus specifically on yoga, diet and nutrition, exercise, and the evidence for 
the use and recommended guidelines in people with schizophrenia, given both the 
strength of evidence and the expertise of the authors.

31.4 BARRIERS

There are several barriers that need to be considered and addressed when imple-
menting lifestyle interventions in people with schizophrenia spectrum disorders. 
Persistent negative symptoms, including amotivation, can prevent patients from 
engaging in behavioral change. Strategies such as group formats, rewards, and 
engaging support networks can be helpful to address barriers related to negative 
symptoms. Cognitive symptoms can also impact engagement in lifestyle change, 
and necessary modifications such as delivering information in simple, engaging, and 
approachable ways can be helpful. Antipsychotic treatment can cause side effects 
such as sedation and further cognitive and negative symptoms, and modifications as 
indicated should be considered to minimize such side effects. Social determinants of 
health such as homelessness, financial difficulties, transportation difficulties, child-
care and family duties, as well as social isolation and medical comorbidity, are other 
considerations that should be explored and addressed.

31.5 INTERVENTIONS

31.5.1 YOGA

Yoga is an ancient practice, originating in India, that integrates psychology with 
spirituality. The word yoga in Sanskrit means to “unite,” Yoga is a science and 
philosophy that involves disciplined physical and contemplative practices that unite 
the body, mind, and spirit. In its most comprehensive form, yoga embodies the 
raja or eight-limbed path, including ethical practices (yamas), inner disciplines 
(niyamas), physical postures (asana), breathing (pranayama), inner-focused sense 
awareness (pratyahara), concentration (dharana), meditation (dhyana), and absorp-
tion (samadhi).

Physiologically, yoga has a role in regulating the autonomic nervous system, 
and is theorized to evoke the relaxation response and reduce the fight-flight stress 
response through creating changes in hypothalamic-pituitary-adrenal axis activity 
and sympathetic/parasympathetic balance.14–16 Studies have demonstrated reduc-
tions of physiological markers of stress following yoga including blood pressure, 
heart rate, inflammatory cytokines, and cortisol17 and increases in neurotransmitters 
implicated in various psychiatric disorders including mood and anxiety disorders 
such as gamma-aminobutyric acid (GABA) and oxytocin18,19

Yoga as an intervention is known for its generalizability and adaptability with 
varied practices of the eight limbs meeting the needs of the individual and the group 
that the intervention is designed for. Patients with schizophrenia each carry unique 
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presentations of the disorder while all need support with creating physiological, 
physical, and psychological change for their own healing and resilience.

A systematic review of randomized controlled trials indicated that yoga reduced 
both positive and negative symptoms of schizophrenia and improved the health-
related quality of life of people with schizophrenia, although evidence was limited, 
as the review included only three trials. None of the randomized controlled trials 
(RCTs) encountered adverse events. Another systematic review and meta-analysis 
found moderate evidence for short-term improvements in quality of life in schizo-
phrenia patients after yoga interventions. This review included 5 RCTs with a total of 
337 patients. Moderate evidence was found for short-term effects of yoga on quality 
of life compared to usual care; no evidence was found for positive symptoms, nega-
tive symptoms, or social function. There was only one RCT that reported adverse 
effects; none were identified.20 A review of 29 studies on exercise in patients with 
schizophrenia spectrum disorder found that yoga improved cognitive domains of 
long-term memory, attention, and executive function, and these results were not seen 
in other forms of exercise in this review21

There were 3 Cochrane reviews conducted on yoga among people with schizophre-
nia; one compared yoga versus non-standard care (another exercise comparator), one 
compared yoga versus standard care, and one compared yoga as part of a package of 
care versus standard care. The first review found minimal difference between yoga and 
non-standard care.22 The next review comparing yoga and standard of care found that the 
outcomes were in favor of the yoga group with a positive impact of yoga on mental state, 
social functioning, and quality of life.23 Lastly, comparing yoga as part of a package of 
care for schizophrenia versus standard of care found that of the three studies included, 
there was some evidence in favor of the yoga package for quality of life endpoint scores.24 
Issues with the reviews included many outcomes not reported and missing key outcomes, 
limited sample sizes and short-term follow-up, and low to moderate quality of RCTs; and 
thus the results must be interpreted with caution but can be seen as promising.

Yoga can also have several positive impacts on physical health for individuals 
with schizophrenia spectrum disorders. A systematic review of seven trials with 794 
participants showed that yoga had beneficial effects on systolic blood pressure and 
waist circumference in adults with metabolic syndrome.25 A Cochrane review with 
800 participants at high risk of developing cardiovascular disease showed that yoga 
led to a reduction in diastolic blood pressure and triglycerides as well as an increase 
in HDL cholesterol; however, the studies were small, short-term, and low-quality.26 
The proposed mechanism for the impact of yoga on cardiometabolic health, in addi-
tion to being a form of physical activity, includes effects on stress reduction, which 
can lead to positive impacts on neuroendocrine status and metabolic and cardiac-
vagal function and related inflammatory responses.27

Yoga can also create physiological changes that impact emotional and social 
functioning, key components in schizophrenia recovery. A randomized controlled 
trial showed an increase in plasma oxytocin levels, as well as social functioning, 
after 1 month of yoga practice. Oxytocin dysregulation is theorized to be involved 
in social cognitive deficits in schizophrenia; thus yoga may impact this domain pos-
sibly through the mediation of the vagus nerve, which is proposed to modulate neural 
circuits associated with social functioning.28
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With respect to safety, a systematic review and meta-analysis of 94 RCTs of yoga 
found no significant differences in terms of safety risk between yoga versus com-
parative exercise in participants of all ages.29

There are several limitations to the current research landscape including a 
small number of total randomized controlled trials (RCTs), high risk of bias, lim-
ited reporting on long-term effects, insufficient reporting of safety data, and sig-
nificant heterogeneity in yoga techniques, duration, and frequency. Future research 
endeavors should focus on high-quality RCTs and standardization of yoga protocols. 
Nonetheless, the current research is promising and overall shows positive benefits for 
various symptom domains with no significant adverse effects.

Barriers to yoga practice for people with schizophrenia include accessibility and 
financial cost.30 Financial barriers can be addressed within healthcare settings by 
creating low-cost yoga programs or enlisting insurance companies to fund minimally 
invasive and promising therapeutic yoga offered by trained health care profession-
als that teach yoga specifically to those with psychotic disorders. For patients with 
schizophrenia, healthcare professionals cannot just refer them to “yoga” in the com-
munity. Community setting yoga classes have limitations, and general yoga practi-
tioners may lack knowledge of the mental health needs of the patient. Yoga therapists 
should be certified and have mental healthcare experience. Education and training 
specific to yoga practitioners in health care settings should be widely disseminated.

31.5.2 DIET AND NUTRITION

A scoping review examined dietary patterns associated with psychosis and diets 
that can serve as an intervention for psychopathology. Oxidative stress, methylation 
cycle, inflammation, food sensitivity, essential amino acid and fatty acid deficiency, 
gut microbiome, blood sugar dysregulation, and vitamin and mineral insufficiency 
are all possible mechanisms linking diet and psychosis.31

Observational studies indicate an association of higher levels of carbohydrate 
intake among people with psychosis, which may be mediated by reactive hypoglyce-
mia. Theoretically, ketogenic diets (low carbohydrate and high fat) may exert effects 
by impacting abnormalities in glucose tolerance and insulin resistance that have 
been associated with the pathogenesis of psychosis, leading to improvement in psy-
chiatric symptoms.32 However, currently, there are no published randomized control 
trials on the efficacy and safety of ketogenic diets on schizophrenia outcomes.

There is increasing recognition that a bidirectional communication exists 
between the brain and the gut through neural, hormonal, and immunological routes. 
Preliminary data suggest that people with schizophrenia may have differences in gut 
microbiome composition,31 as well as alterations in gut immune system function.33 
Prebiotics, probiotics, and avoidance of foods that contribute to dysbiosis may have 
therapeutic relevance.31 Patients with schizophrenia are three to four times more 
likely to have celiac disease and also have higher levels of antigliadin antibody lev-
els, indicative of gluten sensitivity, compared to the general population.8,9 There are 
some studies demonstrating the benefits of a gluten-free diet in patients with SSD. 
A systematic review examined nine studies evaluating outcomes in SSD after the 
implementation of a gluten-free diet, and six of the nine studies showed beneficial 
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effects.11 There may be a specific subset of patients with schizophrenia with gluten 
sensitivity who may benefit most from gluten-free diets.17

Increasing the intake of fruits and vegetables can have a positive impact on men-
tal health through the provision of nutrients such as fiber, vitamins, minerals, and 
phytonutrients. Fiber may exert an effect by decreasing reactive hypoglycemia and 
modifying gut microbiome. Higher vegetable intake is also associated with reduced 
cardiovascular risk and all-cause mortality.31

Several specific nutraceuticals have been studied. Randomized trials have exam-
ined the impact of N-Acetyl Cysteine (NAC) compared to placebo, and found that 
NAC (1 gram orally twice daily) improved clinical global impression, Positive and 
Negative Syndrome Scale (PANSS), negative symptoms with moderate effect sizes 
over 24 weeks, and after 4 weeks of discontinuation, symptoms returned to baseline 
levels.12 Similar findings were reported by Farokhnia et al., 2013 and Breier et al., 
2018, who evaluated the effects of NAC (3600 mg/day) in a 52-week, double-blind 
placebo-controlled trial in early phase SSD and found improvement in PANSS total, 
negative and disorganized thought but not in positive and cognitive symptoms, and 
preliminary analysis showed an increase in cortical thickness.34

Omega-3 fatty acids have also been studied extensively due to their potential 
neuroprotective effects. There are three main omega-3 fatty acids: alpha-linolenic 
acid (ALA) which is found mainly in plant oils and the long-chain omega-3 fatty 
acids, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). EPA and 
DHA are found in seaweed and seafood; since EPA and DHA cannot be synthe-
sized de novo by humans, supplementation is required. Essential polyunsaturated 
fatty acids are important components of the phospholipids that comprise special-
ized cell membranes which play a central role in the physiology and function of the 
brain.9 Abnormal polyunsaturated fatty acid metabolism may be one of many factors 
involved in the development of schizophrenia.21 Studies have shown that omega-3 
polyunsaturated fatty acid supplementation (700 mg EPA and 480 mg DHA) reduced 
the conversion rate to psychosis and improved both positive and negative symptoms 
and global functions in adolescents at ultra-high risk for psychosis.35,36 Another study 
also showed improvement in general psychopathology, depressive symptoms, level 
of functioning, and clinical global impression in first-episode psychosis patients after 
6 months of supplementation with 2.2 g per day of EPA and DHA (compared to olive 
oil placebo in a randomized double-blind trial).37 Supplementation with omega-3 
fatty acids may demonstrate greater efficacy in clinical high-risk or first-episode 
psychosis populations,38 in those with lower baseline levels of polyunsaturated fatty 
acids,21 or those who have more severe symptomatology.39

A systematic review showed that omega-3 fatty acids did not induce serious 
adverse effects and that supplementation with EPA and DHA up to 5g/day is not 
dangerous for the general population.40 Another systematic review showed that the 
ratio of EPA to DHA did not influence treatment outcomes.39 Only supplements con-
taining EPA at a dosage of more than 1g/day had significant beneficial effects on 
the psychopathology of schizophrenia.39 There is also evidence that omega-3 fatty 
acids can reduce markers of metabolic syndrome.38 Firth et al., 2017 conducted a 
meta- analysis and found that high dose B vitamins have evidence in reducing 
residual symptoms in people with schizophrenia; however, they noted significant  
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heterogeneity among study findings.3 There is also preliminary interest in nutraceu-
ticals such as vitamin C for symptomatic improvement, and vitamin D deficiency as 
a risk factor for schizophrenia;9,42 however, further research is needed. Furthermore, 
dietary supplements are not regulated in many countries and lack data on safety, 
efficacy, and effective dose and interactions, and are administered in heterogenous 
forms, and thus must be administered under a medical professional’s supervision.

Evidence-informed dietary recommendations for individuals with psychotic dis-
orders include: (1) reduction of refined carbohydrates and processed/packaged foods, 
(2) increased consumption of fruits and vegetables, (3) adequate dietary sources of 
fiber and omega-3 fatty acids, and (4) sufficient intake of vitamin B12, vitamin B6, 
folate, zinc, and protein. Dietary patterns to consider include whole foods diets such 
as the Mediterranean diet, or a therapeutic trial of a gluten-free or ketogenic diet.31

Though routine metabolic screening is part of the standard of care for patients 
with schizophrenia; few receive appropriate screening and care. Collaborations must 
occur among psychiatrists, primary care physicians, dieticians, and other multi-
disciplinary team members. Antipsychotics are also associated with weight gain, 
increasing appetite via antagonism of histamine H1 and serotonin 2C, and metabolic 
symptoms. Providers should consider strategies such as utilizing medications with 
lower risk for metabolic derangement first line, treating hyperlipidemia with lipid-
lowering agents, offering metformin preventive therapy when indicated, and provid-
ing tailored nutrition counseling.

Integrating nutrition-focused professions into the multidisciplinary team can pro-
vide opportunities to deliver dietary interventions to this population. If food insecu-
rity is present, educate about local food programs, emergency food relief programs, 
and capacity building.

31.5.3 EXERCISE

Several recent meta-analyses have shown that physical activity can significantly 
improve positive symptoms, negative symptoms, and social functioning, as well as 
cardiorespiratory fitness and metabolic health in patients with schizophrenia.14,43,44 
The proposed mechanisms of action of exercise include biochemical changes such 
as an increase in endorphins, changes in stress reactivity via the hypothalamus-
pituitary-adrenal (HPA) axis, physiological changes such as improved cardiovas-
cular function, and psychological changes such as increased sense of autonomy, 
self-efficacy, and coping. Exercise-induced neurogenesis and synaptic proliferation 
may be another mechanism by which exercise is helpful for people with schizo-
phrenia. The hippocampus is a primary site of neurogenesis and a region with 
structural and functional abnormalities in psychosis.45 Studies have shown that 
exercise increases hippocampal volume46,47 and metabolism in both people with 
schizophrenia as well as healthy controls. Further, exercise increases gray matter 
volume and cortical thickness, 48 and white matter integrity.49 Physical exercise 
upregulates brain neurotrophic factors that stimulate neoneurogenesis and synap-
tic plasticity which results in a partial reversal of regional volume loss in critical 
areas of the brain impacted by schizophrenia.50 The onset of psychosis is asso-
ciated with progressive neurodegeneration, and exercise may potentially reverse 
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neurodegeneration and has the potential for neuroprotection and prevention of pro-
gression of the illness.

Furthermore, exercise may target negative and cognitive symptoms; both of which 
are not adequately treated by antipsychotic medication and for which there are lim-
ited other available treatment options, yet significant symptom burden. Firth et al., 
2016 found that exercise was particularly beneficial in improving social cognition, 
working memory, and attention in a dose-dependent manner.50 It has been theorized 
that this may be mediated through upregulation of brain-derived neurotrophic factor 
(BDNF), a family of proteins that promote growth and differentiation and main-
tenance of neurons, leading to increased neurogenesis and cognitive performance. 
Another systematic review showed that aerobic exercise had a small but statisti-
cally significant beneficial effect on negative symptoms.51 A 12-week study involv-
ing 17 patients with SSD delivering moderate-intensity aerobic and weight-bearing 
exercise showed a decrease in symptom severity, improvement in social function-
ing, improvement in depression scores, and an increase in hippocampal volume.46 
A recent systematic review examining 22 studies showed that all exercise training 
modalities (including aerobic training, resistance training, and combined aerobic 
and resistance training) revealed significant effects on body mass index, maximal/
peak oxygen consumption, body weight, PANSS negative scores, and Scale for the 
Assessment of Negative Symptoms (SANS) total scores.52

In people with schizophrenia, the presence of metabolic syndrome and metabolic 
risk factors is associated with significantly reduced aerobic fitness.5 Exercise is capable 
of improving cardiorespiratory fitness (CRF) and thereby reducing risk factors for car-
diovascular disease (CVD) and associated mortality.6 A systematic review by Firth et al., 
2015 noted that exercise interventions did not yield consistent reductions in body weight 
and body mass index (BMI); however, waist circumference reduction was noted, which 
may be a more valuable measure of metabolic health.29 Of 11 studies measuring car-
diovascular fitness and/or exercise capacity, 10 reported significant improvement from 
exercise.29 There is evidence that the addition of a dietary intervention in conjunction 
with exercise may improve weight-related outcomes in people with schizophrenia.45

In one study, participants with schizophrenia spectrum disorder were most com-
monly motivated to exercise for “self-image.” These individuals reported improved 
global well-being, depression, anxiety, energy, motivation, and cognition after indi-
vidual exercise sessions.44

Exercise has clear neurotrophic effects and benefits for mental and physical 
health. It is an intervention with few risks, requires no equipment, and is low-cost. 
Additionally, it can be made available to individuals who are apprehensive about 
medications, or as an adjunct to minimize other modes of therapy, or it can work to 
address side effects related to medications such as weight gain. There is an urgent 
need to better integrate physical activity interventions into mental health settings.

Physical activity may be challenging for those with SSD due to barriers such as 
negative symptoms including lack of motivation, cognitive symptoms, cardiomet-
abolic comorbidities, medication side effects, lack of support, lack of knowledge 
about the benefits of physical activity, and low self-efficacy.44 Socioeconomic factors 
such as limited finances, poor transport and access to resources, and social isolation 
are also potential barriers.
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For exercise recommendations, consider factors such as the patient’s interests, 
goals, and current capacity. Guidelines suggest 150 minutes of moderate or 75 min-
utes of vigorous aerobic exercise + 2 strength training sessions/week for healthy 
adults. Allowing individuals to choose their type of physical activity may help with 
both the initiation and continuation of exercise for individuals over time, and the 
optimal modality is simply the type of activity that the individual will engage in 
regularly. Both aerobic and resistance exercises act together on the brain through 
independent yet complementary neural mechanisms.17 Research shows that the dose 
of physical activity is more important than the modality and noted that benefits 
were prominent in those who were engaged in approximately 90 minutes or more 
per week of moderate to vigorous physical activity.29 Tailoring exercise programs 
based on the individual’s physical fitness, physical activity history, goals, level of 
motivation, and specific needs increases adherence and engagement in the program. 
Follow-up assessments should focus on adherence to the plan, highlighting changes 
in core symptoms, as well as sleep, appetite, energy, well-being, and general health 
effects. Further, goals should be modified and refined as needed, and triggers to 
lapse should be identified and addressed.

One of the most important predictors of dropping out from exercise was the qualifi-
cations of the person providing the physical activity intervention, and interventions that 
were being supervised by qualified professionals such as exercise physiologists, physi-
cal therapists, and yoga instructors had a much better outcome. Exercise professionals 
are ideally positioned to provide safe, evidence-based exercise interventions.53 Other 
factors that reduced dropout rate of exercise programs included supervision, motiva-
tion components, rewards, incorporation of motivational interviewing techniques, and 
incorporation of video games.53 Utilizing technology including mobile apps may also 
be a helpful avenue to increase engagement and sustainability of exercise programs. 
Intervention at the earliest stages of psychosis can help prevent weight gain and other 
metabolic dysregulation typically seen at the commencement of antipsychotic medica-
tion. Collaboration between mental health and allied health team members is impor-
tant; family and carers may be valuable to provide holistic interventions. Importantly, 
all interventions should apply recovery-oriented practices and incorporate stakeholder 
feedback for sustainability. Programs should work to optimize long-term effective-
ness and cost-effectiveness. Principles of behavior-change strategies can be helpful, 
including motivational interviewing and behavior-change counseling.17 The Society of 
Behavioral Medicine and the American College of Sports Medicine advocate for more 
funding to train qualified professionals to deliver physical activity, embedding these 
services within mental health programs, more reimbursement strategies for providers, 
and adequate length and face-to-face contact of programs.17 In addition to more com-
prehensive clinical services, additional research is needed to provide further evidence 
regarding the most effective treatment approaches, including further data on modality, 
frequency, and duration, including longer-term follow-up, and the efficacy of exercise 
at different stages of disease progression.54 Efforts should also be made to engage 
hard-to-reach populations such as older individuals and racial minorities in clinical 
programming and research endeavors17 and to continue to address barriers to engaging 
in exercise including both disease-related factors as well as socio-economic factors 
and issues related to health care delivery models.
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31.5.4 OTHER INTERVENTIONS

Jon Kabat Zinn is credited with introducing mindfulness to Western cultures and has 
conceptualized it as “paying attention in a particular way: on purpose, in the pres-
ent moment, and non-judgmentally.” A systematic review and meta-analysis includ-
ing 10 studies with 1094 participants showed that mindfulness-based interventions 
combined with treatment as usual are effective when compared to treatment as usual 
control groups and active treatment control groups. There were moderate to large 
effects in reducing overall symptomatology and small to moderate effects in reduc-
ing both positive and negative symptoms; some studies showed benefit for improving 
functioning level and awareness of the illness, and there were no harmful effects 
noted in this analysis.55Another systematic review and meta-analysis showed that 
mindfulness-based interventions decreased psychotic symptoms immediately post-
intervention and also had an effect on negative symptoms both immediately post-
intervention as well as at 3- to 6-month follow-up.56

Regular sleep-wake cycles, regular meals, and physical and social activity can 
help with sleep. A modified CBT insomnia protocol has been developed for people 
with schizophrenia.57 Some antipsychotic medications can improve sleep by reducing 
the time to fall asleep and increasing total sleep time. However, some medications 
like clozapine may prolong sleep duration significantly (12-14 hours). Antipsychotics 
can also induce restless leg syndrome and periodic limb movement disorder as well 
as parasomnias such as sleepwalking. Obstructive sleep apnea (OSA) is observed in 
a greater proportion of people with schizophrenia compared to the general popula-
tion. Weight gain is the strongest link to OSA, and addressing contributing lifestyle 
factors and medications can be helpful, as well as following the standard of care to 
treat OSA and implementing screening for OSA and sleep disorders more widely.58

Approximately 50% of patients with schizophrenia develop a substance use disor-
der in their lifetime,59 and 60 to 90% endorse cigarette smoking.60 Cigarette smoking 
contributes to cardiovascular morbidity and mortality and is a modifiable risk factor. 
People who use cannabis appear to develop psychosis 2.7 years earlier on average 
than those who do not.60 Programs that coordinate pharmacotherapy, psychosocial 
treatment, and substance abuse counseling into a single package with consideration 
of motivation for change, comprehensive services, and a long term perspective are 
more likely to achieve good treatment outcomes.59

31.6 CONCLUSION

Schizophrenia spectrum disorders (SSD) are characterized by positive symptoms, 
negative symptoms, as well as neurocognitive deficits. Individuals with schizophre-
nia have high rates of cardiometabolic disease leading to a reduced life expectancy 
of up to ten to twenty years compared to the general population. There is a need 
for low-cost, accessible, and patient-centered treatments that reduce negative symp-
toms and cognitive deficits, increase quality of life, promote functional recovery, 
and improve the physical health of people with SSD to reduce morbidity and mor-
tality. Interventions as part of the field of lifestyle psychiatry include yoga, diet and 
nutrition, exercise, mindfulness and meditation, sleep management, and addressing 
substance use. These interventions have evidence for reducing cardiometabolic risk 
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factors, improving quality of life and functional outcomes, and addressing positive, 
negative, and cognitive symptoms in people with schizophrenia spectrum disorders, 
with relatively low risk of adverse effects. Clinicians should consider integrating 
these interventions into routine clinical practice as well as broader health policy and 
work to address barriers.
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KEY POINTS

• Environmental and societal factors have contributed to the emergence of 
chronic diseases at younger and younger ages.

• By 2021, the rates of depression and anxiety symptoms in youth had doubled 
compared to pre-pandemic levels, triggering the United States Surgeon 
General to release a 53-page advisory on the state of Youth Mental Health 
in America.

• Declining physical and mental health in pediatric populations is deepening 
our national healthcare crisis and threatening our national security.

Lifestyle Medicine is the practice of applying evidence-based interventions proven 
to prevent, treat, and reverse chronic disease. These interventions are critically 
important in young people, who – for the most part – have yet to develop the chronic, 
disabling mental and physical illnesses that afflict many adults and strain the health-
care system. Children have traditionally been the most healthy subset of our popula-
tion, bringing happy, playful, and active energy to their families and communities. 
However, over the past few decades, environmental and societal factors have con-
tributed to the emergence of chronic diseases at younger and younger ages. We have 
seen a rise in the rates of physical ailments in young people that were previously 
only seen in older populations, including obesity, type 2 diabetes, hypertension, fatty 
liver, and colorectal cancers.1–5 As of 2018, nearly 60% of young people were ineli-
gible to join the military due to health reasons, obesity being the primary reason in 
31% of them.6 This was an increase from 28% in 2013, and is expected to be even 
higher in today’s post-pandemic era.7 Unfortunately, obesity and its related health 
conditions are not the only problems increasing among children. In 2011, the Center 
for Disease Control reported that 1 in 5 American youth were also experiencing 
anxiety or depression.8 By 2021, the rates of depression and anxiety symptoms in 
youth had doubled compared to pre-pandemic levels,9 triggering the United States 
Surgeon General to release a 53-page advisory on the state of Youth Mental Health 
in America in December 2021.10 We are facing a clear physical and mental health cri-
sis in our pediatric population and cannot afford to forget about kids when it comes 
to Lifestyle Medicine.

Poor physical health in children contributes to poor mental health. This can hap-
pen physiologically, such as when low-nutrient, additive-heavy diets starve the body 
of beneficial nutrients and contribute to inflammation, concentration problems, and 
mood symptoms. Or it can happen indirectly, such as when lack of sleep, exercise, 
and good nutrition contribute to conditions such as acne, weight gain, and other 
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undesirable physical issues that can upset the child and contribute to peer ridicule. 
Nutrients in food become the building blocks of nerves, brain tissue, and glands. 
When nutrients are in low supply, kids’ bodies cannot create a sufficient supply of 
the neurochemicals that keep them happy and mentally well-adjusted. Happiness, 
confidence, and resilience may give way to anxiety, loneliness, sadness, and despair, 
reducing overall quality of life. And children are less able than adults to control 
their diet and daily routines. They cannot make healthy choices 100% of the time, 
and their caregivers may be prevented from doing so by financial and logistical 
limitations.

Additionally, unlike adults, children rarely experience immediate consequences 
when they make poor health choices. Symptoms like gastric distress, bloating, and 
lethargy, which serve as negative reinforcers to adults who have overindulged, occur 
uncommonly in children, who can feel perfectly fine after a lunch of pizza, cake, and 
soda. Developmentally, children often feel immortal and their bodies recover easily 
from injury and illness. Incentivizing a child to eat healthy, be physically active, and 
socialize can be difficult unless you make it fun.

So while adults–motivated by the discomfort of their ailments and their fear of 
death–may be able to muscle through a complete reboot of their lifestyle, children 
will naturally be less motivated to make healthy lifestyle choices. The primary goal 
with children may look more like a subtle shift than a dramatic change. We should 
aspire to keep moving their lifestyle dial in the right direction by helping their par-
ents and teachers create an environment and daily routine that support children’s 
overall health and reduce their risk for chronic disease down the road.

The following vignettes are based on actual cases in which lifestyle interventions 
improved behavioral symptoms in children and adolescents.

32.1 CASE 1

An adolescent girl presented with significant depressive symptoms and suicidal 
ideation. After a thorough evaluation, including education on the benefits of diet 
and lifestyle interventions, she agreed to try a Mediterranean Diet. Over the next 
two weeks, she shifted her diet to include more vegetables, whole grains, fish, and 
healthy fats. She reported that her depressive symptoms were significantly improved 
and her suicidal thoughts had resolved.

32.2 CASE 2

A young boy presented with generalized anxiety, as well as separation anxiety 
and intermittent panic attacks. He scored in the severe range on the Screen for 
Child Anxiety Related Disorders (SCARED). On evaluation, he was consuming 
an extreme amount of apple juice, as well as many whole apples each day. His 
psychiatrist recommended that he stop drinking apple juice in order to decrease 
the level of sugar in his diet. With the assistance of his parents, the boy completely 
eliminated apple juice from his diet, leading to a dramatic reduction in his overall 
anxiety.
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32.3 CASE 3

An adolescent girl presented with profound depression, suicidal thinking, panic 
attacks, fatigue, and severe nausea that had contributed to a 30-pound weight 
loss. She had been seeing a therapist regularly and had tried several antidepres-
sants without benefit. Upon evaluation, she admitted to binge drinking at large 
social events and smoking marijuana daily for three to four months. Motivational 
interviewing and supportive psychotherapy inspired the patient to abstain from 
all substances. Within two months, her depression, anxiety, and nausea had 
all improved to the point that she no longer needed medications or psychiatric 
treatment.

32.4 PHYSICAL ACTIVITY

Physical activity has been strongly correlated with improving mood, improving anx-
iety, and decreasing suicidal ideation in adults as well as adolescents, and vigorous 
physical activity has been shown to be particularly beneficial.11–17 Increased physical 
activity in children has also been shown to improve attention, cognitive flexibility 
(i.e., multi-tasking), decision-making, and processing speed.18–20 Children and ado-
lescents who are active are therefore more likely to be attentive, resilient, successful, 
and happy than those who are sedentary. The US Physical Activity Guidelines for 
Americans (see Table 32.1) provides specific guidance regarding the duration and 
types of activities most likely to benefit youth mental health.

32.5 NUTRITION

Perhaps more than any other lifestyle factor, children’s nutrition is regulated almost 
entirely by their caregivers, who buy groceries, prepare food, and pay for meals out-
side the home. It is therefore paramount for caregivers to not only understand why 
it is important for children to eat healthy (ideally a whole-food, plant-based diet23), 

TABLE 32.1

US Physical Activity Guidance for Children

Age Guidance21,22 Examples

3–5 years Should be physically active throughout the day, 
ideally for 3 hours daily. Adult caregivers should 
encourage active play that includes a variety of 
activity types.

Going to the playground, walking  
the dog, throwing/kicking balls, 
riding a tricycle or bicycle, hopping, 
skipping, jumping, dance party, 
tumbling, playing “clean-up,” etc.

6–17 years Moderate to vigorous activity for 60 minutes or  
more per day. This should include vigorous  
activity 3 days/week, muscle-strengthening  
activity 3 days/week, and bone-strengthening 
activity 3 days/week.

Outdoor games, dancing, hiking, 
running, biking, swimming, 
gymnastics, sports, exercise classes, 
weights (in older kids), etc.
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but also how to serve up the best food possible (see Table 32.2). It also appears to be 
important for parents to make the same dietary changes themselves that they desire 
for their children.24 While many recent studies about the cognitive and psychological 
benefits of healthy eating have focused on adult populations, several studies in ado-
lescents from around the world have also demonstrated a clear relationship between 
healthy diets, fewer depressive symptoms, and better mental health.25–28

32.6 SLEEP

Better sleep health in children and teens has been associated with fewer depressive 
and anxiety symptoms, cognitive problems, physical complaints, and social prob-
lems related to friends and family,31 as well as better academic performance 32,33 and 
fewer attention-deficit/hyperactivity disorder (ADHD) symptoms in children with 
ADHD.34 Insufficient sleep has also been recently found to contribute to suicidal 
ideation in high-risk adolescents.35 For these reasons, maximizing sleep should be a 
key priority for pediatric clinicians (see Table 32.3).

TABLE 32.2

Nutrition Guidance for Children

Age Guidance29,30 Notes

4–6 months Consider introducing solids if child’s 
healthcare provider agrees. Start with bitter 
greens (expect gagging and faces!), then add  
a rainbow of fruits, vegetables, and 
iron-fortified, whole-grain baby cereal.

Avoid honey, sugared beverages 
(including fruit juice), nuts, grapes,  
and other choking hazards

1–2 years As child starts to eat solid foods, ensure their 
diet includes plenty of vegetables, fruits,  
and healthy grains.

Keep prepped finger foods handy to 
simplify meal creation. Ideas include 
oatmeal, rice, steamed broccoli, 
chickpeas, kidney beans, pitted dates, 
and raspberries.

3–5 years Identify plant-based foods your kids enjoy  
and serve them more often. Make meal 
menus and stick to them. Apple slices, 
grapes, celery with peanut butter, bean 
burritos, soups, and chia pudding are some 
ideas.

Children will want to eat what they see 
adults eating, so adopt healthy eating 
habits, including fresh, non-processed 
snacks low in fat and sugar.

6–12 years Introduce kids to the Lifestyle Medicine  
plate, create games to challenge their 
knowledge and spark creativity, and have 
them help with food prep and cooking.

These years are absolutely critical to 
establish good habits for adolescence 
and early adulthood.

13–18 years Prepare as many meals at home as  
possible and aim for a colorful plate of 
predominately plant-based foods. Use  
herbs and spices generously and introduce 
ethnic meals.

Healthy eating habits will give teens more 
energy, better skin, a more stable mood, 
and faster healing from injuries.
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32.7 SOCIAL CONNECTEDNESS

The term connectedness has different meanings depending on the age of the child 
in question. In infants and toddlers, connectedness refers to the strength of the bond 
between the child and their caregiver(s). As children enter elementary school and beyond, 
connectedness refers to their sense of belonging, within their family, their peer group, 
and their community. Prominent twentieth-century researchers demonstrated that chil-
dren’s connections to others are critical for normal growth and development, particularly 
their connection to a primary caregiver from 6-24 months of age.38 Failure of a child to 
securely attach with a caregiver during this time period can lead to anxiety disorders 
and other problems later in childhood.39 Similarly, adolescents with low levels of social 
and family connectedness are more likely to experience emotional distress and suicidal 
ideation as adults.40 In adulthood, loneliness has been associated with a 26% increase in 
the risk of premature mortality.41 Conversely, adults with strong social connections have 
been found to have a 50% greater likelihood of survival.42 Equipping children with the 
self-confidence and social skills that will become necessary for them to effectively con-
nect with others as adults is therefore a paramount task for caregivers (see Table 32.4).

32.8 STRESS MANAGEMENT

Life in the 21st century is busy. Children, teens, and adults are exposed to more 
sources of stress now than ever before. The stress management suggestions in 
Table 32.5 are intended primarily for caregivers. However, there is a lot that 
young people, especially teens, can learn to do on their own to decrease stress. 
Staying connected to positive peers and limiting exposure to negativity, such as 

TABLE 32.3

Sleep Guidance for Children

Age Guidance36,37 Notes

4–12 months Should sleep 12–16 hours per 24 hours 
(including naps)

Child should sleep in nearly empty crib with 
minimal blankets, pillows, etc. Keep room 
dark and temperature comfortable. Use low, 
warm lights during feeding times.

1–2 years Should sleep 11-14 hours per 24 hours 
(including naps)

Child should sleep in own crib/bed. Put child to 
sleep as soon as they appear tired. Do not 
respond immediately to crying as it will often 
stop within a few minutes.

3–5 years Should sleep 10–13 hours per 24 hours 
(including naps)

Child should sleep in own bed. Avoid screen 
devices. Establish bedtime routine (e.g. brush, 
book, bed) and consistent sleep/wake times.

6–12 years Should sleep 9–12 hours per 24 hours Too little sleep can contribute to problems with 
attention, behavior, learning, and emotional 
regulation. Too much sleep can contribute to 
mental health problems.

13–18 years Should sleep 8–10 hours per 24 hours Insufficient sleep is associated with increased 
risk of self-harm and suicide attempts.
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abusive peers, bullies, and social media, will go a long way to decreasing stress 
and improving emotional resilience. There is significant evidence that using 
social media, especially if extensive, obsessional, or passive (i.e., observing and not 
posting), can contribute to low self-esteem, depression, and suicidal ideation.43 
Youth identifying as female, as well as lesbian, gay, bisexual, transexual, and 
questioning (LGBTQ) youth are particularly susceptible to negative outcomes.44

32.9 SUBSTANCE USE

Experimentation with substances is common among youth, especially among 
adolescents,46 and addressing this problem clinically can be difficult since young 
people have a limited appreciation of their own mortality and often engage in 
impulsive and risky behaviors. Substance use in children and adolescents has been 
associated with low grades, higher rates of school absence, social problems, legal 
problems, physical illnesses, unprotected and/or non-consensual sexual activity, 

TABLE 32.4

Social Guidance for Children

Age Guidance Notes

Infancy Cuddle, hold, and otherwise maximize 
physical closeness and skin-to-skin 
contact with the child. Attend to their 
cries to ensure feeding and toileting  
needs are met.

Responding quickly to distressed infants 
will reassure them of their safety and 
improve their ability to self-soothe over 
time.

Pre-school Provide reassurance and connect with  
them through play. Bath and bedtime 
games are important. Encourage social 
connections by scheduling play dates.

Preschoolers are still developing their sense 
of security, so family support remains 
important as children begin to meet other 
children.

Elem. School Create fun family memories whenever 
possible. Support and encourage the 
child’s participation in school events, 
parties, sleepovers, sports, scouts,  
Sunday school, etc. Take reports of 
bullying or ostracization seriously.

Allow child to socialize with different 
groups in different venues. Gentle 
encouragement may be necessary, but 
children should not be forced to 
participate in activities they don’t enjoy.

Middle School Expect shifting friendships and alliances. 
Permit children to define their preferred 
social activities, but be attuned to signs  
of peer rejection, depression, or severe 
anxiety.

Remain available in case child wants  
to talk.

Puberty heightens social insecurities in both 
genders. Successful development requires 
children to learn how to eventually 
navigate peer interactions on their own.

High School Support the child’s choice of friends  
and activities as long as they are safe  
and supportive. Negotiate ground rules 
with child that will permit them to  
attend social events with increasing 
degrees of autonomy.

Adolescents should be seeking out ways to 
connect with peers. Failure to connect to 
peers in meaningful ways could be a 
concerning sign necessitating mental 
health evaluation.
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stunted physical development, physical and sexual violence, motor vehicle acci-
dents, accidental injuries and death, concentration difficulties, suicide, homi-
cide, and permanent changes in brain development.47–50 Motivating children and 
teens to avoid using substances is challenging, but possible. Caregivers should try 
to minimize children’s early exposure to substances and related paraphernalia. 
Institutions, such as schools, sports teams, and medical clinics, should provide 
children with continuous, age-appropriate education about the potential dangers of 
substance use (see Table 32.6).

32.10 CAFFEINE

It bears mentioning that caffeine is an often overlooked substance to which chil-
dren can be especially sensitive. Several research studies on caffeine use in youth 
have found evidence of side effects such as hypertension, tachycardia, arrhythmias, 
chest pain, tremor, abdominal pain, headaches, hyperactivity, inattentiveness, anx-
iety, insomnia, increased stress, depression, and suicidal ideation.51 Energy drinks 
have been cited as being particularly problematic since they are often marketed to 
young people, contain unregulated levels of caffeine, and can include high levels of 
sugar, vitamins, and energizing herbs, which collectively may contribute to addi-
tional problems such as obesity, tooth decay, seizures, and death.52–54 For these rea-
sons, Canada recommends limiting overall daily caffeine consumption to 45 mg 
in children ages 4-6, 62.5 mg in children ages 7-9, 85 mg in children ages 10-14, 

TABLE 32.5

Stress Management Guidance for Children

Age Guidance45 Notes

Pre-school Establish routines to help children learn 
self-regulation. Give them resources to  
reset themselves when they get overwhelmed.  
Think A-B-C (emotional Awareness,  
Breathing, and Calming).

Helpful tools may include emotion 
identification charts, breathing apps/
sites (e.g., xhalr.com, Calm, 
Headspace), stuffed animals, 
blankies, calm corner, etc.

Elem. School Emphasize physical play and social  
connectedness. Ensure downtime is a part of 
every day. Teach kids how to breathe when 
they’re stressed and don’t overload them with 
activities. Address any bullying with school staff.

Show kids it’s okay to make mistakes 
and that you love them no matter 
what. Use outdoor games and toys  
to keep them active and playful.

Middle School Consider providing a simple phone with basic 
texting/calling capability. Limit non-academic 
screen time to 2 hours/day and monitor content. 
Encourage social activities but don’t pry, monitor 
for social withdrawal and intense anxiety.

Learn to ride the child’s wave of 
emotions. Provide a listening ear  
or a hug when they seem to need it, 
but don’t be offended if they back 
away or respond with hostility.

High School Stay involved in your teen’s life, at a distance  
if needed. Don’t take hostility personally and  
show them you still care. Applaud successes, 
discipline without judgment, and catch them  
if they fall instead of criticizing their 
decision-making.

If necessary, consider negotiating a 
written contract with teen that sets 
expectations and consequences.  
Get involved at any sign of drug  
use, severe depression, or violence.

https://xhalr.com
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and 2.5 mg per kg in older adolescents, and the American Academy of Pediatrics 
has stated that “caffeine and other stimulant substances contained in energy drinks 
have no place in the diet of children and adolescents.”45,55

32.11 SUMMARY

Although children and adolescents do not typically share the same motivation and 
resources that compel adults to make health-promoting lifestyle changes, attending 
to important lifestyle factors early in children’s development will equip them both 
emotionally and physically to successfully navigate adulthood. Caregivers, teachers, 
coaches, clinicians, and others have important roles in optimizing children’s physical 
activity, nutrition, sleep, social connectedness, stress management, and use of sub-
stances. Staying healthy in today’s world is not getting any easier; we owe it to our 
kids to give them the best chance possible at avoiding the chronic health conditions 
afflicting their parents and grandparents.
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KEY POINTS

• Dementia is a leading cause of morbidity, mortality, and financial burden.
• Forty percent of all-cause dementia is preventable.
• The seven pillars of cognitive health can both prevent dementia and slow 

dementia progression.

33.1 INTRODUCTION

Dementia is defined as a decline in cognition across multiple domains (more recently 
across one domain to include aphasias) that is severe enough to impact func-
tion.1 Dementia is an umbrella term whereas Alzheimer’s disease (AD), vascular 
dementia, and Lewy body dementia are examples of various types of dementias. 
Neurodegeneration due to AD accounts for the majority of dementia cases, with cere-
brovascular disease (CVD) as the second most common cause. However, increasing 
evidence from neuroimaging and neuropathological studies demonstrates that mixed 
etiologies (with neurodegenerative and vascular features) account for many cases of 
dementia, especially in people older than 80 years.2 Stroke doubles the risk of devel-
oping dementia and shares many of the same risk factors.3,4

Dementia is characterized by a long pre-clinical phase without cognitive symp-
toms, followed by mild cognitive challenges with preserved overall functioning 
(mild cognitive impairment stage) that can progress to clinical dementia. Cognitive 
impairment is currently recognized as a spectrum, as reflected in the latest edition 
of the Diagnostic and Statistical Manual of Mental Disorders fifth edition (DSM-5), 
with its syndromes of mild and major neurocognitive disorders (the latter replacing 
the term dementia).5 In addition to the pre-clinical phase, mild cognitive impairment 
(MCI) is also a critical period in dementia prevention.

Approximately 15% of those with MCI will go on to develop AD after 2 years 
and one-third will within 5 years.6,7 However, some individuals will revert to nor-
mal, or the clinician will identify a reversible cause for cognitive decline such as 
sleep apnea, hearing loss, micronutrient deficiencies, medications and/or polyphar-
macy, and mood disturbances which, when treated, may improve or resolve cognitive 
challenges.

33
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Age is the single greatest risk factor for dementia, and as the United States (US) 
aging population continues to grow, so will the prevalence of dementia. The popula-
tion of Americans aged 65 and older is expected to grow from 58 million in 2021 
to 88 million by 2050. In 2011, the largest ever American demographic cohort, the 
baby boomer generation, began reaching age 65. By 2030, 74 million older adults 
will compose over 20% of our US population.8

An estimated 6.5 million Americans aged 65 and older are affected by AD in 
2022 with 73% of those aged 75 or older. Alternatively, about 1 in 9 people aged 
65 and older has AD in the US.9 The incidence rate of AD appears to be declining, 
which is speculated to be related to improvements in hypertension management and 
level of education advancements. However, although the incidence rate is declining, 
the number of people affected by AD, or the prevalence rate, is still increasing due 
to the growth in aging adults.10

AD remains the fifth leading cause of death in adults aged 65 and older, which 
is likely underestimated.11 AD is also a leading cause of morbidity due to the often-
numerous years of living with the illness. The financial burden of AD is astonishing. 
In 2022, the total national cost of caring for people living with AD and other demen-
tias is projected to reach $321 billion.10 Evidently, dementia is one of the most costly 
and burdensome diseases that plague our humanity. This chapter will highlight and 
summarize the important research findings in both the risk and protective factors for 
dementia through the lens of lifestyle medicine.

33.2 RISK FACTORS

Early recognition of individuals at risk of dementia provides a critical window to inter-
vene along the lifespan through holistic, multimodal interventions that delay or prevent 
the onset of this disabling neurocognitive disorder. Estimates suggest that delay of onset 
of just one year could prevent more than 9 million cases of dementia by 2050, and if the 
onset is delayed by 5 years, then the prevalence of dementia could be halved globally.12

Non-modifiable risk factors for dementia are age, family history, and genetics. 
Apolipoprotein 4 (APOE 4) is considered a risk factor gene for late-onset AD and is 
carried by approximately 25% of the population.13 Yet, fewer than half of those who 
carry this susceptibility gene will develop dementia, and lifestyle factors such as cog-
nitive and social stimulation, a positive outlook on aging, higher level of education, 
and minimizing cardiometabolic risk factors can mitigate this risk.14,15 Interestingly, 
APOE 4 expression is influenced by ancestry, and individuals with European ances-
try have a stronger risk of AD, whereas no association has been found in individuals 
of African and Native American ancestry.16,17 In a large population-based study, hav-
ing a parent with dementia was associated with an independent risk.18

Modifiable risk factors are key in dementia prevention and account for 40% of 
dementia prevention across the lifespan. The 2020 Lancet Commission on dementia 
prevention, intervention, and care lists twelve modifiable risk factors: less educa-
tion in early life, hypertension, hearing loss, smoking, obesity, depression, physical 
inactivity, diabetes, social isolation, excessive alcohol consumption, traumatic brain 
injury, and air pollution (Figure 33.1).19 Furthermore, a recent study in the US found 
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FIGURE 33.1 Population attributable fraction of potentially modifiable risk factors for 
dementia. Used with permission. Livingston G, Huntley J, Sommerlad A, et al. Dementia 
prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet. 2020;396 
(10248):413–446.
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that preventable dementia is more common in people of color.20 Social determinants 
of health such as gender and racial discrimination, socioeconomic status, educa-
tion level, health literacy, and exposure to environmental pollutants all influence 
cognitive health. Policy and public health efforts addressing structural factors and 
underlying risk factor differences, as well as those targeting midlife obesity, hyper-
tension, and physical inactivity, are necessary to achieve cognitive health equity and 
population-level dementia prevention.

33.3  SEVEN PILLARS OF COGNITIVE HEALTH: SLEEP, DIET, 
EXERCISE, SOCIALIZATION, STRESS MANAGEMENT, 
COGNITIVE ENGAGEMENT, TEAM/SUPPORT CARE

The seven pillars of cognitive health are crucial lifestyle approaches that can shape 
one’s cognitive trajectory. They are all important health behaviors for both dementia 
prevention and slowing the progression of existing dementia. Furthermore, given 
our lack of clinically effective, safe, and affordable disease-modifying therapies for 
dementia, the importance of implementing lifestyle medicine interventions across 
the lifespan is not only timely but also imperative.

Pillar 1: Sleep is the first of the seven pillars, one that is often dysregulated in the 
elderly population. Sleep is crucial for removal of toxins and waste from the brain 
that can interfere with neuronal, synaptic, and overall brain function. Specifically, 
sleep is needed for the clearance of beta-amyloid and tau, neuropathological toxins 
of AD.21 Sleep is also important for the consolidation of memories as well as sup-
porting emotional well-being.

Additionally, untreated sleep apnea is associated with increased stroke risk, cog-
nitive deficits, as well as an increased incidence of dementia.22,23 According to a 
meta-analysis, insomnia is associated with a 27% increase in cognitive decline. Six 
types of self-reported sleep conditions were found to be a risk for cognitive disor-
ders in non-demented adults with moderate to high level evidence: insomnia, sleep 
fragmentation, daytime dysfunction, prolonged latency, rapid eye movement sleep 
behavior disorder, and an extended period of time in bed.24 Sleep hygiene, behavioral 
interventions, and cognitive behavioral therapy for insomnia (CBT-I) continue to be 
the most evidence-based approaches to psychophysiological insomnia.25

Pillar 2: Diet has been shown to have complex interactions on cognition that 
include behavioral, genetic, systemic and brain factors (Figure 33.2).26 The MIND 
diet is the most evidence-based diet to prevent dementia.27–29 The MIND diet incor-
porates leafy greens, berries, fish and poultry, healthy fats, nuts, beans, whole grains, 
eating the rainbow, and minimizing red meat and processed foods. Adherence to the 
MIND diet has been shown to improve cognitive performance, prevent cognitive 
decline, and slow progression of dementia.28–33

Ultra-processed foods are defined as foods changed from their natural state with 
additives, preservatives, and artificial colors and flavors. A recent cohort study found 
a higher consumption of ultra-processed foods was associated with a higher risk of 
dementia, whereas unprocessed or minimally processed foods were associated with 
a lower risk.34 Helping patients focus on whole foods and purchasing grocery items 
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with minimal ingredients that are easy to understand is key to simplifying nutritional 
recommendations. In a recent mixed-methods study, shared medical appointments in 
a resourced-challenged community where participants were educated about sleep, 
physical activity, and MIND diet were effective in increasing fruit and vegetable intake 
and improving confidence in preparing healthy meals.35 Innovative lifestyle medicine 
programs in resource-challenged community settings further support positive health 
behaviors including dietary changes to improve physical and cognitive health.

Additionally, excessive alcohol, greater than 21 units per week, increases risk for 
dementia.19 A U-shaped curve with alcohol is demonstrated in multiple studies. There 
is an increased risk of dementia in those who abstained from alcohol in midlife or 
consumed greater than 14 units per week.36,37 However, personalized provider rec-
ommendations are required given the heterogeneity in each individual’s risk profile. 
Heavy chronic alcohol use can also lead to a thiamine deficiency and subsequent 
Wernicke-Korsakoff syndrome which causes memory impairment and dementia.

In addition to approaches to nutrition, substances such as methamphetamine and 
cocaine increase susceptibility to cerebral vascular disease, significantly increasing 
dementia risk. Smoking tobacco and opioid use are also associated with increased 
dementia risk. Polypharmacy, especially medications that are on the American Geriatrics 
Society Beers® criteria list of potentially harmful medications in elderly individuals, 

FIGURE 33.2 Biological pathways mediating the relationship of the diet with cognition. 
The effect of the diet on cognition involves complex interactions that include behavioral, 
genetic, systemic, and brain factors. The diet can affect the brain directly or indirectly 
through chronic diseases (dementia risk factors). The blood-brain barrier has pleiotropic 
functions that include nutrient brain delivery, and a leaky blood-brain barrier in Alzheimer’s 
disease is associated with brain glucose hypometabolism. Used with permission. Yassine 
HN, Samieri C, Livingston G, et al. Nutrition state of science and dementia prevention: rec-
ommendations of the Nutrition for Dementia Prevention Working Group. Lancet Healthy 
Longev. 2022;3(7):e501–e512.
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also increases risk of cognitive decline, clouds thinking, and can cause falls and adverse 
events in the geriatric population.38 Anti-cholinergic medications such as diphenhydr-
amine, oxybutynin, and amitriptyline are some examples of medications that can cause 
confusion, cognitive dysfunction, and other adverse effects in the elderly.

Pillar 3: We have substantial evidence to support the positive role of exercise in 
cognition.39–46A meta-analysis found that a duration of 45-60 minutes per session and 
at least moderate-intensity exercise with aerobics and resistance training was associ-
ated with benefits in cognition in adults over 50 regardless of the cognitive status of 
participants.39 Both aerobic and strength-training exercise have been associated with 
both dementia prevention and slowing progression of dementia. The American Heart 
Association recommends 150 minutes of moderate-intensity exercise per week or 
75 minutes of high intensity exercise per week for maintaining cardiovascular health, 
and heart health is brain health. Aerobic exercise promotes angiogenesis, boosts brain-
derived neurotrophic factor (BDNF) which supports the formation of new neurons, 
releases neurotransmitters and endorphins involved in improving cognition and mood, 
and has an anti-inflammatory, neuroprotective effect. In individuals with established 
AD, both aerobic and strength exercise are associated with lower mortality risk, lower 
degree of brain atrophy in early stages, and can improve cognitive functioning, behav-
ior, and functional mobility.40–42 Strength training is particularly important in aging 
because it improves bone density and mobility. The hippocampus is a key structure of 
the brain affected by AD. The hippocampus is thought to be predominantly involved 
in both spatial and declarative memory. Numerous studies have shown that aerobic and 
strength training can increase the size of the hippocampus to both protect against AD 
and improve cognition in individuals who are affected.43,44 Specifically, an exerkine 
called irisin, that is released during exercise, has been shown to increase hippocampal 
neurons, release BDNF, and decrease amyloid beta plaque formation.45 New research 
on exerkines, a signaling moiety released with exercise, demonstrates effects on endo-
crine, autocrine and/or paracrine pathways. Nervous system effects from exerkines 
include an increase in BDNF and neurogenesis as well as enhanced mood, cognition, 
and synaptic plasticity. Exerkines enhance resilience, healthspan, and longevity.46

Pillar 4: Social connection is neuroprotective and associated with longevity 
and reduced dementia risk; conversely, social isolation is an important risk factor 
for dementia.19 Loneliness is correlated with increased mortality in older adults. 
Cognitive processes are also impacted by loneliness, for example, impairment in 
executive functioning and promotion of an inflammatory stress response.47 Even in 
midlife, socialization is key to dementia prevention and is associated with a 26% 
reduction in dementia onset.48 In individuals with established AD, increased social 
interaction has been shown to be of benefit by minimizing sense of loneliness, isola-
tion, stress, and vascular factors that contribute to cognitive decline.49

Pillar 5: Cognitive Engagement plays an important role in neurogenesis and 
building cognitive reserve. Early life education and cognitive stimulation across the 
lifespan contribute to cognitive reserve and play a key role in the brain’s capac-
ity to compensate for neurodegenerative and cerebrovascular burden. The higher 
the educational attainment and job complexity, the greater the cognitive reserve. 
Early life educational attainment is inversely associated with dementia incidence.19 
In a meta-analysis of 15 randomized control trials (RCTs), there was consistent evi-
dence that cognitive stimulation benefits people with mild to moderate dementia by 
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decreasing severity of behavioral symptoms while increasing memory performance, 
abstraction, planning, and visuospatial ability.50 Senior centers, joining groups and 
organizations, volunteering, group exercise classes, and learning novel and challeng-
ing activities are ways adults in mid and late life can not only prevent dementia 
occurrence but also vastly slow progression of neurodegenerative disease. Many of 
these activities can combine three or even four of the pillars: socialization, cognitive 
engagement, stress management, and exercise. The Finnish Geriatric Intervention 
Study to Prevent Cognitive Impairment and Disability (FINGER), targeting lifestyle 
and vascular risk factors, is the first RCT demonstrating that multidomain lifestyle 
interventions can prevent cognitive decline in at-risk individuals with high cardio-
metabolic burden. The intervention group received nutritional counseling, exercise, 
cognitive stimulation, and socialization while managing cardiovascular risk factors. 
This two-year study demonstrated a 25% improvement in cognitive function in the 
intervention group compared to control group, specifically improved speed of pro-
cessing and executive function, both key factors to support independent functioning, 
as well as larger brain volumes, and greater functional connectivity. In addition to 
the cognitive benefits, quality of life and physical functioning were better main-
tained in the intervention group, with fewer new chronic diseases.51–53

Pillar 6: Stress management is the sixth pillar of dementia prevention and man-
agement. Chronic stress equates to chronically elevated levels of cortisol, and over 
time, causes increased levels of circulating cytokines, promoting systemic and neu-
roinflammation. Chronic inflammation can lead to stroke, cancers, diabetes, anxiety 
and depression, and neurodegeneration, which are all risk factors for dementia.19 
Cognitively, chronic stress causes neurotoxic effects on the brain such as hippocam-
pal, prefrontal cortical atrophy, and amygdala hypertrophy.54

Neuroplasticity and epigenetics support the potential to rewire our brains, creating 
new neurons in regions vital for memory and learning, new connections in brain sys-
tems, and improving blood flow as well as cognitive reserve. Mind-body practices such 
as mindfulness, yoga, and tai chi are lifestyle medicine approaches to manage stress 
and promote stress resilience, improving cognition and brain health. Meditation slows 
the rate of hippocampal volume atrophy in those with mild cognitive impairment when 
compared to a randomized control group.55 At age fifty, brains of meditators were esti-
mated to be 7.5 years younger than those of controls on magnetic resonance imaging 
(MRI) scans.56 Mindset medicine matters: having a positive outlook on aging has an 
astounding impact on dementia prevention. For example, among individuals with the 
APOE4 allele and an increased susceptibility risk, those with positive aging beliefs 
were almost 50% less likely to develop dementia than those with negative aging beliefs.15

In addition to chronic stress, depression is associated with reduced white matter 
integrity in the brain.57 Depression can also cause cognitive impairment and mimic 
dementia. Hence it is imperative for clinicians to assess for mood changes in patients 
reporting cognitive dysfunction, as treating mood disorders can improve cognition.

Pillar 7: Lastly, team and supportive care impact both the person affected by demen-
tia and the care partner(s). Having a timely and comprehensive approach to cognitive 
changes over time; targeting modifiable risks along the lifespan; performing a careful 
medication review; and assessing for perceptual disturbance (such as hearing loss), micro-
nutrient or endocrine abnormalities, sleep disturbance, and mood disorders are all criti-
cal in providing person and family/care partner-centered cognitive care. Support groups 
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show significant positive effects on caregivers’ psychological well-being.58 According 
to a review that examined seven meta-analyses and 17 systematic reviews of RCTs, the 
following were prominent characteristics that deemed caregiver interventions effective: 
caregivers are actively involved in the intervention, the intervention is tailored and per-
sonalized to the changing needs of the individual with dementia and his or her caregiv-
ers, and the intervention meets the needs of all parties involved.59

Lifestyle medicine offers a comprehensive approach to support both the person 
with dementia and his or her care partner(s) by promoting longer healthspan and 
quality of life along the cognitive health continuum.

33.4 DISPARITIES

Sex, gender, racial, and socioeconomic inequities exist in persons with dementia and 
in those caring for them. Older Blacks and Hispanic Americans are twice to 1.5 times 
more likely than older Whites to have AD or other dementias, respectively.60,61 Both 
Hispanic and African American populations will see the greatest increase in AD 
and related dementias between 2015 and 2060. By 2060, the number of AD cases is 
expected to grow to 14 million people, with historically marginalized communities 
affected the most.62 Evidence supports that these disparities are greatly affected by 
marginalization of people of color and structural racism.63 Residential segregation is 
a consequence of structural racism and is associated with cognitive dysfunction and 
increased dementia risk.64 Additionally, Black caregivers are more likely to provide 
more than 40 hours of caregiving per week, much more than White caregivers, and 
are also more likely than White caregivers to be caring for someone with dementia. 
Black caregivers were also 69% less likely to have access to respite services.65

Moreover, women are disproportionately affected by AD. Almost two-thirds 
of Americans with AD are women, and two-thirds of dementia caregivers are also 
women. Initial research in prevalence rates had suggested these sex differences are 
attributable to the increased longevity of women compared to men. However, emerg-
ing research identifies a number of factors including the menopause transition, stress, 
neuroinflammation, mood disorders, and dementia risk. In a large prospective cohort 
study, less estradiol exposure associated with later menarche, early menopause, shorter 
reproductive span, and hysterectomies was associated with a higher risk of dementia.66

Current studies examining menopause hormone therapy (HT) for dementia preven-
tion in women are mixed.67 Currently, HT is not recommended for AD prevention or 
cognition preservation in women of menopausal age; rather, a personalized approach 
with consideration of key factors including age, menopausal stage, comorbidities, and 
symptoms is warranted. Longitudinal studies are needed to further explore the asso-
ciation between cumulative estrogen exposure and cognitive function in later life.

Recognizably, there is a large gap in including historically marginalized groups 
in dementia research. More studies that focus on diverse sex, ethnic, and racial back-
grounds are needed to draw conclusions about disparity gaps within dementia care to 
direct policy and public health efforts. Providing culturally competent care and remov-
ing barriers to timely access and treatment of cognitive decline and dementia in dis-
proportionately affected groups is paramount to population health. Lifestyle medicine 
is well suited to promote cognitive health equity through scalable community partner-
ships and innovative systems of care such as shared medicine appointments.
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33.5 CONCLUSION

In conclusion, dementia prevalence is on the rise with our aging population and is a 
public health priority.8–12 Cognitive impairment is a spectrum that necessitates our 
focus on preventative and lifestyle interventions. There are numerous, modifiable 
risk and protective factors to target our efforts in reducing dementia and slowing 
progression of cognitive impairment with the seven pillars of cognitive health.21–59A 
lifestyle medicine approach to cognitive health is essential for prevention of cogni-
tive impairment, slowing progression of dementia, increasing healthspan, and pro-
moting quality of life.
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Women’s Mental and 

Physical Health

Ryan Linn Brown, PhD

KEY POINTS

• Sex-specific, reproductive-related experiences of menarche, pregnancy, and 
menopause contribute to women’s mental and physical health across the 
lifespan.

• Early menarche, adverse pregnancy outcomes, and early menopause each 
uniquely contribute to women’s health.

• Lifestyle interventions can reduce the number of women adversely affected 
by elements of these experiences and may disrupt their association with 
women’s psychological and physical (ill) health.

34.1 INTRODUCTION

Despite women’s longevity advantage compared to men, women tend to experience 
worse health and a greater disease burden in older adulthood (i.e., male-female, 
health-survival paradox).1–3 Women are disproportionately impacted by age-related 
diseases4 and experience elevated morbidity from acute and chronic physical and 
psychiatric diseases.5

Accumulating evidence points to the contribution of sex-specific, reproduc-
tive-related experiences of menarche, pregnancy, and menopause to women’s 
mental and physical health. Sex-specific reproductive aging factors promote indi-
vidual differences in women’s experiences of these developmental stages that 
contribute uniquely to women’s mental health and cardiometabolic risk.6,7 This 
chapter primarily focuses on physical health outcomes related to cardiometabolic 
health because cardiovascular disease is the leading cause of death for women in 
the United States and women are less likely than men to be diagnosed appropri-
ately or receive preventive care. There is strong evidence that there are certain 
reproductive events in a woman’s medical history that may serve as risk factors 
for poor cardiovascular health.8 In this chapter, I consider how these factors may 
contribute to women’s health across the lifespan while acknowledging that for 
any individual woman, these reproductive factors vary concerning whether and 
how they occur. Related topics, such as the health of transgender individuals 
and the influence of abortion access for women’s mental and physical health, are 
beyond the scope of this review but represent critical areas of ongoing and future 
research.

34
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34.2 MENARCHE

Sex differences in many forms of psychopathology begin to emerge during the puber-
tal transition.9,10 In childhood, boys and girls experience similar rates of depression 
and anxiety until around age 13 when sex differences in internalizing symptoms 
and disorders widen throughout adolescence.11–14 Adolescent girls experience sub-
stantial emotional shifts (e.g., greater sensitivity to affective facial expressions15,16) 
and stressful negative psychological and social consequences of puberty (e.g., body 
dissatisfaction, peer stressors).17–19

The average age of menarche (i.e., central event of female puberty) is approxi-
mately 12 years in the United States. Early menarche is associated with increased 
risk for internalizing psychopathology,20,21 eating disorders,22,23 substance use disor-
ders,20 as well as increased cardiometabolic risk,7,24–29 and all-cause mortality.30 The 
cardiovascular disease risk appears to be U-shaped as there may also be an increased 
cardiovascular risk associated with late menarche (after age 17).26–28 The timing of 
menarche is influenced by genetic factors and potentially modifiable factors such as 
lower birthweight and higher childhood body mass index.31 Exposure to early life 
adversity, particularly threat of harm, is also associated with earlier menarche.32–34 
Early menarche confers a 15 to 30% higher risk of future cardiovascular disease 
separate from sociodemographic factors.24,26,27

While the physical health risks associated with early menarche may be somewhat 
attributable to physiology (e.g., metabolic dysregulation),7,35,36 there is less evidence 
for the increased risk for internalizing psychopathology to be attributable to physi-
ological changes. Instead, researchers theorize that the psychosocial experience of 
developing secondary sexual characteristics before most of one’s peers may drive 
an increased vulnerability to depression and anxiety through maladaptive emotion 
regulatory strategies.21 For example, one prospective study found that early pubertal 
timing predicted increased rumination for adolescent girls (but not boys) and that 
rumination mediated the association between pubertal timing and increased depres-
sive symptoms for adolescent girls.37 Accordingly, early menarche may be a criti-
cal transdiagnostic mechanism that contributes to the association between early life 
adversity and emergent adolescent psychopathology.33

34.2.1  INTERVENTIONS FOR EARLY MENARCHE: TARGETING SUBSTANCE USE  

AND CLOSE RELATIONSHIPS

Given the evidence for puberty as a developmentally sensitive period of psychologi-
cal vulnerability, there is an opportunity for lifestyle interventions to influence girls’ 
mental and physical health trajectories. Although puberty timing effects remain small 
and are not the sole predictor of psychopathology or cardiovascular health, sex-specific 
reproductive factors like early menarche should also be assessed in clinical practice 
and discussed to increase girls’ and women’s awareness of their existing risk factors.

Since puberty begins outside of girls’ control, stress-management interventions 
may be appropriate to navigate the feeling of uncontrollability stemming from early 
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menarche. Broadly, interventions that promote adaptive emotion regulation strate-
gies may help girls adjust to the sheer number and magnitude of social, psycho-
logical, and physiological changes experienced through puberty. Emotion regulation 
interventions here may also be targeted to the family system given the importance 
of parental involvement and the impact of parental regulation.38 Further, girls who 
experience early puberty are at high-risk for early use of both alcohol and cigarettes, 
with evidence accumulating that this risk may depend on one’s household risk (e.g., 
parental monitoring, parental substance use, fewer resources, more conflict).39–41 
Accordingly, the family system may be an appropriate target to reduce the risk for 
early substance use among girls who experience early menarche. By targeting sub-
stance use for those at high-risk of early alcohol or cigarette use before consistent 

drug use behaviors or drug dependence are established,42 these interventions may 
be health-promoting across developmental stages addressed throughout the rest of 
this chapter. However, more work is needed to tailor many of these interventions to 
be applicable for young people.42

34.3 PREGNANCY

Pregnancy is a vulnerable period for maternal mental and physical health. The 
transition to parenthood also presents challenges across psychological, biological, 
familial, and social domains. In addition to the impact of prenatal stress on the 
developing fetus, maternal stress in pregnancy contributes to maternal mental and 
physical health conditions. Women’s nutritional status during pregnancy affects the 
growth and development of the fetus,43–45 as well as their own health. Food insecu-
rity in pregnancy is a potent source of stress that affects eating behaviors (e.g., diet 
 quality,46,47 food addiction48) and the stress conferred by food insecurity may addi-
tionally influence metabolic processes.49–51 Further, several sex-specific risk factors 
related to one’s pregnancy history are increasingly recognized by cardiovascular and 
obstetric society guidelines, such as adverse pregnancy outcomes, to increase risk 
for cardiovascular diseases and dementias (including Alzheimer’s disease).

Hypertensive disorders of pregnancy include chronic hypertension, gestational 
hypertension, and preeclampsia (either alone or superimposed on preexisting chronic 
hypertension).52

Preeclampsia is a pregnancy-specific multisystem hypertensive disorder (medi-
ated by the placenta) that affects 2-8% of pregnancies,53 has a robust genetic com-
ponent,54,55 and is characterized by increased oxidative stress, vascular damage, 
systemic inflammation, and global endothelial damage.56 Women who experience 
preeclampsia or gestational hypertension during pregnancy have a 2-fold risk of car-
diovascular disease (CVD)57–59 with the highest risk among those who developed pre-
eclampsia early in pregnancy (before 34 weeks), who had preeclampsia with severe 
features, or who have had recurrent hypertensive disorders of pregnancy in more 
than one pregnancy.59,60 Strikingly, early-onset preeclampsia is associated with more 
than a 9-fold increased risk of cardiovascular death.61

Hypertensive disorders of pregnancy are associated with developing future 
chronic hypertension and cardiovascular conditions in both the short and long term.7 
In the weeks immediately following delivery, women with a history of hypertensive 
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disorders of pregnancy have increased odds of stroke, cardiomyopathy, myocardial 
infarction, and spontaneous coronary artery dissection.62–64 The cardiovascular risk 
persists into later life as hypertensive disorders of pregnancy and vascular aging 
(the hallmark of cardiovascular disease) share common mechanisms that may lead 
to the development of both preeclampsia and cardiovascular disease in a woman’s 
life course65; however, it is unknown if preeclampsia simply identifies who may be 
at later risk or if preeclampsia causally induces changes that increase overall risk for 
cardiovascular disease later in life. Separate from hypertensive disorders of preg-
nancy, gestational diabetes mellitus increases one’s risk of developing type 2 diabe-
tes mellitus by 7-fold66 and is associated with a significant increase in cardiovascular 
disease risk (independent from the development of type 2 diabetes mellitus).67

Although less well defined, preeclampsia is also associated with long-term cogni-
tive effects68–70 (e.g., vascular dementia71,72), which may be due to the increased risk of 
chronic hypertension as there is a robust positive association between blood pressure 
and cognitive change.73,74 There is also evidence that preeclampsia and Alzheimer’s 
disease share direct pathophysiological pathways (e.g., protein misfolding and defec-
tive amyloid processing).75

Pregnancy is also a unique moment in women’s lives where weight gain is both 
essential for fetal development and stigmatized for women who gain excess weight. 
Women’s body image is a relevant factor when considering perinatal depression: 
prospective cohort studies identify that body image dissatisfaction predicted incident 
prenatal and postpartum depression.76,77 Pregnancy and weight gained during preg-
nancy may also permanently alter women’s bodies. Accordingly, weight stigma may 
shape physical and psychological (ill) health from pregnancy to postpartum.76,78–80 
For example, pregnant and postpartum women who reported facing weight stigma 
from more sources experienced more depressive symptoms, maladaptive dieting 
behavior, and perceived stress.79 This area of research highlights a more complex 
relationship between weight gain in pregnancy and women’s mental and physical 
health as weight stigma can affect women’s relationships with their bodies, food, and 
trust in healthcare providers.81,82

34.3.1  INTERVENTIONS IN PREGNANCY: HEALTHY EATING, PHYSICAL ACTIVITY,  

AND STRESS MANAGEMENT

This section focuses on interventions aiming to promote cardiometabolic health in 
pregnancy that also address the stress of one’s transition to parenthood. Smoking 
cessation interventions are also established to promote better cardiometabolic health 
in pregnancy and lower preterm birth rates, especially the earlier in pregnancy 
one quits smoking.83 However, the sensitive period of pregnancy makes it an ideal 
timepoint for key lifestyle interventions that promote cardiometabolic health while 
also supporting a lower stress transition to parenthood with critical implications for 
maternal mental health and offspring development. Accordingly, this section pri-
marily focuses on interventions that target stress-reduction mechanisms.

Excess gestational weight gain is a common target of interventions in pregnancy, 
particularly for higher weight women, as excessive gestational weight gain is a risk 
factor for various pregnancy complications (e.g., gestational diabetes) that affect 
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women’s risk for age-related diseases later in life. However, there is wide variabil-
ity in the efficacy of diet and exercise interventions for limiting gestational weight 
gain,84 which is likely due to the multifactorial nature of obesity and weight gain, 
heterogeneity in sample characteristics and access to resources, experiences of 
weight stigma, and a lack of tailored interventions for racially and ethnically diverse 
populations. Chronic stress may promote weight gain or weight loss, but regardless 
of the direction of weight change, chronic stressors often alter metabolic control 
(e.g., insulin resistance, reward value of food); accordingly, behavioral change inter-
ventions are increasingly focusing on stress management and aiming to address the 
limited success of diet- and exercise-focused interventions by affecting dysregulated 
eating behaviors and metabolic parameters.84,85

One promising intervention involves teaching mindfulness techniques through-
out an 8-week intervention targeting eating behavior and reducing stress for pregnant 
women. Although this quasi-experimental trial did not significantly reduce the num-
ber of women gaining excessive weight, it did increase physical activity and reduced 
the likelihood of impaired glucose tolerance for those in the intervention group.85 
Participants also experienced significantly greater improvements in perceived stress 
and depression and greater increases in attitudes of acceptance (versus avoidance) 
about stressful experiences.85 By 18 months postpartum, those in the mindfulness 
intervention had lower odds of being in the highest depressive symptom severity 
group in this sample compared to treatment as usual86; critically, the benefits of this 
intervention persisted eight years later as those in the intervention group had signifi-
cantly reduced odds of experiencing moderate or high depressive symptoms, com-
pared to those receiving treatment as usual.87 Lastly, 42% of the participants in this 
study were food insecure, which points to greater systemic barriers that interven-
tions likely need to address (e.g., by providing food or additional financial resources) 
since food insecurity is associated with food addiction symptoms in pregnant indi-
viduals and caregivers, as well as gestational weight gain, and pregnancy compli-
cations.48,88–91 These results broadly emphasize the immense difficulty of affecting 
weight gain during pregnancy even when successfully affecting metabolic markers, 
particularly for those at the most significant risk for adverse pregnancy outcomes, 
and highlight the exciting potential for mental health effects from a lifestyle inter-
vention to persist nearly a decade after this critical period in a woman’s life.

34.4 MENOPAUSE

The menopausal transition marks the end of women’s fertility, a critical event of 
reproductive aging where one’s risk for cardiovascular disease can accelerate.92 
Menopause typically occurs around age 50 (median age),93 and one’s age at menopause 
is well-recognized as a marker of somatic aging and general health.94 Experiencing 
menopause at earlier ages is associated with elevated risk of cardiovascular condi-
tions, cardiovascular disease mortality, and all-cause mortality.29,95–97 Early meno-
pause is considered to occur between ages 40 to 45, whereas premature menopause 
indicates menopause before age 40. Genetic effects may explain approximately half 
of the variability in the timing of menopause, and the strongest additional influences 
are age at menarche, nulliparity, being underweight, and cigarette smoking.98
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The exact mechanisms underlying the relationship between age at menopause 
with cardiovascular health are not clear; however, there is some evidence that the 
association may be bidirectional. Menopause may occur spontaneously or follow-
ing use of certain medications or surgeries; these differences affect one’s level of 
risk for developing cardiovascular diseases. For example, in a large study of nearly 
12000 women in the UK, surgical premature menopause was associated with an 
87% increased risk of a composite of cardiovascular diseases compared to only a 
36% increased risk for natural premature menopause.95 In another key study, early 
menopause had the strongest association with cardiovascular disease risk among 
women who were current or former smokers, had higher body weight, and those with 
lower socioeconomic status.99

Other characteristics of the menopausal transition, such as vasomotor symptoms, 
are also related to a greater risk of cardiovascular disease and brain aging. Over 70% 
of women experience vasomotor symptoms (i.e., hot flashes, night sweats – the cardi-
nal symptoms of menopausal transition) at some point in midlife.100,101 Meta-analytic 
evidence highlights a 28% increased risk of cardiovascular disease associated with 
vasomotor symptoms (beyond traditional risk factors),97 and there is additional evi-
dence of a dose-dependent relationship between the frequency of vasomotor symp-
toms and cardiovascular disease risk factors.102 The severity of vasomotor symptoms 
is also associated with an increased risk of cardiovascular disease.103 There is bur-
geoning evidence that vasomotor symptoms are important for understanding wom-
en’s risk of memory decline at midlife.104 Most excitingly, early pilot randomized 
control trial evidence shows that the effects of vasomotor symptoms on cognition 
may be able to be reversed if vasomotor symptoms are treated.105

34.4.1 INTERVENTIONS FOR MENOPAUSAL TRANSITION: SMOKING CESSATION

There is very limited research surrounding the ideal timing of lifestyle interventions 
for the menopausal transition; accordingly, randomized clinical trials of lifestyle 
interventions do not adequately represent this high-risk population.92 Of the tradi-
tional cardiovascular disease risk factors, cigarette smoking is the most clear-cut to 
address both to reduce the likelihood of early menopause and potentially to amelio-
rate the risk of early menopause on cardiovascular health. There is some evidence for 
the potential reversibility of cigarette smoking effects on menopausal timing based 
on a large prospective cohort study comparing current smokers to those who quit 
smoking106; however, additional research with more precise measurement is neces-
sary to determine the impact of smoking cessation around the menopausal tran-
sition.106–108 Smoking cessation interventions may be targeted for women who are 
already at heightened risk of early menopause (e.g., due to early menarche or based 
on family histories).

34.5 CONCLUSION

Considering characteristics of women’s reproductive experiences (i.e., menarche, preg-
nancy, and menopause) provides the opportunity to influence trajectories of health 
through developmentally sensitive and/or vulnerable periods, incorporate additional 
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sex-specific risk factors into risk algorithms, and provide women of all ages with the 
knowledge of their own reproductive-related risk. Because there is also evidence for 
interactions between aspects of women’s reproductive history and traditional cardio-
vascular disease risk factors, there is ample opportunity for researchers and clinicians 
to target the six pillars of lifestyle medicine to promote women’s mental and physi-
cal health across the lifespan. Table 34.1 summarizes a few clinical applications for 
practitioners.

REFERENCES

 1. Archer CR, Recker M, Duffy E, Hosken DJ. Intralocus sexual conflict can resolve the 
male-female health-survival paradox. Nat Commun. 2018;9(1):5048. doi:10.1038/s41467- 
018-07541-y

 2. Oksuzyan A, Juel K, Vaupel JW, Christensen K. Men: Good health and high mortality. 
Sex differences in health and aging. Aging Clin Exp Res. 2008;20(2):91–102. doi:10. 
1007/BF03324754

 3. Gordon EH, Peel NM, Samanta M, Theou O, Howlett SE, Hubbard RE. Sex differ-
ences in frailty: A systematic review and meta-analysis. Exp Gerontol. 2017;89:30–40. 
doi:10.1016/j.exger.2016.12.021

 4. Austad SN, Fischer KE. Sex differences in lifespan. Cell Metab. 2016;23(6):1022–1033. 
doi:10.1016/j.cmet.2016.05.019

 5. Almagro P, Ponce A, Komal S, et al. Multimorbidity gender patterns in hospitalized 
elderly patients. PLoS ONE. 2020;15(1):e0227252. doi:10.1371/journal.pone.0227252

 6. Miller EC, Wilczek A, Bello NA, Tom S, Wapner R, Suh Y. Pregnancy, preeclamp-
sia and maternal aging: From epidemiology to functional genomics. Ageing Res Rev. 
2022;73:101535. doi:10.1016/j.arr.2021.101535

 7. O’Kelly AC, Michos ED, Shufelt CL, et al. Pregnancy and reproductive risk factors 
for cardiovascular disease in women. Circ Res. 2022;130(4):652–672. doi:10.1161/
CIRCRESAHA.121.319895

 8. Vogel B, Acevedo M, Appelman Y, et al. The Lancet women and cardiovascular dis-
ease Commission: Reducing the global burden by 2030. The Lancet. 2021;397(10292): 
2385–2438. doi:10.1016/S0140-6736(21)00684-X

 9. Mendle J. Why puberty matters for psychopathology. Child Dev Perspect. 2014;8(4): 
218–222. doi:10.1111/cdep.12092

 10. Hayward C, Sanborn K. Puberty and the emergence of gender differences in psy-
chopathology. J Adolesc Health Off Publ Soc Adolesc Med. 2002;30(4 Suppl):49–58. 
doi:10.1016/s1054-139x(02)00336-1

TABLE 34.1

Clinical Applications for Practitioners

1 Clinicians should consider assessing female patients’ reproductive history.

2 Reducing stress and cigarette smoking are promising lifestyle interventions to prevent early 
menarche, adverse pregnancy outcomes, and early menopause.

3 Diet and exercise interventions should be delivered in a manner that does not amplify weight-based 
stigmatization.

https://doi.org/10.1038/s41467-018-07541-y
https://doi.org/10.1038/s41467-018-07541-y
https://doi.org/10.1007/BF03324754
https://doi.org/10.1007/BF03324754
https://doi.org/10.1016/j.exger.2016.12.021
https://doi.org/10.1016/j.cmet.2016.05.019
https://doi.org/10.1371/journal.pone.0227252
https://doi.org/10.1016/j.arr.2021.101535
https://doi.org/10.1161/CIRCRESAHA.121.319895
https://doi.org/10.1161/CIRCRESAHA.121.319895
https://doi.org/10.1016/S0140-6736(21)00684-X
https://doi.org/10.1111/cdep.12092
https://doi.org/10.1016/s1054-139x(02)00336-1


415Women’s Mental and Physical Health

 11. Jane Costello E, Erkanli A, Angold A. Is there an epidemic of child or adolescent 
depression? J Child Psychol Psychiatry. 2006;47(12):1263–1271. doi:10.1111/j.1469- 
7610.2006.01682.x

 12. Hankin BL, Abramson LY, Moffitt TE, Silva PA, McGee R, Angell KE. Development 
of depression from preadolescence to young adulthood: Emerging gender differ-
ences in a 10-year longitudinal study. J Abnorm Psychol. 1998;107(1):128–140. doi:10. 
1037//0021-843x.107.1.128

 13. Letcher P, Sanson A, Smart D, Toumbourou JW. Precursors and correlates of anxi-
ety trajectories from late childhood to late adolescence. J Clin Child Adolesc Psychol 

Off J Soc Clin Child Adolesc Psychol Am Psychol Assoc Div 53. 2012;41(4):417–432.  
doi:10.1080/15374416.2012.680189

 14. Merikangas KR, Zhang H, Avenevoli S, et al. Longitudinal trajectories of depression 
and anxiety in a prospective community study: The Zurich Cohort Study. Arch Gen 

Psychiatry. 2003;60(10):993–1000. doi:10.1001/archpsyc.60.9.993
 15. Goddings AL, Burnett Heyes S, Bird G, Viner RM, Blakemore SJ. The relationship 

between puberty and social emotion processing. Dev Sci. 2012;15(6):801–811. doi:10. 
1111/j.1467-7687.2012.01174.x

 16. Moore WE, Pfeifer JH, Masten CL, Mazziotta JC, Iacoboni M, Dapretto M. Facing 
puberty: Associations between pubertal development and neural responses to affective 
facial displays. Soc Cogn Affect Neurosci. 2012;7(1):35–43. doi:10.1093/scan/nsr066

 17. Hamlat EJ, Stange JP, Alloy LB, Abramson LY. Early pubertal timing as a vulner-
ability to depression symptoms: Differential effects of race and sex. J Abnorm Child 

Psychol. 2014;42(4):527–538. doi:10.1007/s10802-013-9798-9
 18. Ge X, Conger RD, Elder GH. Pubertal transition, stressful life events, and the emer-

gence of gender differences in adolescent depressive symptoms. Dev Psychol. 2001; 
37(3):404–417. doi:10.1037//0012-1649.37.3.404

 19. Hamilton JL, Stange JP, Kleiman EM, Hamlat EJ, Abramson LY, Alloy LB. Cognitive 
vulnerabilities amplify the effect of early pubertal timing on interpersonal stress gen-
eration during adolescence. J Youth Adolesc. 2014;43(5):824–833. doi:10.1007/s10964- 
013-0015-5

 20. Stice E, Presnell K, Bearman SK. Relation of early menarche to depression, eating dis-
orders, substance abuse, and comorbid psychopathology among adolescent girls. Dev 

Psychol. 2001;37(5):608–619. doi:10.1037//0012-1649.37.5.608
 21. Graber JA. Pubertal timing and the development of psychopathology in adolescence 

and beyond. Horm Behav. 2013;64(2):262–269. doi:10.1016/j.yhbeh.2013.04.003
 22. Zehr JL, Culbert KM, Sisk CL, Klump KL. An association of early puberty with dis-

ordered eating and anxiety in a population of undergraduate women and men. Horm 

Behav. 2007;52(4):427–435. doi:10.1016/j.yhbeh.2007.06.005
 23. Klump KL. Puberty as a critical risk period for eating disorders: A review of human 

and animal studies. Horm Behav. 2013;64(2):399–410. doi:10.1016/j.yhbeh.2013.02.019
 24. Lakshman R, Forouhi NG, Sharp SJ, et al. Early age at menarche associated with car-

diovascular disease and mortality. J Clin Endocrinol Metab. 2009;94(12):4953–4960. 
doi:10.1210/jc.2009-1789

 25. Bubach S, De Mola CL, Hardy R, Dreyfus J, Santos AC, Horta BL. Early menarche and 
blood pressure in adulthood: Systematic review and meta-analysis. J Public Health. 
2018;40(3):476–484. doi:10.1093/pubmed/fdx118

 26. Peters SA, Woodward M. Women’s reproductive factors and incident cardiovascular 
disease in the UK biobank. Heart. 2018;104(13):1069–1075. doi:10.1136/heartjnl-2017- 
312289

 27. Canoy D, Beral V, Balkwill A, et al. Age at menarche and risks of coronary heart 
and other vascular diseases in a large UK cohort. Circulation. 2015;131(3):237–244. 
doi:10.1161/CIRCULATIONAHA.114.010070

https://doi.org/10.1111/j.1469-7610.2006.01682.x
https://doi.org/10.1111/j.1469-7610.2006.01682.x
https://doi.org/10.1037//0021-843x.107.1.128
https://doi.org/10.1037//0021-843x.107.1.128
https://doi.org/10.1080/15374416.2012.680189
https://doi.org/10.1001/archpsyc.60.9.993
https://doi.org/10.1111/j.1467-7687.2012.01174.x
https://doi.org/10.1111/j.1467-7687.2012.01174.x
https://doi.org/10.1093/scan/nsr066
https://doi.org/10.1007/s10802-013-9798-9
https://doi.org/10.1037//0012-1649.37.3.404
https://doi.org/10.1007/s10964-013-0015-5
https://doi.org/10.1007/s10964-013-0015-5
https://doi.org/10.1037//0012-1649.37.5.608
https://doi.org/10.1016/j.yhbeh.2013.04.003
https://doi.org/10.1016/j.yhbeh.2007.06.005
https://doi.org/10.1016/j.yhbeh.2013.02.019
https://doi.org/10.1210/jc.2009-1789
https://doi.org/10.1093/pubmed/fdx118
https://doi.org/10.1136/heartjnl-2017-312289
https://doi.org/10.1136/heartjnl-2017-312289
https://doi.org/10.1161/CIRCULATIONAHA.114.010070


416 Lifestyle Psychiatry

 28. Lee JJ, Cook-Wiens G, Johnson BD, et al. Age at menarche and risk of cardiovascular 
disease outcomes: Findings from the national heart lung and blood institute- sponsored 
Women’s ischemia syndrome evaluation. J Am Heart Assoc. 2019;8(12):e012406. 
doi:10.1161/JAHA.119.012406

 29. Ley SH, Li Y, Tobias DK, et al. Duration of reproductive life span, age at menarche, and 
age at menopause are associated with risk of cardiovascular disease in women. J Am 

Heart Assoc. 2017;6(11):e006713. doi:10.1161/JAHA.117.006713
 30. Charalampopoulos D, McLoughlin A, Elks CE, Ong KK. Age at menarche and risks 

of all-cause and cardiovascular death: A systematic review and meta-analysis. Am J 

Epidemiol. 2014;180(1):29–40. doi:10.1093/aje/kwu113
 31. Juul F, Chang VW, Brar P, Parekh N. Birth weight, early life weight gain and age 

at menarche: A systematic review of longitudinal studies. Obes Rev. 2017;18(11): 
1272–1288. doi:10.1111/obr.12587

 32. Colich NL, Rosen ML, Williams ES, McLaughlin KA. Biological aging in childhood 
and adolescence following experiences of threat and deprivation: A systematic review 
and meta-analysis. Psychol Bull. 2020;146(9):721–764. doi:10.1037/bul0000270

 33. Colich NL, Platt JM, Keyes KM, Sumner JA, Allen NB, McLaughlin KA. Earlier age 
at menarche as a transdiagnostic mechanism linking childhood trauma with multiple 
forms of psychopathology in adolescent girls. Psychol Med. 2020;50(7):1090–1098. 
doi:10.1017/S0033291719000953

 34. Lei MK, Beach SRH, Simons RL. Childhood trauma, pubertal timing, and cardiovas-
cular risk in adulthood. Health Psychol Off J Div Health Psychol Am Psychol Assoc. 
2018;37(7):613–617. doi:10.1037/hea0000609

 35. Matkovic V, Ilich JZ, Skugor M, et al. Leptin is inversely related to age at menarche in 
human females. J Clin Endocrinol Metab. 1997;82(10):3239–3245. doi:10.1210/jcem. 
82.10.4280

 36. Remsberg KE, Demerath EW, Schubert CM, Chumlea WC, Sun SS, Siervogel RM. 
Early menarche and the development of cardiovascular disease risk factors in ado-
lescent girls: The Fels Longitudinal Study. J Clin Endocrinol Metab. 2005;90(5): 
2718–2724. doi:10.1210/jc.2004-1991

 37. Alloy LB, Hamilton JL, Hamlat EJ, Abramson LY. Pubertal development, emotion 
regulatory styles, and the emergence of sex differences in internalizing disorders 
and symptoms in adolescence. Clin Psychol Sci. 2016;4(5):867–881. doi:10.1177/ 
2167702616643008

 38. Hajal NJ, Paley B. Parental emotion and emotion regulation: A critical target of study 
for research and intervention to promote child emotion socialization. Dev Psychol. 
2020;56:403–417. doi:10.1037/dev0000864

 39. Andrews JA, Hops H, Duncan SC. Adolescent modeling of parent substance use: The 
moderating effect of the relationship with the parent. J Fam Psychol. 1997;11:259–270. 
doi:10.1037/0893-3200.11.3.259

 40. Westling E, Andrews JA, Hampson SE, Peterson M. Pubertal timing and substance 
use: The effects of gender, parental monitoring and deviant peers. J Adolesc Health Off 

Publ Soc Adolesc Med. 2008;42(6):555–563. doi:10.1016/j.jadohealth.2007.11.002
 41. Dick DM, Rose RJ, Viken RJ, Kaprio J. Pubertal timing and substance use: Associations 

between and within families across late adolescence. Dev Psychol. 2000;36(2):180–189.
 42. Stockings E, Hall WD, Lynskey M, et al. Prevention, early intervention, harm reduction, 

and treatment of substance use in young people. Lancet Psychiatry. 2016;3(3):280–296. 
doi:10.1016/S2215-0366(16)00002-X

 43. Fall CHD, Yajnik CS, Rao S, Davies AA, Brown N, Farrant HJW. Micronutrients and 
fetal growth. J Nutr. 2003;133(5):1747S–1756S. doi:10.1093/jn/133.5.1747S

 44. Siega-Riz AM, Herrmann TS, Savitz DA, Thorp JM. Frequency of eating during 
pregnancy and its effect on preterm delivery. Am J Epidemiol. 2001;153(7):647–652. 
doi:10.1093/aje/153.7.647

https://doi.org/10.1161/JAHA.119.012406
https://doi.org/10.1161/JAHA.117.006713
https://doi.org/10.1093/aje/kwu113
https://doi.org/10.1111/obr.12587
https://doi.org/10.1037/bul0000270
https://doi.org/10.1017/S0033291719000953
https://doi.org/10.1037/hea0000609
https://doi.org/10.1210/jcem.82.10.4280
https://doi.org/10.1210/jcem.82.10.4280
https://doi.org/10.1210/jc.2004-1991
https://doi.org/10.1177/2167702616643008
https://doi.org/10.1177/2167702616643008
https://doi.org/10.1037/dev0000864
https://doi.org/10.1037/0893-3200.11.3.259
https://doi.org/10.1016/j.jadohealth.2007.11.002
https://doi.org/10.1016/S2215-0366(16)00002-X
https://doi.org/10.1093/jn/133.5.1747S
https://doi.org/10.1093/aje/153.7.647


417Women’s Mental and Physical Health

 45. Belkacemi L, Nelson DM, Desai M, Ross MG. Maternal undernutrition influences 
placental-fetal development. Biol Reprod. 2010;83(3):325–331. doi:10.1095/biolreprod. 
110.084517

 46. Laraia BA, Siega-Riz AM, Kaufman JS, Jones SJ. Proximity of supermarkets is posi-
tively associated with diet quality index for pregnancy. Prev Med. 2004;39(5):869–875. 
doi:10.1016/j.ypmed.2004.03.018

 47. Leung CW, Fulay AP, Parnarouskis L, Martinez-Steele E, Gearhardt AN, Wolfson JA. 
Food insecurity and ultra-processed food consumption: The modifying role of par-
ticipation in The Supplemental Nutrition Assistance Program (SNAP). Am J Clin Nutr. 
2022;116(1):197–205. doi:10.1093/ajcn/nqac049

 48. Parnarouskis L, Gearhardt AN, Mason AE, et al. Association of food insecurity and 
food addiction symptoms: A secondary analysis of two samples of low-income female 
adults. J Acad Nutr Diet. 2022;122(10):1885–1892. doi:10.1016/j.jand.2022.04.015

 49. Epel E, Lapidus R, McEwen B, Brownell K. Stress may add bite to appetite in women: 
A laboratory study of stress-induced cortisol and eating behavior. Psychoneuroendo-

crinology. 2001;26(1):37–49. doi:10.1016/S0306-4530(00)00035-4
 50. Epel E, Jimenez S, Brownell K, Stroud L, Stoney C, Niaura R. Are stress eaters at 

risk for the metabolic syndrome? Ann N Y Acad Sci. 2004;1032:208–210. doi:10.1196/
annals.1314.022

 51. Bermúdez-Millán A, Wagner JA, Feinn RS, et al. Inflammation and stress biomark-
ers mediate the association between household food insecurity and insulin resistance 
among latinos with type 2 diabetes. J Nutr. 2019;149(6):982–988. doi:10.1093/jn/nxz021

 52. Task Force on Hypertension in Pregnancy. Hypertension in pregnancy: Executive 
summary. Obstet Gynecol. 2013;122(5):1122–1131. doi:10.1097/01.AOG.0000437382. 
03963.88

 53. Abalos E, Cuesta C, Grosso AL, Chou D, Say L. Global and regional estimates of 
preeclampsia and eclampsia: A systematic review. Eur J Obstet Gynecol Reprod Biol. 
2013;170(1):1–7. doi:10.1016/j.ejogrb.2013.05.005

 54. Skjærven R, Vatten LJ, Wilcox AJ, Rønning T, Irgens LM, Lie RT. Recurrence of pre-
eclampsia across generations: Exploring fetal and maternal genetic components in a 
population based cohort. BMJ. 2005;331(7521):877. doi:10.1136/bmj.38555.462685.8F

 55. Serrano NC, Quintero-Lesmes DC, Dudbridge F, et al. Family history of pre-eclampsia 
and cardiovascular disease as risk factors for pre-eclampsia: The GenPE case-control 
study. Hypertens Pregnancy. 2020;39(1):56–63. doi:10.1080/10641955.2019.1704003

 56. Burton GJ, Redman CW, Roberts JM, Moffett A. Pre-eclampsia: Pathophysiology and 
clinical implications. BMJ. 2019:l2381. doi:10.1136/bmj.l2381

 57. Haug EB, Horn J, Markovitz AR, et al. Association of conventional cardiovascular risk 
factors with cardiovascular disease after hypertensive disorders of pregnancy: Analysis 
of the Nord-Trøndelag Health Study. JAMA Cardiol. 2019;4(7):628. doi:10.1001/
jamacardio.2019.1746

 58. Leon LJ, McCarthy FP, Direk K, et al. Preeclampsia and cardiovascular disease in a 
large UK pregnancy cohort of linked electronic health records: A CALIBER Study. 
Circulation. 2019;140(13):1050–1060. doi:10.1161/CIRCULATIONAHA.118.038080

 59. Grandi SM, Filion KB, Yoon S, et al. Cardiovascular disease-related morbidity and 
mortality in women with a history of pregnancy complications. Circulation. 2019; 
139(8):1069–1079. doi:10.1161/CIRCULATIONAHA.118.036748

 60. Riise HKR, Sulo G, Tell GS, et al. Association between gestational hypertension and 
risk of cardiovascular disease among 617 589 Norwegian women. J Am Heart Assoc. 
2018;7(10):e008337. doi:10.1161/JAHA.117.008337

 61. Mongraw-Chaffin ML, Cirillo PM, Cohn BA. Preeclampsia and cardiovascular dis-
ease death: Prospective evidence from the child health and development studies cohort. 
Hypertens Dallas Tex 1979. 2010;56(1):166–171. doi:10.1161/HYPERTENSIONAHA. 
110.150078

https://doi.org/10.1095/biolreprod.110.084517
https://doi.org/10.1095/biolreprod.110.084517
https://doi.org/10.1016/j.ypmed.2004.03.018
https://doi.org/10.1093/ajcn/nqac049
https://doi.org/10.1016/j.jand.2022.04.015
https://doi.org/10.1016/S0306-4530(00)00035-4
https://doi.org/10.1196/annals.1314.022
https://doi.org/10.1196/annals.1314.022
https://doi.org/10.1093/jn/nxz021
https://doi.org/10.1097/01.AOG.0000437382.03963.88
https://doi.org/10.1097/01.AOG.0000437382.03963.88
https://doi.org/10.1016/j.ejogrb.2013.05.005
https://doi.org/10.1136/bmj.38555.462685.8F
https://doi.org/10.1080/10641955.2019.1704003
https://doi.org/10.1136/bmj.l2381
https://doi.org/10.1001/jamacardio.2019.1746
https://doi.org/10.1001/jamacardio.2019.1746
https://doi.org/10.1161/CIRCULATIONAHA.118.038080
https://doi.org/10.1161/CIRCULATIONAHA.118.036748
https://doi.org/10.1161/JAHA.117.008337
https://doi.org/10.1161/HYPERTENSIONAHA.110.150078
https://doi.org/10.1161/HYPERTENSIONAHA.110.150078


418 Lifestyle Psychiatry

 62. Wu P, Chew-Graham CA, Maas AH, et al. Temporal changes in hypertensive disor-
ders of pregnancy and impact on cardiovascular and obstetric outcomes. Am J Cardiol. 
2020;125(10):1508–1516. doi:10.1016/j.amjcard.2020.02.029

 63. Afana M, Brinjikji W, Kao D, et al. Characteristics and in-hospital outcomes of peripar-
tum cardiomyopathy diagnosed during delivery in the United States from the nation-
wide inpatient sample (NIS) database. J Card Fail. 2016;22(7):512–519. doi:10.1016/j.
cardfail.2016.02.008

 64. Tweet MS, Hayes SN, Codsi E, Gulati R, Rose CH, Best PJM. Spontaneous coronary 
artery dissection associated with pregnancy. J Am Coll Cardiol. 2017;70(4):426–435. 
doi:10.1016/j.jacc.2017.05.055

 65. Berends AL, de Groot CJM, Sijbrands EJ, et al. Shared constitutional risks for maternal 
vascular-related pregnancy complications and future cardiovascular disease. Hypertens 

Dallas Tex 1979. 2008;51(4):1034–1041. doi:10.1161/HYPERTENSIONAHA.107.101873
 66. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes mellitus after gesta-

tional diabetes: A systematic review and meta-analysis. The Lancet. 2009;373(9677): 
1773–1779. doi:10.1016/S0140-6736(09)60731-5

 67. Vrachnis N, Augoulea A, Iliodromiti Z, Lambrinoudaki I, Sifakis S, Creatsas G. 
Previous gestational diabetes mellitus and markers of cardiovascular risk. Int J Endo-

crinol. 2012;2012:458610. doi:10.1155/2012/458610
 68. Adank MC, Hussainali RF, Oosterveer LC, et al. Hypertensive disorders of pregnancy 

and cognitive impairment: A prospective cohort study. Neurology. 2021;96(5):e709–e718. 
doi:10.1212/WNL.0000000000011363

 69. Postma IR, Bouma A, de Groot JC, Aukes AM, Aarnoudse JG, Zeeman GG. Cerebral 
white matter lesions, subjective cognitive failures, and objective neurocognitive func-
tioning: A follow-up study in women after hypertensive disorders of pregnancy. J Clin 

Exp Neuropsychol. 2016;38(5):585–598. doi:10.1080/13803395.2016.1143453
 70. Elharram M, Dayan N, Kaur A, Landry T, Pilote L. Long-term cognitive impair-

ment after preeclampsia: A systematic review and meta-analysis. Obstet Gynecol. 
2018;132(2):355–364. doi:10.1097/AOG.0000000000002686

 71. Basit S, Wohlfahrt J, Boyd HA. Pre-eclampsia and risk of dementia later in life: 
Nationwide cohort study. BMJ. 2018;363:k4109. doi:10.1136/bmj.k4109

 72. Andolf E, Bladh M, Möller L, Sydsjö G. Prior placental bed disorders and later 
 dementia: A retrospective Swedish register-based cohort study. BJOG Int J Obstet 

Gynaecol. 2020;127(9):1090–1099. doi:10.1111/1471-0528.16201
 73. Gottesman RF, Schneider ALC, Albert M, et al. Midlife hypertension and 20-year 

cognitive change: The atherosclerosis risk in communities neurocognitive study. JAMA 

Neurol. 2014;71(10):1218–1227. doi:10.1001/jamaneurol.2014.1646
 74. Muela HCS, Costa-Hong VA, Yassuda MS, et al. Hypertension severity is associated 

with impaired cognitive performance. J Am Heart Assoc. 2017;6(1):e004579. doi:10. 
1161/JAHA.116.004579

 75. Buhimschi IA, Nayeri UA, Zhao G, et al. Protein misfolding, congophilia, oligo-
merization, and defective amyloid processing in preeclampsia. Sci Transl Med. 2014; 
6(245):245ra92. doi:10.1126/scitranslmed.3008808

 76. Silveira ML, Ertel KA, Dole N, Chasan-Taber L. The role of body image in prena-
tal and postpartum depression: A critical review of the literature. Arch Womens Ment 

Health. 2015;18(3):409–421. doi:10.1007/s00737-015-0525-0
 77. Singh Solorzano C, Porciello G, Violani C, Grano C. Body image dissatisfaction and 

interoceptive sensibility significantly predict postpartum depressive symptoms. J Affect 

Disord. 2022;311:239–246. doi:10.1016/j.jad.2022.05.109
 78. Rode L, Kjærgaard H, Ottesen B, Damm P, Hegaard HK. Association between ges-

tational weight gain according to body mass index and postpartum weight in a large 
cohort of Danish women. Matern Child Health J. 2012;16(2):406–413. doi:10.1007/
s10995-011-0775-z

https://doi.org/10.1016/j.amjcard.2020.02.029
https://doi.org/10.1016/j.cardfail.2016.02.008
https://doi.org/10.1016/j.cardfail.2016.02.008
https://doi.org/10.1016/j.jacc.2017.05.055
https://doi.org/10.1161/HYPERTENSIONAHA.107.101873
https://doi.org/10.1016/S0140-6736(09)60731-5
https://doi.org/10.1155/2012/458610
https://doi.org/10.1212/WNL.0000000000011363
https://doi.org/10.1080/13803395.2016.1143453
https://doi.org/10.1097/AOG.0000000000002686
https://doi.org/10.1136/bmj.k4109
https://doi.org/10.1111/1471-0528.16201
https://doi.org/10.1001/jamaneurol.2014.1646
https://doi.org/10.1161/JAHA.116.004579
https://doi.org/10.1161/JAHA.116.004579
https://doi.org/10.1126/scitranslmed.3008808
https://doi.org/10.1007/s00737-015-0525-0
https://doi.org/10.1016/j.jad.2022.05.109
https://doi.org/10.1007/s10995-011-0775-z
https://doi.org/10.1007/s10995-011-0775-z


419Women’s Mental and Physical Health

 79. Incollingo Rodriguez AC, Dunkel Schetter C, Brewis A, Tomiyama AJ. The psycho-
logical burden of baby weight: Pregnancy, weight stigma, and maternal health. Soc Sci 

Med. 2019;235:112401. doi:10.1016/j.socscimed.2019.112401
 80. Incollingo Rodriguez AC, Tomiyama AJ, Guardino CM, Dunkel Schetter C. Association 

of weight discrimination during pregnancy and postpartum with maternal postpartum 
health. Health Psychol. 2019;38:226–237. doi:10.1037/hea0000711

 81. Rubino F, Puhl RM, Cummings DE, et al. Joint international consensus statement for 
ending stigma of obesity. Nat Med. 2020;26(4):485–497. doi:10.1038/s41591-020-0803-x

 82. Brown A, Flint SW, Batterham RL. Pervasiveness, impact and implications of weight 
stigma. EClinicalMedicine. 2022;47:101408. doi:10.1016/j.eclinm.2022.101408

 83. Soneji S, Beltrán-Sánchez H. Association of maternal cigarette smoking and smok-
ing cessation with preterm birth. JAMA Netw Open. 2019;2(4):e192514. doi:10.1001/
jamanetworkopen.2019.2514

 84. Bahri Khomami M, Teede HJ, Enticott J, O’Reilly S, Bailey C, Harrison CL. 
Implementation of antenatal lifestyle interventions into routine care: Secondary anal-
ysis of a systematic review. JAMA Netw Open. 2022;5(10):e2234870. doi:10.1001/
jamanetworkopen.2022.34870

 85. Epel E, Laraia B, Coleman-Phox K, et al. Effects of a mindfulness-based intervention 
on distress, weight gain, and glucose control for pregnant low-income women: A quasi-
experimental trial using the ORBIT model. Int J Behav Med. 2019;26(5):461–473. 
doi:10.1007/s12529-019-09779-2

 86. Felder JN, Roubinov D, Bush NR, et al. Effect of prenatal mindfulness training on 
depressive symptom severity through 18-months postpartum: A latent profile analysis. 
J Clin Psychol. 2018;74(7):1117–1125. doi:10.1002/jclp.22592

 87. Roubinov DS, Epel ES, Coccia M, et al. Long-term effects of a prenatal mindfulness 
intervention on depressive symptoms in a diverse sample of women. J Consult Clin 

Psychol. 2022: doi:10.1037/ccp0000776
 88. Troller-Renfree SV, Brito NH, Desai PM, et al. Infants of mothers with higher physi-

ological stress show alterations in brain function. Dev Sci. 2020;23(6). doi:10.1111/
desc.12976

 89. Troller-Renfree SV, Costanzo MA, Duncan GJ, et al. The impact of a poverty reduc-
tion intervention on infant brain activity. Proc Natl Acad Sci. 2022;119(5):e2115649119. 
doi:10.1073/pnas.2115649119

 90. Arteaga S. The Abundant Birth Project: Community-driven methods to design and 
evaluate a guaranteed income program for Black and Pacific Islander pregnant women 
and birthing people. In: APHA; 2022. https://apha.confex.com/apha/2022/meetingapp.
cgi/Paper/517947. Accessed December 21, 2022

 91. Laraia BA, Siega-Riz AM, Gundersen C. Household food insecurity is associated with 
self-reported pregravid weight status, gestational weight gain, and pregnancy compli-
cations. J Am Diet Assoc. 2010;110(5):692–701. doi:10.1016/j.jada.2010.02.014

 92. El Khoudary SR, Aggarwal B, Beckie TM, et al. Menopause transition and cardio-
vascular disease risk: Implications for timing of early prevention: A scientific state-
ment from the American Heart Association. Circulation. 2020;142(25). doi:10.1161/
CIR.0000000000000912

 93. Zhu D, Chung HF, Pandeya N, et al. Relationships between intensity, duration, cumula-
tive dose, and timing of smoking with age at menopause: A pooled analysis of individ-
ual data from 17 observational studies. PLoS Med. 2018;15(11):e1002704. doi:10.1371/
journal.pmed.1002704

 94. El Khoudary SR. Age at menopause onset and risk of cardiovascular disease around the 
world. Maturitas. 2020;141:33–38. doi:10.1016/j.maturitas.2020.06.007

 95. Honigberg MC, Zekavat SM, Aragam K, et al. Association of premature natural and 
surgical menopause with incident cardiovascular disease. JAMA. 2019;322(24):2411. 
doi:10.1001/jama.2019.19191

https://doi.org/10.1016/j.socscimed.2019.112401
https://doi.org/10.1037/hea0000711
https://doi.org/10.1038/s41591-020-0803-x
https://doi.org/10.1016/j.eclinm.2022.101408
https://doi.org/10.1001/jamanetworkopen.2019.2514
https://doi.org/10.1001/jamanetworkopen.2019.2514
https://doi.org/10.1001/jamanetworkopen.2022.34870
https://doi.org/10.1001/jamanetworkopen.2022.34870
https://doi.org/10.1007/s12529-019-09779-2
https://doi.org/10.1002/jclp.22592
https://doi.org/10.1037/ccp0000776
https://doi.org/10.1111/desc.12976
https://doi.org/10.1111/desc.12976
https://doi.org/10.1073/pnas.2115649119
https://apha.confex.com
https://apha.confex.com
https://doi.org/10.1016/j.jada.2010.02.014
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.1371/journal.pmed.1002704
https://doi.org/10.1371/journal.pmed.1002704
https://doi.org/10.1016/j.maturitas.2020.06.007
https://doi.org/10.1001/jama.2019.19191


420 Lifestyle Psychiatry

 96. Muka T, Oliver-Williams C, Kunutsor S, et al. Association of age at onset of meno-
pause and time since onset of menopause with cardiovascular outcomes, intermediate 
vascular traits, and all-cause mortality: A systematic review and meta-analysis. JAMA 

Cardiol. 2016;1(7):767–776. doi:10.1001/jamacardio.2016.2415
 97. Muka T, Oliver-Williams C, Colpani V, et al. Association of vasomotor and other 

menopausal symptoms with risk of cardiovascular disease: A systematic review and 
meta-analysis. PLoS ONE. 2016;11(6):e0157417. doi:10.1371/journal.pone.0157417

 98. Mishra GD, Chung HF, Cano A, et al. EMAS position statement: Predictors of prema-
ture and early natural menopause. Maturitas. 2019;123:82–88. doi:10.1016/j.maturitas. 
2019.03.008

 99. Zhu D, Chung HF, Dobson AJ, et al. Age at natural menopause and risk of incident  
cardiovascular disease: A pooled analysis of individual patient data. Lancet Public 

Health. 2019;4(11):e553–e564. doi:10.1016/S2468-2667(19)30155-0
 100. Avis NE, Crawford SL, Greendale G, et al. Duration of menopausal vasomotor symp-

toms over the menopause transition. JAMA Intern Med. 2015;175(4):531. doi:10.1001/
jamainternmed.2014.8063

 101. Gold EB, Colvin A, Avis N, et al. Longitudinal analysis of the association between 
vasomotor symptoms and race/ethnicity across the menopausal transition: Study of 
Women’s Health Across the Nation. Am J Public Health. 2006;96(7):1226–1235. 
doi:10.2105/AJPH.2005.066936

 102. Franco OH, Muka T, Colpani V, et al. Vasomotor symptoms in women and cardio-
vascular risk markers: Systematic review and meta-analysis. Maturitas. 2015;81(3): 
353–361. doi:10.1016/j.maturitas.2015.04.016

 103. Zhu D, Chung HF, Dobson AJ, et al. Vasomotor menopausal symptoms and risk of car-
diovascular disease: A pooled analysis of six prospective studies. Am J Obstet Gynecol. 
2020;223(6):898.e1–898.e16. doi:10.1016/j.ajog.2020.06.039

 104. Maki PM, Thurston RC. Menopause and brain health: Hormonal changes are only 
part of the story. Front Neurol. 2020;11. doi:10.3389/fneur.2020.562275. Accessed 
March 24, 2023

 105. Maki PM, Rubin LH, Savarese A, et al. Stellate ganglion blockade and verbal memory 
in midlife women: Evidence from a randomized trial. Maturitas. 2016;92:123–129. 
doi:10.1016/j.maturitas.2016.07.009

 106. Hayatbakhsh MR, Clavarino A, Williams GM, Sina M, Najman JM. Cigarette smok-
ing and age of menopause: A large prospective study. Maturitas. 2012;72(4):346–352. 
doi:10.1016/j.maturitas.2012.05.004

 107. Parente RC, Faerstein E, Celeste RK, Werneck GL. The relationship between smok-
ing and age at the menopause: A systematic review. Maturitas. 2008;61(4):287–298. 
doi:10.1016/j.maturitas.2008.09.021

 108. Sun L, Tan L, Yang F, et al. Meta-analysis suggests that smoking is associated with 
an increased risk of early natural menopause. Menopause N Y N. 2012;19(2):126–132. 
doi:10.1097/gme.0b013e318224f9ac

https://doi.org/10.1001/jamacardio.2016.2415
https://doi.org/10.1371/journal.pone.0157417
https://doi.org/10.1016/j.maturitas.2019.03.008
https://doi.org/10.1016/j.maturitas.2019.03.008
https://doi.org/10.1016/S2468-2667(19)30155-0
https://doi.org/10.1001/jamainternmed.2014.8063
https://doi.org/10.1001/jamainternmed.2014.8063
https://doi.org/10.2105/AJPH.2005.066936
https://doi.org/10.1016/j.maturitas.2015.04.016
https://doi.org/10.1016/j.ajog.2020.06.039
https://doi.org/10.3389/fneur.2020.562275
https://doi.org/10.1016/j.maturitas.2016.07.009
https://doi.org/10.1016/j.maturitas.2012.05.004
https://doi.org/10.1016/j.maturitas.2008.09.021
https://doi.org/10.1097/gme.0b013e318224f9ac


421DOI: 10.1201/b22810-40

Physical and Mental 

Health at Work

Jensine Paoletti, PhD, Joanne Angosta, PhD,  

and Leo Alexander III, PhD

KEY POINTS

• Work stress and downstream health outcomes have profound effects on 
employees’ quality of life.

• Positive experiences at work may affect employees’ health behaviors (e.g., 
physical activity) as well as their psychological well-being.

• Organizational leaders have many interventional levers at their disposal to 
benefit their employees’ mental and physical health.

For most adults between the ages of 25 and 64, the workplace is one of the most 
important social contexts in people’s lives, as employees spend one-third of their 
lives at work.1,2 Work can be a source of favorable health outcomes, including life 
satisfaction and meaningfulness, but it can also be a source of stress, burnout, and 
other adverse health outcomes. This chapter aims to summarize some of the research 
on work and health, especially from occupational health psychology (OHP). OHP 
is an interdisciplinary field that applies psychology to protecting and promoting 
workers’ health, safety, and well-being. The field of OHP primarily focuses on a 
healthy, adult workforce; therefore, many of the studies examine subclinical effects 
on employee health. A detailed review of the field is beyond the scope of this chapter, 
but further readings are listed in Table 35.1.

35.1 HEALTH PROBLEMS AT WORK

Healthy workplaces function to protect the employees from experiencing chronic 
stress and burnout (two of the most studied OHP outcomes) and other related adverse 
health outcomes. According to theory, work experiences can impair health via mul-
tiple mechanisms. Job demands are the aspects of jobs that require mental or physi-
cal effort (e.g., time demands); job resources are the aspects of a job that help an 
employee achieve his or her goals (e.g., social support).3,4 When job demands exceed 
job resources, employees are more likely to experience strain, fatigue, burnout, and 
other health problems.3,4 Over time, these effects result in higher healthcare costs, 
disease diagnoses, and mortality. Many everyday work-related stressors, includ-
ing shiftwork, long work hours, low job security, high work-family conflict, high 
job demands, and low social support at work, were related to increased American 
healthcare costs, conservatively estimated at an increase of $125 billion annually.5 

35
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Conservative estimates indicate that 127,000 annual deaths may be attributed to 
work-related stressors.5

35.1.1 WORK STRESS AND BURNOUT

At work, employees experience a myriad of stressors with disparate outcomes. The 
challenge-hindrance framework is often used to distinguish between challenge 
stressors, which may cause eustress in moderate amounts, and hindrance stressors, 
which interfere with one’s goal and often cause distress.6,7 One significant stressor is 
emotional labor, an affective process that involves the suppression of genuine emo-
tions and manufacturing inauthentic emotions as required by one’s job.8 Researchers 
have found that a form of response-focused emotion regulation at work has a 
stronger relationship with psychosomatic complaints when compared to a form of 

TABLE 35.1

Suggested Review Articles for Further Reading

Topic Citation

Health problems at work

Emotional labor Zapf D, Kern M, Tschan F, Holman D, Semmer NK. Emotion work: A work 
psychology perspective. Annu Rev Organ Psychol Organ Behav. 
2021;8(1):139–172. doi:10.1146/annurev-orgpsych-012420-062451

Work stress and 
inflammation

Wright BJ, Eddy PJ, Kent S. Work Stress, immune, and inflammatory 
markers. In: Theorell T, ed. Handbook of Socioeconomic Determinants of 

Occupational Health: From Macro-Level to Micro-Level Evidence. 
Handbook Series in Occupational Health Sciences. Springer International 
Publishing; 2020:1–19. doi:10.1007/978-3-030-05031-3_28-1

Economic costs of 
work stress

Hassard J, Teoh KRH, Visockaite G, Dewe P, Cox T. The cost of work-related 
stress to society: A systematic review. Journal of Occupational Health 

Psychology. 2017;23(1):1–17. doi:10.1037/ocp0000069

Health benefits from work

Employee life 
satisfaction

Erdogan B, Bauer TN, Truxillo DM, Mansfield LR. Whistle while you work: 
A review of the life satisfaction literature. Journal of Management. 
2012;38(4):1038–1083. doi:10.1177/0149206311429379

Opportunities for improving employee health

Safety climate 
interventions

Lee J, Huang YH, Cheung JH, Chen Z, Shaw WS. A systematic review of the 
safety climate intervention literature: Past trends and future directions. 
Journal of Occupational Health Psychology. 2019;24(1):66–91. doi:10.1037/
ocp0000113

Family-supportive 
supervisor behaviors

Crain TL, Stevens SC. Family-supportive supervisor behaviors: A review and 
recommendations for research and practice. Journal of Organizational 

Behavior. 2018;39(7):869–888.

Workplace 
mindfulness trainings

Bartlett L, Martin A, Neil AL, et al. A systematic review and meta-analysis of 
workplace mindfulness training randomized controlled trials. Journal of 

Occupational Health Psychology. 2019;24(1):108. doi:10.1037/ocp0000146

https://doi.org/10.1146/annurev-orgpsych-012420-062451
https://doi.org/10.1007/978-3-030-05031-3_28-1
https://doi.org/10.1037/ocp0000069
https://doi.org/10.1177/0149206311429379
https://doi.org/10.1037/ocp0000113
https://doi.org/10.1037/ocp0000113
https://doi.org/10.1037/ocp0000146
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antecedent-focused emotion regulation.9 Much of the research on emotional labor 
focuses on customer service roles, although it also occurs in collaborative work.10 
In a recent profile analysis, people high in emotional labor reported significantly 
greater sleeping problems and burnout than those in other profiles.11

35.1.2 BURNOUT

Job burnout is a psychological syndrome resulting from chronic stress, especially 
interpersonal stress, in the workplace. Burnout is especially relevant for occupations 
that require frequent contact with coworkers or clients.12 The conceptualization of 
job burnout that has emerged from the vast body of research on human services occu-
pations and other professions comprises three components: (1) emotional exhaustion, 
(2) depersonalization, and (3) reduced personal accomplishment. Emotional exhaus-
tion is marked by a feeling of mental fatigue and depletion of emotional resources.13 
Emotional exhaustion results from chronic stress on the job and a lack of emotional 
resources to deal with those stressors. Depersonalization can be described as treat-
ing others in the workplace as objects rather than people. In these cases, workers 
may develop a cynical attitude toward the organization and their coworkers to cog-
nitively distance themselves from the stress and discouragement that accompanies 
overwhelming, emotionally exhausting work. Lastly, reduced personal accomplish-
ment refers to a feeling of inefficacy at work. Those suffering from reduced per-
sonal accomplishment (or reduced professional efficacy as it is known outside of 
the human services context) tend to hold negative evaluations of their competence, 
effectiveness, and work achievements.

35.2  HOW WORK STRESS AND BURNOUT TRANSLATE 
TO OTHER NEGATIVE HEALTH OUTCOMES

Findings from psychoneuroimmunology demonstrate the relationship between 
chronic stress and an overactive inflammatory network.14,15 Inflammation is associ-
ated with a large spectrum of conditions, including cardiovascular disease, type 2 
diabetes, cancers, osteoporosis, fatigue, frailty, Alzheimer’s disease and related 
dementias, premature aging, and all-cause mortality.16–18 As expected, work-related 
stress is related to adverse health outcomes, presumably via overactive inflamma-
tion. The Whitehall Studies demonstrated that job demands were related to coronary 
heart disease (CHD), as British civil servants at lower levels were more likely to have 
CHD19; these results are attributable to elevated, chronic inflammation. More recent 
meta-analytic findings align with the results of the Whitehall Studies, as low levels 
of job control were related to 31,000 annual deaths.5

Beyond these direct effects of work stressors and health, there are many medi-
ated pathways between work stress and negative health outcomes. For instance, the 
interactions between burnout and depression may synergistically increase the risk of 
inflammation-related conditions. Burnout is a direct predictor of all-cause mortal-
ity.20 According to one study, burnout is predictive of depressive symptoms, espe-
cially among employees who engage in lower levels of physical activity.21 Depression 
can prime the inflammatory response to subsequent stressors, increasing the risk 
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of negative health conditions.22 Work-related stressors may also affect employees’ 
health directly. One study found that shift work, long work hours, high job demands, 
and low social support at work were related to higher cases of physician-diagnosed 
major diseases.5 Specifically, these stressors increased employees’ likelihood of 
being diagnosed with heart disease, angina, myocardial infarction, stroke, emphy-
sema, asthma, high cholesterol, diabetes, and arthritis.5 Finally, organizational lead-
ers should understand the emerging evidence of crossover effects from a family 
member’s work experiences to his or her family’s health. In one recent example of a 
crossover effect, fathers’ work-family conflict was related to their children’s chronic 
inflammation through depressive symptoms and worry symptoms.23 Future research 
should continue to delve into the various pathways and boundary conditions between 
work stress and negative health outcomes.

35.3 HEALTH BENEFITS FROM WORK

Under some circumstances, positive experiences at work may buffer stress.24 Positive 
experiences at work increase an individual’s work-related satisfaction, which buf-
fers stress.25 Employment may satisfy financial needs from pay, interpersonal needs 
through interactions with coworkers, and status-oriented needs from an organiza-
tional position of power.26 Likewise, positive work experiences include a sense of 
challenge, growth, and meaningfulness associated with work (i.e., feeling as though 
your work makes a difference in the world or allows you to be a part of something 
larger than yourself promotes a sense of meaningfulness).26 These positive expe-
riences often encourage feelings of competence, self-esteem, and life satisfaction, 
which also buffer feelings of stress.25 Work experiences affect the employee’s quality 
of life through a process called spillover; work experiences may affect one’s family’s 
quality of life through a process crossover.27–29 Altogether, fulfilling psychological 
employment experiences serve to enrich life by serving as an additional domain 
in which employees may garner psychosocial resources. Finally, there may also be 
direct physical health benefits due to work experiences, as one study found that see-
ing coworkers eating fruits and vegetables was positively related to respondents’ veg-
etable consumption; similarly, seeing coworkers exercising was positively associated 
with respondents’ physical activity levels.30

35.3.1 MEANINGFUL WORK

Meaningful work is work that an individual finds particularly significant and holds 
positive meaning.31 In their review, Rosso and colleagues propose four main cat-
egories that describe the sources of meaning in work: the self, other persons, the 
work context, and spirituality. As these categories suggest, finding meaning in one’s 
work is not limited to interpersonal contexts. Research has previously shown that a 
sense of meaningful work can reduce emotional exhaustion.32 Evidence also sug-
gests that employees who spend more time on meaningful work tasks have a lower 
risk of burnout.33 Tei and colleagues concluded that medical professionals’ sense 
of meaning in their work reduced their stress by increasing their feelings of pur-
pose and making work feel less distressing. Relatedly, providing support to another 
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coworker was positively correlated with one’s feeling of meaningfulness in work.34 
Meaningful work motivates people to rally their character strengths to cope with the 
demands of stressful work tasks, staving off emotional exhaustion. The same mecha-
nism likely allows meaningful work to mediate the relationship between other traits 
that influence perceptions of work that lead to emotional exhaustion.

35.3.2 OPPORTUNITIES FOR PROMOTING EMPLOYEES’ HEALTH

Organizational leaders have many opportunities to make changes that may promote 
employee health. Goh and colleagues found that many changeable workplace stress-
ors were related to self-reported physical and mental health, physician-diagnosed 
health conditions, and mortality. In one study, work-family conflict and family-
supportive supervisor behaviors (i.e., supervisors providing empathy and flexibil-
ity with work-family management) were significantly related to sleep quality and 
quantity.35 In another study, the availability of flexible work hours was related to 
fewer health-related work limitations among older workers with chronic health con-
ditions.36 Employee health promotion interventions may also benefit organizations. 
When employees feel undervalued or mistreated, they may engage in unethical 
behavior at work.37 Results from one study suggest that interventions focused on 
increasing employees’ sleep quality and quantity may reduce unethical behavior at 
work.37 Below, we delve into two specific opportunities to improve employee health.

35.3.3 BREAKS AND RECOVERY

Work is effortful and depletes psychological resources; to replenish those resources, 
employees engage in work recovery experiences, which allow employees to return to 
pre-work levels of energy or exhaustion.38 Recovery experiences include (1) detach-
ment from work, (2) control of one’s time, (3) relaxation, and (4) feelings of mastery 
due to challenging experiences.39 According to meta-analytic evidence, after-work 
relaxation, mastery, and control are positively related to vigor and negatively associ-
ated with fatigue.40 Research on lunch breaks suggests that mid-day recovery experi-
ences, especially lunch breaks that allow employees to experience a sense of control 
and relaxation, can reduce end-of-day exhaustion.41,42 In one 10-day lunchtime 
intervention, employees were sorted into a park walk group, a relaxation exercise 
group, or a control group. Those in the relaxation group experienced lower strain and 
fatigue from their pre-intervention levels; they also had higher levels of afternoon 
concentration caused by their lunchtime experiences of detachment from work.43 
Extant findings suggest that mid-day breaks and after-work recovery experiences 
can promote employee health. Primordial prevention like these interventions may 
decrease the risk factors for burnout prior to the onset of burnout.44

35.3.4 SUPPORT FROM COLLEAGUES

In many modern workplaces, individuals must rely on giving and receiving instru-
mental support or task assistance from their coworkers and collaborators to per-
form their jobs. Exchanging support creates dependencies between the relationship 
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partners such that a relationship will become more interdependent in the future 
through the dependencies created by support behavior.45 Early findings indicate that 
giving support can reduce one’s stress from emotional labor.46 Likewise, receiving 
high levels of workplace social support is negatively related to the prevalence of 
cardiovascular disease.47

Workplace social support is not universally beneficial. Giving support to others 
may hurt the support giver, particularly in cases where it takes too much of the sup-
port giver’s energy.48,49 One study of service industry workers suggested that  support 
must be appropriate for the recipient’s needs.50 The recipient interprets social sup-
port and the provider; therefore, providing or receiving support from individuals 
who are unresponsive to others’ needs may not be accompanied by health benefits.51 
Together, the evidence indicates there may be understudied moderators, mediators, 
and boundary conditions in the relationship between social support and employee 
well-being. Interventions that increase supervisors’ emotional and instrumental sup-
port of their employees’ nonwork lives have improved employee’s marital relation-
ship quality and reduced stress among employees who provide eldercare in and/
or outside of work.52,53 Scientists and practitioners should consider utilizing inter-
ventions to enhance social support as a method of targeting enhancing employee 
well-being.

35.4 CONCLUSION

Work experiences have profound effects on the mental and physical health of employ-
ees. Positive work experiences can promote human flourishing, while negative expe-
riences are related to higher rates of illness and mortality. For instance, healthy 
workplaces can contribute to employees’ own healthy eating and regular physical 
activity. Healthy workplaces allow for positive social connection and may promote 
employees’ healthy aging. Emerging research suggests that workplace experiences 
may also impact employees’ families and their health. Despite decades of progress, 
opportunities abound for more research and practical application of prior findings.
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KEY POINTS

• The stigma facing sexually- and gender- diverse individuals has conse-
quences on their mental and physical health.

• Social threat can contribute to chronic stress that has negative, long-term 
effects on health.

• Interventions can aim at social safety to promote well-being and protect 
 sexually- and gender-diverse individuals from negative health consequences.

36.1 INTRODUCTION

Over the past several decades, a growing body of research has focused on the unique 
mental and physical health needs of sexually-diverse individuals (i.e., those who 
identify as lesbian, gay, bisexual, pansexual, queer, or asexual, or who engage in 
sexual or romantic relationships with the same gender) and gender-diverse individu-
als (i.e., those who identify as transgender, non-binary, gender non-conforming, or 
gender fluid). Such individuals are commonly described in the scientific and medical 
literature as sexual and gender minorities, but we describe them here as sexually- 

and gender-diverse (SGD) to underscore that it is their differentness from main-
stream sexual/gender norms that renders them a distinct population, rather than their 
statistical prevalence. Importantly, sexually-diverse individuals and gender-diverse 
individuals have unique life experiences and stigma-related challenges, and they are 
by no means interchangeable populations. We group them together in the present 
discussion because of their shared experience of stigma and social marginalization, 
which is the primary driver of their well-documented health disparities. Most SGD 
individuals grow up exposed to consistent and pervasive social denigration over their 
lifespans, from multiple sources, and many face explicit discrimination and inter-
personal violence as well. In this chapter, we review the processes by which these 
experiences feed forward to affect mental and physical health of SGD individuals, 
and we conclude by discussing research on intervention strategies aimed at mitigat-
ing the immediate and long-term health risks associated with sexual/gender stigma.

36
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36.2 HEALTH DISPARITIES

SGD individuals show notable disparities in both physical and mental health over the 
lifespan, and health psychologists have called for targeted research on their under-
lying mechanisms and potential strategies for intervention.1,2 Regarding mental 
health, numerous population studies and meta-analyses find that SGD adolescents 
and adults show disproportionate levels of depression, generalized anxiety, obses-
sive compulsive disorder, suicidal ideation, and suicidal behavior.3–7 In light of such 
findings, some scholars have argued that major depression poses a greater threat to 
the health of gay and bisexual men than HIV.8

Physical health disparities in SGD populations have shown more variation from 
study to study, often depending on the method of categorizing respondents and the 
specific covariates included (race/ethnicity, age, income, health insurance status, 
substance use, etc.). Diamond et al.9 reviewed 22 population studies published in 
the last decade that assessed disparities in SGD adults’ physical health outcomes, 
relative to cisgender and heterosexual adults. They found substantial variation across 
studies, depending on the specific health conditions assessed (cardiovascular dis-
ease, cardiovascular risk factors, asthma, cancer, etc.) and whether demographic 
and health-relevant covariates were accounted for. The most consistent disparities 
were found for self-reported functional disabilities, self-reported global assessments 
of physical wellness, cardiovascular disease, asthma, and arthritis. Yet the specific 
SGD subgroups showing elevated health risks differed from study to study: Some 
studies found moderating effects of gender, race/ethnicity, age, or specific identity 
subgroupings (for example, bisexual versus lesbian/gay). These findings show that 
health disparities in SGD populations have no single, all-purpose, easy-to-grasp 
cause. Rather, they are driven by multiple biobehavioral mechanisms that interact 
dynamically with individuals’ genetic predispositions and environmental contexts.

One of the most well-researched mechanisms is stress reactivity. Meyer’s influ-
ential “minority stress” theory10 postulated that the elevated mental health problems 
of sexually-diverse individuals were attributable to the “pile up” of stigma-related 
stressors that they commonly experience, including discrimination, bullying, inter-
nalized shame, physical victimization, and closeting. Numerous measures have been 
designed to assess these phenomena in the lives of sexually-diverse and gender-diverse 
individuals, across a range of time scales, developmental periods, and situational 
contexts, for example.11–13 Although self-reports of the frequency of stigma-related 
stressors tend to correlate with self-report measures of anxiety and depression in 
SGD populations,14,15 stress exposure does not reliably predict biological indices of 
stress reactivity (such as secretion of cortisol) or physical health outcomes.9 Notably, 
this is also the case for measures of racial/ethnic stigmatization. Like SGD popula-
tions, ethnically-marginalized populations show pronounced health disparities, but 
individual-level exposures to racial/ethnic stigma do not reliably predict individual-
level health outcomes.16 For these reasons, health psychologists have begun expand-
ing their theoretical models of the links between social stigma and health outcomes 
in order to capture a broader range of biobehavioral mechanisms, such as threat-

related hypervigilance.
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36.3 SAFETY, UNCERTAINTY, AND HYPERVIGILANCE

In recent years, scholars have noted that our common-sense notions of “stress reac-
tivity” – in which individuals occupy a default state of calm until we encounter 
an activating stressor – are inaccurate. As argued by Brosschot and colleagues, the 
human nervous system evolved to presume a certain degree of danger in the imme-
diate environment, and hence to maintain a default state of chronic threat-vigilance 
in order to facilitate rapid and efficient responsiveness to unpredictable threats.17–19 
Chronic threat-vigilance involves a coordinated set of biobehavioral processes, such 
as perseverative cognition, heightened attention to threat cues, chronic self- and 
other-monitoring, and social withdrawal.20–22 Although these strategies are adaptive 
in providing self-protection within uncertain environments, they are energetically 
demanding, and over time may deplete the attentional resources necessary for goal-
directed, social, and restorative activity.23,24

If chronic threat vigilance is the default state of the human nervous system, then 
what interrupts this vigilance sufficiently for individuals to maintain adaptive pat-
terns of emotional, cognitive, behavioral, and immunological functioning? The 
answer is social safety, defined as social connection, social inclusion, social pro-
tection, social recognition, and social acceptance.17,25 Because humans have lived 
in small social groups throughout our evolutionary history, social belonging is a 
fundamental and primary human need.25–27 When we feel sufficiently protected and 
included by those around us, our prefrontal cortex suppresses the neural systems 
responsible for threat vigilance, freeing up our attention and energy for exploration, 
goal-directed activity, and social engagement.20,28 When individuals do not have suf-
ficient and consistent access to social safety, their threat vigilance remains engaged, 
eating up their attention and energy even in the absence of direct threat.

This is precisely what may be happening in the minds and bodies of SGD individ-
uals and other marginalized populations: Stigma, by definition, excludes  individuals 
from the broader social fabric by marking them as “other” and “lesser.”29 Stigmatized 
individuals do not need to experience direct physical threats or discrete instances of 
discrimination to know that they cannot count on the unconditional protection of 
their neighbors, colleagues, and political leaders. For example, studies have found 
that routine cues of social safety and belonging (respectful treatment, offers of assis-
tance, friendly eye contact, explicit signs of social inclusion) are often withdrawn 
from SGD individuals once their identities are known,30,31 and hence many SGD 
individuals learn to fend for themselves by closely monitoring their surroundings for 
signs of disapproval and altering their speech and behavior in order to avoid danger.32 
Concealment, isolation, and chronic wariness may prove adaptive in the short term, 
by helping individuals to avoid direct exposure to discrimination or harassment, but 
when sustained over time these processes exact a psychological and biological toll 
that may be just as health-consequential as heightened stress exposure.

36.4 THE RELEVANCE OF THE IMMUNE SYSTEM

The biological mechanisms through which stigma (and other stressors) influence 
long-term health have been the topic of extensive study over the past several decades, 
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and an increasing body of work suggests a primary role for immunological inflam-

mation. Inflammation is the immune system’s response to threat or injury and is 
mediated by the release of “communication” molecules called pro-inflammatory 
cytokines, such as interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necro-
sis factor-alpha, or TNF-α. Acute inflammatory responses promote healing, but 
chronic, low-grade inflammation can increase individuals’ long-term susceptibility 
to infections, reduce the effectiveness of vaccines, and directly damage tissues and 
organs throughout the body.33 These processes have been shown to make unique 
contributions to a broad range of disease processes and health outcomes, including 
fatigue, frailty, disability, type 2 diabetes, cardiovascular disease, Alzheimer’s dis-
ease, asthma, osteoporosis, rheumatoid arthritis, periodontal disease, some forms of 
cancer, and all-cause mortality.33,34

Systemic inflammation poses a particular health risk for SGD individuals because 
it is known to be triggered by social threat – i.e., experiences of rejection, isolation, 
denigration, exclusion, ostracization, and shame.35,36 For example, observational 
studies have found that individuals show significant elevations in inflammation after 
experiencing social rejection, the loss of close social ties, or negative/conflictual 
interactions with social partners.37–40 Additionally, studies have found that perceived 
threats are just as influential on threat-related inflammation as actual threats,41 which 
indicates fearing social rejection may be just as health consequential as experiencing 
rejection. These studies suggest that because SGD typically face disproportionate 
risks for social rejection, shame, denigration, and exclusion, they face dispropor-
tionate risks for systemic inflammation and its downstream health consequences, 
and a growing number of studies support this view.42–49 Nonetheless, the magnitude 
of associations between sexual/gender stigmatization and inflammation has varied 
from study to study, and researchers have called for greater attention to moderating 
factors, such as race/ethnicity, age, or health behaviors.47–49

Early life adversity may be among the most important of these moderators, and 
scholars have increasingly investigated whether some of the long-term health effects 
of sexual/gender stigma are traceable to SGD individuals’ disproportionate exposure 
to neglect, abuse, economic insecurity, and household dysfunction during childhood 
and adolescence. Approximately one-third of SGD adults report having such expe-
riences prior to age 18, which is nearly double the rates observed among cisgen-
der heterosexuals reviewed in ref. 9. The reasons for disproportionate exposure to 
childhood adversity among SGD populations are unknown: Some of this effect is 
likely due to differential reporting: SGD individuals may be more aware/open about 
childhood adversity because the process of questioning one’s gender or sexuality 
often involves extended reflection and interrogation about childhood and adolescent 
feelings and experiences.50 Additionally, evidence suggests that children who appear 
“different” from other children (because of gender-atypicality or other domains) 
face higher rates of maltreatment by the adults and age-mates in their life reviewed 
in ref. 51. Early life adversity has well-documented implications for long-term men-
tal and physical health reviewed in ref. 52, and studies suggest that it may enhance 
stigma-related health vulnerabilities among SGD individuals. For example, studies 
have found that SGD individuals with histories of childhood sexual abuse have sig-
nificantly greater rates of substance problems, perceived stress, depressive symptoms, 
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PTSD, and suicidal ideation and behavior than those without such histories.53–55 Such 
findings indicate that in order to successfully mitigate the long-term health conse-
quences of stigma among SGD populations, we must devote as much attention to 
their childhood histories of psychological threat and social safety as to their current 
experiences.

36.5 INTERVENTION APPROACHES

If SGD health disparities are partly attributable to insufficient social safety and 
chronic threat-vigilance, then how can we mitigate these effects? Several recent 
reviews provide evidence-based guidance on the most effective strategies for inter-
rupting the cognitive, behavioral, emotional, and biological sequelae of sexual/ 
gender stigma.56,57 Some interventions have focused on enhancing SGD individuals’ 
psychological coping resources, for example, by creating educational interventions 
that counteract negative stereotypes, teach strategies for reframing stigma-related 
challenges, and enhance individuals’ ability to identity and modulate their emotional 
responses.58,59 To some degree, such interventions are designed to address the imme-
diate psychological processes that unfold in the wake of stigma, such as rumination, 
isolation, and self-blame,60 given that stigma itself may prove difficult and slow to 
change, especially in certain communities.

Other interventions tackle stigma directly, attempting to reduce SGD individuals’ 
vulnerability to stigma-related health problems by altering local attitudes and expec-
tations about SGD individuals within a particular social environment. For example, 
numerous school districts have established Gender-Sexuality Alliances (sometimes 
called “Gay-Straight Alliances”) to foster a sense of belonging and protection for 
SGD youth within their school settings.61,62 Other interventions disseminate edu-
cational trainings and materials aimed at reducing homophobia, promoting contact 
with SGD individuals, and increasing community knowledge and empathy about 
their experiences.63 These interventions have generally proven successful in creat-
ing “safe spaces” for SGD individuals within specific settings and social relation-
ships, for example, within the family,64 although it remains unclear whether such 
localized approaches are sufficient to counteract the broad and pervasive nature of 
structural and institutional stigma, as it remains manifested in social practices, laws, 
and policies.65

Of course, social structures and institutions are made up of individual people, 
and hence interventions that seek to decrease stigma and enhance social safety at the 
immediate, interpersonal level may, over time, “trickle up” to shape broader social 
norms and policies. The opposite may take place, as well: Several studies have found 
that when states and municipalities pass laws and policies that protect the well-being 
of SGD citizens (for example, laws prohibiting sexual orientation discrimination in 
housing, employment, or public accommodations), SGD individuals often show sub-
sequent improvements in mental and physical health, regardless of whether they are 
directly affected by the legislation of interest.66–69 These broad-based effects are 
thought to reflect the symbolic nature of laws and policies.70 Laws punishing anti-
gay discrimination and harassment serve to affirm the basic dignity and self-worth 
of SGD individuals, which may explain why SGD individuals who live in regions of 
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the US with anti-discrimination laws are viewed as more “hirable” by local manag-
ers and report less organizational discrimination.71–73

Intervention initiatives are likely to be most successful when implemented across 
multiple levels and domains (for example, affirmative laws and policies at the state 
and municipal level, ability of SGD individuals to access local community sup-
port, affirmative school and workplace environments, etc.). The Centers for Disease 
Control (CDC) advocates a social-ecological approach to health promotion which 
integrates prevention efforts across four different levels: societal, community, rela-
tional, and individual.74 This strategy has proven successful in the domain of sui-
cide prevention,75 and it offers a promising framework for addressing stigma-related 
health problems in SGD populations, by creating a consistent, multilevel safety net 
across multiple social domains.

36.6 CONCLUSION

The human brain’s sensitivity to social threat and social belonging is a legacy of 
our ancestral, group-living nature. Quite simply, our brains evolved to explore and 
thrive when protected and nurtured by those around us. Hence, we cannot promote 
health and well-being in stigmatized populations simply by reducing their exposure 
to stress and hardship: we must also amplify their experiences of reliable social 
connection, validation, and affirmation, at all stages of life. Accordingly, health pro-
motion efforts should adopt a “safety first” approach which begins by identifying 
whether individuals have sufficient and reliable access to affirmative and protective 
social ties that foster feelings of belonging and protection, and that are capable of 
down-regulating chronic threat-vigilance, rumination, and self-blame. Devoting just 
as much attention to SGD individuals’ access to social safety as we have historically 
devoted to their stress exposure may be one of the most important intervention strat-
egies available for reducing stigma-related health disparities in sexually-diverse and 
gender-diverse populations.
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KEY POINTS

• The use of lifestyle medicine is an effective approach to address the mental 
health needs of historically marginalized ethnic/racial communities.

• Cultural factors, such as practices, values, social networks, and interper-
sonal dynamics, are important to address in the development and imple-
mentation of lifestyle interventions aimed at addressing the mental health 
of diverse populations.

• Contextual considerations, including attending to the role of intersectional-
ity, the effect of the social environment, barriers and facilitators to health 
services and resources, and fostering conditions that facilitate resilience, 
are important considerations needed to inform mental health interventions 
for diverse populations.

• As we strive towards health equity, attending to and addressing the mental 
health of historically marginalized ethnic/racial communities requires 
innovation and commitment, as well as interdisciplinary efforts.

37.1 INTRODUCTION

Historically marginalized ethnic/racial communities exist on the edges of dominant 
society with scarce access to opportunities, resources, and vital services, including 
medical and mental healthcare.1 Marginalized communities impacted by social dis-
advantage, life adversity, and economic hardship have experienced disparities and 
inequities across a range of health outcomes, including mental health.2 In the face of 
the 2019 Coronavirus (COVID-19) pandemic, marginalized ethnic/racial communi-
ties have endured a significant burden from widening mental health gaps. Indeed, 
when compared to White individuals, people of African American, Latino, Asian, 
and Indigenous backgrounds have experienced a more pronounced decline in men-
tal health outcomes throughout the pandemic.3 Although suicide rates declined in 
2019 and 2020 when compared to 2018 for most populations, suicide rates among 
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Latino men and non-Latino multiracial women increased in 2020.4 In the face of 
added stressors, such as widespread uncertainty, mistrust, economic losses, reduced 
access to healthcare, social isolation, and limited access to digital technologies, the 
mental health of individuals from ethnic/racial marginalized communities has been 
neglected.5 Amidst increasing mental health disparities, attending to the mental 
health of marginalized ethnic/racial communities is more relevant than ever.

People from marginalized backgrounds face complex chronic stressors that are 
toxic to their mental health. Poverty, limited health information, difficulties navi-
gating healthcare systems, racism, discrimination, isolation, mental health stigma, 
and inadequate social support are some of the many compounded stressors at the 
root of psychological distress and mental disorders that marginalized individuals 
face.6–12 The aforementioned stressors often interfere with individuals’ ability to 
access health resources and obtain timely services that address the complex inter-
play of systemic, environmental, cultural, and individual factors affecting their men-
tal health. Indeed, individuals from underserved and under-resourced communities, 
such as people from lower socioeconomic backgrounds and underrepresented racial 
and ethnic groups (e.g., Black individuals and African Americans, Asian Americans, 
Indigenous Peoples, Latino or Hispanic, Pacific Islander, Middle Eastern and North 
African populations) are less likely to seek mental health treatment and to receive 
quality mental healthcare.13 Limited or lack of health insurance and the inability 
to pay out of pocket for mental health services are additional barriers that prevent 
individuals from marginalized backgrounds from receiving mental healthcare.14 
Addressing deeply entrenched mental health disparities requires devising innova-
tive, more efficient, effective ways to address the current mental health crises.15

Lifestyle medicine may offer a valuable opportunity to address mental health 
among marginalized ethnic/racial communities by overcoming salient barriers to 
traditional approaches to mental healthcare. With its focus on the promotion and 
maintenance of health behaviors that are incorporated into everyday life, lifestyle 
medicine and its focus on improved nutrition, regular physical activity, restorative 
sleep, stress management, the building of supportive social networks, and avoidance 
of risky substances may provide a more appealing, non-stigmatizing, and holistic 
approach to self-care and mental health promotion. Although stigma toward psycho-
logical treatment exists in many communities, it is more pronounced among com-
munities of color, given the added stress that underrepresented individuals face from 
segregation, stereotyping, and discrimination.16 By emphasizing self-care as needed 
to reduce stress, lifestyle medicine may open avenues to address mental health in 
non-stigmatizing ways. For instance, research shows that a high-quality diet and 
engagement in relaxing physical activities are helpful to improve mood and effective 
in reducing stress-related fatigue. Similarly, restful sleep and spending time with 
loved ones improve motivation to pursue meaningful life goals. Moreover, lifestyle 
medicine for mental health can set the stage for mental health conversations rooted in 
self-care, which can be useful to demystify mental illnesses. Given the complex and 
chronic stressors marginalized ethnic/racial communities face, lifestyle medicine 
could help buffer the effects of toxic stress, build resilience, and provide empower-
ment and hope in the face of adversity, disadvantage, and marginalization. In the 
next section of this chapter and summarized in Table 37.1, we highlight cultural and 
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(Continued)

TABLE 37.1

Cultural and Contextual Considerations for Lifestyle Medicine Interventions 

with Historically Marginalized Ethnic/Racial Communities.

Cultural Considerationsa

Domain Examples

Cultural 
Humility

• Intentionally engage in self-critique and reflexivity to recognize and accept biases 
and assumptions. Use these questions to engage in self-reflection: What is it like to 
be a member of the community? What do I know about this person’s experience? 
Am I centering my own culture and perspective when interacting with this person? 
What is it about this person that makes them culturally unique? What aspects of 
this person’s culture impact their reasons for engaging/not engaging? How may 
this person’s culture be a strength in working towards a particular goal? How may 
this person’s and my own culture impact our interaction and our ability to connect 
and work together?

• Engage in active listening and be genuine in your interpersonal interactions with 
the community.

• Ask open-ended questions respectfully and with an honest desire to learn and 
communicate with the community.

• Ask for guidance and feedback while conversing, including being accountable for 
micro and macro aggressions that may happen. Apply the feedback you are given 
by the community.

• Ask for permission to share your knowledge about a topic, such as when discussing 
mental health.

• Avoid giving unsolicited advice, but rather provide the tools and knowledge for 
people to make their decisions.

Cultural 
Competence

• Acquire a robust knowledge about the culture and history of the community, 
including knowledge of past circumstances that have contributed to a community’s 
current economic, social, and political status within the broader culture.

• Build liaisons and consult periodically with experts or members of the community 
to identify gaps in your knowledge and to increase your competence. This includes 
using consultation, literature, and training to understand culturally specific 
behaviors that demonstrate respect for the community.

• Explore, acknowledge, and validate the worldviews of members of the community.
• Provide training and resources to educate staff and other members of your team 

about the community.
• Select or build culturally appropriate screenings and assessment tools with 

feedback from key experts and/or members of the community.
• Conduct periodic evaluation of your engagement and communication efforts, and 

adapt as needed. This includes assessing progress toward desired goals established 
by the community.

• Use a collaborative approach when interacting with members of the community.

Values • Ask and consider what is important and needed by the community, and frame 
interventions accordingly.

• Engage in efforts to build trust and establish credibility with guidance, advice and 
feedback from the community. Periodically assess your efforts at building trust and 
credibility.
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(Continued)

• Use verbal and nonverbal responses, approaches, or styles to convey respect for the 
community and its values.

• Learn about the history and past experiences associated with the development of 
norms and values in the community.

• Learn about the community’s views of the past and future, as well as the community’s 
perception of its place within the broader culture, society, and the world.

• Use values that are important to the community to frame or formulate messages, 
including health messages. Examples of important values among non-western 
communities are collectivism, familism, religiosity and spirituality, tenacity, 
respect, and gratitude, among many others. Identify and learn about important 
values in the community.

Practices • Recognize and respect help-seeking practices and collaborate with trusted health 
providers in the community.

• If appropriate and preferred by the community, incorporate religiosity and 
spirituality in interventions with guidance and collaboration from the community 
and its faith-based leaders.

• Learn preferred cognitive and learning styles of the community (e.g., placing more 
attention on reflecting and processing than on content; being task-oriented; use of 
roleplay), and incorporate its preferences in the intervention.

• Learn and be respectful of rituals, ceremonies, celebrations, and traditions.
• Abstain from appropriating or exploiting practices, rituals, and traditions.

Social Networks • Acquire knowledge about the structure of social networks.
• Learn about the role of the family as a support system and different family 

structures and systems that exist.
• Learn about informal sources of emotional and affective support outside the family 

structure, as well as primary sources of instrumental and informational help to 
canalize the delivery of health information and resources.

• Leverage support networks and be mindful of norms that guide interpersonal 
interactions.

• Acquire knowledge and be mindful of rules and norms of interpersonal dynamics, 
including those that may facilitate or hinder the implementation of healthy living 
(e.g., gender roles, intergenerational differences).

• Learn about preferred styles of verbal and non-verbal communication. Consider, 
for instance, the use of direct versus indirect communication, appropriate personal 
space, social parameters for displays of physical contact, use of silence, preferred 
ways of moving, meaning of gestures, degree to which arguments and verbal 
confrontations are acceptable, degree of formality expected in communication, and 
amount of eye contact expected.

• Learn about preferred strategies for mediating conflict and how to respectfully 
engage in problem solving. This includes learning about reward and sanction 
concepts and how these influence decision making and goal achievement.

• Learn how prejudice, stereotypes, and expectations from others influence 
interpersonal dynamics in the community and keep in mind such knowledge when 
interacting with the community.

TABLE 37.1 (Continued)

Cultural Considerationsa

Domain Examples
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Contextual Considerationsa

Domain Examples

Intersectionality • Become aware and be respectful of intersectional identities that may be prevalent 
in the community and invite reflection about intersectionality in your 
conversations. Aspects to consider in addition to ethnicity and race include age, 
disability, gender identity, religion, education, socioeconomic status, sexual 
orientation, among many others.

• Understand how a person’s multiple identities may be barriers and/or resources to 
opportunities and services, as well as how intersectionality may influence a 
person’s mental health, health behaviors, and lifestyle choices.

• Be mindful of the ways in which the community has been harmed by different 
systems of oppression and of your engagement with said systems.

Social Context • Identify and become aware of systemic and structural barriers (e.g., racism, 
discrimination) that increase stress and interfere/undermine an individual’s access 
to opportunities, services, and resources.

• Assist, support, and provide resources for the community to help overcome 
barriers imposed by social disadvantage.

• Raise awareness and join advocacy efforts to reduce the harmful effects of social 
disadvantage on the community. This can be done by writing policy briefs, 
engaging in media campaigns, or collaborating with local grassroots community 
organizations that advocate for social justice and health equity.

Resilience • Learn and incorporate preferred coping strategies used by the community to cope 
with social disadvantage and adversity. For instance, among some historically 
marginalized communities, some effective strategies include cognitive reframing, 
behavioral adaptability, acceptance (i.e., gratefulness, contentment), sociability, 
courage, and ancestral or cultural pride.

• Adopt a strength-based approach that focuses on building upon people’s strengths, 
skills, and qualities over a deficits approach. This includes facilitating strengths-
based discussions and exercises, which can be done through testimonials and 
story-telling.

• Incorporating the use of folk and local art (e.g., dance, music, acting, writing, 
painting, sculpture) in the delivery of health messages that can help foster cultural 
identity and pride.

Access • Ask about and address accessibility needs in the community.
• Be strategic about delivering health interventions in the communities where people 

live, work, learn, and play (e.g., engage in home or work visits).
• Collaborate and prioritize the use of non-traditional sources of service delivery 

(e.g., community health workers (CHWs), pastors, priests) for the effective 
dissemination of lifestyle medicine interventions to the communities. This includes 
collaborating with members of the community as part of your team.

• Utilize peer-support groups and strategies in collaboration with trusted members in 
the community (e.g., CHWs, pastors, priests) to implement and disseminate 
interventions to the community.

• Disseminate health information and resources using clear, consistent, and easy to 
understand messages in the preferred language of the community.

TABLE 37.1 (Continued)

(Continued)
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contextual considerations in developing, implementing, and disseminating lifestyle 
medicine approaches to address mental health among historically marginalized eth-
nic/racial communities.

37.2  CULTURAL CONSIDERATIONS OF LIFESTYLE MEDICINE  
FOR MENTAL HEALTH AMONG MARGINALIZED 
ETHNIC/RACIAL COMMUNITIES

37.2.1 CULTURAL HUMILITY AND CULTURAL COMPETENCE

The successful use of lifestyle medicine to improve the mental health of margin-
alized communities requires cultural humility and cultural competence. Cultural 
humility requires acknowledging one’s inability to know everything about another 
person’s culture and contextual experience and requires an awareness of one’s 
biases and limitations.18 When working with historically marginalized communi-
ties, it is important to engage in constant self-reflection and to commit to building 
robust knowledge based on the targeted community. Similarly, cultural competence 
requires developing an ability to understand, appreciate, and interact effectively 
with people of different backgrounds.19 The best way to increase cultural compe-
tence for working with marginalized communities is to build ongoing collaborative 
alliances with community members, which can facilitate accomplishing practical 
goals such as building support networks that can assist in the implementation of 
lifestyle changes.20 Also essential to cultural competence is the building of knowl-
edge about beliefs, preferences, practices, and values that motivate and guide behav-
iors in the community of focus. For instance, becoming familiar with perceptions, 
myths, and taboos surrounding mental illnesses and mental health treatments, as 
well as knowledge of preferred terms or ways of thinking and talking about men-
tal health, can help create safe environments to talk about mental health in non-
stigmatizing ways.

• Use patient navigators that can assist community members in accessing and 
navigating complex healthcare systems and informational resources.

• Develop local outreach and educational programs. Become knowledgeable about 
and use available local goods and services (e.g., health, social, legal, educational) 
and make this knowledge accessible to the community. This could be done for 
instance through toolkits or resource sheets that can be delivered at local 
community events, via social media or through a website.

• Periodically analyze community demographic trends and populations served to 
ensure representation and inclusion in your work.

a Some of the considerations in Table 37.1 have been adapted from SAMHSA.17

TABLE 37.1 (Continued)

Contextual Considerationsa

Domain Examples
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37.2.2 CULTURAL VALUES

Value-based approaches to lifestyle medicine can be particularly beneficial to address 
mental health among marginalized ethnic/racial communities. Cultural values are 
important beliefs that can guide and motivate individuals’ choices in pursuing their 
well-being. For instance, in a recent study of marginalized Latino communities in 
South Texas, we found that collectivistic thinking, which is having the ability to 
focus on how an individual’s behaviors or actions have an impact on others, is impor-
tant to foster an increased sense of responsibility, strength, and unity while reducing 
symptoms of anxiety and depression.18 From a collectivistic perspective, framing 
or formulating health messages that approach engagement in health behaviors as 
acts of love towards others can help to motivate and sustain engagement in lifestyle 
changes and recommendations. Similarly, we found that having self-compassion and 
gratitude are important values that can help discover the silver linings of gloomy 
situations.21 Inviting community members to reflect upon important cultural values 
as the driving force to engage in and maintain a healthy lifestyle can motivate indi-
viduals to change and persevere in the face of challenges, strengthen cultural pride, 
and reaffirm one’s cultural identity. Living in agreement with one’s cultural values 
promotes health and well-being, whereas losing sight of one’s important values can 
lead to stress, anxiety, and increased risk for mental illnesses, substance use, and 
unhealthy lifestyles.22 Failure to incorporate cultural values in health interventions 
for marginalized ethnic/racial communities increases attrition rates and reduces 
treatment efficacy.23

37.2.3 CULTURAL PRACTICES

Cultural practices are equally important to consider in lifestyle medicine for men-
tal health among marginalized communities. Building collaborative networks with 
local providers who are knowledgeable of the target population conveys respect for 
the community and is more likely to lead to desired change. An important cultural 
practice to bear in mind is the role of religious and/or spiritual practices in preserv-
ing well-being. Religiosity and spirituality are at the center of the lives of many 
marginalized individuals, given that they provide a sense of mastery and control 
over one’s actions, enhance self-esteem, give a sense of intrinsic moral self-worth, 
and provide life purpose and meaning, particularly amid hardship, uncertainty, and 
adversity.24 Lifestyle medicine interventions that have a spiritual or religious focus 
have been shown to be useful in building hope, increasing social support, promoting 
dietary behaviors, improving sleep quality, and modifying harmful lifestyles, such 
as reducing the use of harmful substances.25–28 For many marginalized ethnic/racial 
communities, religion and spirituality represent a mechanism helpful to organize 
thoughts and actions to assist in the development and maintenance of healthy living.

37.2.4 SOCIAL NETWORKS AND INTERPERSONAL DYNAMICS

The effectiveness of lifestyle medicine interventions for marginalized ethnic/
racial communities requires in-depth knowledge of structured social networks and 



447Historically Marginalized Ethnic and Racial Communities

customary interpersonal dynamics. Although social networks vary considerably 
across cultures and contexts, the stability of nuclear and extended family systems 
is often essential to preserve good physical and mental health.22 Unfortunately, fam-
ily separation and loss of social support systems are common among marginalized 
communities (e.g., undocumented immigrants, refugees, asylum seekers), thus forc-
ing individuals to build new social networks within churches, advocacy groups, and 
work settings.29 The aforesaid social networks often become informal sources of 
emotional and affective support, as well as primary sources of instrumental and 
informational help to canalize the delivery of health information and resources, 
including providing assistance navigating complex systems of care and the building 
of skills to facilitate adjustment to challenging situations.30 In addition to attend-
ing to the structure of social networks, it is imperative to gain knowledge about 
rules related to interpersonal dynamics and their possible effects on health, including 
those that may facilitate or hinder the implementation of healthy living. For instance, 
internalized gender roles, which are determined by sociocultural expectations and 
vary widely across cultures, may influence individuals’ preferences or engagement 
in specific health behaviors.31 Gender roles and gender inequality interact with social 
and economic factors, such as opportunities and resources, to promote different life-
style patterns.32,33 In a study exploring binary gender differences in the engagement 
of health behaviors among various communities of color, results showed that women 
and men have important, but different, influences on household health practices (e.g., 
women are responsible for instilling healthy eating habits in the home, while men 
dictate habits related to physical activity).33 Additionally, due to increased discrimi-
nation and stigma, transgender and gender-nonconforming people are less often 
involved in consistent physical activity and experience higher rates of substance use 
than their cisgender counterparts.32 Leveraging support networks and being mindful 
of norms that guide interpersonal interactions can be powerful determinants of suc-
cess in implementing and maintaining healthy lifestyles and their associated mental 
health benefits.

37.3  CONTEXTUAL CONSIDERATIONS OF LIFESTYLE MEDICINE  
FOR MENTAL HEALTH AMONG MARGINALIZED 
ETHNIC/RACIAL COMMUNITIES

37.3.1 INTERSECTIONALITY

Historically marginalized ethnic/racial communities are highly heterogeneous. 
While these communities share the experience of being marginalized and stigma-
tized, their experiences are shaped by the intersectionality of multiple aspects of 
their identity, including race, ethnicity, age, disability, religion, education, socioeco-
nomic status, sexual orientation, gender identity, and more.34,35 When considering 
the implementation of lifestyle interventions, the intersectional experiences of each 
marginalized individual must be considered in the context of how such experiences 
shape his or her sense of self, lifestyle choices, and ability to implement health behav-
ior changes. Differences in experiences of hardship and opportunity can contribute 
to different motivational factors, emotional reactions, and abilities that influence 
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how individuals engage and sustain health behaviors. Studies have shown that hold-
ing multiple marginalized identities (e.g., being Black, disabled, and transgender) is 
associated with a variety of detrimental physical and mental health outcomes and 
behaviors (e.g., depression, suicide, substance abuse).36,37 The greater number of mar-
ginalized identities an individual endorses, the greater the challenges the person may 
face to maintain a healthy lifestyle or make lifestyle changes. Understanding the 
complexities of different aspects of an individual’s identity and how this influences 
his or her mental health, health behaviors, and ability to engage in lifestyle changes 
is important to increase empathy and can facilitate validating, healing, and fulfilling 
interactions that are more conducive to change.38–40

37.3.2 SOCIAL CONTEXT

Social disadvantage has detrimental effects on the physical and mental health of 
marginalized ethnic/racial individuals, including restricting their ability to engage 
and sustain favorable health behaviors.36 Racism, discrimination, exploitation, iso-
lation, financial hardship, demanding work and family schedules, challenging liv-
ing arrangements (e.g., crowded housing or reduced spaces), unsafe neighborhoods, 
insufficient health information, and limited access to technological advances, 
healthcare, and resources are some of the many barriers leading to chronic toxic 
stress among marginalized individuals. The aforesaid challenges are damaging 
to their health and make it difficult to adopt and sustain healthy lifestyles.13,36,39 
For instance, it may be difficult for marginalized individuals to maintain a regular 
sleep schedule or a consistent physical activity routine in the face of competing 
economic stressors, multiple demanding jobs, and challenging family caregiving 
duties. To better understand health among marginalized communities, it is impor-
tant to consider the context that shapes a person’s viewpoints, social norms, and 
behaviors, rather than adopting an individual lens.41 Awareness of systemic and 
structural barriers that interfere or undermine an individual’s healthy lifestyle (e.g., 
racism, discrimination), along with understanding how such barriers influence an 
individual’s behaviors, cognitions, and emotional responses, is vital to develop-
ing effective lifestyle medicine interventions. Assisting, supporting, and providing 
resources for marginalized individuals to succeed in implementing lifestyle changes 
despite social disadvantage, although challenging, can be validating, empowering, 
and reassuring. Also, raising awareness of how social disadvantage interferes with 
healthy lifestyles is needed to reduce harmful stereotypes, given that marginalized 
individuals often have limited or no control over contextual influences that restrict 
their lifestyle choices.

37.3.3 RESILIENCE

It is important to emphasize that people from marginalized ethnic/racial communi-
ties are extremely resilient. For instance, in a recent study with undocumented Latinx 
immigrants in the US, we identified numerous strategies used by these immigrants to 
cope with adversity, marginalization, and trauma.21 Among the strategies they used 
were cognitive reframing, behavioral adaptability, acceptance (i.e., gratefulness, 
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contentment), sociability, courage, and ancestral or cultural pride.21 The aforesaid 
strategies were associated with positive mental health effects including fostering a 
sense of meaning and purpose, building hope and self-confidence, increasing self-
reliance and sense of identity, maintaining motivation, increasing positive affect, and 
facilitating connections with other people.21 Given the racism and social disadvan-
tage faced by marginalized ethnic/racial communities, strength-based approaches 
that focus on building upon people’s strengths, skills, and qualities should be pri-
oritized over intervention approaches that focus on weaknesses and deficits.15 Prior 
studies support the effectiveness of strength-based approaches to improve mental 
health, including increasing positive feelings (i.e., happiness) and diminishing nega-
tive affect (i.e., depression).42 When trying to implement lifestyle changes, strengths-
based discussions can promote empowerment, which is healing for marginalized 
individuals who have been victimized, oppressed, and abused.43 Building pride and 
a robust sense of identity can be restorative, energizing, and motivating.44 Guiding 
marginalized individuals to use their strengths, talents, and skills to build healthy 
lifestyle routines promotes their overall well-being and boosts their mental health. 
An important way to build pride and increase a sense of identity is through the use of 
testimonials and story-telling. In reflecting upon one’s life journey, individuals can 
increase their self-awareness and sense of resilience despite the adversity they have 
faced, which fosters identity formation and cognitive reframing.45 By thinking about 
the lessons learned from past challenges, people can see things in a new light and 
often find renewed meaning, purpose, and hope even amid adversity.

37.3.4 ACCESS TO HEALTHCARE

Limited or lack of access to health services, including mental healthcare, is prevalent 
among marginalized ethnic/racial communities. When access to traditional health 
services is limited or lacking, it is important to be strategic about delivering health 
interventions in the communities where people live, work, learn, and play. The use 
of non-traditional sources of service delivery is vital for effectively disseminat-
ing lifestyle medicine interventions to marginalized communities. Non-traditional 
health providers play a vital role given their already trusted roles, reliance on cul-
tural similarity, and established networks across different marginalized communi-
ties.46,47 For instance, the effective use of Community Health Workers (CHWs) or 
promotoras/es who work in tandem with local healthcare, community agencies, and 
local governments in the provision of health services to marginalized communities, 
has been well documented.48 CHWs and promotora/es perform a variety of roles in 
education and healthcare delivery, including acting as liaisons with their communi-
ties, assisting with navigation of current healthcare services and case management, 
counseling, combating misinformation and rumors, delivering health education and 
resources, and collecting data for disease surveillance, among many other important 
activities.48,49 Furthermore, peer-support groups led by CHWs have been described 
as effective approaches to health promotion and disease prevention when working 
with marginalized ethnic/racial communities.50,51 There is growing evidence that 
when CHWs utilize peer group strategies, social support can be reinforced.52 The 
Community Health Club (CHC) model is one strategy recently adopted in the US, 
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where trained CHWs form voluntary peer groups who meet regularly to co-create 
health knowledge, build consensus, and take action to foster healthy living that takes 
culture and context into account.53,54 To maximize success, collaborations between 
public health authorities and non-traditional sources of service delivery have to be 
carefully and respectfully established, adequately funded, and provided with ongo-
ing training, support, and resources. Importantly, resources and health information 
need to be disseminated in a clear, consistent, and easy to understand format in the 
preferred language of the targeted community.

37.4 CONCLUSION

Consistent with trends in healthcare innovation and a focus on personalized 
approaches to health, the use of lifestyle medicine is vital and can open avenues 
to address the mental health needs of historically marginalized ethnic/racial com-
munities. Yet, the development and implementation of lifestyle interventions must 
occur through a culturally sensitive and contextually appropriate lens that facilitates 
an understanding of structural barriers and communities’ strengths. As we strive 
towards achieving health equity, attending to and addressing the mental health of 
historically marginalized ethnic/racial communities require innovation and commit-
ment, as well as a focus on interdisciplinary collaborations to ensure that no com-
munity is left behind.
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Work stress and burnout, 422–423

translation to other negative health outcomes, 
423–424

World Health Organization (WHO), 4

Y

Yoga, 325
for psychotic disorders, 371–373

Z

Zinc, 240
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