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Dedication to Christian Guilleminault

It is a pleasure to be asked to dedicate this book on CPAP adherence to 
Christian Guilleminault. “CG,” as he was mostly referred to, passed away on 
9 July 2019. Along with his close colleague, Dr. William C. Dement, CG 
founded the first sleep clinic in the world at Stanford. He also coined the term 
“obstructive sleep apnea” and was a driving force behind the establishment 
of the field of sleep medicine. CG was uniquely inventive, always looking 
outside of sleep medicine for new ideas. He left behind a lasting legacy of 
hundreds of unique scientific papers and thousands of students and trainees 
throughout the world, and so it was not surprising to me that Dr. Shapiro, 
who worked with CG as a student in the mid-1970s, wanted dedicate this 
book to CG. Christian was a tireless advocate of clinical research before its 
time, always asking the right questions with the goal of understanding all 
sleep pathologies, from sleep apnea across the life span to narcolepsy. His 
appetite for science and life in general knew no bounds! His knowledge and 
experience were also immense; every time a scientific presentation in sleep 
medicine occurred at Stanford, it was almost certain CG would have thought 
that he had had the idea or done something in the past related to the topic at 
hand. CG also had wit and suffered no fools, branding his jokingly 
omnipresent threat of death by “guillotine” for those who did not meet his 
high expectations. His persistence and dedication to sleep medicine had no 
match, and I’m virtually certain he would have read this book from cover to 
cover, wondering why he was not more cited. And yet, I’m sure he is present 
in many, many pages if not in name between the lines. CG made a difference 
in the life of many researchers and patients, and for this we are all immensely 
grateful.

Professor Emmanuel Mignot
Craig Reynold Professor of Sleep Medicine, Department of Psychiatry and 

Behavioral Sciences, Stanford University
Director, Stanford Center for Narcolepsy

Palo Alto, CA, USA
Email: mignot@stanford.edu



In memoriam; Professor Sir Neil James Douglas
Pioneer of Sleep Medicine (1949–2020)

In 1977 I was working in the Department of Medicine at the University as an 
MRC Research Fellow together with Neil who had recently become a clinical 
lecturer. We had been classmates at Medical School in Edinburgh, often 
sharing the same clinical attachments. Neil had joined our year after a 
successful period as a pre-clinical student in St Andrews and was clearly 
extremely bright, capable and set fair for a glittering career. What that career 
was to involve became apparent when our irascible but brilliant boss, David 
Flenley, returned from the American Thoracic Society having just ordered a 
Hewlett Packard transmission oximeter. This was the first instrument to offer 
accurate and stable non-invasive measurement of oxygen saturation, and it 
opened up a new world of overnight physiological recordings. Edinburgh was 
fortunate as Ian Oswald was a major figure in sleep research, and Neil 
collaborated with his group to create our first (ad hoc) respiratory sleep 
laboratory in the patient waiting area of our department. Neil threw himself 
into this with characteristic energy and efficiency.

The results were impressive, and within 18 months, Neil was the first author 
of a groundbreaking Lancet paper describing the sleep stage-related pattern 
of oxygen desaturation in COPD patients. Over the next 10 years, Neil 
authored many landmark papers describing sleep disturbances in obstructive 
lung diseases, fitted in a visiting Fellowship to Denver where he wrote the 
first papers describing ventilatory control during sleep and became aware of 
the unrecognised and unmet needs of people with obstructive sleep apnoea. 
As his career in Edinburgh progressed, he developed one of the first clinical 
services for UK patients with sleep disorders and fought vigorously to win 
funding to do this, often against sceptical administrators and medical 
colleagues. One way in which he succeeded was through the excellence of his 
clinical research which showed why sleep problems were important and 
attracted students from across the world keen to learn from him. 
Unsurprisingly, this led to his appointment as Professor of Respiratory and 
Sleep Medicine at the University of Edinburgh. He conducted the first highly 
cited randomised controlled study showing that CPAP improved well-being 



viii

and vitality in OSAHS patients and went on to explore all aspects of the 
mechanisms and impact of sleep disordered breathing, even proposing that 
obstructive sleep hypopnoea syndrome replace the more familiar acronym of 
OSA to better describe the sleep disruption associated with upper airway 
narrowing.

Neil knew that treatment with CPAP would only work if patients used it 
properly and together with the wonderful Carol Hoy (mother of a famous 
British Olympian) published one of the first studies showing how this could 
be accomplished by extending the support of CPAP users. Although Neil’s 
career took him into other leadership roles (co-founder of the British Sleep 
Society, the longest serving president of the Royal College of Physicians of 
Edinburgh in modern times, chair of the Academy of Medical Royal 
Colleges), he continued to work in sleep medicine and research until he 
retired from clinical work. Sadly, this was not to be as long as any of us 
would have hoped, and his death in late summer 2020 was a huge blow. 
However, in a full life with so much accomplished, it will be his insights into 
and advocacy of the problems of sleep disordered breathing that will 
transform the lives of many patients and their families for years to come.

Professor Peter Calverley
Professor of Respiratory Medicine

School of Aging and Chronic Disease, University of Liverpool
Liverpool, UK

Email: pmacal@liverpool.ac.uk
February 2021
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It seems almost incredible that 40 years ago a physiological paper involving five patients with 
severe sleep apnea [1] launched a revolution in our understanding of the pathophysiology of 
this disease and established the therapeutic approach that has become common place all over 
the world. Indeed, continuous positive airway pressure (CPAP) has transformed the lives of 
countless patients, and its benefits on quality of life have definitely been remarkable.

Considering the simplicity of the idea surrounding the concept of CPAP and its implemen-
tation, one has to wonder in an era in which technological advances are amazingly fast, why a 
book would need to be written and be timely about CPAP so many years later. Well, to quote 
Bob Dylan, “the answer my friend is blowin’ in the wind”! As dissemination of CPAP propa-
gated throughout the globe, it became clear that despite all of its benefits, no one really likes to 
have a mask on their face the whole night and be attached to a machine like a tether, and that 
many factors will affect the acceptance and adherence of the nearly billion patients who need 
treatment for their apnea.

As sleep medicine clinicians, we have accumulated significant experience over the years in 
transferring the management decisions regarding patients with sleep apnea from the sleep 
physiology laboratory to the home setting. Furthermore, we have formulated evidence-based 
protocols and devised ingenious technologies that will allow for improved therapeutic imple-
mentation of CPAP. In parallel, we have explored and continue to seek alternative treatments 
that will relieve those patients who won’t, can’t, or can but only partially from the “burden” of 
CPAP. In the midst of all this, CPAP has changed in some ways very little: it is still based on 
that “pressure through the nares” [1]. And yet, it has made substantial efforts to adapt to the 
times we live in: lighter, quieter, softer, gentler, smaller, communicative, responsive, inter-
faced, ….! And yet, adherence, that magic necessity to convert a treatment to effective has not 
really improved by much!

HELP!!!
This new and necessary book comes at the right time and offers a comprehensive analysis 

and informative discussion of everything about adherence in CPAP. In a series of well-struc-
tured and logically placed sequence of chapters, this book comprehensively covers the topic of 
CPAP adherence, including: everything that can go wrong with CPAP adherence; everything 
that needs to be considered when implementing CPAP to achieve adherence; the impact that 
the phenotypic variance of sleep apnea imposes on adherence; who the players are in promot-
ing adherence and their roles; the contribution of interfaces, incentives, telehealth, and eco-
nomics; and a myriad of important items that anyone prescribing or treating patients who need 
CPAP needs to know and should know. The text is easy to read, the contributors are clearly 
recognized experts in their field, and each chapter provides up-to-date information and useful 
evidence while asking and answering pertinent questions. As such, it should become an essen-
tial guide and professional resource for many years to come.

I have already ordered my copy. Did you order yours?

Foreword
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We cannot find a more succinct depiction of the status quo of positive airway pressure (PAP) 
treatment in the twenty-first century than Dickens’ opening line in A Tale of Two Cities, “It was 
the best of times, it was the worst of times, it was the age of wisdom, it was the age of foolish-
ness.” [1] This is the best of times, in that there have been phenomenal developments in the 
usability, comfort, individualized and automated feedback of usage, as well as insurance cov-
erage for PAP treatment in many jurisdictions. At the same time, it is the worst of times, 
because despite the technological advancements, the overall rate of PAP usage among those 
who would benefit is still low.

Recent publications question the benefit of PAP treatment on health outcomes based in part 
on data derived from samples with low PAP use. At the same time, there is still an insufficient 
recognition of sleep apnea in the medical field with only minor mention of sleep medicine in 
medical curricula.

A review a decade ago described the mode of CPAP adherence as 50% in clinical research 
studies, though one suspects that in community clinics the mode is lower [2]. The criterion for 
“compliance” in these studies was generally set as CPAP use of at least 4 hours, four nights per 
week.

In 2016, a large study found that CPAP use did not help with cardiovascular well-being [3]. 
However, the average nightly CPAP use was only slightly over 3 hours, and we suspect this low 
usage covered a very small percentage of REM sleep which comes towards the end of the night 
and often has the highest frequency of apneic events. It is plausible that REM sleep may be 
particularly significant in relation to cardiovascular well-being given the autonomic changes 
during this stage of sleep. The short duration of nightly CPAP use in this study raises questions 
about the veracity of the general conclusions.

Some of the important issues with regard to CPAP adherence include:

 A. Despite accumulation of knowledge of a range of sleep disorders in the past decades, 
everyday sleep medicine practice often has a narrow focus on sleep apnea with an increased 
use of surrogate tools for apnea detection. A desire to see a large number of patients has 
contributed to shortened time spent in direct contact with individual patients during sleep 
evaluation and treatment planning. This has facilitated the emergence of fast-track “apnea 
medicine” as opposed to “sleep medicine” and does a disservice to our field.

In an attempt to have the shortest face-to-face time with patients to identify and treat 
sleep apnea, the complexity of sleep as well as the medical, psychological, and social fac-
tors that shape patients’ sleep-related quality of life, views and choices of treatment, and 
adherence to treatment may be overlooked. The result is that if only sleep apnea is evalu-
ated and treated while comorbid sleep disorders and individual’s life circumstances and 
views of their sleep are ignored, the person may choose not to start sleep apnea treatment 
or may arrive at erroneous conclusion that PAP treatment is not helpful. Furthermore, if the 
sleep study is done prior to consultation with the patient, appropriate diagnostic assess-
ments would not be planned. As an example, if a sleep study is done as the first step for a 
sleepy patient without a diagnostic interview beforehand, symptoms of narcolepsy would 
be missed and an MSLT (multiple sleep latency test) would not be prescribed. This would 
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diminish the likelihood of detecting narcolepsy in jurisdictions where a second study with 
MSLT is not possible at a later date.

 B. We have a dichotomous view of PAP adherence based on an expectation of 4 hours use per 
night. To use an analogy, no optometrist sends a patient with myopia away with new spec-
tacles and advises that using them for 3 to 4 hours a day will be sufficient for improved 
vision. When patients do not notice benefits in 3 to 4 hours of treatment use, they may give 
up the treatment altogether.

 C. By and large, we have stuck to a single daytime treatment outcome measure – generally a 
scale that measures sleepiness. Sleepiness is clearly an important issue in relation to sleep 
apnea; however, it is not the only daytime symptom of relevance. Increasing awareness of 
different phenotypes of sleep apnea has led to an appreciation that some people have a 
more profound sense of fatigue rather than sleepiness and others have impaired alertness 
or problems with concentration, memory, or mood problems without sleepiness. Choosing 
outcome measures that capture treatment-related changes for the specific daytime symp-
tom that the individual most cares about is more informative and meaningful both for the 
clinician and the patient than using the same, single measure for every person. In addition, 
using pre-treatment measures that assess constructs relevant to PAP adherence (PAP adher-
ence questionnaires, claustrophobia tendency, insomnia scales, and depression scales) 
would allow the clinician to work closely with patients who are more likely to face chal-
lenges with PAP use.

 D. PAP treatment use is shaped by the interaction of biological, social, and psychological fac-
tors. Inter-disciplinary collaboration among physicians from various disciplines, such as 
dentists, psychologists, in-clinic PAP coordinators, respiratory technicians, social workers, 
and other stakeholders in the areas of assessment, diagnosis, treatment planning, and 
patient support, will be essential to effectively reduce the individual and public health bur-
den of sleep apnea. Research and social advocacy work are key to these objectives.

This book showcases perspectives, knowledge, and experience of professionals from mul-
tiple disciplines from five continents. We hope that this book will be a useful compendium of 
information that will be dipped into again and again with specific patients in mind.

Toronto, ON, Canada Dora Zalai
  Colin M. Shapiro 
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This educational booklet is about adult and pediatric sleep apnea and its treatment. 
It is richly illustrated to provide easily accessible information for patients and 
caregivers. For further information or copies please visit sleeponthebay.ca
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When to Treat with CPAP and How 
to Define Success

Olabimpe Fashanu and Stuart F. Quan

Abbreviations

AF Atrial fibrillation
AHI Apnea-hypopnea index
APAP Auto-adjusting continuous positive airway 

pressure
ASV Adaptive servo ventilation
BP Blood pressure
BPAP Bi-level positive airway pressure
CAD Coronary artery disease
CHF Congestive heart failure
CMS Centers for Medicare and Medicaid Services
CPAP Continuous positive airway pressure
CVD Cardiovascular disease
ESS Epworth Sleepiness Scale
FOSQ Functional Outcomes of Sleep Questionnaire
LVEF Left ventricular ejection fraction
OSA Obstructive sleep apnea
QoL Quality of life
SAQLI Sleep Apnea Quality of Life Index
SF36 Medical Outcomes Study Short-Form Health 

Survey

1.1  Historical Perspective 
and Description of Methods 
of Positive Airway Pressure Delivery

1.1.1  Evolution of Positive Airway Pressure

The concept of administering continuous positive airway 
pressure (CPAP) for treatment of lung injury began in the 
1970s. However, it was not until 1980 that Colin Sullivan, an 
Australian physician and professor, proposed using nasal 
continuous positive airway pressure (CPAP) as a means to 
treat obstructive sleep apnea (OSA) [1]. Up until the discov-
ery of CPAP, tracheostomy was the recommended treatment 
modality for severe cases of OSA [2]. The first commercially 
available CPAP devices in North America were manufac-
tured in 1985. Since then, there have been improvements 
made to the original CPAP device, and more specialized 
models have been developed for alternative methods of 
delivery of positive airway pressure (PAP). Over the past 
35  years, CPAP has become the gold standard and most 
commonly prescribed treatment for OSA worldwide.

1.1.2  Description of Various PAP Modes

Since the introduction of CPAP as a treatment for OSA, a 
number of refinements have been made to the method by 
which PAP is delivered to the patient. In general, these PAP 
modes were developed in response to the inability of simple 
CPAP to successfully treat some patients with OSA. In order 
to comprehend what constitutes treatment success with 
CPAP, it is important to understand these modes of PAP 
delivery as well.

1.1.2.1  Continuous and Auto-Adjusting Positive 
Airway Pressure (CPAP and APAP)

Continuous positive airway pressure as the name suggests 
delivers a relatively constant positive airway pressure during 
both inspiration and expiration. Auto-adjusting CPAP or 
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APAP functions like CPAP, but in addition, it automatically 
titrates the delivered pressure in response to detected upper 
airway narrowing or closure during episodes of apnea or 
hypopnea. With APAP, CPAP pressures are adjusted by using 
changes in airflow and vibration from sensors in the airway 
circuit. The algorithms are proprietary, and manufacturers’ 
devices perform differently in simulation studies [3] suggest-
ing that functional differences could occur in patients as 
well.

1.1.2.2  Bi-Level PAP (BPAP) 
and Auto-Adjusting BPAP

Bi-level PAP delivers higher pressures during inspiration and 
lower pressures during expiration. Specialized models offer 
a spontaneous timed (ST) mode with an option to specify a 
backup respiratory rate in the absence of inspiratory effort. 
Auto-adjusting BPAP devices automatically adjust expira-
tory pressures in response to detected apneas and adjust 
inspiratory pressures in response to hypopneas and respira-
tory flow limitations. BPAP is generally used for patients 
who either cannot tolerate or fail to be adequately treated 
with CPAP with mixed success [4].

1.1.2.3  Adaptive Servo Ventilation (ASV)
Adaptive servo ventilation, like BPAP, delivers higher inspi-
ratory and lower expiratory pressures. Additionally, it varies 
the inspiratory pressure support on a breath-by-breath basis, 
within prespecified limits to achieve a target ventilatory flow. 
It can be set in either a fixed or variable mode with respect to 
delivery of expiratory pressures and backup respiratory rates. 
The most frequent use of ASV is for treatment of central or 
treatment-emergent central sleep apnea [5].

1.2  When to Treat with CPAP

The most common use of CPAP is for treatment of either 
symptomatic OSA or asymptomatic OSA in the setting of 
significant comorbid medical conditions. Additionally, 
CPAP is sometimes used in certain types of central sleep 
apnea [6].

1.2.1  Obstructive Sleep Apnea (OSA)

Obstructive sleep apnea is characterized by repetitive upper 
airway collapse or near collapse. The severity of OSA is 
defined by the apnea-hypopnea index (AHI). An AHI <5/
hour is considered absent or minimal OSA.  Mild OSA is 
defined as an AHI ≥5/hour and <15/hour. Moderate is 
defined as ≥15 and <30/hour and severe is ≥30/hour.

1.2.1.1  Treatment of Symptomatic OSA
The most common indication for the use of CPAP is to treat 
symptoms associated with OSA, and it remains the gold 
standard for therapy [7]. In the absence of complications, 
CPAP or APAP adequately treats the majority of patients. 
The following are commonly reported symptoms and their 
responsiveness to CPAP.

Excessive Daytime Sleepiness
Excessive daytime sleepiness is one of the cardinal symp-
toms of OSA and is present in up to half of patients [8]. It is 
generally a subjective complaint, but multiple clinical tools 
(see Sect. 1.3.2.1) are available for use in an attempt to 
achieve some uniformity in definition. The most widely used 
clinical questionnaire is the Epworth Sleepiness Scale (ESS). 
A score of >10 on ESS is consistent with excessive sleepi-
ness. Either by self-report or by use of the ESS, CPAP has 
been shown to improve sleepiness after treatment in majority 
of sleepy patients with OSA [8].

Sleep Quality
Sleep disturbances/poor sleep quality is another common 
feature of the OSA with patients reporting insomnia symp-
toms such as difficulty falling and staying asleep and non- 
restorative sleep. The former may be confirmed on 
polysomnography. Polysomnographic electroencephalo-
graphic tracings may also suggest paradoxical insomnia, 
where, despite having slept during the study, the patient 
reports a sensation of not having slept at all likely due to the 
overall poor quality of sleep. Sleep quality has been shown 
to improve with CPAP in patients with moderate to severe 
OSA and comorbid insomnia, some of whom were deemed 
to have treatment-resistant insomnia prior to treatment of 
OSA.  Improvements have been demonstrated using both 
self-reported symptoms measured via tools such as the 
Insomnia Severity Index and sleep quality scales (see Sect. 
1.3.2.1) and objective polysomnographic findings of 
reduced sleep onset latency, reduced wake after sleep onset, 
increases in sleep efficiency, and improved sleep architec-
ture on CPAP [9].

Snoring/Apneas
As a general rule, CPAP is not recommended for primary 
snoring, but when used for treatment of OSA, there is an 
added benefit of partial or complete resolution of snoring 
[10]. Apneic episodes are also observed to decrease or 
resolve either by apnea-sensitive patients or their bed part-
ners with the use of CPAP. These changes have been docu-
mented objectively via reductions in the apnea-hypopnea 
index (AHI) either via polysomnographic monitoring or 
download of CPAP data [11].

O. Fashanu and S. F. Quan
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Cognitive Issues
The relationship between OSA and cognition is complex, with 
considerable variation in reported symptoms. Common exam-
ples include difficulty concentrating, difficulty learning new 
material, and memory impairment (for more detail, see Sect. 
1.3.2). Reports of subjective improvement in these symptoms 
with CPAP use are variable. Some studies have reported par-
tial improvement in cognitive symptoms with CPAP use in 
severe OSA patients only [12], and others report only mild and 
transient improvements [13]. The consistent use of CPAP has 
been shown to confer some benefit in patients with mild cog-
nitive impairment by improving cognition in some cases while 
slowing the rate of cognitive decline in others [14]. Thus, 
CPAP is sometimes initiated in patients with OSA and cogni-
tive impairment with a primary goal to reverse or slow decline.

Mood
There is considerable overlap between symptoms of untreated 
OSA and depression, and many cases of OSA are misdiag-
nosed as depression (also see Sect. 1.3.6). Insomnia, lethargy, 
and psychomotor retardation can occur in either condition. 
CPAP has been associated with subjective improvement in 
mood [15], particularly those overlapping symptoms 
described above, and increased use of CPAP has been associ-
ated with faster rates of improvement in those same domains 
on the Hamilton Depression Scale [16]. Improvements in 
other depression scales like the Patient Health Questionnaire 
9 scores have also been documented with CPAP use [17].

Overall Quality of Life (QoL)
Patients with untreated OSA often report poor quality of life 
mainly described as impairment in daytime function. 
Therefore, one of the primary indications to treat with CPAP 
in OSA patients is to improve their quality of life. Following 
treatment with CPAP, and in the absence of other comorbidi-
ties impairing daytime function, patients often report 
improvement in symptoms related to their quality of life. 
Objective data using sleep-related quality of life measure-
ment tools such as the Calgary Sleep Apnea QoL Index 
(SAQLI) have shown significant improvement following the 
treatment of severe OSA with CPAP, but less so with mild to 
moderate OSA [18]. Similar improvements were demon-
strated on the FOSQ-10 and the Quality of Life Enjoyment 
and Satisfaction questionnaires in a cohort of patients with 
OSA and insomnia [9]. Improvement after CPAP using gen-
eral quality of life instruments has been reported but is less 
consistent. For example, a study in women with moderate to 
severe OSA documented improvement in QoL indices with 
CPAP use on the Quebec Sleep Questionnaire [19]. However, 
there was no improvement with CPAP using the Quality of 
Well-Being Self-Administered Questionnaire [20].

1.2.1.2  Prevent or Treat Comorbid Medical 
Problems

The pathophysiology of OSA strongly suggests that it is a 
pro-inflammatory condition. Chronic inflammation is a com-
mon underlying condition in several chronic medical dis-
eases including cardiovascular disease. The associated 
chronic intermittent hypoxia and repeated arousals, which 
are consequences of OSA, are the underlying reason for the 
cascade of events which result in inflammation. Use of CPAP 
in OSA patients may be useful in the prevention and treat-
ment of these conditions.

Cardiovascular Disease (CVD)
Sleep-disordered breathing has long been associated with 
increased cardiovascular risk in new [21] and established 
patients with CVD [22]. The prevalence of OSA in patients 
with cardiovascular disease is up to 60% [23]; see Sect. 
1.3.3. OSA is associated with an increased atherosclerotic 
burden courtesy of systemic inflammation, which is a conse-
quence of oxidative stress and sympathetic activation. It has 
been found to be an independent risk factor for atherosclero-
sis. Treatment of OSA has been shown to significantly 
improve early signs of atherosclerosis [24]. In a randomized 
controlled trial conducted on a cohort of patients with mod-
erate to severe OSA, CPAP was found to improve myocar-
dial perfusion reserve on multiple modalities of cardiovascular 
imaging when compared to the sham CPAP group. These 
findings suggest that treatment of OSA may lessen endothe-
lial dysfunction and hence prevent the development of overt 
cardiovascular disease [25].

Coronary Artery Disease
Cohort studies show a clear association of incident coronary 
artery disease (CAD) in severe OSA [26]; also see Sect. 
1.3.3. In populations with cardiovascular disease, OSA pre-
dicts subsequent major cardiovascular events [22]. Some 
studies indicate that the treatment of OSA with CPAP in 
CAD patients is associated with a decrease in the occur-
rence of new cardiovascular events and an increase in the 
time to such events [27], while some report a significant 
reduction in subsequent major cardiovascular events in 
CAD patients compared with those left untreated [28]. 
However, in other studies, interventions using CPAP to 
reduce incident or recurrent CAD have failed to provide 
confirmatory data. These studies have been controversial, 
possibly due to the heterogeneity of study populations and 
poor adherence to CPAP [29]. Nevertheless, the presence of 
CAD in those with moderate to severe OSA is an indication 
for treatment with CPAP even in the absence of clinical 
symptoms. The case for treatment in those with mild OSA is 
less compelling.

1 When to Treat with CPAP and How to Define Success
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Atrial Fibrillation (AF) and Other Arrhythmias
Acutely, OSA causes negative intrathoracic pressure, inter-
mittent hypoxia, and sympathetic activity which predispose 
to arrhythmias. Hypoxia also increases vagal tone and pro-
motes bradycardia and heart conduction abnormalities. In 
the long term, OSA may cause remodelling of the heart and 
promote arrhythmogenicity [30]. Up to 48% of patients with 
OSA have been found to have arrhythmias and heart conduc-
tion abnormalities during sleep [31]. Bradycardia, heart 
block, non-sustained ventricular tachycardia, atrial fibrilla-
tion, and sudden cardiac death have been described in 
OSA.  AF appears to be the most commonly described, 
however.

OSA is an independent risk factor for incident AF and is 
directly related to the severity of OSA [32]. Nocturnal palpi-
tations can be a presenting symptom of atrial fibrillation 
associated with OSA.  When OSA is comorbid with AF, 
patients have worse symptoms and higher risks of hospital-
ization than patients without OSA, although disease progres-
sion and outcomes are similar in both groups [33]. 
Furthermore, patients with untreated OSA have a higher 
recurrence of AF after cardioversion than patients without. 
Adequate treatment of OSA with CPAP has been associated 
with lower recurrence of AF after cardioversion or ablation 
[34]. However, most of the findings are from observational 
studies and are not always reproducible [35]. Further recent 
information is provided in Sect. 1.3.3.

Bradyarrhythmias including nocturnal heart block are 
sometimes found in OSA. One study found more than half of 
patients with implanted pacemakers for bradyarrhythmias 
had OSA defined as AHI of ≥10 events per hour of sleep 
[36]. Treatment of OSA with CPAP can prevent the need for 
a pacemaker in patients with exclusively OSA-related brady-
arrhythmias which tend to occur following episodes of severe 
oxygen desaturation. Clear improvements in bradyarrhyth-
mias have been demonstrated on overnight Holter monitors 
with CPAP [37].

Data linking OSA to the pathogenesis of cardiac arrhyth-
mias, particularly AF, are compelling. Thus, evaluation for 
OSA and treatment with CPAP in the setting of new-onset or 
worsening arrhythmias should be performed.

Stroke
OSA is an independent risk factor for ischemic stroke 
through a similar pathway that predisposes to cardiovascular 
disease in general. Another indirect pathway is via the 
increased risk of AF in OSA patients which can contribute to 
cardioembolic strokes. However, it has been postulated that 
these vascular events may also occur in OSA patients through 
mechanisms independent of AF [38].

OSA is highly prevalent in stroke patients [39], and stroke 
risk increases with greater severity of OSA. Severe obstruc-

tive sleep apnea (OSA) increases the risk for incident stroke 
and recurrence of stroke and worsens stroke outcomes. 
Continuous positive airway pressure may reduce stroke risk 
and improve functional outcomes, particularly in treatment- 
compliant patients [40].

Hypertension
There is an increased prevalence of systemic hypertension in 
OSA, and untreated OSA contributes to resistant hyperten-
sion. The importance of OSA in the pathogenesis of hyper-
tension was highlighted in the 7th Report of the Joint 
National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure [41].

The severity of OSA correlates with the severity of hyper-
tension [42]. These findings are attributed to oxidative stress 
and consequent endothelial dysfunction. Nocturnal non- 
dipping of blood pressure (BP) during sleep has been noted 
in OSA patients.

Use of CPAP with adequate compliance has been shown 
to improve blood pressure readings particularly in moderate 
and severe OSA patients with resistant hypertension [43]. 
There appears to be a strong linear dose response between 
duration of CPAP use and reductions in BP [44], although 
some studies have reported only mild BP changes [45]. 
Evaluation for OSA and treatment with CPAP are indicated 
for hypertensive patients with a history suggestive of OSA or 
poorly controlled hypertension.

Congestive Heart Failure (CHF)
Severe OSA has been associated with increased incidence of 
congestive heart failure [26]. This may be related to the 
degree of hypoxia associated with OSA as demonstrated by 
a study done on a cohort of men with OSA [46]. Use of 
CPAP has been shown to be helpful in CHF patients with 
comorbid OSA as shown by improvements in left ventricular 
ejection fraction (LVEF) in patients with milder degrees of 
systolic dysfunction (LVEF >30%) [47]. The benefits of 
CPAP therapy in hospitalized OSA patients with acute exac-
erbation of CHF have been controversial with some studies 
documenting reduced readmission rates for CHF [48] and 
others reporting no reductions in length of stay or readmis-
sion rates [49]. Nevertheless, potential benefits of treating 
CHF patients who have been identified as having OSA with 
CPAP outweigh any risks.

Type 2 Diabetes Mellitus
Obstructive sleep apnea is associated with alterations in car-
bohydrate metabolism, impaired glucose tolerance, and insu-
lin resistance, and this has been found to be independent of 
obesity [50]. The systemic inflammatory response associated 
with OSA also affects appetite-regulating hormones as well 
as the hypothalamic-pituitary-adrenal axis. These factors 
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suggest that OSA may be an independent risk factor for type 
2 diabetes mellitus. The prevalence of OSA among 
 individuals with type 2 diabetes mellitus is extremely high 
approaching 85% in one study [51]. Although the effect of 
treatment with CPAP in those with type 2 diabetes and OSA 
is conflicting, patients with type 2 diabetes mellitus should 
be screened for OSA and provided a trial of CPAP if OSA is 
present [52].

Other Medical Conditions
The presence of OSA has been implicated in the pathogene-
sis of several other medical conditions. For individual 
patients, CPAP may be indicated as adjunctive treatment.

Chronic Kidney Disease (CKD)
Obstructive sleep apnea is moderately prevalent in chronic 
kidney disease. It may accelerate loss of kidney function due 
to oxidative stress leading to endothelial dysfunction and 
atherosclerosis. Furthermore, OSA worsens hypertension by 
activating the renin-angiotensin-aldosterone axis, contribut-
ing to a decline in kidney function [53]. It has also been asso-
ciated with higher risk of incident end-stage renal disease 
[54]. Comorbid OSA is regarded as deleterious in kidney 
transplant patients. Screening and management is recom-
mended in this population [55]. In one study, CPAP has been 
shown to slow the progression of CKD in patients with mod-
erate and severe OSA [56].

Non-alcoholic Fatty Liver Disease
Non-alcoholic fatty liver disease is a disorder of altered car-
bohydrate metabolism, which also is one of the hallmarks of 
OSA. This appears to be a consequence of chronic intermit-
tent hypoxia [57]. Untreated OSA patients have been found 
to have increased levels of serum markers as well as cellular 
evidence of liver damage. However, the role of CPAP in miti-
gating this risk has not been confirmed.

Gastroesophageal Reflux Disease (GERD)
Gastroesophageal reflux disease has been found to be preva-
lent in OSA patients, and this is independent of common risk 
factors like obesity, age, or gender. A causal relationship has 
been proposed due to observation of lower esophageal relax-
ation in OSA.  CPAP has been found to improve GERD 
symptoms [58].

Chronic Headaches
Morning headaches can be a presenting symptom of 
OSA. The underlying reason for this may be multifactorial. 
Potential factors include hypoxia, sleep disruption, poor 
sleep quality, and co-existing hypercapnia which may be 
observed in complicated OSA phenotypes. Patients with 
morning headaches should be evaluated for OSA as the use 
of CPAP may be beneficial in some patients [59].

Pulmonary Hypertension
Chronic intermittent hypoxia, which results from OSA, leads 
to pulmonary arterial vasoconstriction and pulmonary hyper-
tension. The degree of hypoxia is more contributory to the 
altered dynamics in the pulmonary vasculature rather than 
the frequency of sleep-disordered breathing events. 
Nevertheless, treatment of OSA with CPAP may reduce the 
severity of pulmonary hypertension [60].

1.2.1.3  OSA Severity and Decision to Use CPAP
Moderate and severe OSA are established indications for 
treatment with CPAP to prevent well-documented acute and 
chronic medical complications even in the absence of clini-
cal symptoms. However, because the impact of mild OSA on 
associated medical conditions is not well established, the 
decision to treat is largely dependent on the presence of rel-
evant symptoms like excessive daytime sleepiness and 
insomnia and associated cardiovascular comorbidities or 
mood disorders [61].

1.2.2  Central Sleep Apnea

1.2.2.1  Closed Airway Central Sleep Apnea
Central events may occur with pharyngeal narrowing or 
occlusion [62]. A more compliant airway and ventilatory 
controller instability are predisposing factors [6]. The conse-
quent hypoxia during these events results in compensatory 
hyperventilation, and the ensuing hypocapnia further drives 
respiratory instability and central apneas. The use of CPAP 
by preserving upper airway patency during central events 
can help reduce hypoxia and stabilize breathing [62] and be 
an effective treatment in those who appear to have only cen-
tral sleep apnea.

1.2.2.2  Treatment-Emergent Central Sleep 
Apnea

The emergence of new-onset central respiratory events dur-
ing sleep when a patient is started on CPAP therapy is com-
mon and has been observed in up to 6.5% of patients treated 
with PAP therapy. Such de novo central events (also referred 
to as complex sleep apnea) are thought to be transitory, and 
the majority will resolve within 8  weeks [63]. Persistent 
cases warrant a switch to an alternative mode of PAP therapy 
where appropriate such as ASV. Underlying risk factors for 
central sleep apnea should also be identified and addressed.

1.3  Defining Treatment Success

There are two general methods used to assess treatment suc-
cess with PAP therapy. The first is self-report of whether 
there is resolution of OSA symptoms. This includes various 

1 When to Treat with CPAP and How to Define Success
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questionnaires such as the ESS and a number of QoL tools. 
The second is objective determinations of CPAP adherence. 
Both methods should be used to ascertain treatment 
success.

1.3.1  Self-Report

Improvement or resolution of symptoms can only be assessed 
by querying the patient. At a minimum, patients should be 
asked about daytime sleepiness, napping, snoring, and qual-
ity of their sleep. It is especially important to inquire about 
episodes of inattention or frank sleepiness while driving. 
Documentation of the patient’s bedtime, sleep latency, epi-
sodes of wake after sleep onset, and wake time may also be 
useful. These can then be compared to answers before start-
ing CPAP. If available, it can be helpful to ask the same ques-
tions to a bed partner in order to corroborate the patient’s 
answers. In some cases, patients may wish to downplay the 
severity of their symptoms; the bed partner’s viewpoint can 
be a more accurate appraisal of the situation.

Complete resolution of symptoms is the best outcome. 
However, many patients will report improvement, but still 
have residual symptoms. In addition, for some patients, there 
unfortunately will be little or no improvement despite objec-
tive evidence of adequate or even optimum use of CPAP 
therapy [64]. In such cases, other explanations for lack of 
improvement should be sought. For example, other sleep 
issues may still be present such as inadequate amount of time 
in bed trying to sleep or disruption of sleep continuity from 
environmental noise. However, in a number of instances, 
there is persistent hypersomnia despite good CPAP adher-
ence with no other explanation. This has been attributed to a 
residual effect of long-standing untreated OSA [64].

In addition to an assessment of symptoms, patients should 
be asked whether they use their PAP device nightly and for 
how long each night. If they do not use it nightly or they use 
it for less than their time in bed, the usage frequency and 
amount of time used should be ascertained. In such cases, 
patients often overreport their use either because they are 
poor at estimation or because they wish to appear compliant 
with therapy at the time of their clinic appointment [65]. 
Adverse effects from PAP use such as facial rash or sores and 
noticeable amounts of air leakage around the mask should be 
elicited.

1.3.2  Questionnaires

Various questionnaires are sometimes used to assess whether 
PAP treatment is beneficial. The most common instruments 
assess QoL or daytime sleepiness. Both of these constructs 
are used as quality measures by the American Academy of 

Sleep Medicine and are thus intended as a metric of quality 
of care in the practice of Sleep Medicine [66].

1.3.2.1  Quality of Life Instruments
Results from generic quality of life instruments such as the 
Medical Outcomes Study Short-Form Health Survey (SF36) 
can be inconsistent or insensitive to changes in quality of 
life experienced by those with OSA [67]. Although there 
have been few studies [68, 69], sleep-specific tools such as 
the Functional Outcomes of Sleep Questionnaire (FOSQ) 
and the Sleep Apnea Quality of Life Index (SAQLI) corre-
late poorly with the SF36 suggesting that they may perform 
better in patients with sleep apnea-related symptoms. Both 
are either relatively long or require in-person administra-
tion. However, short versions like the FOSQ-10 are now 
available and may be more useful in a clinical setting. 
Studies in OSA patients treated with CPAP indicate that the 
FOSQ and SAQLI reflect changes in QoL after treatment 
with CPAP [18, 70].

1.3.2.2  Assessment of Daytime Sleepiness
The most common instrument used for assessment of day-
time sleepiness is the Epworth Sleepiness Scale. Originally 
developed by Dr. Murray Johns in 1991 [71], it has been 
translated and validated in multiple languages. It is a self- 
administered questionnaire where individuals rate their usual 
chances of dozing off or falling asleep in eight common situ-
ations or activities on a 4-point scale (0–3). Hence, the mini-
mum possible score on the scale is 0 (not sleepy at all), and 
the maximum is 24 (extremely sleepy). Scores >10 are con-
sidered indicative of excessive sleepiness. However, it is 
only modestly correlated with self-reported assessments as 
well as with objective measures of sleepiness such as the 
multiple sleep latency test [72]. Unfortunately, it has been 
misused by insurance companies, with low scores cited as a 
rationale for denying approval for diagnostic testing or initi-
ation of treatment [73]. Nevertheless, the ESS has been 
shown to improve after CPAP use [13].

Two other instruments, the Karolinska Sleepiness Scale 
and the Stanford Sleepiness Scale, are used less commonly 
to quantify sleepiness. The Karolinska Sleepiness Scale 
assesses subjective sleepiness at a particular point in time. It 
is a 9-point scale with a “1” indicating extreme alertness and 
a “9” indicating extreme sleepiness [74]. A score of 7 or 
higher is felt to represent significant sleepiness. The Stanford 
Sleepiness Scale also rates sleepiness at the time the instru-
ment is completed. It is a 7-point scale with a “1” defined as 
“Feeling active, vital, alert, or wide awake” and a “7” 
described as “No longer fighting sleep, sleep onset soon; 
having dream-like thoughts” [75]. Although commonly used 
in research settings, normative data are not available. 
Inasmuch as both the Karolinska Sleepiness Scale and the 
Stanford Sleepiness Scale convey an assessment of  sleepiness 
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at only a single point in time, they have limited clinical util-
ity. However, they can be administered multiple times during 
any time period.

1.3.3  Objective Assessment of CPAP 
Adherence

The limitations inherent in subjective reporting of symptoms 
and CPAP usage led to the evolution of objective methods of 
assessing sleepiness and adherence to CPAP therapy. 
Objective evaluation of sleepiness in the context of CPAP 
therapy is not usually performed because of the expense of 
performing studies such as the multiple sleep latency test. 
However, objective evaluation of CPAP adherence has 
become a treatment “gold standard.” Early generation CPAP 
devices were able to provide crude determination of device 
usage by measuring the amount of time the device was 
“turned on.” With the advent of advanced pressure sensors 
and microprocessors, new devices are now able to record the 
amount of time the CPAP interface or mask is worn. Initially, 
such data were saved on a storage card, which could be 
removed for data download. Currently, they are sent into the 
“cloud” where they can be accessed by both the patient and 
clinicians in near real time. Review of adherence data is now 
considered standard of care by sleep clinicians at the time of 
follow-up visits by patients with OSA; third-party reim-
bursement for CPAP may be contingent upon objective doc-
umentation of a minimal level of usage [76].

1.3.3.1  Interpretation of PAP Compliance 
Reports

Reports from CPAP devices contain data in four areas: device 
usage, set and delivered pressures, AHI measured from the 
device, and estimates of air leak. However, because CPAP 
devices do not have oximetry capabilities, data regarding 
oxygen saturation or desaturation events are not included. 
Device usage is generally provided as the average amount of 
time used over a 30-day interval. Additionally, the number 
and percent of days used and number and percent of nights 
with 4 or more hours of use are reported. For pressure data, 
reports specify the PAP mode (e.g., CPAP, APAP, BPAP) and 
the prescribed settings. For device modes which automati-
cally adjust the therapeutic pressure such as APAP, the most 
important parameter provided is the 90 or 95 percentile pres-
sure. This is the pressure at which the device spent 90 or 95% 
of the night at or below. For example, if an individual used 
the device for 10 hours and 9 hours was spent at or below 
10 cm H2O, then the 90 percentile pressure would be 10 cm 
H2O. Some device manufacturers provide the 90 percentile 
pressure and others the 95 percentile pressure. In addition, 
the average peak airway pressure is provided. One of the 

most important metrics provided on a CPAP report is the 
device-measured AHI.  This parameter is derived from 
changes in airflow measured internally by the device. It is 
reasonably accurate but tends to slightly overestimate sever-
ity at lower AHI values and underestimate at higher values 
[77]. However, differentiating between obstructive and cen-
tral events may not be reliable. Finally, estimates of mask 
leak are provided. Some intentional leakage is inherent with 
the use of PAP in order to avoid CO2 rebreathing. However, 
large amounts of unintentional leakage from around the 
mask cause facial and eye irritation and may result in poor 
adherence to therapy [78].

Objective evidence of treatment success is commonly 
defined as an AHI <5/hour and usage for at least 70% of 
nights for more than 4 hours per night [76]. Achievement of 
this goal is adversely affected by the need for high pressures 
and the presence of excessive amounts of unintentional leak. 
In a small number of cases, there will be a need to document 
resolution of oxygen desaturation while on PAP therapy. 
This will require a continuous nocturnal oximetry recording 
in addition to the standard PAP usage report.

1.3.3.2  What Is Treatment Success?
Successful treatment with PAP is not an all or none determi-
nation despite the large amount of pertinent information 
available. Improvement in symptoms whether by an individ-
ual’s global impression or more formally by use of a vali-
dated instrument is an important factor. However, some 
persons with significant OSA are asymptomatic, and symp-
tom improvement would not be expected. Because mild 
OSA is defined as an AHI ≥5/hour, a reduction in AHI below 
this level is considered a complete therapeutic response. 
However, there is controversy regarding the utility of the 
AHI as an index of OSA severity [79]. Thus, from a patient 
care perspective, can a reduction in AHI from >50/hour to 
10/hour be considered a success if the patient’s symptoms 
resolve? An AHI equal to 10/hour still is considered as mild 
OSA.  Many clinicians would be satisfied with such a 
response and would be reticent to pursue additional treat-
ment options despite the presence of residual OSA. A more 
complex issue is whether usage of PAP for at least 70% of 
nights for more than 4 hours per night defines treatment suc-
cess. This amount of usage has been adopted by the Centers 
for Medicare and Medicaid Services (CMS) and many insur-
ers as the minimum criteria for reimbursement for PAP ther-
apy [76]. Unfortunately, it also has been adopted by many 
clinicians as the metric for treatment success. If one assumes 
that the amount of healthy sleep for an adult should be at 
least 7  hours per night [80], then over 1  month, the total 
amount of sleep achieved should be 210 hours. However, if a 
person only meets minimum CMS criteria, then the usage of 
PAP will only be 85 hours or 40.4% of optimum use! This 
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calculation suggests that successful treatment should not be 
defined as only meeting minimum CMS criteria. Another 
issue is whether individuals who use PAP less than the CMS 
minimum will benefit from PAP. From a therapeutic perspec-
tive, it is illogical to believe that use of PAP for slightly less 
than 4 hours will be ineffective treatment in comparison to 
slightly more than 4 hours. Data examining changes in the 
ESS as a function of PAP usage would suggest that improve-
ment and hence treatment success is more of a continuum 
rather than a threshold effect [8, 81].

1.4  Summary

Continuous positive airway pressure is indicated to treat 
clinical symptoms and a variety of medical conditions result-
ing from or occurring in association with OSA. If used for 
adequate amounts of time, it usually improves clinical symp-
toms. It also may prevent or treat some comorbid medical 
conditions such as hypertension and type 2 diabetes. 
Treatment success can be ascertained through a combination 
of subjective improvement in symptoms and objective docu-
mentation of adherence to therapy.
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Interventions to Improve CPAP 
Adherence

Tatyana Mollayeva

Compliance and adherence in medicine are complex 
terms with significant implications for patients’ health and 
well-being, clinician’s efforts, and health resources [1–3]. 
The Oxford English Dictionary defines compliance as “the 
acting in accordance with, or the yielding to a desire, request, 
condition, direction, etc.; a consenting to act in conformity 
with; an acceding to; practical assent” [4]. The same diction-
ary defines adherence as “persistence in a practice or tenet, 
steady observance or maintenance” [4]. Clearly, the two 
terms, compliance and adherence, do not hold the same 
meaning concerning the role of the patient and the clinician 
and their mutual tenacity in sticking to a proposed therapeu-
tic regimen. Although the literature is filled with discussions 
on the acceptability of these terms, most recently, the term 
adherence is being used, which takes into account a patient’s 
choice and is intended to be non-judgmental, unlike compli-
ance, which reinforces patient passivity and blame [5].

The topic of patient adherence has captivated the minds of 
most prominent physicians and scientists for centuries [6–8]. 
It is believed that the recommendations of a clinician derive 
their value from what is by nature good for the patient and is 
built on the assumption that recommendations will help the 
patient to prevent or fight the disease. However, since ancient 
times, most prominent philosophers and doctors considered 
the needs of their patients and what they perceived as being 
good as part of a much broader context of patients’ relations 
to themselves and to others, including patients’ relationships 
with their treatment providers [9]. It is also well understood 
that adherence is a dynamic process that needs to be fol-
lowed up by both the patient and treatment provider over a 
time continuum [10].

2
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e-mail: tatyana.mollayeva@uhn.ca

On the neurology clinic rotation round in which you are 
the medical director, a senior resident with a subspecialty 
in sleep medicine comments that nearly half of the patients 
seen today have sleep apnea and were prescribed CPAP 
and many of these patients have difficulty tolerating this 
therapy and do not use it on a nightly basis. These patients 
are coming to the neurology clinic because of sequelae of 
myocardial infarction, stroke, and neuropathy, and they 
are only in their third decade of life. This leads to a discus-
sion on poor CPAP adherence and its effect on cognitive 
and physical impairments, disability, and mortality, as 
well as evidence for CPAP therapy that improves these 
outcomes. One of the senior residents from a psychology 
background is convinced that multimodal cognitive 
behavioral therapy has to be the way to improve adherence 
to CPAP therapy in your patients. A medical student points 
out that enhancing adherence to CPAP requires not only 
initiatives directed at patients but also interventions 
enhancing the patient-provider relationship and trust and 
interventions focusing on continuity and coherence of care 
directed on optimizing sleep continuity with CPAP, which 
implies considerable sleep specialist and staff investment 
in understanding barriers to CPAP adherence in each indi-
vidual patient, time, and expense to address all of the com-
ponents of the patient-clinician-CPAP and environment 
interfaces. You remind the group that the topic of CPAP 
adherence, with its multiple definitions, could benefit from 
a well-done review of the most recent randomized clinical 
trials (RCTs) that address the effect of different types of 

interventions on CPAP adherence. The clinician-researcher 
on the floor, intrigued by the discussion, commits to per-
forming such a review.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93146-9_2&domain=pdf
https://doi.org/10.1007/978-3-030-93146-9_2#DOI
mailto:tatyana.mollayeva@uhn.ca
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Most recent estimates of patients’ failure to adhere to treat-
ment recommendations in Western medicine, in general, range 
from 20 to 40% for acute disease regimens, 20 to 60% for 
chronic disease regimens, and 50 to 80% for preventive regi-
mens [10, 11]. Traditional facilitators to adhere to prescribed 
therapy are divided into patient-related factors (i.e., targeting 
attitudes and beliefs, perceived benefits, and lifetime habits), 
regimen-related factors (i.e., altering the complexity of the 
regimen and frequency of or duration of application), and fac-
tors related to healthcare providers, including their level of 
knowledge and principles of communication [11]. However, 
standard recommended methods for improving adherence to 
any therapy are still lacking. This is especially true for adher-
ence to continuous positive airway pressure (CPAP), a nonin-
vasive respiratory therapy technique that entails delivery to the 
opening of the airways, by an external interface, a positive 
(over atmospheric) pressure, continuously in sleep, during 
both expiration and inspiration [12].

Continuous positive airway pressure is the main treatment 
for moderate to severe obstructive sleep apnea (OSA), a 
chronic sleep-related breathing disorder, defined as recurrent 
episodes of obstructed breathing during sleep, which cause 
repeated arousals, sympathetic hyperactivity, and intermit-
tent hypoxia [13]. Numerous studies controlling for con-
founders established that untreated OSA is a risk factor for 
hypertension, cardiovascular disease, strokes, car crashes, 
and neurocognitive dysfunction [14–17]. Other associations 
of OSA include impotence, depression, glucose intolerance, 
and reduced quality of life [18–21]. Since the approval of 
nasal CPAP therapy for OSA in adults in 1981 [13], numer-
ous studies have been conducted to improve the understand-
ing of the patient, provider, and technology’s part in 

adherence to this therapy, considering conservative estima-
tions that 29 to 83% of patients are nonadherent, depending 
on how nonadherence is defined [22–25] (Fig. 2.1).

While there is currently no international consensus on 
the definition of nonadherent use of CPAP therapy, most 
sleep specialists agree that less than 4 hours per night can 
be used as a general metric [22–26], based on the results of 
studies that have shown that normalization of daytime 
sleepiness, quality of life, neurocognitive function, cardio-
vascular disease conditions, and diabetes improve with 4 
or more hours of CPAP use per night. The Centers for 
Medicare and Medicaid Services require 4 hours per night 
for 5 out of 7 nights [27], and the American Association of 
Sleep Disorder defines adherence to CPAP as 4 or more 
hours per night and at least 9 of each of the 14 nights of 
ventilator use, measured by a ventilator timer recorder [28, 
29]. Because the magnitude of CPAP nonadherence and 
the scope of nonadherence sequelae are so alarming, inter-
ests in various interventions directed toward enhancing 
CPAP adherence have led to the development of multiple 
clinical trials targeting adherence over the last decade.

Several CPAP adherence-related reviews have been pub-
lished recently [22–26]. The current chapter was designed to 
provide an overview of the most recent (past decades) 
adherence- related literature within a simple hypothesized con-
ceptual framework based on these earlier reviews on the topic 
(Fig. 2.2). The aim was to review and facilitate a wider applica-
tion and adaptation of any new CPAP adherence interventions 
proved to be more efficient than standard care. Further, the 
author aimed to distinguish the most common types of CPAP 
adherence-related outcomes so that intervention effectiveness 
for each type of intervention can be explicitly recognized.
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2.1  Material and Methods

Search Procedure and Criteria for Study Inclusion
To be included in this chapter, each study had to meet the 
following inclusion criteria:

 1. Describe at least one intervention, defined as an attempt 
to enhance CPAP adherence.

 2. Have a control group, comparable to the intervention 
group in at least age and severity of sleep-disordered 
breathing via similar identifiers.

 3. CPAP adherence was quantitatively measured via 
machine interrogations at both baseline and follow-up 
and linked to changes in any health or functional 
outcome.

 4. The study was published in English in a peer-reviewed 
journal during the past decade.

Studies published before 2010 were not included in this 
review because they had been reviewed in the extensive bib-
liography and evaluation of adherence literature conducted 
by Sawyer et al. [23] and Rotenberg et al. [22].

A literature search of the PubMed was performed using 
the keywords “CPAP” intersected with “compliance” or 
“adherence” (restricted to focus, major keyword, or title 
word) and with “intervention” (in the title or abstract). 
Publications found through the bibliographies of identified 
articles and reviews were also reviewed for any relevant 
works.

2.1.1  Study Selection

Nine hundred and fifty-eight articles (as of May 21, 2020) 
using these MeSH (Medical Subject Headings) entry terms 
were identified. The title and abstract of the papers were 
scanned by two researchers to determine whether they fit 
the inclusion criteria. Eligible studies were selected 
according to the inclusion criteria by the PICOS strategy 
(Table 2.1).

2.1.2  Data Extraction

Twenty-six studies met the inclusion criteria and were 
selected for data synthesis [30–55]. Selected studies were 
categorized based on the type of intervention. The informa-
tion abstracted from the articles included study details (i.e., 
author names, publication year, and country), study charac-
teristics (i.e., setting, design, and sample size), participant 
characteristics (mean age, sex, and severity of OSA), inter-
vention type, definition of adherence and variables used to 
assess it, and characteristics of the intervention. The inter-
vention was described in detail, including the focus of the 
intervention (educational, behavioral and affective, surgical, 
or technology-targeted), strategies used to deliver the inter-
vention (such as one-to-one education, group education, or 
tele-monitoring), and the number of intervention strategies 
used in each study.

2.1.3  Data Synthesis

We used a best evidence synthesis approach to organize find-
ings from studies of sufficient quality by tabulation and qual-
itative descriptions [56]. The primary outcomes considered 
were (1) adherence and (2) adherence-related assessments, 
as studied by researchers. All adherence-related assessments 
of outcomes relevant to patients and those relevant to health-
care were considered. Results were organized by patient 
population (i.e., OSA versus OSA and comorbidity; naïve 
versus those with poor adherence), intervention type 
assessed, and duration of follow-up, depicting the relative 
change across time within each individual study. The diver-
sity in the content of intervention and usual care and their 
domains, definitions of adherence, the statistical methodolo-
gies used to quantify associations, and score assessment in 
the studies as well as the measures themselves ruled out 
application of meta-analysis in its classic form [57].

2.2  Results

Table 2.2 describes the study design, sample size and charac-
teristics, outcome measures, and key findings of the reviewed 
studies, by intervention category.

2.2.1  Risk of Bias in the Included Studies

An overview of my judgments of the risk of bias for included 
studies (allocation, blinding, and missing data domains) is 
provided in Table 2.2. For most studies, information regard-
ing the concealment of allocation could not be ascertained. 
For the remainder of the studies, there was insufficient infor-

Table 2.1 Search strategy

Population Patients with sleep-related breathing disorders for 
whom CPAP was prescribed

Intervention Any randomized parallel group studies focusing on 
patients’ adherence to CPAP use

Comparisons Effect of interventions versus usual care or 
comparisons of intervention arms

Outcome Adherence connected to any health or functional 
outcome

Study design Randomized trials with any follow-up length
Excluded Samples with patient’s age <18 years; studies in 

languages other than English; studies published 
before 2010

T. Mollayeva
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mation available to determine the extent to which studies 
were at risk of bias from these sources. In several studies [36, 
43, 44, 47, 55], investigators attempted to blind participants 
to study the condition that they received. For three studies 
[33, 41, 44], participants would have been explicitly aware 
that machine usage data were assessed by study investiga-
tors; the remainder of the studies did not report how this fea-
ture of study design was addressed. In several studies [31, 
32, 39, 46–49], data from all participants were collected and 
analyzed. Only incomplete data were available for the pri-
mary outcome in several studies [33, 34, 36, 43–45, 50, 52, 
55]. For the remaining studies, it was not possible to ascer-
tain how the intention to treat populations was composed. 
There was a high attrition rate in both arms (i.e., dietary self- 
monitoring and attention control) in one study [52], which 
may have affected the estimates for average machine usage.

2.2.2  Study Size and Study Characteristics

The sample size varied widely from 28 [54] to 330 patients 
[35]. The studies had an average sample size of 128 patients 
before randomization, with a male patient averaging 69% 
(26–100% range). None of the studies considered the effect 
of sex/gender on adherence to CPAP [58]. Two studies did 
not specify the male-to-female patient ratio [33, 37] and 
were not included in the calculation. Two studies included 
only male patients [46, 48]. All studies involved adult or 
elderly patients; the age ranged from 30 to >80 years; the 
most represented were patients within 50 to 60 years of age. 
Sufficient information about patients’ apnea-hypopnea index 
(AHI) was provided in all but two studies [37, 52].

2.2.3  Study Design

Comparisons within randomized control trial studies were 
often complex. Nine studies [30, 34, 43–45, 47–50] 
reported results evaluating the effects of a single interven-
tion in comparison to usual care, where the protocol for the 
usual care procedures varied from study to study. Thirteen 
studies [30, 36, 38, 40–42, 44, 51–55] evaluated two differ-
ent interventions, and four studies reported differences 
between intervention and no intervention [31, 32, 35, 37]. 
Two studies evaluated three different interventions [34, 44], 
and two presented an analysis of four different interven-
tions [39, 46].

2.2.4  Country of Study Origin and Setting

The studies were conducted in a variety of sociocultural 
regions of the world, with ten occurring in the United States 

[33, 36–38, 40, 44, 48, 51, 52, 55], the remainder by country 
being Australia [32, 35, 41, 43], China [30, 39, 47], France 
[49, 53], the United Kingdom [34, 54], Belgium [50], 
Germany [31], Canada [45], Italy [42], and Brazil [46].

2.2.5  Diagnoses

The studies represented patients with a variety of sleep- 
related breathing disorders and disorder severities [30–55]. 
One study [54] evaluated different types of interventions in 
patients with suboptimal CPAP adherence (defined as <4 h/
night) and one [55] in patients with suboptimal facility-
based attended CPAP titration; the rest tested which inter-
vention resulted in better adherence in naïve patients or 
recently prescribed CPAP. Three of the included studies 
aimed at improving CPAP adherence in patients with car-
diovascular disease risk [40, 49] and history of stroke [45] 
as a means to prevent adverse clinical course of these disor-
ders due to comorbid OSA. One study evaluated CPAP 
adherence in response to weight reduction in patients with 
obesity [52].

2.2.6  Intervention Strategies

Interventions were grouped into broad categories, reflect-
ing differences in the predominant theoretical focus or tar-
get of the intervention. The primary groupings directed 
toward patients were (1) educational, (2) behavioral and 
affective, (3) a mixture on these components, (4) surgical 
interventions, and (5) myofunctional therapy. The primary 
groupings directed toward technology were (1) additions 
of a heated humidification, (2) use of auto-titrating or pres-
sure relief machines, and (3) changing types of masks to 
prevent leakage. No interventions were identified as 
directed toward clinician/staff knowledge, attitudes, or 
skills to detect patients at risk of nonadherence and develop 
individualized interventions to enhance CPAP use in these 
patients.

2.3  Patient-Directed Interventions

2.3.1  Education

This component of interventions generally reflected peda-
gogical interventions, verbal or written, with a knowledge- 
based emphasis designed to convey information on OSA 
and/or health consequences associated with untreated OSA. 
All these interventions were personalized, applying patient-
specific data during intervention sessions in person in the 
clinician’s office or in the community.
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2.3.2  Interventions Directed toward Patient 
Behavior and Affective State

Behaviorally focused interventions were designed to enhance 
adherence to CPAP by reinforcing specific behavioral pat-
terns of continuous CPAP use. These included strategies 
such as motivational enhancements [30], “reinforcing inter-
ventions” [42], remote monitoring and motivation [49], tele-
medicine [50], interactive voice response systems, and 
telephone reminders [38].

Affect-focused strategies attempted to influence compli-
ance through appeals to (1) patients’ feelings and emotions 
showing them results of diagnostic and treatment studies 
[33, 35–37] or (2) social relationships and social supports, by 
bringing family members and social support [30, 41] or male 
peer coaches [48] to influence the patients’ affective state 
toward CPAP adherence. The results of one study relating 
staff communication to patient outcomes [34] reported that 
more positive talk predicted higher patient adherence at 2 
and 6 weeks of therapy as compared to negative talk and no 
framed messages.

2.3.3  Surgical Modification of Patients’ Upper 
Airway and Myofunctional Therapy

The surgical modification in patients who had difficulty tol-
erating CPAPs [51] and myofunctional therapy [46], which 
increases tongue, pharynx, and soft palate muscle tone, 
through isometric exercises (working with muscle tension) 
and isotonic exercises (improving mobility) was among 
patient-directed strategies directed at improving patients’ 
adherence to CPAP. These interventions were based on the 
premise that surgical correction of the upper airway and 
strengthening of the muscular rings at the level of the oro-
pharynx will result in reducing the required level of CPAP 
pressure and thereby increasing adherence to CPAP therapy.

2.4  Technology-Targeted Interventions

Several clinical trials were directed toward comparisons of 
the efficacy of technology-directed interventions on patients’ 
adherence to CPAP. These interventions were either testing 
the (1) type of machine (continuous pressure versus bi-level) 
[54, 55], (2) type of mask on patients’ adherence to CPAP 
[53], or (3) application of humidifier [31, 32].

2.4.1  Auto-Titrating or Pressure Relief 
Machines

CPAP pressure modifications such as auto-adjusting pres-
sure may promote comfort and, therefore, adherence. In con-

trast to standard CPAP, in which the applied pressure is 
constant throughout the sleep period and stages of sleep, 
APAP devices provide variable pressure matching to breath-
ing patterns of the patient transitioning through different 
stages of sleep in different body positions. If obstructive 
events are detected, the device will increase pressure until 
the events are eliminated. The device will decrease the 
applied pressure if no events are detected over a set period. 
Because the minimum pressure required to keep the airway 
open is used, the mean pressure applied across the night 
should be reduced when compared to CPAP. It has been 
hypothesized that this reduction in mean applied pressure 
may improve patient comfort and therefore tolerance, result-
ing in improved nightly adherence with the use of APAP 
compared to CPAP.

2.4.2  Types of Masks

A range of interface options for delivering positive pressure 
therapy exists, including nasal pillows, nasal masks, orona-
sal masks, and custom-made interfaces. One clinical trial 
[53] compared the impact of different nasal masks on CPAP 
adherence in patients with newly diagnosed OSA. Initial 
mask selection that produces minimal side effects associated 
with inadequate mask fit (i.e., eye irritation, silicone aller-
gies, pain or abrasion to the bridge of the nose, pressure 
sores, and air leaks) enhanced tolerability of therapy and 
therefore adherence to CPAP.

2.4.3  Humidifier

It was hypothesized that air humidification may reduce side 
effects associated with CPAP therapy, such as dry mouth, 
throat, or nose, resulting from a unidirectional airflow. Two 
types of humidity that were used in the clinical trials included 
in this review were cold passover humidity [32] and heated 
humidity [31]. The hypothesized mechanism of improve-
ment in adherence was believed to be a result of an increase 
in patient comfort by preventing the increase in mucosal 
blood flux.

2.5  Duration of Follow-Up Period

Enhancing CPAP adherence may be short-lived, with many 
patients reverting to previously established sleep routines 
(i.e., drift in patient behavior), once the stimulus for a new 
intervention is no longer present. The average duration of 
follow-up time for assessing the outcomes of interventions 
was 5.2 months across studies. Several studies with the lon-
gest follow-up (6–12 months) reported that adherence to 
CPAP worsened over time in the interventions and control 
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groups [41, 44]; however, others did not observe this phe-
nomenon [38, 47, 49]. Several clinical trials with the longest 
follow-up duration (6–12 months) [38, 43, 47, 49, 50] 
reported statistically significant differences in CPAP adher-
ence between intervention(s) and control group(s); two [43, 
44] observed no difference.

2.6  Adherence Measures and Outcomes

Definition of adherence, measured by a ventilator timer 
recorder, varied from study to study included in this review, 
as reflected in Table 2.1. Most studies defined adherence to 
CPAP as 4 or more hours of use per night or on average over 
the study period [30, 34, 35, 37, 38, 40, 42–44, 47–50, 52, 
54, 55]; others added a condition of at least 9 of each of the 
14 nights of ventilator use or more than 70% of the nights 
[33, 39, 46, 51, 53], which is based on the American 
Association of Sleep Disorder standards for CPAP use.

Although many different approaches to the study of 
adherence were used (Table 2.2) and minimal clinically rel-
evant changes have not been established, some conclusions 
about the relative effectiveness of interventions can be drawn 
by examining Table 2.2. Adherence-concerning measures 
were more strongly affected by behavioral interventions than 
educational ones. More specifically, it appears that motiva-
tional enhancement [30], remote monitoring and reinforce-
ment, telemedicine, and telephone reminders [42, 43, 49, 50] 
were especially effective at the early stages of intervention as 
compared to usual care but diminished its effectiveness with 
time [42, 43]. An educational intervention alone [45] had a 
relatively weaker impact than educational efforts in combi-
nation with components targeting patients’ affect state by 
motivation [44, 47, 48]. The way in which motivational 
enhancement coming from clinicians or the “peer buddy sys-
tem” had an effect on the outcome was linked to the percep-
tion of positive aspects in enhancing utilization [44] and 
through promoting self-efficacy, outcome expectancies, 
improving risk perception, and patient activation [48].

Myofascial therapy [46] and education in combination 
with muscle relaxation [39] were more effective than usual 
care for up to 3 months of follow-up. Dietary self-monitoring 
directed toward weight loss [52], pillar implants [51], and 
additions of humidifiers [31, 32] were not more effective 
than usual care in enhancing adherence to CPAP therapy.

The adherence-related indicators broadly represent five 
classes of assessments: (1) health and functional outcomes 
(e.g., depression, anxiety, sleepiness, fatigue, functional sta-
tus, etc.), (2) direct indicators (e.g., weight loss, biological 
markers, etc.), (3) indirect indicators (e.g., self-efficacy, 
symptom load, quality of life, etc.), (4) person and signifi-
cant other satisfaction reports, and (5) performance (driving 
behavior). Several studies have also reported changes in 

patients’ satisfaction with therapy and therapists, behavioral 
change scores, knowledge acquisition, and weight loss, as a 
consequence of adherence-directed interventions. Studies 
used between one and ten different outcome measures in 
their assessment of the intervention effect (Table 2.1). Two 
studies [33, 50] did not investigate the implications of their 
interventions.

2.7  Intervention Benefits Toward Health 
and Functional Outcomes

Different thresholds of interventions based on the probabili-
ties of health and functional benefits were considered in 
intervention studies directed on CPAP adherence included in 
this review. The majority of studies reported no differences 
between intervention and control arms at the last follow-up 
in such outcomes as daytime sleepiness [32, 34, 36, 41, 42, 
45–47, 51, 55]; sleep duration [40]; sleep quality [41]; vigi-
lance [48]; fatigue [41, 55]; quality of life [31, 36, 41, 47]; 
knowledge acquisition [45]; functional outcomes [45, 48, 
55]; self-efficacy [41, 48 except 30]; patient activation [48]; 
care satisfaction [43]; number of non-scheduled phone calls 
[35]; side effect associated with CPAP use [31, 32, 36]; snor-
ing elimination [46]; proportion of patients with a first-line 
mask-related contact call and call duration [53]; self- 
measured evening systolic blood pressure [49]; steps taken 
per day [49]; biological parameters (low-density lipoprotein, 
cholesterol) [49]; and body mass index [49]. Few studies 
have reported differences between intervention and control 
arms in scores of daytime sleepiness [30, 39, 49]; anxiety, 
depression, and sleep quality [39]; nasal mask issue-related 
home care personnel visits [54]; and perception of positive 
aspects of PAP [31, 44].

The excess cost and efforts of an intervention (including 
time and effort of staff working to enhance patient adherence 
to CPAP over time) in reference to the usual care were not 
reported or discussed in the studies included in this review, a 
significant omission, since most interventions conferred no 
difference between intervention and control arms in mea-
sured health and functional outcomes.

2.8  Discussion

This chapter intended to provide an overview of the effects 
of interventions on measurements of CPAP machine usage, 
drawn from most recent randomized controlled trials. 
Although many studies have indicated significant beneficial 
effects of different types of interventions on CPAP usage 
versus usual care at the early stages of interventions, the 
effects were often not sustainable with time. The clinical and 
practical relevance of these results was not clear considering 
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the frequent lack of statistically significant differences 
between intervention and usual care arms in terms of 
adherence- related outcomes relevant to patients and clini-
cians. Finally, studies generally recruited CPAP-naïve or 
recently diagnosed patients with moderate to severe OSA; 
patients with OSA and a significant comorbidity, to whom 
adherence-related concerns are of critical importance in 
terms of health and functional consequences of poorly man-
aged OSA, were frequently excluded from clinical trials. 
While recognizing that the summary results of this evidence 
synthesis may not be accurate given the unknown risk of bias 
in most of the trials, it is interesting that there is consistently 
a lack of evidence, in general, that intervention improves 
patient outcomes better than usual care. Costs associated 
with intervention were not discussed yet may well have 
occurred to be much greater than usual care.  Cost- effectiveness 
research in patients who are believed to be at risk of poor 
adherence (i.e., added vulnerability at multiple levels) may 
help to establish how resources should best be allocated and 
to whom, in implementing interventions’ results into a clini-
cal decision support system [61–63].

Inspection of the content of focus of the interventions 
demonstrated that the more comprehensive and personalized 
the program and support throughout, the stronger the out-
come. Combined focus interventions were generally more 
effective than those with a single focus, especially education. 
Three-focus interventions, including those with educational, 
behavioral, and affective components, were the strongest of 
the combined focus programs, although used in only a few 
studies [30, 34, 40, 42–44]. A more detailed inspection of 
individualized intervention strategies showed that written 
materials were weaker than interventions [36] and that home 
visits [35] were not any more effective in improving adher-
ence than remote monitoring and motivational enhancement 
communicated through telemedicine [49, 50]. Considering 
the resource-intensive nature of home visits relative to tele-
medicine, the latter may be considered as a more attractive 
alternative in the light of the COVID-19 epidemic. The 
effects of peer buddy interventions on patient adherence 
showed borderline beneficial effects on the average nightly 
use as well as percent of adherence at 3 months after therapy 
initiation, in comparison to usual care [48].

There was little ability to assess the differential impact of 
interventions on various diagnostic groupings; most studies 
used chronic comorbidities in patients with OSA as their 
exclusion criteria. Notably, the health and direct effects of 
CPAP use in both intervention and control arms were evident 
for patients with cardiovascular disease or an elevated car-
diovascular risk [40, 49] as well as for obese patients [52] 
and for patients with a history of stroke or transient ischemic 
attack [45]. Having summarized the effects of adherence- 
directed interventions, it is important to recognize that evalu-
ation of effect magnitude is a relative matter, and one must 

inquire about the practical meaning and usefulness of even a 
small increase in adherence – the clinical and practical sig-
nificance of an effect size is not necessarily tied to the mag-
nitude of effects. This notion has rarely been discussed in the 
discussion section of the RCT studies included in this 
chapter.

In reviewing the results of RCTs, one must consider 
whether all important potential effects of the intervention 
were measured. Any intervention studies may have unin-
tended consequences. For example, attempts to increase 
CPAP adherence in a clinical setting in which many patients 
are not adherent (because of their own values and prefer-
ences, poor accessibility, unmet expectations, etc.) may 
result in a decline in patient-clinician trust and/or comfort. 
Unintended consequences may also include the effect of cli-
nician/staff stigma toward the nonadherent patient, low moti-
vation, and cohesiveness toward future care. Likewise, 
unintended consequences are related to resources (i.e., 
increased cost of additional intervention to treatment as 
usual, decreased resources allocated to other activities). Only 
five studies included in this review reported on the effect of 
the intervention on a number of nonscheduled phone calls 
[35], contact calls and visits for mask issue, second-line 
mask required, duration of visit related to first-line mask 
only [53], side effects interfering with CPAP use [32, 36], 
and care/therapist satisfaction [43, 53]; however, cost analy-
ses were not performed to understand the monetary values 
associated with such outcomes.

We can draw three implications for future research from 
this review. First, the construct of CPAP adherence and non-
adherence, as an outcome measure, should continue to be 
developed based on the proven effects of CPAP on multiple 
levels, including but not limited to morphological, biochemi-
cal, symptoms, disease, function, morbidity, and mortality 
[59, 60]. The significance of these different levels to each 
patient to whom CPAP is prescribed, a patient’s attitude 
toward CPAP therapy, as an important determinant of adher-
ence, has not been studied and as such remains unknown. 
Second, the results tend to support the view that patients’ 
adherence does not tend to be static over time. This brings 
forth the question of how adherence to CPAP is defined and 
measured longitudinally in different patient populations and 
settings. Emphasis on within-individual variability, where 
each person serves as their own control over time, is likely to 
be the best technique to analyze true change in adherence in 
response to interventions and to answer the question of the 
extent to which a person’s adherence to therapy is affected 
by disorder-related variables, which are internally (age, sex, 
genetic profile, etc.) or environmentally (social desirability, 
support, etc.) driven. The trade-off, however, is limited stan-
dardization of individual outcome measures, and irrelevance 
of the current theory of psychometric properties of clinical 
outcome measures, applicable only in single-case experi-
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mental design studies (relevant to personalized medicine 
theory) and limited external validity (i.e., generalizability). 
Finally, one of the problems associated with understanding 
and making progress in CPAP adherence is that it is a very 
complex construct, which denotes a wide variety of efforts 
on the part of a patient that is labor-intensive and intrusive to 
their established lives. Proper maintenance of the machine, 
mask, and tubes, and the bedroom environment, need to 
apply the therapy every time someone goes to sleep, learn 
how to deal with equipment malfunctions and need for reca-
libration, which are often time-consuming and costly, accept-
ing side effects and clearly seen benefits, which are often not 
perceived as drastic, and deal with cultural and social desir-
ability and image, are among the significant challenges that 
not every patient that requires CPAP is willing and able to 
overcome. Combined with the often unstructured and cha-
otic nature of many patients’ lives, these challenges can 
undermine initiating and sustaining routines that promote 
patient adherence to CPAP (Fig. 2.3).

2.9  Future Direction

Judgments about the effect of existing interventions target-
ing CPAP utility are complex and subject to biases. 
Traditional RCT design was prone to selection bias, influ-
encing the conclusion regarding both the effectiveness and 
generalizability of interventions as well as usual care. There 
are numerous patient characteristics, including those con-
cerning sex and gender (i.e., the socially constructed charac-
teristics of women and men (i.e., norms, behaviors, 
relations)), that were not considered but which most likely 
influenced the effectiveness of interventions, especially 
those directed at affect and behavior [63, 64]. The range of 
other relevant social characteristics (i.e., education, occupa-
tion, race/ethnicity, socioeconomic status, access to techni-
cal support when needed, etc.) are likely to interact with 
gender, skewing results of intervention effectiveness in either 
direction. Unfortunately, it remains unknown how gender 
and interacting social variables might influence the response 
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to various types of interventions, and this is an area of inves-
tigation that solely needs research.

The relevance and impact of time is important to consider 
in future RCTs, where the use of simple linear changes in 
CPAP adherence over time is unlikely to be able to fully cap-
ture patterns of the dynamics of therapeutic change. 
Monitoring CPAP adherence and change in functional or 
health status in every patient is probably more art than sci-
ence, which requires a considerable learning curve at multi-
ple levels. It is important to recognize that adherence to 
CPAP is a dynamic process that varies greatly from patient to 
patient, and is contingent on fluctuations and adjustments 
within the patient-clinician, patient-technology, and patien-
tenvironment circumstances. New methods for identifying 
causal effects across a time continuum on CPAP utility, using 
social network data [65–67], is a promising future for statis-
tical development in RCTs of complex human behaviors, as 
current methods have known and often unavoidable limita-
tions. The use of network theory to analyze switching use-
non-use of CPAP and vice versa across a time continuum 
may allow for better investigations of patients’ behavior 
(e.g., the measure of adherence with CPAP) and the efficacy 
of educational, cognitive-behavioral, and other types of 
interventions for enhancing adherence.
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3.1  Introduction

When studies about CPAP first came out the arbitrary bar for 
use was set at 4 hours four nights a week. The advantage of 
this was in establishing a common language about adher-
ence, but with the benefit of hindsight it was probably a prac-
tical decision based on the resources at the time and the 
limitations of the available equipment 40 years ago.

If one thinks that some of the pathophysiology of sleep 
apnea is consequent on the often high rates of apnea in 
REM sleep and one is aware that in the first 4 hours of sleep 
there is a relative paucity of REM sleep, to think that a 
large study, which recorded an average CPAP usage of 
3.3 hours, might have something relevant to say about the 
impact of CPAP on any of the common comorbidities 
described in this book [e.g., hypertension, depression, 
arrhythmia, diabetes, etc.] seems as foolish as telling some-
one to wear their spectacles for part of the night when driv-
ing [if they are short-sighted] and hoping to see a decrease 
in motor vehicle accidents.

3.2  Style of Interaction

The models of interaction with patients have evolved over 
the last century from being paternalistic to collaborative. The 
change from the physician presuming that the patient will 
blindly cooperate, to a relationship of mutual participation 
with a patient-centered focus, has not been smooth. The rec-
ognition that the style of communication with a patient is the 
most salient ingredient in the soup of facilitating patient care 
and adherence was recognized by Sir William Osler. A recent 
obituary of Alwyn Lishman [1] (widely considered to be the 
founding father of neuropsychiatry) quoted the Mausdsley 
psychiatrist as saying that the fundamental skill of a psychia-
trist was deceptively simple viz. “being able to talk meaning-

fully and helpfully with patients” This aphorism remains 
true. A contemporary of Lishman, Norman Geschwind 
(Harvard Neurologist), who is considered by many as the 
founding father of Behavioral Neurology, was fond of saying 
that one learns neurology “stroke by stroke.” His point was to 
pay careful attention to the details of every patient’s symp-
toms and signs, i.e., that every patient is different. This tru-
ism is equally relevant in the management of sleep apnea and 
CPAP treatments.

There are many factors that influence doctor–patient com-
munication. These include personalities of both and the use 
of humor in the interaction [2]. Even the physical space in 
which the interview occurs has an influence; for example, 
not having garish lighting, a warm color, and art that includes 
scenes with water can all induce calm.

A single style for all patients is not likely to be effective. 
Both socioeconomic status and the age of the patient will 
influence what is acceptable in the interaction. The patient’s 
personality and past experience with physicians will have a 
bearing on the interaction. These issues are hard to fathom 
and are somewhat immutable. The two keys to opening a col-
laborative relationship are to ensure at the outset that the 
patient has the opportunity to voice their concerns. This is 
often described as “active listening”. The almost platitudi-
nous nonverbal behaviors that facilitate adherence include 
smiling; facing a patient; making eye contact; and a warm 
voice tone, which are all well recognized [3]. Staring at a 
computer screen is not helpful. These authors [3] warn against 
fidgeting, which is indicative of impatience and comment that 
a comforting touch encourages and invites the patients to a 
partnership. However, in today’s society this may be misinter-
preted and an expression such as “Consider yourself meta-
phorically hugged” expresses the desire to comfort but at the 
same time shows caution toward the patient’s boundaries and 
what has become societally acceptable.

There is a multiplicity of factors that influence CPAP 
adherence. These include the salience of the patient’s symp-
toms, the contact with the referring physician or agency, the 
personal values of the patient vis-à-vis their health, and their 
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health literacy. There will be lifestyle, economic and cultural 
factors, and family dynamic issues that will come into play. 
The persons’ personality and their willingness to be open 
about the medical situation will have a great impact. The 
willingness to be open in particular has changed dramati-
cally over the last 20  years. Previously, those requiring 
CPAPs were more embarrassed, but now it is widely accepted 
(in some but not all cultures) and the advocates among 
patients with positive experiences of CPAP make it easier for 
physicians to advocate for better adherence. The scientific 
literature about the consequences of sleep apnea allows one 
to focus on the relevant benefits of CPAP for a particular 
individual whether it is in the arena of sleepiness, arrhyth-
mia, depression, etc. If the treating physician is able to cite 
studies that are pertinent to the patient in one’s office, this 
can support the notion that what is being discussed is rele-
vant to the particular patient. The history of CPAP [see final 
chapter in this book] is significant in this regard. Support 
from others, including families, especially spouse, friends, 
and professionals, is important and can be facilitated. Perhaps 
some of the most challenging factors to change are the indi-
viduals’ personal values and when the values do not lead to 
motivation for using CPAP, one may be required to use “the 
big stick,” which is uncomfortable, i.e., infusing safety in 
general (and driving safety in particular) into the discussion 
about adherence. This comes close to threatening and needs 
to be discussed with compassion.

There are over a dozen theoretical models describing the 
process of facilitating change in behavior and adherence to 
beneficial behavior. These models range from the theoretical 
and erudite sounding “Transtheoretical Model of Change” 
involving the steps of precontemplation, contemplation, 
preparation, action, and maintenance [4] to the more prosaic: 
“information motivation strategy” model, which posits that 
the individual must know that change is necessary; have the 
desire to change; and have the mechanism to achieve and 
maintain necessary behaviors [5].

For my money, one of the best conceptualizations of what 
is required to move the dial forward to improve CPAP adher-
ence is the review by Crawford et  al. [6]. These authors 
emphasize the biopsychosocial (BPS) model and in the title 
refer to the integration of psychology and medicine in achiev-
ing better adherence (see Fig. 3.1).

Engel in two papers concerning the biopsychosocial 
model published 20 years apart (1977 and 1997) defined the 
field [7, 8].

To some extent, many clinicians would instinctively use 
components of this conceptualization and aspects of the 
almost 200 references in the review cited above [6]. The 
authors layer the evidence relating to CPAP adherence on the 
well-established notion of the biopsychosocial domains and 
emphasize the integration of these elements. The graphic 
above is modeled on a figure in the review [6] and tries to 

emphasize the interlocking of psychological and sociologi-
cal factors with clinical factors that impact on the outcome 
for an individual in all three domains viz. physical, psycho-
logical, and social. One may think of this as a triangle, and if 
one corner of the triangle is raised, the other two may drop 
(i.e., be neglected). Integrating all the components should be 
seen as a necessary condition for improving the patient/per-
son’s well-being. The implication is that all dimensions (bio-
logical, psychological, and sociological) act as a lever to 
facilitate improvement in the other components. Focusing on 
only one aspect is akin to a student getting top marks in one 
subject and failing in the other courses leading to a dismal 
report card.

For criticisms of the model, see Refs. [9, 10].
One of the last papers I accepted as an editor of the Journal 

of Psychosomatic Research was that by Chan et al., which 
included a demonstration of the way in which the BPS model 
pertains to end-stage renal disease [11]. This review clearly 
indicates how a model can confirm some expected associa-
tions but can often open an awareness of other linkages that 
may have not been self-evident. For example, these research-
ers highlight the connection between depression and specific 
elements of renal failure and/or dialysis, e.g., restless leg 
syndrome [12]. The abovementioned review [6] considers 
over 30 factors that may have a bearing on CPAP adherence 
and separate references for each item into evidence for 
increasing, decreasing, or not making a difference to 
compliance.

The NICE review on the effects of melatonin on jet lag found 
nine small studies (not particularly well done) in support of a 
benefit of melatonin in people with jet lag and one large scien-
tifically better executed study that did not show benefit. This is 
a warning against presuming that the “louder” voice (more pub-
lications) does not make the proposal more likely to be true. 
This implies that a simple tally of papers “for” or “against” the 
impact of a particular variable of relevance to CPAP adherence 
cannot be simply calculated. However, it does give some insight 
into the perspective of different groups looking at factors that 
may influence adherence.

There are thirty-three topics that are considered in the 
review [6] and range widely from the CPAP delivery inter-
face to the coping style of the individual. There is a wide 
disparity in the number of studies available to draw on to 
make conclusions about these postulated influences on 
adherence. As an example on the topic of age, there are a 
plethora of papers that conclude that there is no difference in 
adherence based on the age of the patient. There are less than 
a dozen papers indicating an increase in adherence with age 
and several papers indicating a week association. Being 
mindful of the caveat described above [regarding jet lag and 
melatonin], the following factors come out and seem to have 
the balance of publications increasing or decreasing adher-
ence (see Table 3.1).
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To provide the music to amplify the broad (and perhaps 
all embracing) concept of the biopsychosocial model 
(BPS), I have added the well-known mnemonic that every 
student of the piano learns: EGBDF (every good boy 
deserves favor). In this iteration, it would be education, 

genetics, biodiversity, diagnostic information, and family 
support (see Fig. 3.2).

This is not to say that some/all of the items below cannot 
be squeezed into the rubric of the BPS model. However, this 
is to assist practicing clinicians to be more cognizant of 
 crucial practical factors that are embraced by the BPS model 
and others that are not integral to the BPS per se.

Before elaborating on the mnemonic, there are a few gen-
eral points worth noting. The recognition of comorbid condi-
tions, and in particular, awareness of other sleep disorders, is 
crucial in archiving high adherence. Simply put, the patient 
with sleep apnea and phase delay syndrome or restless legs 
will be less likely to experience significant improvement 
from the treatment of his sleep apnea without the manage-
ment of his other sleep problems.

The thoroughness of the respiratory therapist is a major 
but relatively under-researched factor (see Chap. 34). There 
are differences that CPAP companies can make in providing 
education (e.g., a handout booklet), and the manufacturers 
also have an influence particularly in the realm of the devel-
opment of monitoring, which provides feedback to the 
patient about their usage and apnea rate.

A relatively new development of having a CPAP coordi-
nator (see Chap. 33) in the clinic who can provide focused 
support and greater availability than many physicians (and 

Socio-
demographic
factors 
(e.g. Socio-
economic 
status)

Social Domain

Person Illness Treatment

OSA in the
social context

CPAP in the
social context

Biomedical Domain

Person Illness Treatment

Demographics
(age, gender,
BMI)

OSA
severity

Baseline
pressure,
Pressure
delivery,
Side effects

Psychological Domain

Person Illness Treatment

Personality
Coping style
Stress
Affect

Beliefs and
perceptions
about OSA

Beliefs and
perceptions
about CPAP

Fig. 3.1 Inter-relationship of the bio-psycho-social model vis-à-vis sleep apnea. (Based on the figure in M.R. Crawford et al. [6])

Table 3.1 Biopsychosocial factors relevant to CPAP adherence

Number of 
factors 
considered Increasing adherence

Decreasing 
adherence

Biomedical 
sphere
15 factors 
considered

Treatment-specific modification in 
pressure,
sleep quality on titration night,
disease severity (weak),
symptom improvement

Race 
ethnicity 
(minority)
Adverse 
effects
experienced
Nasal 
resistance

Psychological
13 factors 
considered

Of the 13 categories considered, none show a clear 
preponderance of evidence one way or another. For 
example, there are 3 papers showing that negative 
personality factors decrease adherence and 3 
studies show no difference. In general, the same 
applies for the other 12 factors.

Social
6 factors 
considered

Higher socioeconomic class has a number of 
positive studies (no negative) but a slight 
preponderance of “no different” studies. There is no 
clear preponderance for any factor.

Based on Ref. [6]
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psychologists) can provide. They can also triage patients 
who need further help (e.g., referring to a psychologist).

The aphorism that it takes a village to raise a child is a 
truism, and there are many chapters in this book that specifi-
cally address the facets of the interconnecting components 
that are required to get good results with CPAP adherence. 
What is clear is that there is no one way to achieve the objec-
tive of high adherence. Being “patient-centric“should be the 
mantra. This can be with a more regimented or more egalitar-
ian approach.

The elaboration of the mnemonic EGBDF can be ampli-
fied by the following points:

E: Education
There is no limit to the amount of education that could be 
provided. It is very useful to remember that the average 
patient seeing a family physician will retain 7 ± 2 pieces of 
information. This means that after giving the diagnosis, the 
impact of the diagnosis, a description of the treatment, and 
two possible side effects, some patients may be “tapped out”; 
i.e., they will not retain further information. The point of this 
is to go for the most important shots and to focus the patient 

on the information that would be most relevant for that par-
ticular individual. Martin et  al. [3] provide a table “What 
health professionals can do to help patients remember medi-
cal information” (page 55). Among the 13 recommendations, 
are simple suggestions such as “Speak slowly and don’t rush 
through the information you are providing,” “Pair health- 
behavior change information with other meaningful infor-
mation,” and “Put the most important information first and 
last.” The aspects of many of these will be instinctive to some 
but are a useful aide memoire. For the vast majority of peo-
ple acquiring CPAP internationally, they may see the treating 
clinician 2–4 times (e.g., assessment, post-sleep study 
review, and one check-up on progress) in the span of a year 
with or without subsequent follow-up. With this in mind, the 
information conveyed in the follow-up interview needs to be 
laser sharp in its focus. In addition, a take-away that can be 
digested slowly and overtime is highly desirable. After 
reviewing CPAP adherence [13], a small highly illustrated 
booklet (40 pages) “Sleep apnea, CPAP and me” [14] was 
developed to provide patients with digestible information. 
The already very good adherence in two clinics (77% and 
84%, respectively, using criteria of 6 hours per night 6 nights 

Fig. 3.2 The music of some memorable points to cover in an assessment
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per week) had an increase by a further 7% (in both clinics) 
following giving all patients illustrated educational booklet. 
The notion of 4 hours a night four nights a week is to build 
into the system an expectation of poor performance, i.e., less 
than a third of the sleep time in a 7-hour sleeper. Six hours 
six nights a week is slightly under 75% of the sleeping time 
and provides an emphatic expectation of being most of the 
time from which further gains can be made.

This $10.00 US booklet was described by many patients a 
pivotal, and in many cases vendors of CPAP devices distrib-
uted the booklet. My experience (in the area of “Shift Work”) 
is that providing a hard copy of a booklet is more impactful 
than directing patients to a website or providing a video. An 
updated version, including a section on oral appliances and 
pediatrics, will be released to coincide with the publication 
of this book [15].

This chapter emphasizes a style of dialogue with the 
patient that is effective. Some may feel the approach is too 
forceful. For a more nuanced approach, see chapter (Chaps. 
4 and 6). The booklet referenced above includes a graphic 
that emphasizes the health impact of adherence over time in 
those using CPAP is helpful. For patients, this is more 
impactful if a yardstick of the implication of CPAP use is 
related to a comparator with a metric that is far more readily 
appreciated by the patient. One such is to use a graphic which 
compares the patient’s risk with the equivalent risk of smok-
ing a number of cigarettes smoked per day. This is a very 
concrete and motivating for patients who well appreciate the 
consequences of smoking cessation for health reasons. The 
implication of stopping to breathe 32 times per hour (for 
example) means nothing to most people other than sounding 
“not good.” However, if the graphic shows that this rate of 
breathing stops in sleep is comparable to smoking 60 ciga-
rettes per day—this is something all patients can appreciate.

For many patients, the information about the use of CPAP 
is initially overwhelming. The resources for “two sessions 
with a therapist” are not widely available (see Chap. 6). 
Thus, a clear statement of the health implications in terms 
that the patient can relate to is very desirable. Using other 
members of the patients’ family as “team members” and pro-
viding written material on sleep apnea are desirable.

The concept of phenotypes of sleep apnea (see Chap. 13) 
is no surprise. One is aware of physicians who did not want 
to know if their patients were sleepy as in some jurisdictions 
that would require the automatic referral to a government 
body and the invariable suspension of the patients’ driving 
license. The license may be reinstated 3–6 months later after 
an on-treatment maintenance of wakefulness test (MWT) is 
carried out. This disruption to work and family life, espe-
cially in rural areas, is profound. One could argue that it 
would be better to be able to say, “you are objectively sleepy 
and this needs to be fixed or your license is at risk.” This 
approach is fraught with conflicts and contradictions in the 

relationship between physician and patient, but it is honest 
(albeit uncomfortably close to threatening). It is unquestion-
ably galvanizing in favor of treatment. From a societal per-
spective, this appreciation of danger and risk of sleep apnea 
being untreated or undertreated is what is most required.

The knowledge about REM versus non-REM apnea rates, 
particularly with the increasing knowledge of specific conse-
quences of significant REM sleep disruption by sleep apnea, 
allows for the possibility of using this information in a dia-
logue with the patient where it is pertinent, e.g., in relation to 
“procedural memory.”

A laundry list of potential health consequences of sleep 
apnea may be useful for the shock value. However, to elabo-
rate on a particular consequence, which is pertinent to the 
particular patient, is more impactful. In other words, if a 
patient has a pre-existing condition that might be impacted 
by sleep apnea, mentioning that that condition is likely to be 
improved has great relevance for the patient. It is useful to 
draw from the pre-sleep study consultation to be able to elab-
orate on particular consequences of sleep apnea whether it be 
cardiac, erectile function, mood, concentration, or weight 
management (inter alia) that are relevant to the particular 
patient when the patient is receiving the results of the sleep 
study.

G: Genetics
Sleep apnea is quintessentially a biomedical issue. However, 
being aware of both race and gender in the psychosocial 
domain is important. This is not merely the gender and race 
of the patient, but also the gender and race of the physician, 
nurse, psychologist, etc. We might wish to think that these 
are not relevant, but deliberately arranging for some female 
patients to be seen by a female respiratory therapist may 
make the process more comfortable and can be a “game 
changer” for some individuals. Describing racial factors 
related to the issue of sleep apnea for people with an African 
background or an Asian background can be helpful in indi-
cating that one is appreciating the factors relevant to the indi-
vidual patient.

B: Buy Ability
The notion of socioeconomic status may be presumed to 
cover this issue. However, there is an interplay between gov-
ernment policy and the ability to purchase a CPAP machine. 
For example, in Canada, some provinces will provide com-
plete funding for people on disability and perhaps 65% fund-
ing for everyone diagnosed with sleep apnea in an accredited 
sleep facility. In other jurisdictions, evidence of use of CPAP 
is required before the money is paid out. Variability in medi-
cal modules in different nations (see Chap. 35) with different 
political systems will enormously impact on CPAP acquisi-
tion. The physicians’ role in facilitating this process (i.e., by 
encouraging vendors to accept installment payments) can be 
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enormously helpful. The simple act of communicating with 
the vendor in the presence of the patient adds to the percep-
tion of care and the importance of the treatment being 
discussed.

D: Diagnostic Information
There are wide range of methods to ascertain whether a per-
son has sleep apnea or not and whether there are specific and 
relevant consequences. I would argue that more information 
and better quality of information facilitate a more in-depth 
and a more nuanced intervention. Without EEG information, 
many “bargaining chips” in the explanation as to why it is 
important that the person uses CPAP are lost. Being able, for 
example, to inform a patient that the amount of deep sleep 
they have is less than half of what most people their age 
have, or that they come to the surface of sleep 25 times per 
hour, which may be a factor in their tiredness is useful in the 
process of making the case for using CPAP.  It is widely 
thought that most people suspected of having sleep apnea do 
not need a multiple sleep latency test (MSLT). For those who 
routinely do/did MSLT recordings, on the premise that sleep 
is to allow one to be wakeful and not sleepy (two different 
issues), the documentation and the awareness of the implica-
tion of objective sleepiness in relation to driving safety (and 
maintaining a drivers’ license) are a major motivator.

F: Family Support
We do not live in a society, but societies. The difference in 
priorities in rural and urban environments is striking. The 
concurrent experience of working in a large city (Toronto—5 
million) and a very small town (Parry Sound—population 
6000) has highlighted the difference in attitude: to work, 
physicians, and family life. In a small town, most patients 
will come to follow-up appointments with a spouse if asked 
to do so. Very few patients will do so in a big city. The CPAP 
adherence is consistently different in the two locations (other 
factors being equal). The “take-away educational piece” is 
that it can be helpful to engage a family member, especially 
a spouse.

The evidence of family interaction generally shows 
women to be more supportive of a partner with sleep apnea 
than a man with a wife who has sleep apnea. However, hav-
ing the husband hear the potential consequences of sleep 
apnea has a powerful effect.

FACE
The second mnemonic “FACE” represents:

Fast acquisition
There is considerable evidence that the shorter the time from 

the patient being told they need CPAP to actually acquire 
CPAP is predictive of higher adherence. Facilitating this 
in an ethical way is complex but can be achieved.

Appointment in 1 Month after Starting CPAP
The most relevant message in this is the recognition by the 

patient that the physician is not simply providing a treat-
ment, but (s)he is also concerned that the patient will ben-
efit from it and will troubleshoot if there are difficulties. 
The bonus is that the patient becomes aware that they will 
be monitored over this month, which in itself is motivat-
ing for them to develop early patterns of usage.

CPAP Device Feedback
The role of the feedback that is now available from the CPAP 

machine is extremely powerful in facilitating adherence 
for many people. This is discussed later in this chapter.

Extra Help
The notion that the physician is a one-person band is anti-

quated and, in this field, particularly inappropriate. 
Patients view referrals to a CPAP coordinator, psycholo-
gist and others as a sign of caring and offering specialized 
care, especially if they perceive that there is a good rap-
port between the prescriber and other members of the 
team.

General Issues
The inevitable question that arises is to what extent is adher-
ence dependent on the sum of the parts of the BPS model. It 
would be easy to conceptualize there being person-specific 
factors that may play a clear role for some individuals, but 
not for others. If for one person the biggest factor is the dis-
ease severity, which motivates them, for a second person per-
sonality traits may be the key factor and for a third person the 
partner’s reaction to the sleep apnea may be the most salient 
issue. These idiographic factors will be “drowned out” when 
pooling groups of people in a nomothetic analysis. 
Understanding what each person wants from having a sleep 
study is crucial. The simple question “What do I need to 
achieve with you for you to feel that this process of coming 
for a sleep evaluation was really worthwhile?” cuts to the 
core of what needs to be delivered for that particular person 
to be adherent. It is the personalized tailoring of the response 
to the patient’s objective that one suspects is a key ingredi-
ent  to providing an effective intervention. To be able to 
respond to one person that using a CPAP device all night 
every night is likely to help their depression/diabetes/hyper-
tension personalizes the relevance of being adherent. For 
others, it may be the possible prophylactic benefit of guard-
ing against potential cognitive decline, chance of having an 
MI, stroke or erectile dysfunction, that is motivating. For 
others, the prospect of a better matrimonial life may be key. 
The most important motivators can be established in an ini-
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tial assessment before the diagnosis is made. Bringing these 
factors into play at the time of discussing going onto CPAP 
makes the process relevant.

The proverbial car salesman will try and assess if it is 
speed, look, power, or reliability that the customer is most 
concerned about and tailor the approach to the individual 
accordingly. The BPS plus C (culture) has the advantage of a 
broad interweaving perspective. In the field of psychiatry, to 
some extent it allowed for the melding of the biological and 
psychodynamic approaches. Critics may argue that the 
boundaries of the components are not clearly demarcated, 
which is true but the rejoinder could be “all the more reason 
to consider the intertwining influences.”

One of the key issues in facilitating change in a person’s 
actions is the relationship that has already been established. 
The model of the patient meeting the clinician for the first 
time after the sleep test does not facilitate the relationship 
confidence on the part of the patient. Having a focus in the 
interview that places the patient’s needs front and center is a 
good opening gambit. A questions (similar to one cited 
above) such as “What do we need to achieve so that you will 
feel that this was a really useful exercise?” engenders a sense 
of caring for the patient. Aiming to fulfill the patient’s needs 
while giving factual information is imperative. Providing 
information that supports the patient’s needs but also allows 
for some measure of choice is likely to lead to a reasonable 
outcome. For example, “trying an oral appliance for your 
severe apnea may not be everyone’s first choice. However, if 
that is what you want to do, I’m happy to support that, on the 
understanding that we check that it is being effective.”

For some time, the use of CPAP was not simple nor 
smooth. Sorting out noise and comfort is helpful in the same 
way as automatic windows are a convenience to car drivers. 
Getting an electric car is a game changer. In a CPAP field, the 
advances in the equipment now provide ongoing feedback 
and performance measures appeal to the inherent nature of 
many patients (and the treating team alike). In a clinic with 
very high adherence, this may make a small difference (a 
shift from 91–94% adherence). However, if the mode of 
adherence is 50% (in those with heightened interest and 
doing research on the topic) [13], then the role of more 
sophisticated feedback information has the potential of being 
dramatic in facilitating the patient taking of “ownership” of 
their own usage and performance. This should in no way, 
however, allow clinicians to abrogate the responsibility of 
being involved in this process as a part of what needs to be 
emphasized to achieve good adherence.

Figure 3.3 elaborates on the components (steps) of the 
clinical contact points that can tilt the interaction between 
the patient and the clinic to facilitate a greater likelihood of 
better CPAP adherence. This graphic does not take into 
account many other variables that are highly relevant for 
example the impact of a wide range of medical including 

psychiatric conditions and special circumstances such as 
medication being used or the change in CPAP use during the 
period after bariatric surgery. All of these issues are dis-
cussed in subsequent chapters in this book. What this model 
hopefully provides is a set of levers and strategies that help 
to translate the considerable cost in organizing to do a diag-
nostic study and the acquisition of CPAP into high usage 
rather than an expensive doorstop.

3.3  A Second Level of Perspective

More than most areas of medicine, the process of achieving 
CPAP adherence is dependent on a large number of elements 
in the process. The simple way to think of this is to consider 
the process as links in the chain. The process starts with the 
awareness of the referring physician/nurse and practitioner/
spouse. Next is the clinical facility and the waiting time and 
the awareness of sleep apnea, which has had an impact on 
people presenting for sleep apnea assessment. The manner-
isms of the clinician in the sleep clinic and the way in which 
the sleep study is conducted are relevant. Resources (e.g., 
access to psychology input) may be very variable, but until 
one has the full panoply of resources, the clinician is unlikely 
to appreciate what he or she is missing. An example of this 
may be the involvement of a CPAP coordinator.

More than many areas of medicine, the approach of moti-
vational interviewing is key in the process of getting a person 
to make a significant change in their behavior to deal with a 
problem they do not fully recognize or are ambivalent about 
solving. The first section of this chapter may be seen as eas-
ily doable if the clinician thinks about it. This “second level” 
requires an acquisition of skills.

Miller and Rollnick in the book “Motivational interview-
ing” [16] provide an 11-point list of principles of person- 
centered care, which many will feel are intuitive but well 
worth reading as a list; see Table 3.2.

Motivational Interviews
While having a concept of the ingredients that need to be 
taken into account and to have the tools to facilitate that peo-
ple are more likely to make a change in their behavior that 
leads to better health is crucial, so too is the manner in which 
the proposition is delivered. It is not rocket science to state 
the obvious that telling a person to do something “because 
I’m telling you it will improve your health” is not a proposi-
tion that most people would accept.

Motivational interviewing involves techniques and styles 
that:

 A. Help the person to feel that they are part of the process.
 B. Use language that resonates
 C. Deal with issues that are salient for the individual
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 D. Allow the person to feel the change that needs to be made 
can be done in acceptable steps that may require different 
facilitators at different times in the process.

 E. Do not patronize but do allow the steps to be taken to be 
clear and understandable.

 F. Ensure that the patient has a sense of self-efficacy
 G. Ensure the information shared is delivered with 

empathy

The key components of each of the factors are as 
follows:

 A. A sense of trust is crucial. This is built up by the patient 
feeling; there is real personal interest in his/her well- 
being. In relatively short interactions, a key component is 
the perception by the patient that the clinician cares about 
them as a person and not merely as a CPAP client. 
Explicitly asking “What can I do to help you?” will open 
the path for this level of connection to be established. 
Explicitly stating what one can do is a useful starting 
point. This delineates the scope of practice that is avail-
able and the breadth of one’s potential involvement in the 
pursuit of the patient’s well-being. It also removes the 
feeling from a patient’s perspective of a “chew you up 
and spit you out” interaction. For many patients, there is 
a skepticism surrounding the possibility that the 

 motivation of the physician is increasing CPAP sales. 
This might taint the patient’s view of physician in the 
sleep clinic.

 B. Language is crucial, and the use of rhetoric (see the last 
page of this chapter) can be helpful.

Commenting to a patient that “What I lack in brains I 
hope to make up in perseverance” is a great line to reas-
sure patients that this is a step-by-step relationship to 
facilitate their care. Some physicians might feel the state-
ment is too self-deprecating.

 C. In dealing with the issues that are relevant for the patient, 
there is the opportunity to be empathetic both in general 
and in a specific sense. For a person with a BMI (body 
mass index) north of 40, asking if anyone has discussed 
the pros and cons of bariatric surgery conveys the appre-
ciation of the wider context. Explaining the potential links 
between arrhythmia/impotence/morning headaches/noc-
turnal enuresis in pathophysiological terms if that particu-
lar issue is relevant will allow the patient to feel that this is 
about them specifically. This can be as simple as telling the 
patient that their morning headache may be as a result of 
an increase in carbon dioxide and that once they are on 
CPAP regularly the headaches may dissipate. Similarly, 
indicating that they may observe an initial worsening of 
nocturia (for example from 4 to 6 times a night) followed 
by an improvement in this problem down to twice a night 

Fig. 3.3 The steps needed to achieve high adherence
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will facilitate that the patient uses the CPAP through an 
initial worsening of a key symptom. Furthermore, to 
emphasize the role of improved cardiac function with 
CPAP use to bring about this change is motivating, espe-
cially for those with the problem but also as a demonstra-
tion of improving health on CPAP.

 D. Pointing out that only the patients can make a behavioral 
change and all the clinician can do is to provide some 
“backup” to the steps of making the change (see Chap. 7).

Clinicians should be aware that it is important for the 
patient to make a strong commitment to a course of 
action “after weighing the pros and cons of the alterna-
tives.” It does not need to be the last word in the decision- 
making process. Using an example such as “many people 
may try either cognitive behavioral therapy or a medica-
tion to treat insomnia” but if one approach does not work 
after a good try one can review the choice.

 E. The obvious best way to facilitate adherence to a treat-
ment is not to patronize but to lay out all the options 
including relevant “straw men,” e.g., “There are no 
known medications that fix sleep apnea,” and then 
explain the pros and cons of each viable option and to 
help the patient to narrow down the choice to two options. 
For example, one can briefly state that  “surgery is not 

applicable for you, that weight loss is a good idea but 
slow and postural device is not really an option in your 
case.” One can then engage the patient in what may be 
the two best contenders for the individual (e.g., CPAP or 
an oral appliance). This allows a collaborative process 
and an enunciation of the pros and cons for each choice. 
It goes without saying that most people commit better to 
an option that they feel that they partially chose.

Some functional information (e.g., likelihood of success, 
cost of each option, timeline to feeling comfortable and 
effective resolution of symptoms) can then become part of 
the discussion. In this process, ensuring that the patient has 
the opportunity to make choices is vital to their sense of 
being engaged. Patients need to know that it matters less than 
which treatment one embarks on first, but whichever course 
one chooses one should give it a conscientious try and only 
then try the alternative.

3.4  Conclusion

I suspect that some of the above are familiar to many in the 
field; however, the evidence from the literature is that there is 
an extremely wide range of CPAP adherence in published 
studies and probably a much wider range of adherence among 
general clinicians. Using the somewhat declarative approach 
and appreciating the value of establishing, a relationship with 
the patient prior to the discussion about effectively helping 
them to change their behavior is key. A success rate of 85% 
using CPAP for 6 hours 6 nights a week is achievable, and the 
health outcomes are likely to be commensurately improved.

Finally, given that the form and style of speaking to a 
patient are always important and require skill and empathy, I 
have indulged myself by using a different form of rhetoric 
well described by Forsyth [17] in these brief (and hopefully 
relevant) poems (with apologies to Police, Shakespeare, and 
the readers).

Periodic Sentences of Our period
Every breath you choke

Every grunt is no joke
Every snort leaves the china broke
Every twitch you nearly croak
I hate watching you.
Put on your CPAP before I write another periodic 

sentence.

Diacope—Do Yu Cope?
Sleep or not to sleep, dream or not to dream

These are the questions to be answered by those who con-
template treatment of their apnea

To use CPAP or not to use CPAP?

Table 3.2 Strategies for increasing self-efficacy

Enactive 
attainments

Personal 
experiences of 
success

1. Set small steps toward behavior 
change so that success can be 
experienced early.
2. Discuss with patients their past 
successes so that these are salient

Vicarious 
experiences

Seeing the 
successes of 
similar others

1. Share with patients the success 
stories of others.
2. Engage patients in groups 
where they can view successful 
change.
3. Provide motivational videotapes 
or DVDs that combine helpful tips 
along with “real-life” stories of 
success and implementing them.

Verbal 
persuasion

Being told that 
one is capable

1. Assure the patient of his or his 
or her abilities; be a cheerleader.
2. Provide rationale for your 
beliefs about the patient’s 
capability to be successful.

Physiological 
arousal

1. Help patients recognize and 
learn to channel the “rush of 
adrenaline” or “butterflies in the 
stomach” to motivate their 
successful behaviors.
2. Work with patients to manage 
physiological arousal that might 
impede their goals (consider the 
role of a psychologist in the team; 
see Chap. 6)

One key issue in facilitating adherence is improving the sense of self- 
efficacy. This is well summarized by the table in the book by Martin 
et al. [3], pp. 41. Reproduced with permission
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Is that diacope or a rhetorical question?
And while we are about it do you want to keep
Your driving license (epiplexis)
Perhaps a maintenance of wakefulness test will suffice 

(procatalepsis)

Rhetorical Questions
Is sleep the restorer of the soul?

Is good deep sleep the premier brand?
Does a person with sleep apnea need to use his CPAP all 

night, every night?
You may question if these are “all rhetorical” questions.
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Soft Styles of Motivating Patients 
to Adopt CPAP

Atul Khullar

Despite vast improvements in size, noise, and mechanical 
technologies over the almost 40 years since the inception of 
continuous positive airway pressure (CPAP), adherence to 
device remains middling and stagnant. Based on a total sleep 
time of 7 hours, a recent meta-analysis demonstrated a true 
adherence of 34% [1] and a recent world big data set from 
over 2.6 million patients indicated an average of 5.1 hours 
per night [2], which calculates to just over 70% of the aver-
age reported sleep time. Under this definition, the arbitrary 
standard Centre for Medicare and Medicaid Services (CMS) 
funding definition of compliance (at least four hours per day 
on 70% of nights) would equate to a 40% true adherence. 
Though this level and even more suboptimal CPAP adher-
ence can show clinical benefits [3], it may compromise long- 
term outcomes [4], and good CPAP compliance is thought to 
be necessary to improve a wide variety of clinically relevant 
endpoints in several domains.

Given limited adherence and the plethora of ongoing 
patient-related factors that contribute, it is now postulated 
that though CPAP is the most efficacious treatment, it may 
not always be the most effective first-line treatment when 
considering the true levels of average adherence [5]. The 
concept of true AHI to compare treatments taking into 
account CPAP adherence has emerged as a paradigm shift 
given the inherent barriers and labor-intensive nature of 
improving compliance [6, 7]. It has been calculated that to 
reduce the AHI <5 score, CPAP usage should theoretically 
be 66–83% per night [6]. This does not even take into account 
device acceptance, as it has been estimated that 15–30% of 
people never even accept CPAP [8]. Clearly, different overall 
approaches to CPAP adherence and acceptance are needed, 
though it may be difficult to raise total compliance rates 
much further [9].

Much has been written about CPAP adherence, but clini-
cally the focus has predominantly involved mechanical or 

“hard” approaches to optimize the airway while reducing 
various physical side effects. Examples include mask selec-
tion, advanced PAP interface types, nasal optimization, sur-
gical options, and heated humidification. Some of this may 
be due to the marginalization of behavioral sleep medicine 
specialists in many jurisdictions, leading to a preponderance 
of breathing and surgical approaches during follow-up. 
Though important and helpful, “hard” approaches have 
shown inconsistent promise and not increased overall com-
pliance rates significantly. They will be discussed elsewhere 
in the book.

This chapter will focus on reviewing underutilized non-
mechanical or “soft” approaches to improve CPAP adher-
ence and the overlapping concept of CPAP acceptance. An 
outline of these multifactorial approaches is in Table  4.1. 
These approaches will be integrated into a framework that 
represents the clinical management of the patient with a view 
to practical implementation for sleep clinicians of all 
disciplines.

4.1  Demographic Variables

There is a significant literature on demographic variables as 
they relate to CPAP adherence with marked inconsistency 
and weak associations. This is reviewed thoroughly else-
where [10, 11]. Modest associations have been seen between 
potential nonadherence in younger age groups and people of 
African American heritage. Crude measures of lower socio-
economic status such as lower education, unemployed status, 
and neighborhood demographics [12–17] also appear to be 
predictive of nonadherence, and this could relate to the fund-
ing availability of CPAP in a particular setting. Reimbursement 
did not appear directly linked to adherence in one study [18], 
but financial issues may be more related to actual CPAP 
acceptance, as low rates of uptake have been seen in studies 
where CPAP was not freely available [19–21]. Decreased 
adherence has also been seen with both habitual smoking 
[22, 23] and alcohol intake [24].
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Sex has been an inconsistent variable to predict CPAP 
adherence. Early studies showing higher nonadherence in men 
have been rightly noted to have limited nonrepresentative num-
bers of females due to both referral patterns and sampling in 
American veterans’ clinics [25]. Newer, larger more inclusive 
studies demonstrate the female sex was more likely to correlate 
with a lower adherence [25, 26]. The less traditional symptom 
pattern in female OSA, potentially a separate phenotype, may 
be an influence on this. Ultimately, demographic variables 
show limited predictive value and are likely only proxies for 
true influence on CPAP use, but the ease of gathering should 
give them a small role in adherence and acceptance models.

4.2  OSA Disease Issues

Stronger associations between OSA disease factors and 
adherence have been seen, but the wide variety of subjec-
tive and objective measurements used in studies limits gen-
eralizability. A modest relation between CPAP adherence 
to the variables of OSA disease severity and symptomatic 
improvement has been noted, though it is unclear which 
contributes more (reviewed in Ref. [10]). Milder, yet 
equally symptomatic REM-related sleep-disordered breath-
ing showed average compliance with [27], but data also 
exist for average adherence in minimally symptomatic pop-
ulations with moderate- to-severe OSA [28]. It is likely that 
disease severity and symptomatic improvement have an 
interactive and bidirectional relationship with adherence. A 
limiting factor could be that many of these studies used the 
standard Epworth Sleepiness Scale (ESS) as a barometer of 
improvement and other changes in fatigue have rarely been 
measured in relation to adherence. Other non-airway-
related symptoms such as headache [29] may also be pre-
dictive and have rarely been considered in the literature.

Obesity and BMI show mixed results in predicting adher-
ence, but more recent studies demonstrate some association 
[22, 26]. It is intuitively difficult to separate weight from 
OSA disease severity as a predictive factor though nonobese 
OSA phenotypes may potentially have a higher rate of non-
compliance [30].

Overall, it is clear that any model of CPAP adherence 
needs more inclusive multidimensional measures of OSA 
severity. The sleep apnea severity index (SASI), a simple 
composite index with four variables, showed improved pre-
dictive ability for adherence [31]. Newer research is also 
demonstrating distinct phenotypes of OSA (Table  4.2), 
which appear to impact compliance [32]. A composite 
approach taking into account OSA phenotypes is a promis-
ing area of further inquiry to personalize an approach to 
CPAP acceptance and adherence rather than discrete mea-
sures of oxygen saturation, apnea–hypopnea index, objective 
or subjective sleepiness.

4.3  Nonmechanical or “Soft” 
Comorbidities

4.3.1  Major Mental Illnesses

The bidirectional complex and overlapping relationship 
between OSA and depressive disorders have not been fully 
elucidated, but it is well known that there are high rates of 
major depression and depressive symptoms in OSA samples 
(reviewed in Ref. [33]). There have been mixed results of 
depression reducing adherence to CPAP (reviewed in Ref. 
[10]), with more recent studies demonstrating an association 
[16, 34]. Variability in the measurement of depressive symp-
toms may explain these mixed findings. Depressive symp-
toms also correlate with increased OSA symptoms after 
CPAP [35, 36], and this may indirectly lead to reduced 
adherence because of a perceived lack of efficacy.

Even in the absence of a direct association of depression 
with CPAP adherence, given the comorbid prevalence, over-
lap, and contribution to core symptomatology, depressive 
disorders must be reviewed in some fashion prior to any 
CPAP initiation. Depending on the severity, it may need to be 
treated prior to CPAP, though residual symptoms after a 
CPAP trial can also convince the patient that more aggressive 
management of depression is needed and CPAP has been 
shown at times itself to modestly improve depressive symp-
toms [37]. Potential improvement in depressive disorders 
and symptomatology should be considered as at least  indirect 
means of alleviating the therapeutic burden of CPAP and 
enhancing treatment uptake in multiple dimensions [38].

In terms of anxiety, intuitively this would reduce CPAP 
adherence. Previous data sets demonstrated mixed results, 
but newer larger-scale data demonstrate an association with 
reduced CPAP adherence [16, 17, 39]. The specific anxiety 

Table 4.1 “Soft” approaches to CPAP acceptance/adherence

Predictive demographic variables and OSA disease factors
Nonmechanical or soft comorbidities (major mental illness, 
insomnia, and subjective sleep variables)
The role of the partner, spouse, or family
Adherence scales and measures
Is this the right patient and time for CPAP?
Service delivery factors
Interventions
Behavioral, supportive, and educational approaches
RHIT—Remote Health Information Technologies

Table 4.2 Suggested phenotypes of OSA [32]

Cluster 1 Female OSA
Cluster 2 Male, severe, and comorbid OSA
Cluster 3 Severe OSA syndrome
Cluster 4 Mildly symptomatic OSA
Cluster 5 Comorbid OSA

1, 4, and 5 demonstrated a higher chance of noncompliance than 3
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of claustrophobia has also been shown to decrease CPAP 
adherence [40, 41].

Anxiety and depression show a great degree of overlap 
but are clearly different concepts with potentially different 
impacts on sleep. There is also a high degree of anxiety dis-
orders with mild or limited depression; hence, screening for 
anxiety and depression separately can be a useful concept to 
help with CPAP adherence [42, 43]. Practical strategies 
include short patient-rated scales such as the PHQ-9 and the 
GAD-7 [44, 45]. Further inquiry can branch from there, or 
the referring provider can be notified.

Post-traumatic stress disorder (PTSD) while traditionally 
considered an anxiety disorder has been recently reclassified 
more accurately into its own chapter of trauma and trauma- 
related disorders [46]. In samples of veterans, the presence 
of PTSD correlated with significantly lower CPAP adher-
ence [47] and insomnia, sleep disruption, and claustrophobia 
may be mediating factors [48]. Full diagnostic evaluation is 
likely not feasible outside mental health settings, but given 
that PTSD is a common comorbidity [47, 48], screening the 
potential for past trauma should be considered in certain 
cases and may be done clinically with the PCL-5, a simple 
validated scale [49], while reviewing anxiety.

Interestingly, the presence of schizophrenia was seen in 
one study to not affect CPAP compliance [50] indicating that 
there may be potential differences in the various major men-
tal illnesses and their interaction with CPAP adherence.

4.3.2  Insomnia and Other Subjective Sleep 
Issues

Insomnia is commonly comorbid with OSA and may 
even represent a distinct phenotype of the disease [51, 
52]. Insomnia has previously shown no association [14, 
53, 54] with CPAP compliance, but larger studies indi-
cate a trend toward insomnia being associated with 
decreased compliance [55–57], especially initial and ter-
minal insomnia [58]. High rates of insomnia have also 
been seen in CPAP alternative clinics [59] indicating a 
potential lack of CPAP acceptance in insomnia patients. 
The interaction with insomnia and CPAP adherence is 
unclear and likely related to other comorbidities, but the 
presence of insomnia may represent phenotypes of OSA 
with lower potential CPAP adherence. Targeting insom-
nia with CBT-I for 4 sessions did improve adherence in a 
recent study [60], and for more detail about the role of 
CBT-I in OSA patients, see Chaps. 6 and 17. Clinically, 
insomnia should be noted as a potential marker for CPAP 
nonadherence, and re-evaluating the role and timing of 
CPAP in the treatment plan is then prudent.

Other subjective sleep issues such as inconsistent self- 
reported pretreatment bedtime [61], frequent changes in 
sleeping locations [62], non-supine sleep [63] as well as 

short sleep duration, and longer sleep latency [64] have been 
reported to adversely affect CPAP adherence. Again, these 
may be a proxy for a number of other variables such as lower 
socioeconomic status (SES) and insomnia, but are easy to 
note on a history and can be factored in.

4.3.3  Psychological Variables

There is a clear role for psychological variables in CPAP 
adherence as data have yielded associations that may be 
stronger than the traditionally assessed variables described 
earlier [10, 42]. A decision tree using maladaptive sleep 
apnea beliefs and emotional reactivity explained over 85% of 
nonadherent patients in one sample [65], and combination of 
both types of variables in a biopsychosocial (BPS) model has 
been conceptualized as the next dimension of predicting 
CPAP adherence and acceptance [10].

A number of psychological models of adherence from 
other health domains have been used to conceptualize CPAP 
adherence (see Box 4.1).

Box 4.1 A Summary of Psychological Models Studied 
CPAP Adherence and Acceptance

Social-cognitive theory (SCT) [66]
SCT addresses psychosocial factors and motiva-

tions influencing health behaviors and methods to pro-
mote sustained, translatable behavior change

Belief in one’s ability to engage necessary behav-
iors to affect change (self-efficacy) is predictive for 
these behaviors. Knowledge and social support are 
important.

Transtheoretical model (TTM) [67]
Readiness to change is important. The stages are 

pre-contemplation, contemplation, preparation, action, 
and maintenance. Motivational interviewing is based 
on this model and has been used to enhance motivation 
for change in the context of CPAP use (see Chap. 6).

Social learning theory (SLT) [68]
Patient perception about level of control will deter-

mine whether they change behaviors. Value one puts 
on their health is the moderator as is the belief that one 
can overcome obstacles.

Health Belief Model (HBM) [69]
The likelihood of engaging in health behavior is 

based on readiness to act and the expected benefit. 
Readiness to act is determined by the patient’s belief in 
susceptibility and seriousness. A cue to action acts as a 
trigger for change and self-efficacy continues this. 
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The data with these models related to CPAP adherence 
and acceptance consist of predominantly simple univariate 
regression, and there are clear overlapping characteristics. 
There are numerous interactions and moderating influences 
that need to be studied further, but nonetheless some trends 
have been seen.

Elements of SCT and TTM such as readiness, decisional 
balance, and self-efficacy were predictive of adherence early 
after a CPAP trial [71, 72], and self-efficacy alone has been 
seen in many studies to be predictive [73]. SCT also corre-
lated with improved adherence in experienced CPAP users 
[74], and specific dimensions of SLT such as internal locus 
(high belief of control) over health may also be useful [75]. 
A small open study demonstrated the HBM predicting adher-
ence [76] and a larger controlled study found that HBM had 
twice the predictive value of physiological factors [77]. 
Patient outcome expectancy, low perceptions of risk, and 
high perceived limitations due to symptoms were specific 
variables of the HBM that were predictive of CPAP adher-
ence [77]. Other specific variables from psychological mod-
els that predict CPAP adherence are health value [78], 
elements of an active coping style [71, 73], and perceived 
benefits and barriers [79].

Another theme that has emerged out of this literature is 
the signal of different predictors of CPAP acceptance versus 
adherence. The SLT and TTM models were predictive after 
but not prior to CPAP [72]. Initial CPAP acceptance is an 
understudied and a key component of overall CPAP treat-
ment. Promisingly, HBM variables above predicted adher-
ence when measured prior to any CPAP experience [77], and 
a recently validated motivation to use CPAP scale [80] has 
been developed from SDT and could potentially be applied 
to both the acceptance and adherence dimensions of CPAP 
treatment.

Similar psychological concepts described above emerge 
from the user experience of CPAP. A narrative review indi-
cates that user beliefs influence experiences, people are 
primed to reflect negatively to CPAP, and spouse and family 
influence user experience through engagement. Personality 
and attitude impact expectations of CPAP prior to use and 
reporting are very constrained by investigator-designed 

assessment methods [81]. (For more details on personality 
and CPAP adherence, see Chap. 11.) Another recent qualita-
tive survey also noted the concept of overall treatment 
ambivalence for both CPAP adherers and nonadherers [82].

There is also potential discordance between perceptions 
between healthcare workers (HCW) and patients on what 
impacts CPAP adherence. Patients perceived possibilities to 
learn and positive impact of education on adherence, while 
HCW scored higher on side effect frequency perception and 
its contribution to adherence [83]. This could create a basic 
psychological disconnect between users and their treatment 
providers. For example, a HCW could push mask fit, when a 
significant issue is lack of motivation.

Other psychological concepts that have been linked to 
CPAP nonadherence are type D personality type (a tendency 
to experience negative emotions and social inhibition) [84, 
85], MMPI depression, hypochondriasis and psychopathy 
scales [86], and somatic–neurotic personality types [87], and 
neuroticism and behavioral inhibition [43]. Conversely, con-
fidence and motivation, fun-seeking behaviors, and intellect 
are variables that may positively enhance CPAP adherence 
[88, 89]. Mindfulness has also been associated with increased 
adherence [90]. This is an intriguing finding since there are 
numerous available resources to teach mindfulness skills and 
has been used extensively in many other mental and physical 
disorders [91, 92].

4.3.4  Spousal and Partner Support

Much has been written about the dimensions that a partner or 
spouse brings to CPAP adherence, and it is likely a complex 
bidirectional relationship. Early samples were limited in 
scope and somewhat gender-biased to men, but a bed partner 
[93, 94] and being married [15] have both been seen to asso-
ciate with increases in CPAP usage (see Chap. 10).

Both positive and negative spousal supports (pressure) 
have been seen to affect compliance positively and nega-
tively, respectively [95, 96]. Marital conflict has predicted 
nonadherence but has been improved by CPAP adherence 
[97], and relationship satisfaction was positively associated 
with compliance instead of attachment style [98]. A study 
with a large proportion of women demonstrated spousal 
engagement only helped compliance in men [99], though 
engagement with ratings of a “high-quality marriage” was 
helpful in both genders in a more recent study [100]. More 
specifically, perceived partner autonomy support (acknowl-
edging patient perspective, providing choices, self-initiation, 
and minimizing pressure) has been isolated as an indepen-
dent overall factor that associates with increased CPAP 
adherence [101]. Thus, it is not surprising that cluster analy-
sis noted that older retired couples, who may be likely to 
show many of the above factors as they remained married, 

Expected perceived benefits vs barriers also play a 
role.

Self-Determination Theory (SDT) [70]
All behaviors lie along a continuum of relative 

autonomy with controlled (extrinsic) and autonomous 
(intrinsic) measures of motivation. Identifying where 
behaviors could be on the continuum can help target 
which interventions need to be targeted to the individ-
ual versus the system in which the individual is part of.
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were seen to have better CPAP adherence [102]. Partner sex-
ual intimacy may also be a critical factor as good PAP adher-
ence has been seen to relate directly and indirectly to a better 
intimate relationship [103], perhaps in part by helping male 
erectile dysfunction [104]. Conversely, the belief that less 
intimacy with partners could occur with CPAP was a nega-
tive predictor of adherence [105].

In summary, a dyadic perspective (i.e., how CPAP affects 
each partner) is likely needed with the dimensions of part-
ners working together, perceived benefits, patient motivation 
for partner, and types of support, while addressing barriers of 
negative preconceptions, anxiety, bothersome equipment, 
intimacy, and image change [106, 107]. Attention to the 
ways couples interact as they deal with stressors and patients’ 
response to partner involvement should also be considered. 
Partner involvement in the early phase of CPAP treatment 
was also deemed qualitatively important to adherence by 
patients [108].

The role of family support has not been directly studied in 
adult CPAP adherence, but a recent study showed improve-
ment in self-efficacy scores and CPAP adherence with family 
support [109] and intuitively involving the family early on in 
the treatment plan would make sense, especially in some cul-
tures that are more family-oriented.

4.3.5  Adherence Measurements

Numerous groups have tried to operationalize CPAP adher-
ence by self-reported questionnaires integrating several key 
variables. However, a simple single question of whether they 
have encountered any problems with the device on the morn-
ing of titration also has shown prediction to adherence [93, 
110]. Other pragmatic measures include the previously men-
tioned SASI [31], a 2-item equation of how they feel on 
CPAP and average usage in a 2-week trial [111], a 3-item 
willingness score after 4 nights of CPAP usage [112], and a 
6-item CPAP questionnaire after titration [113].

More comprehensive formally validated tools include the 
psychological theory-based scales such as the previously 
mentioned Motivation to Use CPAP (MU-C) scale [80] as 
well as the self-efficacy measure for sleep apnea (SEMSA), 
a 26-item scale outlining cognitions, risk perceptions, out-
come expectancies, and self-efficacy beliefs about using 
CPAP [114]. A more holistic scale is the Index for nonadher-
ence to PAP (I-NAP) [115], a 19-Item scale to be given 
immediately after CPAP titration, that combines two compo-
nents of SEMSA (self-efficacy, health literacy) BMI and 
demographics. Overall, the research on formal measure-
ments that link to CPAP adherence is limited and the appli-
cability in different clinical populations is unclear. However, 
designing a practical tool that helps assess the potential for 
nonadherence that takes into account multiple factors and 

that can be delivered easily (akin to the widely adopted 
STOP-BANG for obstructive sleep apnea) [116] would be of 
great assistance.

A key limitation in developing CPAP adherence predic-
tion models is the binary definition of adherence or nonad-
herence. There are likely clear clusters of CPAP adherers 
(Table 4.3 from Ref. [117]), which need to be better identi-
fied to obtain a clearer picture of models of nonadherence. 
Another latent profile analysis noted 3 groups of CPAP users, 
nonadherer, attempter, and adherer. Various factors predicted 
which subgroup a patient would be in; i.e., insomnia pre-
dicted differences between an attempters and adherers, while 
self-efficacy was predictive between the nonadherer and 
adherer groups [78]. Again this is preliminary work, but 
establishing clusters or phenotypes of CPAP adherence as a 
continuum and integrating the concept of CPAP acceptance 
(i.e., nonusers in Table 4.3) will be critical for adherence pre-
diction models to progress further.

4.4  Is CPAP Right for This Patient or Is This 
the Right Time?

Many patients are not screened for the above concerns in 
standard sleep medicine clinics due to lack of awareness or 
training. Some of this is intermittently done at the durable 
medical equipment (DME) level, but given the induction to 
sell devices in some jurisdictions, motivation to assess softer 
compliance factors can be limited. Government policies can 
motivate this to some degree if compliance is necessary for 
further funding, but costs have declined so that CPAP ther-
apy is now easily accessible to a wide cohort, and it may be 
that lower socioeconomic system (SES) patients that are 
more likely to use government support also would overlap 
with groups that show inherent challenges with compliance.

At a minimum, a cursory review of demographic vari-
ables and other sleep disorders (especially insomnia, depres-
sion, and anxiety) should be undertaken. Self-report 
questionnaires with follow-up discussion as needed can be 
an efficient way of reviewing this. Factoring in spousal or 
partner support or beliefs in some fashion is also important. 
Psychological variables are difficult to delineate, but basic 
measures such as a type D personality screen could be con-
sidered. A snapshot of patient history with risk factors should 

Table 4.3 A paradigm of patterns of treatment adherence  [117]

1. Good users
2. Slow improvers
3. Slow decliners
4. Variable users
5. Occasional attempters
6. Early dropouts
7. Nonusers
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be taken to account as well. For example, the same severity 
of OSA in a healthy 30 years old and 55 years old with dia-
betes and hypertension would be viewed quite differently. 
Patients should be educated about all types of OSA treatment 
without distortions or pressures to purchase a CPAP machine. 
Other disorders may need to be addressed first, and OSA 
treatment can be returned to at a later point.

4.5  Delivery of Service—Diagnosis

Patient care by sleep specialist in a sleep medicine program 
versus primary care indicated only a trend toward improved 
compliance [118], but sleep specialist consultation alone has 
been shown to improve CPAP compliance [119].

Diagnosis by full or ambulatory study showed no differ-
ence in compliance, but both groups had better compliance 
than diagnosis by oximetry [120]. Early studies indicated 
that one night of in-laboratory titration improved compliance 
[121], but two nights did not [122, 123], and a split night 
protocol showed no difference [124] and pretreatment with 
CPAP showed only a trend toward greater compliance [125]. 
A meta-analysis of ambulatory auto-PAP vs observed titra-
tion showed no difference or increase in PAP compliance, 
but most of those studies had a select population where the 
titration was ordered by the sleep program [126, 127]. 
However, most retrospective databases of wider populations 
have not shown a difference in compliance between standard 
and home titration either [2].

Overall, it is unclear whether specialist consultation 
helps adherence and targeted studies with potential non-
adherent patients are needed. It appears that for the aver-
age patient, PAP adherence may not depend on type and 
location of testing and titration, but again subgroups and 
phenotypes that could benefit from observed study and 
titration are likely and need to be identified. Adherence 
patterns are formed very quickly after beginning CPAP 
[93, 117, 128, 129] so any delay in appointment times to 
obtain specialist consultation and observed titration may 
offset any gains that more specialized assessment may 
have. Prompt intervention and support with CPAP may be 
more critical than type of study or specialist consultation. 
Clinically triaging for factors related to poor PAP com-
pliance in addition to disease and symptom severity may 
help triage patients to sleep specialists more effectively. 
Nonetheless, specialist clinic designs need to move away 
from tertiary clinic models, not only finding ways to be 
more accessible, but also focusing resources on seeing 
the right patients at the right time. Care pathways for pri-
mary care physicians and utilization of alternative care 
providers to handle less complex OSA cases [130] and 
targeted use of remote technologies and virtual care may 
assist in this important goal.

4.6  Interventions

4.6.1  Addition of a Hypnotic to Improve 
Adherence

Though not truly a fully “soft” approach, this is included 
here as it is a nonmechanical method to possibly improve 
CPAP adherence. There is a paucity of data on this, which is 
surprising given the high comorbidity of insomnia and sleep 
apnea and the potential impact of insomnia on adherence. 
Improvement in sleep efficiency overall and one-time gen-
eral sedative use on the titration night has seen to increase 
adherence retrospectively [131, 132], but a recent larger 
analysis found that there was no association [133]. 
Prospectively, zaleplon, a very short-acting hypnotic given 
on the titration night, had no association with compliance 
[134], but a longer-acting one, eszopiclone, was positively 
associated with increased CPAP adherence [135]. Many ini-
tial titrations are ambulatory now, so it is unclear how clini-
cally useful the use of hypnotics to improve the observed 
titration night would be to help adherence. Intuitively, it may 
give a clearer titration and could be considered in patients 
who need or request initially observed titrations. More rele-
vant would likely be to give a short course of hypnotic use to 
improve early CPAP adherence in the early critical period. 
One study demonstrated no change in results for 14 days of 
zolpidem treatment [136] and another demonstrated improve-
ment in adherence with 14  days of eszopiclone [137]. A 
meta-analysis of all nonbenzodiazepine hypnotics (or 
z-drugs) demonstrated a net positive effect with eszopiclone 
having the strongest effect [138], and the longer half-life of 
this agent may be related to the capacity to improve adher-
ence. Increased CPAP compliance has also been seen in 
PTSD patients who were on sedative medications [48].

Overall, a short course of a longer-acting hypnotic that 
does not affect the airway could be a potential clinical con-
sideration to improve adherence, especially if there is signifi-
cant insomnia or comorbidities that disrupt sleep. Another 
theory is that the arousal threshold from CPAP may increase 
with certain hypnotics such as eszopiclone [138] or trazo-
done [139], potentially increasing CPAP compliance. For 
more information about hypnotic medications in COMISA 
patients, see Chap. 18.

4.6.2  Educational, Supportive, 
and Behavioral Interventions for CPAP 
Adherence

There is a large extant literature of behavioral interventions 
to improve CPAP compliance. They vary significantly in 
control interventions, timing, design, approach, and theoreti-
cal underpinnings. Populations at risk of CPAP nonadher-
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ence were not always systematically targeted [140]. A recent 
full Cochrane database review on soft interventions by type 
for CPAP adherence is summarized in Table 4.4 [141].

In terms of delivery methods of intervention, showing the 
patient PSG data [142, 143], using a group approach [144] 
and motivational interviewing or CBT strategies [145] all 
appear to improve CPAP adherence. For a description of 
motivational interviewing and CBT, see Chap. 6. Educational 
videos alone appear to have inconsistent results, either trend-
ing as helpful [146], associated with increased patient fol-
low- up with no increased adherence [147], or demonstrating 
no change [140].

Interventions that included home visits by healthcare pro-
fessionals [148–151] appear to be effective in establishing 
long-term adherence but are likely impractical in most 
healthcare systems. Phone calls and more frequent follow-up 
with healthcare team on their own have had mixed positive 
[152, 153] and negative results [154, 155]. Other unique 
mechanisms with positive results have included partnering 
with a successful CPAP user [156], habit-forming music 
[157], and progressive muscle relaxation [158]. Educational 
literature alone had a positive effect in an early controlled 
study [154] and self-reported CPAP adherence in long-term 
users [159].

Targeted education about less commonly discussed posi-
tive outcomes of CPAP compliance that are individualized to 
the patient’s current comorbidities may be of use in educa-
tional plans. Besides commonly known improvements in 
sleepiness and cardiovascular (CV) risk factors with CPAP 
compliance, which are usually stressed in educational pro-
grams, there are newer data for good CPAP compliance help-
ing mild neurocognitive disorder [160, 161], gastroesophageal 
reflux disease (GERD) [162], and mortality from overlap 
syndrome (a combination of chronic obstructive pulmonary 
disease and OSA [163] and perhaps depression [37]).

In summary, Table 4.5 outlines the critical components of 
CPAP adherence interventions.

The nature of delivery of all of these components is too 
intensive to deliver during a routine patient encounter but 
does illustrate key parts of any program that can be adapted 
in a multimodal fashion and involve professionals from 
many disciplines. Although costly, an intensive multimodal 

CPAP adherence program versus standard of care has dem-
onstrated a net cost savings by increasing CPAP adherence 
with a commensurate reduction in CVD mortality [150]. If 
designed correctly with the above principles in mind, newer 
health information technologies and telemonitoring may fur-
ther increase what can be delivered in CPAP adherence pro-
grams at reduced overall cost.

4.6.3  CPAP Adherence in Children 
and Adolescents

As a rule, if CPAP is selected for children and adolescents, 
it is likely they will have either already failed first-line 
treatment (adenotonsillectomy) or have other significant 
medical comorbidities (syndromes, malformations, obe-
sity) that require PAP [165]. This medical complexity, 
along with age- related developmental and social issues, 
imbues a degree of complexity that likely will require 
some degree of soft or nonmechanical approaches to PAP 
adherence.

Studies of CPAP adherence in pediatric populations have 
shown poor-middling rates similar to adults [165, 166]. 
Family and demographic factors appear predictive of adher-
ence rather than the traditional measures of severity of apnea, 
sleepiness, or device factors such as PAP type, mask fit, and 
pressure [167–169]. Key barriers were seen to be low mater-
nal education (the most predictive), race, older patient age 
[169], and decreased family social support [167]. Females 
and developmentally delayed patients demonstrated better 
adherence in one study [169].

Psychosocially, noncompliance centered around the child 
not wanting to use it or be reminded of their OSA, the child 
and parent forgetting, being away from home, and the child 
being sick. A validated scale, the adherence barriers to con-
tinuous positive airway pressure (CPAP) questionnaire 
(ABCQ), has been developed to identify these barriers and is 
also a good summary that can be used clinically [170]. In an 
older adolescent-specific group, a qualitative study noted 
that the extent and nature of structure in the home family, 
style of communication, social reactions, and attitudes and 
perceptions of PAP benefits were all seen to affect adherence 
[171].

Most interventions to increase CPAP adherence in child 
and adolescents center around child and parent engagement, 
identification of specific barriers, initial acceptance, behav-
ioral intervention, and side effects. Individual tailoring, peer 
support, health education, and family involvement have been 
seen to be helpful [171]. Other factors that have shown help-
ful in small studies are aligning parent-child outcomes [172] 
desensitization procedures to CPAP [168], brief and pro-
longed behavioral interventions [173], improving caregiver 
self-efficacy [174], and adding RT visits for low compliance 

Table 4.4 Summary of evidence for psychological interventions for 
CPAP adherence

Type of 
intervention

Level of evidence 
certainty Effect on adherence

Behavioral High Clinically 
significant

Supportive Moderate Modest
Educational/mixed Very low Modest

Note it is unclear if improvement in quality of life, mood/anxiety, and 
sleepiness improve with increased CPAP usage with these 
interventions
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patients [175]. Support and understanding of the challenges 
of PAP therapy from the team are also seen to help [167, 
176].

An overall sample clinical program from a university cen-
ter taking into account these factors has been outlined well 
[168] and good overall rates of CPAP adherence have been 
documented with a pediatric tertiary care program [177]. 
This level of care is clearly not feasible on a wide scale, but 
newer studies indicate that key factors can be integrated by 
clinicians at potentially realistic levels of manpower to 
improve adherence. Examples include supervised home 
CPAP starts with good follow-up [178] and a recent pilot 
study with a simple token economy table increase in young 
CPAP nonadherent children [179].

4.7  Approaches Using Remote Health 
Information Technologies (RHIT) 
(Telehealth, Telemonitoring, eHealth)

The use of remote health information technologies for patient 
self and clinician monitoring has grown in many areas of 
medicine as devices become more portable, powerful, and 
acceptable. However, remote service delivery has long been 
limited by antiquated face-to-face payment models and 
potential health information security concerns. The recent 
COVID-19 pandemic has caused remote strategies to grow 
exponentially to the point where it will likely become a pri-
mary method of service delivery if proper funding follows. 
Interestingly, it has been seen that the pandemic itself may 
increase PAP adherence of its own accord. Potential factors 
have been theorized as rampant media education that 
COVID-19 compromises the respiratory system, the high 
presence of comorbidities in OSA patients that clearly 

increase COVID-19 risk, and more patient time and inclina-
tion to sleep with reduced activities [180].

A limitation to assessing RHIT is the lack of a standard 
definition. Telemedicine, telehealth, telemonitoring, eHealth 
(electronic health), and mobile health (mHealth) are terms 
used in an overlapping fashion without precision and with 
blurred boundaries. This is reviewed with respect to OSA 
elsewhere [181]. For the purposes of discussion in this chap-
ter, we will consider them all remote health information 
technology (RHIT).

Sleep medicine has a robust early adopter history of 
adopting RHIT from performing, scoring, and interpreting 
sleep studies to objective remote monitoring of CPAP set-
tings. Hence, the field is well-primed to integrate models of 
CPAP adherence with RHIT. With multiple designs includ-
ing video [182] and Internet education [183], automated text 
and phone call reminders, remote troubleshooting in response 
to telemonitoring of CPAP data, smartphone applications, 
and Internet CPAP patient portals [184–186], RHIT studies 
to increase CPAP adherence have yielded mostly improve-
ments versus standard of care. Two recent meta-analyses 
showed an overall significant short-term improvement in 
adherence with and quality of life with both telemonitoring 
care and eHealth approaches as well [187, 188].

Many of the studies analyzed were overlapping, and the 
effect on adherence was not maintained long term; however, 
many of the programs had completely ceased [187]. It is 
quite possible that certain phenotypes may be more suited to 
RHIT interventions than others [189]. Cost savings have not 
always been measured, but most studies demonstrated either 
reduction in healthcare provider time [184, 190] or an actual 
cost savings [191, 192], with similar patient satisfaction 
[183, 192]. With any RHIT-based approach, security and 
integrity of health data are paramount and concerns about 
this have been postulated as a barrier to its wide acceptance 
[181]. However, privacy issues were not a major concern in 
one large study [191] and the current pandemic has likely 
shifted that balance further, as less face-to-face contact, con-
venience, and timely access of care have become paramount 
[193]. Regardless, data stewardship concerns need to be out-
lined in any telehealth program [194].

Overall, RHIT is and will continue to be a paradigm- 
shifting step in all areas of medicine and major themes to 
ensure that CPAP adherence and overall OSA management 
moves forward with RHIT are as follows [195]:

 1. Connect both provider and consumer technologies 
through electronic health records and interactive con-
nected systems

 2. Integrate care to improve risk identification with auto-
mated delivery of stepped care

 3. Improve patient–provider interchange through message 
and predictive short surveys

Table 4.5 Critical components of CPAP adherence interventions

Increasing knowledge
Awareness of existing attitudes (ambivalence about CPAP use, 
treatment expectations)
OSA, CPAP, diagnosis associated, and expected health outcomes and 
daily management goals
Targeting and engaging social and support factors—Including 
spouse, bed partner, or family
Anticipatory guidance and quickly troubleshoot problems during 
treatment
Assisted initial exposure to CPAP
Regular early feedback and encouragement—(automated, peers, or 
HCP)
Acknowledge challenges in CPAP
Problem-solving resources
Refer to a trained provider for motivational interviewing and 
motivational enhancement therapy, CBT for insomnia, and treatment 
of CPAP-related anxiety; see Chap. 6
Follow-up with sleep team in integrative fashion with above

Adapted from Refs. [81, 164]
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 4. Include team-based care in an interdisciplinary fashion 
with an emphasis on overall clinical outcomes.

To read more about CPAP adherence and telehealth, see 
Chap. 30.

4.8  Conclusion

CPAP adherence initiatives should embrace a multilevel 
approach taking into account the interactions between psy-
chological, behavioral, environmental, and mechanical fac-
tors. Integrating this practically into multidisciplinary care 
pathways will be critical. A holistic personalized biopsycho-
social (BPS) model for CPAP adherence based on key medi-
ators has been proposed, and the specifics are outlined in 
Ref. [10]. The goal would be to describe certain individuals 
with a certain BPS profile would benefit from certain bespoke 
BPS interventions to improve adherence. Much of this would 
include the integration in a comprehensive care pathway. An 
analogy to the BPS management of chronic pain was made.

Though care pathways may be limited by resources, 
understanding the dynamic interplay of these variables and 
identifying major drivers of CPAP nonadherence are critical 
so that certain patients are not be pushed blindly toward 
CPAP or given extra stepped support when they most need it. 
A CPAP acceptance and adherence model [42] has been pro-
posed to address some of these concerns.

Another overall heuristic could also be drawn from the 
evolving P4 personalized medicine approach. This consists 
of prediction who will develop disease, prevent disease 
rather than react, and personalize diagnosis/treatment and 
participation of patients in their own care. This model has 
been outlined as an approach to sleep apnea care in general 
[196, 197] and could be a model applied directly to CPAP 
adherence as per Table 4.6.

A critical part of the success of this approach CPAP 
adherence will be the usage of standard clinically relevant 
phenotypes for groups of OSA patients [198] and types of 
CPAP adherers rather than the traditional binary definitions. 
There may also be clusters of CPAP accepters. This would 
illustrate the point that the exact same factors may differen-
tially affect disparate groups of OSA patients in terms of 

their adherence. The large data sets garnered by RHIT will 
be very helpful in this goal [195]. Future consumer-driven 
technologies and health smartphone apps may vary in accu-
racy but will also need to be leveraged. Medical school cur-
ricula also need to integrate this approach to RHIT, big data, 
clusters, and phenotypes.

The view of OSA as not just a chronic respiratory disease 
of airway collapsibility, but one with biopsychosocial (BPS) 
factors similar to depression, chronic pain, or diabetes that 
multiple specialities need to contribute in multiple ways will 
be necessary if further gains in CPAP adherence are to be 
materialized.
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Abbreviations

AHI Apnoea hypopnoea index
APAP Auto-adjusting positive airway pressure 

device
ATS American Thoracic Society
CBT Cognitive behavioural therapy
CBT-I Cognitive behavioural therapy for insomnia
COVID-19 Coronavirus disease 2019
CPAP Continuous positive airway pressure
ESS Epworth sleepiness score
EU European Union
FOSQ Functional outcomes of sleep questionnaire
MET Motivational enhancement therapy
MSLT Multiple sleep latencies test
NICE National Institute of Clinical Effectiveness
ODI Oxygen desaturation index
OSA Obstructive sleep apnoea
PC Personal computer
QALY Quality adjusted life year
UK United Kingdom
US United States of America

Key Points

• Adequate CPAP adherence is important to derive maxi-
mum benefit from therapy

• Thresholds defining adequate adherence are arbitrary, and 
treatment should focus instead on increasing hours of 
usage to produce the optimum symptom relief acceptable 
to the patient

• Specific interventions of education, eHealth, behavioural 
and motivational therapies and telemonitoring can all 
improve CPAP adherence

• The COVID-19 pandemic, requiring social distancing for 
aerosol-generating procedures, has limited the applica-
tion of some of these face-to-face interventions

5.1  Why Is CPAP Adherence Important?

Continuous positive airway pressure (CPAP) treatment is 
effective in improving patient symptoms, quality of life, 
driving performance, blood pressure and possibly other car-
diometabolic outcomes. It seems obvious that CPAP must be 
used to derive any benefit from it, rather than sit in a cup-
board gathering dust. However, the amount of use needed to 
achieve a benefit from CPAP is not clear, and probably varies 
depending on the patient, and the desired outcome.

CPAP adherence is commonly measured with two metrics: 
the hours of usage per night, and the percentage of nights 
above an arbitrary threshold; rarely is the real desired out-
come, relief of symptoms, the main outcome to which atten-
tion is paid. A threshold of adequate usage is often arbitrarily 
reported to be 4 h/night. Figure 5.1 displays the proportion of 
patients in whom the subjective sleepiness (Epworth Sleepiness 
Score or ESS), sleep related quality of life (Functional 
Outcomes of Sleep Questionnaire or FOSQ) and objective 
sleepiness (Multiple Sleep Latency Tests or MSLT) returned 
to ‘normal’ levels in each category of CPAP [1]. Despite the 
continuous nature of these relationships, this graph has been 
interpreted as suggesting that thresholds of 4, 6 and 7.5 h/night 
CPAP usage were the levels above which minimal further ben-
efit was likely from increasing CPAP adherence for the ESS, 
the MSLT and the FOSQ, respectively. However, many 
patients in this study noticed significant improvement below 
these arbitrary thresholds, Table 3 in [1]. For example, the ESS 
returned to ‘normal’ values in 18/33 (55%) of patients with 
CPAP usage of less than 4 h/night.
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In a novel experiment, stopping CPAP for 2  weeks in 
patients who had previous ‘suboptimal’ CPAP use of only 
3–4 h/night, led to significantly increased daytime  sleepiness 
[2]. This demonstrates that some individuals derive benefit 
from CPAP with usage below an arbitrary 4 h/night thresh-
old. It is important to remember that low adherence does not 
equal no benefit, and thus should not be used as a reason to 
stop a patient’s therapy.

The level of CPAP adherence also has financial and driv-
ing implications. Reimbursement for CPAP in some coun-
tries is dependent on meeting adherence criteria, with the US 
requirements perhaps the best known: ongoing CPAP cover-
age requires CPAP usage for >4 h/night, for >70% of nights, 
in a consecutive 30-day period between the 31st and 91st 
days of treatment. In France, an equally arbitrary average 
3  h/night usage is required for ongoing coverage. Driver 
licensing also requires adherence with therapy. By the end of 
2015, an updated European Union (EU) directive on driving 
was adopted (2014/85/EU). This requires that patients with 
moderate to severe OSA demonstrate adherence with ther-
apy and have ongoing 3-yearly or annual review for group 1 
and group 2 license holders, respectively. The exact thresh-
old for adherence was not set, although suggested to be >4 h/
night in the UK interpretation.

Whilst health professionals should focus on the bene-
fit a patient derives from CPAP, long-term adherence 
with CPAP therapy is required to make CPAP cost-effec-
tive. Figure  5.2 shows a health economic model of the 
cost-effectiveness of CPAP [3]. If a patient uses CPAP 
for less than 1  year it costs over £20,000 per quality-
adjusted life year (QALY), which is above the UK 
National Institute for Clinical Effectiveness (NICE) 
threshold for cost-effectiveness. Therefore, the majority 
of patients need to use CPAP for over 1 year for it to be 
deemed cost-effective.

Whilst precise thresholds for usage are arbitrary, adequate 
CPAP adherence — which will vary between patients — is 
clearly important in terms of symptoms and may be impor-
tant in terms of finances and driver licensing.

5.2  Baseline Factors Affecting Adherence

A great deal of research has focussed on trying to find factors 
that predict CPAP adherence [4]. Whilst no pre-treatment 
predictors are precise enough to guide the binary decision on 
whether to trial CPAP or not, a number of factors are relevant 
when considering how much help a patient may need when 
starting CPAP. Factors influencing CPAP adherence are dis-
played in Table 5.1.

Whilst the severity of OSA has not universally been 
shown to be predictive of CPAP adherence, there is a signifi-
cant long-term relationship (Fig.  5.3). It is important to 
remember that many patients with milder OSA do adhere 
with therapy, and that CPAP has been shown to be effective 
for some, in even the mildest OSA [5]. The severity of sleep-
iness, as measured by the ESS, is somewhat predictive of 
long-term CPAP adherence [6].

The reason for referral is important to consider, as patients 
who initiate their referral are more likely to use CPAP [4]. 
Patients with minimally symptomatic OSA are less likely to 
use CPAP [7], and may have been referred as part of screen-
ing for OSA. Demographic factors such as age, gender, race 
and language have been reported to predict CPAP adherence 
[4]. Whilst these may not be modifiable, specific strategies to 
improve access, such as translating material, may be neces-
sary, depending on the local population.

Psychological factors are important, such as co-morbid 
depression and personality type (See Chaps. 11 and 19). 
Symptoms of depression commonly co-exist with OSAS [8]. 
While CPAP may improve symptoms of depression, patients 
with a diagnosis of depression may require additional, spe-
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cific treatment for their depression to enable CPAP usage. 
Social support networks are also important to CPAP adher-
ence. Having a supportive partner or positive support net-
work is helpful, whilst living alone tends to make patients 
less likely to use CPAP [4, 9] (See Chap. 10). Practically, this 
means engaging supportive partners where possible. Patients 
support groups and patient-run organisations can also be 
helpful [4, 9].

Socioeconomic status also influences CPAP adherence, 
and this probably relates to a patient’s ability to self-finance 
aspects related to their healthcare. For example, those in the 
USA who do not meet USA Medicare CPAP adherence 
reimbursement criteria may then have to self-fund equip-
ment. Other financial disincentives to treatment include the 
ability to attend appointments, including leave from work 
and travel expenses. Considering ways of minimising these 
barriers to healthcare can aid in the support of patients.

5.3  The Role of Education During CPAP 
Set-up

Education prior to setting-up CPAP is crucial and increases 
CPAP adherence [10]. Pre-treatment education shapes the 
patient’s opinion of OSA and CPAP therapy. Patients will 
arrive at appointments with pre-conceived ideas about their 
condition and about CPAP therapy. Education should include 
information relating to the pathophysiology of OSA, the 
symptoms of OSA, the associated comorbidities, a descrip-

tion of CPAP, the impact of CPAP on symptoms and other 
outcomes, the common issues with CPAP and some basic 
troubleshooting.

Historically, educational material was provided on a one- 
to- one basis and CPAP set-up was performed with an in-lab 
titration. However, this is expensive, and many healthcare 
systems have moved away from in-lab CPAP titrations, 
favouring the use of auto-adjusting devices or algorithms to 
determine CPAP pressures. With the move away from in-lab 
CPAP set-up, the educational component has moved from 
one-to-one to group sessions. Group sessions delivered by a 
skilled and trained sleep practitioner are as effective as one- 
to- one education sessions [11]. However, it is important to 
consider certain situations where this might not be practical, 
such as in individuals with language barriers, hearing diffi-
culties or learning disabilities.

Educational packages can also be delivered by video or 
web-based packages and are included as part of eHealth. 
eHealth represents a complex intervention variably includ-
ing education, motivational interviews, telemonitoring 
(which will be discussed in a later section), and even finan-
cial incentives for using patient telemonitoring. eHealth has 
been shown to increase average CPAP usage by approxi-
mately 0.5 h/night [10]. There is of course a dilemma when 
gauging how enthusiastic to be when introducing CPAP, on 
the one hand, unless the practitioner is enthusiastic, it is 
unlikely the patient will be enthusiastic; on the other hand, 
if CPAP is being tried when it is unclear if a patient’s symp-
toms are due to OSA or not (a diagnostic trial), then it is 
fair to suggest to the patient that CPAP may or may not 
work for them. Whilst education has an important role in 
ensuring optimal CPAP adherence, other methods of sup-
port are probably required in all but the most motivated 
patients [12].

5.4  Specific Behavioural Interventions

Behavioural interventions are sometimes incorporated into 
education and support pathways for CPAP set-up. 
Motivational enhancement therapy (MET) and cognitive 
behavioural therapy (CBT) are the two most researched 
behavioural interventions and have been shown to improve 
CPAP usage by about 1.5 h/night [9], although not necessar-
ily with a commensurate further decrease in symptoms. 
Cognitive behavioural interventions challenge non-adaptive 
beliefs and decrease the frequency of non-adaptive behav-
iours and concurrently enhance motivation for behavioural 
change. These interventions require specific staff training or 
referral to a psychologist. Motivational interventions are 
most helpful for patients who are ambivalent about CPAP 
use, while education and social interaction probably provide 
similar benefits to cognitive therapy in unselected patients 

Table 5.1 Factors with reported predictive value for CPAP adherence

OSA and symptom severity
   AHI
   ODI
   ESS
Reason for referral
   Self-initiated
   Screening
Demographic/patient factors
   Age
   Gender
   Race
   Language
   Socioeconomic status
   Smoking status
Psychosocial factors
   Personality type
   Depression
   Marital status
   Partner involvement
   Social support
   Self-efficacy
   Motivation
   Treatment outcome expectations
   Comorbid insomnia

5 The Role of Education and Support in CPAP Adherence
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[13]. In patients with co-existent insomnia, specific CBT for 
insomnia (CBT-I) may be a necessary adjunct to CPAP (also 
see Chaps. 6 and 17).

5.5  The CPAP Interface and Adherence

Expertise and a range of equipment are required to optimise 
the CPAP interface during CPAP set-up. The first interface 
choice is between auto-adjusting positive airway pressure 

device (APAP) and CPAP.  Whilst APAP devices tend to 
deliver lower pressures throughout the night, overall adher-
ence is similar for APAP and CPAP devices [14], except pos-
sibly in patients requiring the highest pressures. Whilst 
APAP devices tend to cost more than CPAP devices, the dif-
ference in price is less marked than historically. The starting 
choice between APAP and CPAP is usually determined by 
individual CPAP pathway differences and cost. Struggling 
patients may be switched from CPAP to APAP, or vice versa, 
to try to aid comfort and adherence.
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A range of different mask types are now available includ-
ing full face masks, oronasal masks, nasal masks and nasal 
pillows. There is little randomised evidence to support routine 
choice of one type of mask over another, and practically the 
choice of mask is normally determined by patient factors. 
Skilled, trained, enthusiastic and experienced sleep nurses/
technicians/physiologists are crucial in selecting the correct 
mask. This also requires the availability of a variety of differ-
ent sizes and mask shapes to enable a good mask fit. Full face 
masks may not be ideal for patients with claustrophobia, 
whilst those with nasal congestion or who tend breath through 
their mouth may struggle with nasal-only masks. Chin straps 
can be used as an adjunct to a nasal mask in patients who 
breathe through their mouth but are not popular.

When trialling different masks, it is best to have the CPAP 
device delivering pressures likely to occur during treatment, 
to gauge both comfort and likely leaks; this means that 
exhaled air is blown into the immediate environment, which 
is a potential problem when COVID-19 is prevalent. It is 
unclear whether removing the opportunity to trial CPAP, 
with the therapist actually present, will reduce the subse-
quent adherence and a multicentre study in the UK aims to 
assess this question. The alternative of full personal protec-
tion for the therapist, and adequate air changes between 
patients, will be very expensive and time-consuming. 
Humidification and heated tubing can be added to the CPAP 
interface, but this is usually reserved for those with specific 
technical issues, rather than routine usage, as they introduce 
additional maintenance issues for the patient.

5.6  The Pattern of CPAP Usage Is 
Established Early

Whilst baseline factors are not particularly helpful in deter-
mining long-term adherence, early CPAP usage does predict 
longer-term use (Fig. 5.4) [15]. In fact, CPAP usage is prob-
ably determined within the first 1–2 weeks. However, it is 
worth bearing in mind that there are still individuals who will 
increase their CPAP use following the first few weeks and 
this is probably as a result of support and ‘getting used to it’. 
However, it is less clear if this early predictability is simply 
due to whether or not a patient finds it easy to get on with 
immediately, and whether early intervention is influential to 
long-term adherence.

5.7  Early Follow-up

Given that the pattern of CPAP usage is determined early, 
support at this time is presumably helpful. There are several 
aspects to follow-up, including an assessment of the accept-
ability and tolerability of CPAP, review of symptoms, a 

check of adherence and review of driver licensing. An expert 
panel consensus suggested that the key aspects of CPAP fol-
low- up are: acceptability of treatment (side effects and pre-
paredness to continue), technical aspects (mask fit, 
humidification, replacing parts), objective assessment of 
sleepiness/symptoms/quality of life, measurement of adher-
ence, assessing sleep quality, driving/licensing issues, life-
style issues and sleep hygiene [16].

Historically services have tried to follow-up patients 
within the first 2–4 weeks of starting CPAP therapy. However, 
as CPAP services have expanded, they have been placed 
under ever increasing pressure and this target has become 
harder and harder to achieve. Under this increasing pressure, 
services need to find new ways of targeting resources to 
ensure that standards are maintained.

5.8  The Role of Telemonitoring

Telemonitoring is the remote monitoring of CPAP adherence 
using wireless technology, and the ability to modify some of 
a machine’s settings remotely as well. Telemonitoring is now 
available with most CPAP machines via cloud-based soft-
ware. Telemonitoring usually requires an institution to pay 
for the service from the CPAP companies and requires 
patient consent to the electronic transfer of their data. During 
the first 3  months of CPAP set-up, use of telemonitoring 
increases usage with CPAP by approximately 1 h/night [17]. 
Whilst this increase has not been shown to translate to greater 
improvements in sleepiness or quality of life, studies in this 
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Fig. 5.4 Graph showing that correlation between the early mean daily 
CPAP use between weeks 2–4 and the longer-term mean daily CPAP 
use at 6 months in the MOSAIC trial. The pattern of usage is estab-
lished early, presumably making this a crucial time to focus on educa-
tion and support. However, low early low CPAP usage can be improved 
in some individuals represented by the points in the top left quadrant 
(with the converse also sometimes being true). (Adapted with permis-
sion from Turnbull et al. [15])
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area have mainly looked at CPAP usage as the main outcome 
and probably lack power to find small improvements in 
sleepiness or other symptoms.

There are several other benefits of telemonitoring, such as 
reducing the number of face-to-face visits to hospital. This 
became particularly important during the COVID-19 pan-
demic, but has also been helpful due to difficulties with travel 
and car parking when attending hospital appointments. 
Patients overall satisfaction with telemonitoring is mixed, 
with one study suggesting similar satisfaction levels to usual 
care and another reporting worse satisfaction [17]. A minor-
ity of patients also have concerns about privacy with elec-
tronic transfer of data. Overall, the benefits of telemonitoring 
probably outweigh the harms and its use was already gaining 
popularity even before the COVID-19 pandemic. The pan-
demic has merely hastened adoption, which is unlikely to 
reverse once over.

Some consideration does need to be given to how an indi-
vidual service will utilise telemonitoring as the workload 
required to regularly review monitoring for all patients on 
CPAP will be impossible. Patient consent to data transfer, 
and ‘contracts’ whereby they agree to take responsibility for 
their usage of CPAP are important, as there have been con-
cerns that sleep units might become responsible for not spot-
ting that a patient had stopped using their machine with a 
resultant road traffic collision for example.

Telemonitoring is often used to monitor CPAP usage in 
the first days, weeks and months. It can be helpful in imme-

diately flagging up patients who have specific issues such as 
low usage, high mask leak and residual events. At present 
there are no clear guidelines on the thresholds for these data 
that would lead to pro-active intervention, it being likely that 
this will remain different for different patients. An example 
of telemonitoring software output is shown in Fig.  5.5. 
Patients with issues can be prioritised for early face-to-face 
follow-up, which can help to manage increasingly high 
workloads. Following the first few months of successful 
CPAP initiation, clinical teams may decide to switch off con-
tinuing telemonitoring. Depending on the contract with the 
CPAP Company, telemonitoring can then be re-activated 
when a patient’s follow-up is due or new problems arise. A 
final utility available through telemonitoring is the use of 
patient smartphone apps and PC software. Patients can use 
these to get feedback on their CPAP usage, possible prob-
lems such as mask leaks and highlighting sources of support 
for specific issues [18].

5.9  Support and Troubleshooting

The frequency of long-term follow-up for patients using 
CPAP is uncertain. An ATS expert panel advises follow-
up at 1 week, 4–6 weeks, 12 weeks, 6 months and then 
annually [19]. The EU directive on driving mandates 
reviews of patients at least every 3 years for those with 
group 1 (cars) and annually for those with group 2 

Fig. 5.5 Day-to-day view of 
two patient’s CPAP 
adherence. The top patient has 
excellent hours of usage 
displayed with green bars 
(over 4 h/night) and only one 
red bar (less than 4 h/night). 
The bottom patient is doing 
less well with frequent low 
usage, although they are 
clearly trying to use CPAP 
every night. This enables 
rapid identification of the 
second patient as needing 
help and support to improve 
their CPAP adherence
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licenses (heavy goods and public service vehicles). In 
the UK, many services are no longer able to offer rou-
tine annual follow-up for all patients and instead offer 
as-required appointments. The advantage of as-required 
appointments is that patients utilise health care when 
they need it to resolve issues. However, as- required 
appointments place an onus on patients, and not all 
patients will be motivated to engage with this. CPAP fil-
ters usually need replacing every 4–6  months; CPAP 
masks, headgear and tubing need replacement approxi-
mately every 18  months and CPAP machines need 
replacement after approximately every 5–7  years 
depending on usage. Lack of timely replacement of 
parts can cause problems with mask leak or loss of 
pressure.

Follow-up appointments for support and troubleshooting 
provide another opportunity to check that patients are clean-
ing and maintaining their equipment. Mask cushioning 
should be cleaned in warm water with a mild detergent (not 
hand soap), then rinsed with water and left to drip-dry on a 
towel. This is important as the build-up of grease can affect 
mask seal and lead to leakage. The mask, mask cushioning, 
headgear and CPAP tubing should ideally be washed simi-
larly, approximately once a week.

Troubleshooting at follow-up is an important part of 
CPAP support and can help to address issues with the CPAP 
interface and side effects (Table 5.2).

5.10  Summary

Adherence is important to derive benefits from CPAP, but 
exact thresholds for adherence are arbitrary. Support and 
education should focus on helping patients to improve their 
CPAP adherence to engender adequate symptom resolution, 
rather than achieving arbitrary thresholds of usage. Education 
and support can be delivered in group settings and assisted 
by eHealth. Specific motivational, behavioural therapies and 
telemonitoring are useful methods to improve CPAP adher-
ence. In an era of pandemic virus infections such as 
COVID- 19, maintenance of best practice will prove difficult, 
but ways to achieve best possible adherence must be found, 
despite the limitations this imposes.
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Role of the Behavioral Sleep Specialist 
Psychologist in Promoting CPAP 
Adherence

Dora Zalai

Research and clinical practice have clearly shown that a pure 
biomedical view, focusing exclusively on patient demo-
graphics and disease parameters have not been sufficient to 
conceptualize and facilitate adherence to continuous positive 
airway pressure (CPAP) treatment. By and large, BMI, 
obstructive sleep apnea (OSA) severity, CPAP pressure, 
machine type, humidification or mask interface alone have 
been found to be poor predictors of CPAP use [1]. Notably, 
demographic and several illness-specific factors (e.g., OSA 
severity, anatomical factors that contribute to OSA, arousal 
threshold, nasal pressure) cannot be directly changed in a 
routine clinical encounter and therefore are not strategic tar-
gets when the aim is to help patients using a positive airway 
pressure (PAP) machine. Given their low predictive power in 
treatment adherence, it is not surprising that interventions 
focusing solely on these health/illness and treatment factors 
have shown limited success in substantially improving PAP 
adherence in the long term [2–8]. In contrast, psychological 
factors, including motivation, self-efficacy, coping style, as 
well as beliefs about sleep apnea and treatment outcomes are 
significant predictors of CPAP adherence [9–15]. Crucially, 
these psychological factors are malleable and targeting them 
with a combination of evidence-based methods appears to 
have the largest potential to effectively promote PAP adher-
ence [16–22], also see Chap. 2 in this book.

In order to better understand CPAP adherence, we need to 
move beyond a purely biomedical approach and explore the 
dynamic interaction among biomedical, psychological, and 
social factors for each individual patient [23]. Working in part-
nership with the person with sleep apnea using a biopsychoso-
cial model as a framework to explore factors that are relevant to 
the person’s CPAP use, opens the possibility to plan interven-
tions that are feasible/optimal for the individual.

Psychologists with special knowledge in behavioral sleep 
medicine work with clients using the framework of an inte-

grated biopsychosocial model. They understand the biomed-
ical factors relevant to sleep apnea and CPAP and also have 
experience in providing interventions that have been shown 
to effectively support adherence with PAP treatment, includ-
ing motivational enhancement, cognitive behavioral therapy 
focusing on CPAP use, cognitive behavioral therapy for 
insomnia for those with comorbid insomnia, and evidence- 
based psychological interventions for patients who have 
mental health conditions that impede CPAP use.

Psychologists follow a collaborative case formulation- 
based approach when they work with clients. The psycholo-
gist and the client form a shared understanding of the factors 
that are relevant for the individual client with regard to their 
sleep, sleep apnea and its treatment. If the client wants to 
move toward (increased) PAP device use, the psychologist 
works with the client to help them achieve their goal using 
evidence-based methods that facilitate the desired change. At 
the same time, the psychologist versed in behavioral sleep 
medicine collaborates with other members of the health care 
team, including sleep specialist physician, general practitio-
ner, CPAP coordinator, respiratory therapist. Typically, the 
psychologist meets with the client regularly, which helps 
patients to stay on track in moving toward their goals and at 
the same time ensures that clients do not “fall between the 
cracks” when regular medical follow-up is not possible.

Ideally, the behavioral sleep specialist is included in mul-
tidisciplinary teams that provide care for patients with sleep 
apnea as they bring to the treatment team a set of skills and 
knowledge that complement the expertise of physicians, 
respiratory therapists, and other professionals. Given that 
long-term adherence is influenced by early postdiagnosis 
CPAP use, ideally, the psychologist is invited on board soon 
after the diagnosis is made in situations when CPAP adher-
ence proves to be challenging for the patient after all techni-
cal issues have been addressed. The following are typical 
examples where the psychologist uses evidence-based meth-
ods to help clients with CPAP treatment. Each section starts 
with short case summary followed by a description of 
research evidence.
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6.1  When the Patient Is Ambivalent 
About CPAP Use: The Importance 
of Client-Clinician Communication

6.1.1  Background

Motivational interviewing is a “collaborative conversation 
style for strengthening a person’s own motivation and com-
mitment to change”, page 12 in [24]. In motivational inter-
viewing, the clinician builds a collaborative partnership with 
the client in the spirit of acceptance of the inherent worth of 
the client as an autonomous person, relates to the client with 
empathy and compassion and actively affirms and evokes the 
knowledge, strengths and skills that the client already has.

Starting to use a PAP device requires behavioral changes. 
When a person comes to the sleep clinic with:

• A clear goal (My partner tells me that I stop breathing 
when I sleep. I would like to find out if I have a breathing 
issue in my sleep)

• High motivation for change (My health and my relation-
ship with my partner are very important for me. If I need 
sleep treatment, I would like to start it as soon as possible) 
and

• Confidence in their skills in bringing about the change

then education about sleep apnea and CPAP will be enough 
to successfully start the treatment and is as effective as moti-
vational interviewing [16]. In this situation, there is also a 
perfect match between the patients’ and the clinician’s 
agenda and therefore their relationship will likely be 
uncomplicated.

When clinicians comment on the patient’s “low CPAP 
adherence”, “non-compliance with CPAP treatment”, and 
“problems with using CPAP”, it may be that CPAP use is not 
currently a shared goal of the clinician and the patient. 
Motivational interviewing was specifically developed for 
situations when the clinician hopes for a behavioral change 
for a patient (e.g., starting PAP treatment or increasing CPAP 
use) that the patient is ambivalent about. In these situations, 
clinicians are facing a dilemma: if the clinicians do not 
address the issue of low adherence actively, the patient may 
stop using CPAP and if the health care providers push their 
agenda, they may arrive at a roadblock in their communica-
tion and relationship with the patient, which may result in the 
cessation of CPAP treatment. Motivational interviewing 
helps in these situations to facilitate behavioral change and at 

Box 1: Case Example (Mark)
Mark was referred to the sleep laboratory because he 
complained about nonrefreshing sleep and tiredness to 
the family physician during his annual medical visit. 
The family physician noted on the referral form that 
Mark snores and he has high blood pressure. The over-
night PSG showed severe OSA (AHI in total sleep 
time = 39; AHI in supine position = 61, AHI in REM 
sleep  =  46) and the MSLT on the next day demon-
strated excessive daytime sleepiness. During the medi-
cal visit following the sleep study, the sleep specialist 
physician explained to Mark his sleep study results, 
told him what sleep apnea is and what are the medical 
consequences of sleep apnea (including high blood 
pressure), and listed the treatment options. He strongly 
recommended CPAP, introduced Mark to the CPAP 
provider at the sleep clinic, and arranged that Mark 
would see the sleep physician a month after his CPAP 
titration.

At the follow-up visit, the physician reviewed with 
Mark the CPAP titration study results and asked Mark 
about his CPAP use. Mark reported that he had used 
the machine a few times and he concluded that he does 
not need this treatment right now and he is not sure if 
he would benefit from it. The physician checked 
Mark’s CPAP use and pointed out that Mark had used 
the machine only for a few days and told Mark that 
based on that it may be premature to conclude that the 
treatment is not useful for him. He also showed Mark 
that his AHI was low during the titration night as an 
evidence that the treatment works. He devoted time to 
patiently explain to Mark why he needs this treatment 
(he has severe OSA and high blood pressure) and how 
the treatment would benefit him (e.g., improve his 
tiredness and health). He made sure that the explana-
tion was complete and accurate and understandable to 
a lay person using multiple examples and analogies to 
illustrate the main points. He also told Mark that he has 
an obligation to report to the Ministry of Transport if 
he has a sleepy patient who drives and he really hopes 
and trusts that Mark will use the device; otherwise, he 
will have to submit a report. He asked Mark to consult 
with the CPAP coordinator with any issues he may 
have with CPAP use. Mark felt furious and yelled at 
his wife at home when she told him that the doctor was 

right: it is time for him to finally start using the treat-
ment that would stop his snoring so that she could also 
have better sleep. She said that she had enough of his 
constantly irritated mood and complaints about stress 
in his life and he really need to see a psychologist to 
deal with his problems.
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the same to avoid irreparable ruptures in the clinician-client 
relationship.

Motivational interviewing involves four processes:

 1. Engaging – building a collaborative working relationship 
with the client in an equal partnership

 2. Focusing  – identifying and maintaining a focus for the 
interaction that leads to specifying change goals

 3. Evoking – “bringing forth” the client’ knowledge, ideas, 
and skills of how they will bring about the change

 4. Planning – developing a commitment to change and for-
mulating a specific action plan

Communication style that reflects the clinician’s respect, 
acceptance, empathy, and compassion toward the patient as 
an equal partner in the dialogue and that strategically uses 
langue that evokes the person’s own argument, skills, ability, 
and commitment to change underlies each of the motiva-
tional interviewing processes.

Notice the language when we talk about “CPAP non- 
adherence”, “problems with CPAP use”, or “the patient can-
not get used to the CPAP”: some of words are negative (e.g., 
problem), “all-or-nothing” (e.g., nonadherence, cannot) and 
reflect the clinician’s viewpoint/agenda.

Mark was furious after his follow-up visit with the physi-
cian because he felt that he was not heard (the physician did 
not explore why he thought that the treatment is not timely 
and effective), that he was talked down to (his perception 
was that the physician gave a lecture about how CPAP would 
be useful for him without knowing anything about his life), 
he felt threatened (the physician told him that he would 
report him to the Ministry) and thought that his autonomy 
and his right to make choices were not respected. Accordingly, 
the physician’s intention to help Mark use a treatment that 
would be the best choice from the medical perspective did 
not lead to the desired outcome.

Motivational interviewing involves a way of communica-
tion that includes “OARS”:

Open-ended questions (What may contribute to the tiredness 
you feel?)

Affirming client’s intentions for change, skills, strengths, and 
achievements (I am so happy that you came today! You 
kept the mask on for more than 1.5 h even though you felt 
frustrated. You have good stress tolerance skills. What 
helped you to keep the mask on for that long?)

Reflective listening (Client: There is this plastic thing under 
my nose and that ugly gray hose on my chest. Clinician: 
You feel unattractive when you are using CPAP)

Summarizing (So you came to the sleep lab because you 
hoped that you would get help to feel less tired. You feel 
it was worth having a sleep study because it revealed that 
you have poor sleep quality and the same time, you feel 
disappointed because you were given a treatment that 

does not help you to fall asleep faster and you still feel 
tired during the day).

Sharing information with the client is an essential part of 
the sleep study follow-up appointment and using a “sand-
wich” method of “E-P-E” can help clients to feel accepted 
and stay engaged:

Elicit – ask for permission to provide information; ask about 
the client’s knowledge of the topic so that you will not 
repeat what they already know; ask what they are most 
interested in to know

Provide – a few pieces of information at a time
Elicit  – the client’s understanding of and reaction to the 

information you provided

When clinicians are eager to help, they invertedly may 
use langue that restricts clients’ autonomy to express their 
view and make choices (for example, telling what patients 
should do; trying to persuade with a logical argument; direct-
ing; cautioning or threatening). In response, the client’s ver-
bal behavior or actions will try to reinstate their autonomy, 
which may be labeled as “resistance”. When clients are 
ambivalent about CPAP use, they already have a mental list 
of both pros and cons in relation to this treatment and have 
already engaged in internal dialogues about CPAP use. When 
their awareness highlights one side of the argument (I should 
use the CPAP machine to have a better sleep), it will be fol-
lowed by thoughts that represent the other side of debate 
(Yes, but I will not be able to get used to it). Likewise, when 
the clinician argues for CPAP use during a medical visit, it 
automatically evokes the other side of the argument in a cli-
ent’s mind that is ambivalent about CPAP use (Fig. 6.1).

In situations where the patient is ambivalent about CPAP 
use, the patient-centered approach is to take time to curiously 
and empathetically explore the ambivalence with the client 
with full appreciation of the fact that the patients are experts 
of their own lives. During the discussion about ambivalence, 
the patient will verbalize their own argument for CPAP use. 
It is crucial that clinicians learn to notice this “change talk” 
(i.e., the patient’s own argument for behavioral change) and 
learn how to elicit it while evoking hope and confidence in 
the patients’ ability to make the behavioral changes neces-
sary for increased CPAP use (for more detailed description, 
please refer to motivational interviewing text books). When 
the client is ready for CPAP use, the discussion shifts to 
developing a specific, behavioral plan for CPAP use, includ-
ing, for example

• The steps I plan to take in increasing my CPAP use are…
• The ways other people can help me are…
• I know my plan is working if…
• Some things that could interfere with my plan are…
• If these things arise, what I will do is….

6 Role of the Behavioral Sleep Specialist Psychologist in Promoting CPAP Adherence
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6.1.2  What Happened to Mark?

The psychologist started with building a collaborative 
relationship with Mark (engaging) and then focusing on 
the topics that mattered to Mark. Mark wanted to focus on 
improving his energy, his mood, and his relationship with 
his wife. They discussed Mark’s values and the discrep-
ancy between some of his values (e.g., health and fitness; 
care and self-care; love; forgiveness; perseverance) and his 
current actions. When it was clear that Mark was ready to 
set value-based goals, they agreed to do it in the frame-
work of acceptance and commitment therapy that involved 
setting and pursuing value-based goals, while learning 
how to relate to internal experiences (thoughts, emotions, 
physical sensations) in an adaptive way. Mark and the psy-
chologist returned to discussing CPAP use during the 
course of psychotherapy in relation to Mark’s values. Mark 

identified CPAP use as a personal value-based behavior (in 
line with his values of health and fitness, self- care, and 
care for his wife). Frustration and emotion-based actions 
previously interfered with Mark’s CPAP use but at this 
point in therapy Mark’s awareness in his ability of using 
the device had increased, because he had practiced tech-
niques of how to “tame” his frustration and act based on 
his values instead of his anger. Mark set specific goals with 
regard to CPAP use and made a specific plan with the psy-
chologist of what to do if challenges arise while they 
tracked his daily CPAP use. Fortunately, Mark was a sound 
sleeper and his average CPAP use was 6.5 h/night within 
three weeks after he started using the device. His CPAP 
use was positively reinforced by the improvement of his 
wife’s sleep quality and her appreciative comments about 
this behavioral change (for more information about the 
role of partner support, see Chap. 10).

No

Yes

Don’t need it
Can’t do it
Not sure

You need it
You should

PATIENT

CLINICIAN

Fig. 6.1 The clinician’s 
argument for change evokes 
the other side of argument 
from the patient
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6.1.3  Research Evidence

Motivational enhancement (ME) therapy (“Motivating 
Adherence to Positive Airway Pressure”) was developed as a 
short, structured program following the principles of motiva-
tional interviewing to help with CPAP use [25]. Evidence 
suggests that those who participate in ME adhere more to 
CPAP treatment than those who receive standard care [17–19, 
21]. In a randomized control study comparing ME,  education, 
and usual care, patients who were ambivalent about PAP use 
based on the hours of use during the first week (at least 2 but 
less than 6 h of average PAP use per night) benefited most 
from ME treatment compared to those who received standard 
care or education [16], which is not surprising, given that MI 
has been developed for clients who are ambivalent about 
behavioral change. Mark’s example also illustrates the 
research finding that CPAP use correlates with improvement 
in bed partner’s subjective sleep quality [26, 27].

6.2  When the Patient Has Insomnia: 
Treating Comorbid Chronic Insomnia 
to Help with CPAP Use

6.2.1  Background

Approximately one-third to half of patients diagnosed with 
OSA report clinically significant symptoms of insomnia 
[28]. Despite its high prevalence, insomnia remains largely 
undiagnosed in this clinical group [29]. Individuals who 
have comorbid OSA and insomnia disorder (COMISA) 
report worse sleep, have more psychiatric comorbidities and 
pain, show more neurocognitive impairment, have worse 
daytime functioning and quality of life than those who have 
OSA as a stand-alone condition [28, 30]. When OSA causes 
sleep maintenance insomnia symptoms, the treatment of 
OSA may improve sleep continuity; however, when insom-
nia disorder is a comorbid condition, it requires specific 
treatment so as to achieve an optimal overall sleep treatment 
outcome, as well as daytime functioning and quality of life. 
Sleep laboratories with a primarily respiratory focus may 
emphasize OSA treatment but even in these settings effective 
treatment of insomnia is imperative since comorbid insom-
nia disorder predicts low adherence to CPAP treatment [29, 
31–34]. Accordingly, it is imperative to include insomnia 
evaluation in the initial sleep assessment even when OSA 
risk factors and symptoms are clearly present and incorpo-
rate evidence-based insomnia management in the sleep treat-
ment plan.

6.2.2  What Happened to Steve?

Steve and the psychologist discussed how insomnia and 
OSA are related to his main concerns (i.e., difficulty with 
falling asleep and feeling tired) and how the two sleep disor-
ders may be functionally related. In addition, they discussed: 
(1) evidence-based treatment options for both conditions; (2) 
ways in which insomnia makes CPAP use challenging for 
Steve; and (3) how different evidence-based treatments for 

Box 2: Case Example (Steve)

Steve has been having difficulties with falling asleep 
since his late teenage years. He did not see this as 
being a problem until 6 years ago, when his first child 
was born and he had to get up early to help his wife in 
the mornings. He is now a father of two and he is 
responsible for preparing breakfast for his children and 
taking them to school. He describes that he has a suc-
cessful business and he often works until late in the 
evening. He goes to bed soon after he finishes work 
and he spends 1.5–2 h awake in bed, reading the news 
on his cell phone and listening to podcasts because he 
is not able to fall asleep. He describes that he feels tired 
in the morning and during the day but he is still unable 
to fall asleep after he goes to bed. He requested a sleep 
assessment because he wanted to improve his ability to 
fall asleep and increase his energy level during the day.

The overnight laboratory PSG study showed 
increased sleep onset latency (91  min) and reduced 
sleep efficiency (77%). AHI was mildly increased in 
total sleep time (6/h) but moderately elevated in REM 
sleep (24/h) and in supine position (17/h) without sig-
nificant oxygen desaturations. The PLM index was 
also high (19/h) during the recoded night. The sleep 
study also showed high arousal index (17/h) with pre-
dominantly spontaneous arousals.

Steve and his sleep physician discussed his treat-
ment plan during the sleep study follow-up visit. They 
agreed that Steve would start using a CPAP machine 
ASAP and he also will be referred to a behavioral sleep 
specialist for the treatment of insomnia disorder.

On his first visit to the behavioral sleep specialist 
psychologist, Steve listed difficulty with falling asleep 
and feeling tired as his main sleep-related concerns. 
He reported that he had tried to use the CPAP every 
night but he gets frustrated when he is not able to fall 
asleep and removes the mask when he cannot fall 
asleep. There are also nights when he wakes up and he 
removes the mask so that he can go back to sleep faster.
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one condition may affect his experience with the other sleep 
disorder or with its treatment.

For insomnia treatment, Steve’s first choice was CBT-I 
(cognitive behavioral therapy for insomnia); primarily because 
he did not want to take sleep-promoting medications. With 
regard to OSA treatment, he wanted to use CPAP because of 
its effectiveness and low cost in the jurisdiction where he lives 
(the cost of the device is largely covered by the local health 
plan and his extended work insurance). Steve and the behav-
ioral sleep specialist weighed the options of either doing 
CBT-I first and re-initiating CPAP after the insomnia dissi-
pates or doing the two treatments concurrently. Steve opted for 
the second option because he wanted to achieve the largest 
possible sleep improvement as soon as possible.

Accordingly, the psychologist and Steve included a CPAP 
use plan in the CBT-I treatment (for a description of CBT for 
insomnia, see Chap. 17). For example, they agreed that Steve 
would go to bed only when he is very sleepy and at a time that 
is in accordance with his chronotype (and they set an earliest 
bedtime taking these factors into account). This strategically 
planned earliest bedtime would help him to fall asleep with the 
mask on, which – they agreed – he will put on each night when 
he goes to bed. The implication of this is that one is maximizing 
the likelihood of a person falling asleep with the CPAP on if 
sleep attempt is at the peak of sleep propensity. If he wakes up 
during the night and notices that the mask came off, he would 
place it back on his face before he goes back to sleep. He would 
also leave the bedroom every time when he is awake during the 
night for more than 15–20 minutes instead of trying to rest in 
bed but would put the mask on again when he returns to bed 
with a strong feeling of sleepiness. They also practiced how to 
relax the body and disengage from thoughts that would fuel 
frustration when the mask is on while he is in bed. With imple-
menting the CBT-I interventions, Steve’s sleep onset latency 
reduced from 118 min (baseline) to 31 min within 2 weeks and 
his sleep efficiency increased from 72% (baseline) to 86% dur-
ing the same period. He put on the mask every night and had it 
on 68% of his time in bed. Steve rated his sleep quality as 
“good” on most nights. He was still sleepy in the mornings but 
had higher energy during the day. He continued CBT with a 
slightly modified schedule to help with morning sleepiness and 
found that CPAP use became easier over the next several weeks 
even though he still did not like using the device. He was able to 
keep the CPAP on most nights for the duration of the whole 
night by the time he completed treatment.

6.2.3  Research Evidence

Cognitive behavioral therapy for insomnia (CBT-I) is the 
first-line recommended treatment for insomnia disorder 
[35–38]. Research has consistently shown that CBT-I can 
be safely implemented and is effective for the treatment of 

insomnia disorder even if patients have a comorbid, 
untreated OSA [39–41]. When patients participate in 
CBT-I before, concurrently or after the OSA treatment, 
they experience a significant improvement in their sleep 
[40, 42, 43]. The clinical intuition that treatment outcome 
is optimal when both conditions are treated is corroborated 
by research evidence [40, 42]. Given that a presence of 
comorbid insomnia disorder is a predictor of poor PAP 
adherence, providing CBT-I before the commencement of 
PAP therapy or soon after PAP treatment is initiated may 
enhance adherence to CPAP treatment. Indeed, research 
has demonstrated that those patients who received CBT-I 
before starting CPAP therapy had higher initial acceptance 
of CPAP treatment and an hour longer average CPAP use 
at 6 months follow-up than patients who did not receive 
CBT-I initially [40]. In another study, CBT-I combined 
with a behavioral CPAP adherence program led to greater 
long-term CPAP adherence than sleep education [42]. 
Conversely, a head-to-head comparison did not find a dif-
ference in CPAP adherence when CBT-I was provided 
before CPAP treatment; concurrently with CPAP treat-
ment; or when patients received CPAP treatment only but 
insomnia symptoms improved only in the first two groups 
[43]. This underlies the importance of treating insomnia 
disorder in COMISA patients to achieve greater overall 
sleep improvement. The findings of this study also suggest 
that it may be necessary to focus both on insomnia and 
CPAP adherence in CBT with COMISA patients to allevi-
ate insomnia and at the same time facilitate CPAP use. 
Research evidence suggests that CBT designed specifi-
cally to help CPAP use improved adherence with CPAP 
treatment [22]. For COMISA patients, this approach can 
be combined with CBT-I to alleviate insomnia and increase 
CPAP use [42]. Further research is needed to study optimal 
sequencing of CBT-I and PAP treatment. In clinical prac-
tice, patient preference is an important factor and deci-
sions can be made collaboratively with clients, as the 
above case examples illustrate.

6.3  When the Patient Has Anxiety that 
Impedes CPAP Use

Box 3: Case Example (Catherine)

Catherine has recently been diagnosed with OSA. She 
and her sleep physician have discussed treatment 
options and agreed that she would use CPAP every 
night. Catherine is highly motivated to follow the 
treatment plan because excessive daytime sleepiness 
has been significantly impacting her life and interfer-
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6.3.1  Background

Intense fear or anxiety during CPAP use or active avoidance 
of CPAP use due to anticipated fear or anxiety, may cause 
significant distress and impact treatment adherence. 
Questionnaire-based data suggest that one-third to two-thirds 
of patients who are prescribed CPAP report “claustrophobic 
tendencies”, i.e., fear or anxiety about being closed in, 
trapped, or not getting enough air when they use CPAP [44]. 
Both retrospective and prospective studies demonstrate that 
“claustrophobic tendencies” in this population are associated 
with low CPAP use [44, 45]. CPAP related anxiety can also 
be nonphobic, for example, a person with a history of tension 
headaches may be worried that CPAP use will increase the 
frequency of headaches or someone with generalized anxiety 
may be worried that the sound of air from the CPAP will 
cause insomnia for their partner.

Fear/anxiety about CPAP use may develop via classical 
conditioning during the first time when someone has a fear 
response while the person is using CPAP. CPAP may also 
become a fear cue when the person already has a history of 
reacting with fear to harmless physical sensations (for exam-
ple rapid heart rate), to worry thoughts, or in certain situa-
tions (for example closed spaces). Vicarious learning (for 
example having witnessed the spouse’s anxiety reaction to 
CPAP) and negative information received from others about 
CPAP (for example that it is “horrible”) can also contribute 
to having fear/anxiety about CPAP use. Independently of the 
etiology, fear and anxiety are maintained by maladaptive 
beliefs (overestimation of actual danger and underestimation 
of the ability cope), biased information processing, and 
safety behaviors (see Fig. 6.2) [46].

6.3.2  What Happened to Catherine?

Catherine went to the psychologist with high motivation to 
use CPAP and a goal of being able to use it with ease. At the 
same time, she reported that she felt helpless because her 
fear and physical discomfort with using the machine have 
increased over time despite all her efforts. During their first 
meeting, the psychologist conducted a functional behavioral 
analysis: she asked Catherine questions to elicit information 
about fear cues, maladaptive beliefs, and safety behaviors.

From their initial discussion, the psychologist learned that 
the maintaining factors of Catherine’s anxiety are:

Fear cues:

 1. Air flow from the CPAP
 2. Heart palpitation while using CPAP

Feared consequences:

 1. She will not be able to breathe against the air flow and 
will faint

 2. She will get a heart attack and die

Safety Behaviors:

 1. Removing the mask
 2. Having her cell phone next to her in case of an 

emergency
 3. Trying to sleep with the machine at her mother’s place
 4. Lately avoiding using the machine

The psychologist drew a model (similar to Fig. 6.2) on a 
white board as they were talking with Catherine and then 
used the model to provide education about what maintains 
(and escalates) Catherine’s anxiety in the context of CPAP 
use. As they discussed the model, the psychologist used the 

ing with her everyday functioning. She also has been 
feeling ashamed about her obesity and she is con-
cerned that she will not find a partner and will develop 
health problems if she does not loose weight. She 
feels optimistic that if she uses CPAP, she will have 
more energy to exercise and finally “do something 
good for myself”.

Catherine is in tears when she sees her friend 6 months 
after the CPAP was prescribed. She laments that she has 
been trying very hard to adhere to the treatment; yet, she 
has not been able to get used to the machine. She has told 
her sleep physician about not being able to use the 
machine and her sleep physician sent her back to the 
CPAP vendor in order to find out if there is a technical 
issue. The vendor offered her a different type of mask, 
which was mildly helpful but did not solve the problem of 
getting heart palpitations when she tried to use the device. 
The vendor suggested to Catherine that she gradually 
“gets used” to CPAP by practicing for short periods dur-
ing the day. Catherine has tried diligently but the situation 
became worse: she felt her heart beating rapidly and she 
had difficulties with breathing when she tried to use the 
CPAP device and eventually, she stopped trying. She has 
asked for a second opinion from a respirologist who saw 
her when she was younger and he said that if she cannot 
get used to the CPAP, she could use a positional device 
(Catherine’s AHI was worse in supine position). Catherine 
has been following his advice but she still feels sleepy 
during the day. Catherine’s friend knows a psychologist 
who has experience with treating sleep issues. When they 
meet for the first time, Catherine says to the psychologist 
that “I came to see you out of desperation”.

6 Role of the Behavioral Sleep Specialist Psychologist in Promoting CPAP Adherence
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Elicit-Provide-Elicit method (see in the motivational inter-
viewing section of this chapter) to learn about Catherine’s 
thoughts and feelings about the information she provided 
and created an opportunity for refining the model to describe 
Catherine’s specific situation. Catherine was surprised to 
see that practicing for short periods and removing the mask 
when she felt uncomfortable increased her difficulties with 
using the device – the exact opposite of what she had hoped 
to achieve. The psychologist then used Socratic questioning 
to elicit Catherine’s thoughts about where and how she 
could “break the anxiety cycle”. By the end of the first meet-

ing, they agreed that they would do exposure therapy to pro-
vide opportunities for Catherine to feel the air flow and her 
heart beating fast while she is using the CPAP and discover 
what happens if she turns toward these experiences with 
curiosity and allows the physical sensation to be present 
without trying to stop them or escape from them.

Catherine and the psychologist created an exposure list, 
including situations that Catherine anticipated would lead to 
the negative outcomes she feared, including the worst out-
come (getting a heart attack and dying). The psychologist 
consulted with the sleep physician about safe increase of 

Maladaptive 
Assumptions/beliefs

Overestimating the negative 
consequences of using CPAP 

(Both the probability and 
How bad it will be). 

Underestimating the 
ability to cope 

Fear cue

Automatic thoughts

CPAP machine
Mask 

Air flow

I can’t breathe
I have to get out

I am trapped
I am losing control

I am getting a heart attack
My head is compressed

•  If (parts of) my face my is covered,
   I will suffocate.

•  If I cannot free my head from the 
   straps, I will loose control.

•  If air is blowing in my face, I will not
   be able to breathe.

•  If my heart racing fast, I will get a 
   heart attach.

•  If I use CPAP, I will have terrible 
   headaches and I will not be able 
   to function.

•  The sound of the air flow will disrupt
   my partners' sleep and he will never 
   want to sleep with me again.

Anxiety

Safety behaviours

Physical sensations e.g:
Heart palpitation

Shallow breathing

Taking off the mask
Avoiding using the machine

Taking an anxiolytic medication or sleeping pill
Keeping a cell phone nearby in case of emergency

Reduction of anxiety

+

Selective
attention to
fear cues

Fig. 6.2 Cognitive behavioral model of CPAP-related anxiety
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pressure for specific exposure items and involved the respira-
tory therapist to help setting the pressure for these exposure 
items. The list included:

• Holding the mask close to the face so that Catherine feels 
that air flow but not as strongly as she feels it when the 
mask is on the face

• Using the CPAP device during the day in the psycholo-
gist’s office (in session exposure)

• Using the CPAP machine during the day when she is 
alone at home, cell phone switched off

• Using the CPAP machine during the day while running on 
the spot, cell phone switched off

• Using the CPAP machine during the night while she is 
sleeping alone in her home, cell phone switched off

• Using the CPAP machine during the day with a higher 
pressure while the psychologist is present

• Using the CPAP machine during the day with a higher 
pressure while she is alone, cell phone switched off

• Using the CPAP machine during the night with a higher 
pressure while she is sleeping alone at home, cell phone 
switched off

Catherine and the psychologist agreed that they will 
use a scale of “subjective units of distress” to estimate 
Catherine’s anticipated level of distress for each item on 
the list and quantitatively capture Catherine’s level of 
stress before, during, and after the exposures. They dis-
cussed that Catherine can start with the exposure item to 
which she assigned the lowest rating and move up in a 
hierarchical order but the most effective method is to 
choose items randomly from the list. They also agreed 
that Catherine would record before and after each expo-
sure what she anticipates would happen and what actu-
ally happened during the exposures. Catherine also 
listed all the safety behaviors that she would avoid while 
doing exposures. They discussed that the exposures 
would be prolonged, so that Catherine has the opportu-
nity to experience various physical sensations with 
varying intensity as well as thoughts and urges that may 
arise. They also agreed that Catherine will do each 
exposure several times to create multiple opportunities 
for new learning.

Catherine completed items on her exposure list within 
8 weeks. She became very comfortable with CPAP use, as 
she experienced that she could breathe well and did not 
faint even when the pressure was set temporarily higher 
than what had been prescribed. She also learned that heart 
palpitation does not lead to heart attacks even when she 
increases her heart rate with exercising with the CPAP on 
or when she had decreased self-awareness during sleep. 
Catherine described that she was very confident that she 
would be able to use the CPAP “under any circumstance”. 

She started regular gentle physical activity during the 
treatment period and was hopeful that she would increase 
and maintain regular exercise and will lose weight in the 
coming months.

6.3.3  Research Evidence

Exposure therapy as a stand-alone treatment or as part of 
cognitive behavioral therapy is a highly efficacious and 
effective treatment for anxiety disorders. It yields large effect 
sizes from pre- to post-treatment for specific phobia (includ-
ing claustrophobia) and fear of harmless bodily sensations 
(panic disorder) compared to no treatment and outperforms 
control conditions, including wait list, placebo control, and 
other psychological interventions [47, 48]. Interestingly, 
clinical research studies focusing on exposure therapy for 
claustrophobia in the context of CPAP use are scarce [49].

6.4  When the Patient Has Mental Health 
Problems

There is a high prevalence of sleep disorders among people 
who experience chronic stress or symptoms of mental health 
problems. When people seek psychological help, the psy-
chologist may be the first clinician who obtains detailed 
information about the client’s sleep and recognize symptoms 
of OSA. This gives an opportunity to include the (possible) 
OSA in the clinical mental health case formulation and link 
it to the patient’s concerns (for example tiredness, irritability, 
nonrefreshing sleep) and goals in treatment. In the author’s 
experience, clients generally appreciate when a possible 
OSA diagnosis is discussed during the initial visit and a 
referral to a sleep laboratory is suggested. After clients 
receive an OSA diagnosis and a PAP machine, a PAP use 
plan can be incorporated in the psychology treatment plan. 
By the time this happens, there is a strong alliance between 
the psychologist and the client and the client may already be 
familiar with the theoretical framework that will also help 
with CPAP use, for example CBT. The strong alliance and 
trust that are established between the psychologist and the 
client during psychotherapy, the psychologist’s knowledge 
of the individual and regular meetings during the course of 
psychotherapy create an optimal interpersonal environment 
for working on PAP treatment adherence.

Insomnia – a leading sleep disorder in mental health con-
ditions – may already have been addressed in the psychology 
treatment by the time a PAP treatment is prescribed. 
Alternatively, the psychologist and the client may wait for 
the diagnostic sleep study results and implement a sleep 
improvement plan – including CBT-I and a PAP use – after 
the follow-up meeting with the sleep physician. For people 
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with PTSD, imagery rehearsal therapy (IRT) can be incorpo-
rated into a psychological sleep treatment plan that may also 
include CBT-I and methods to facilitate PAP use. Essentially, 
the treatment of sleep disorders (e.g., OSA, insomnia, or 
nightmares) can be integrated into a psychological, case 
formulation- based mental health treatment plan so that cli-
ents receive treatment both for the mental health and the 
sleep disorder during the treatment period, with a potential to 
enhance both sleep and mental health treatment outcomes.

6.5  Chapter Summary

The behavioral sleep specialist psychologist uses a biopsycho-
social, case formulation-based approach to conceptualize the 
challenges with CPAP treatment and select evidence- based 
methods to help clients use the PAP device. This opens avenues 
to flexibly work with clients who would otherwise be locked in 
categories as “non-adherent” or “does not tolerate CPAP” and 
give up CPAP use or being switched to a treatment modality 
that may not provide sufficient improvement in sleep quality or 
sleep-related quality of life. The knowledge and skillset of the 
behavioral sleep specialist psychologist are unique in a multi-
disciplinary sleep specialist team and complement the exper-
tise of the physicians and respiratory therapists. Ideally, the 
psychologist is involved from the treatment planning phase 
with COMISA patients and comes on board soon after the 
sleep apnea is detected in patients without insomnia when the 
patient is ambivalent about CPAP use or has difficulties with 
using CPAP that goes beyond pure technical problems. Clinical 
experience and research evidence clearly shows that a biomedi-
cal approach alone is insufficient to help patients resolve ambi-
ance about CPAP use or overcome challenges with PAP 
treatment. As client-centered, personalized, and multidisci-
plinary approaches are being advocated for the treatment of 
sleep apnea in the twenty-first century, behavioral sleep spe-
cialist psychologists have an essential and invaluable role as 
treatment providers in this field [50, 51].
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Abbreviations

AHI Apnea-hypopnea index
ASV Adaptive servo-ventilation
BMI Body mass index
CBT-i Cognitive behavioral therapy—insomnia
COMISA Comorbid obstructive sleep apnea and 

insomnia
CPAP Continuous positive airway pressure
EEG Electroencephalogram
OSA Obstructive sleep apnea
PLM Periodic leg movement

7.1  Introduction

In many patients with obstructive sleep apnea (OSA), the 
benefits of CPAP are clear-cut, and the treatment brings 
about remarkable improvements in quality of life. However, 
in others, the benefits are uncertain, incomplete, or absent, or 
they are outweighed by the drawbacks and inconvenience of 
the treatment, even when technical problems have been 
resolved.

These patients need guidance. Some need further investi-
gation, some should be encouraged to persevere with CPAP 
and given further help, a proportion of patients may benefit 
from an alternative treatment, and others need to be reas-
sured that they do not need CPAP. The presence of OSA does 
not necessarily mean that it explains their symptoms. Those 
who do not need CPAP may need further explanation and/or 
exploration of their symptoms and a plan for further manage-
ment of their condition. A negative CPAP trial (i.e., a lack of 
improvement in symptoms despite adequate usage) can be a 
useful and important step in the diagnostic process.

Many factors may need to be considered in formulating 
this guidance, including the severity of the sleep apnea, the 
reasons for presentation, the individual’s expectations, and, 
in many cases, the patient’s comorbidities and medication. A 
holistic approach is required, by a diagnostician. The physi-
cian is often the best-placed member of the team to provide 
this.

In this chapter, we attempt to describe our experience in 
managing these issues. The aim is to provide something that 
will be useful to practicing clinicians, especially those who 
are relatively new to the field. However, it is not a step-by- 
step guide. All patients are different and need to be managed 
as individuals. Also, different teams use different patient 
pathways and that may affect the precise way that things are 
done.

7.2  Threshold for CPAP Trials

One of the variations in patient pathways between different 
centers is the threshold for CPAP trials. Some centers offer 
CPAP mainly to patients who have proven severe or moder-
ately severe OSA on polysomnography, thus reserving the 
treatment for those in whom there is greatest evidence of 
benefit [1]. In contrast, others place more emphasis on symp-
toms and offer CPAP trials to symptomatic patients with 
only mild or minimal abnormalities on polysomnography or 
on simpler tests such as overnight oximetry. Although full 
polysomnography is the gold standard investigation for 
detecting physiological abnormalities during sleep, the mea-
surements made during polysomnography show only a lim-
ited correlation with symptomatic response to CPAP in 
symptomatic patients with a wide range of severity of sleep 
apnea-hypopnea. Furthermore, there is evidence that, of 
those measurements, improvement in sleepiness (subjective 
and objective) with CPAP is best predicted by simple mea-
sures such as the rate of 4% falls in arterial oxygen saturation 
or the frequency of body movements [2, 3].

7

L. H. Buckley (*) · J. R. Catterall 
Department of Respiratory Medicine, University Hospitals Bristol, 
Bristol, UK
e-mail: Laura.Buckley@uhbw.nhs.uk

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93146-9_7&domain=pdf
https://doi.org/10.1007/978-3-030-93146-9_7#DOI
mailto:Laura.Buckley@uhbw.nhs.uk


84

In our practice, we have a relatively low threshold for 
CPAP trials in patients with clinically suspected OSA 
 syndrome, even if oximetry is not diagnostic, and we reserve 
full polysomnography for those who are thought to have a 
different diagnosis, either before or after a CPAP trial. This 
is reflected in some of the examples described below. It is 
likely that negative CPAP trials are less common in those 
centers which have a higher threshold for trials of 
CPAP. However, whichever approach is used, a significant 
number of patients will not respond to CPAP in the way that 
they might have hoped, and the principles for managing 
these patients are the same.

7.3  Suboptimal Compliance Versus Lack 
of Effectiveness of CPAP

When a patient reports a negative or suboptimal response to 
CPAP, the first thing to establish is whether the difficulty lies 
mainly in compliance or whether the key problem is lack of 
effectiveness of CPAP in improving the patient’s symptoms. 
The approaches to these problems are fundamentally differ-
ent. This is shown schematically in Fig. 7.1.

The difference can usually be established easily by asking 
the patient to describe his or her experience with CPAP and 
by examining data from the CPAP machine. If there is over-
lap or uncertainty, it is usually best to deal with compliance 
first as it is obviously difficult to make a full assessment of 
effectiveness without reasonably good use of CPAP. However, 
there are patients, particularly those with mild OSA or mini-
mal symptoms, whose low compliance reflects lack of ben-
efit from CPAP, in which case continuing CPAP may not be 
in their best interests.

7.4  Strategies to Manage a Poor 
Response to CPAP

7.4.1  Poor Adherence

CPAP usage of more than 4 h per night, for at least 70% of 
nights, is accepted as adequate, although sleepiness improves 
in a linear response with increased CPAP usage [4]. Average 
CPAP usage is 4–5 h per night, but only 60–70% of patients 
use CPAP for more than 4  h per night on average, and 
approximately 30% of patients discontinue CPAP [4, 5]. 
Therefore, managing patients with poor adherence is a 

CPAP trial

Lack of improvement in sleepiness

Address technical problemsAddress technical problems

Explore reason for poor adherence

Consider
alternative
treatments

MAD
Weight loss
Clinical trials

Ongoing MOT
support and

encouragement

Driving and
occupational
implications

Mild symptoms
Lack of CVD benefit

Discontinue CPAP

Explore other
reasons for
sleepiness

Medications
Comorbidities

Identify other
sleep disorders

PSG/MSLT

Suboptimal adherence

Fig. 7.1 Systematic approach to problems encountered during CPAP trials. CPAP continuous positive airway pressure, MAD mandibular advance-
ment device, CVD cardiovascular disease, PSG/MSLT polysomnography/multiple sleep latency test
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common scenario faced in the sleep clinic and the role of the 
physician is to determine which patients should persevere 
with CPAP, which may benefit from alternative therapies, 
and which can discontinue CPAP. This generally depends on 
severity of OSA and degree of symptoms.

7.4.1.1  Technical Factors
The first step if a patient has poor CPAP adherence is to 
address technical issues. Although the physician has an 
important role, this technical support is usually delivered by 
non-medics, usually sleep physiologists/technologists or 
respiratory care practitioners. Practical support and educa-
tion are essential to achieve good CPAP compliance, and 
often poor compliance can be resolved by addressing practi-
cal issues, such as:

• Mask fit: often patients complain of discomfort from the 
mask, claustrophobia, or excessive leak which may be 
remedied by switching to a different style of mask (Box 
7.1)

• Addition of humidification if the patient complains of a 
dry mouth

• Prescribing nasal decongestants for nasal blockage

Although practice varies across countries, follow-up after a 
period of a few weeks of CPAP is generally recommended to 
identify and address any problems, in addition to patients 
having open access to the CPAP provider so there is no delay 
in resolving practical problems. With advancing technology, 
newer CPAP machines can be accessed remotely to enable 
telemonitoring of CPAP data, including compliance, mask 
leak, and residual events, which allows early identification of 
issues. However, as yet intensive telemonitoring of patients 
has generally not resulted in significant improvements in 
CPAP adherence [6]. Nevertheless, there may be other ben-
efits of telemonitoring, such as facilitating non-face-to-face 
consultations in areas where patients would need to travel 
long distances to clinic, or during the COVID-19 pandemic.

7.4.1.2  Poor Adherence after Technical Factors 
Have Been Addressed

Even once practical issues such as mask fit and humidifica-
tion have been resolved, some patients still do not tolerate 
CPAP well and therefore do not gain the expected benefit. In 
patients with moderate-to-severe OSA and excessive day-
time sleepiness, it is likely that CPAP will be the most effec-
tive treatment and generally we would recommend 
persevering with it. Reasons for failure to use CPAP ade-
quately need to be explored: In addition to taking a thorough 
history, the CPAP download data should be reviewed and 
discussed with the patient. Although the headline figure on 
the CPAP download is average nightly usage, this may not 
tell the whole story. Other metrics, such as average usage on 

nights used, and the pattern of usage over time should be 
reviewed (Box 7.1). For example:

• Some patients may use CPAP for an adequate amount of 
time on the nights they use it, but may not use it at all on 
other nights giving an overall lower average usage. This 
could be because of working patterns or intercurrent ill-
ness, for example.

• Some patients have good usage initially but it then tails 
off, which can be identified from the daily usage charts. In 
some cases, this can be due to a lack of understanding that 
CPAP is a long-term treatment, or an initial lack of 
improvement in symptoms leads to subsequent poor 
compliance.

Although evidence suggests that CPAP usage in the first 
week predicts CPAP usage after 30 days, and possibly lon-
ger, in our experience if patients are willing to persevere with 
CPAP, some improve their usage over time, with a corre-
sponding improvement in symptoms [7]. Clearly though, the 
CPAP setup process is of paramount importance in order to 
achieve the best long-term results.

In some excessively sleepy patients with moderate-to- 
severe OSA, poor CPAP usage has major implications for 
driving or occupation (Box 7.1). In the United Kingdom, the 
Driving and Vehicle Licensing Agency requires there to be 
an improvement in sleepiness along with adequate CPAP 
compliance (generally regarded as an average nightly usage 
of 4 h, although the exact number is not specified) in order 
for these patients to be deemed fit to drive [8]. For occupa-
tional drivers, this also applies to those with mild OSA and 
excessive daytime sleepiness. Similarly, other occupations, 
such as airline pilots and air traffic controllers, require medi-
cal confirmation that their sleepiness is controlled, some-
times with criteria set by their own licensing bodies. 
Therefore, the physician may have the difficult role of mak-
ing a decision regarding fitness to drive or work and needs to 
be clear about the implications of poor CPAP compliance to 
these patients which may in turn encourage them to increase 
CPAP usage. There may also need to be liaison with the 
patient’s occupational physician.

Whatever the reasons for suboptimal CPAP usage, further 
education about the potential benefits of CPAP is needed 
alongside close monitoring and other support, with the aim 
of improving compliance and symptoms. Despite this, there 
are some patients who still do not tolerate CPAP but would 
benefit from treatment of OSA, and at some point, the patient 
and physician will need to decide that persisting with CPAP 
is not likely to be effective. Second-line therapy would 
typically be with an oral appliance. While these are recog-
nized to be less effective at controlling OSA than CPAP, par-
ticularly in more severe OSA, this lack of efficacy may be 
offset by better compliance and therefore symptoms may 
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still improve [9]. Alternative treatments, such as implanted 
or transcutaneous hypoglossal nerve stimulation, are gener-
ally only available for a few patients in trial settings [10, 11]. 
Surgery is indicated only very infrequently and appears to be 
most effective in patients who have OSA due to a severe, 
surgically correctable lesion or craniofacial abnormality 
causing obstruction of the upper airway [12].
Finally, there are patients with minimally symptomatic OSA, 
or mild disease, who do not experience much benefit from 
CPAP which is the reason for their low compliance. In these 
patients, the role of the physician is to decide whether it is 
worth continuing CPAP to try and increase usage, or whether 
there has been truly no sign of improvement, in which case 
CPAP can be discontinued. These patients will be discussed 
in more detail in the next section.

7.4.2  Lack of Effectiveness of CPAP

If patients achieve adequate CPAP compliance but report no 
benefit, in the first instance it must be ensured that CPAP is 
actually controlling the OSA. Secondly, the physician must 
assess the degree of symptoms and response to CPAP to 
decide with the patient whether CPAP can be discontinued, 
which may be the case in patients with mild OSA and/or 
minimal symptoms. Thirdly, if the patient still complains of 
sleep-related symptoms despite adequate control of OSA, 
then it is important to consider other causes of sleepiness.

7.4.2.1  Failure to Control OSA
Patients may be established on fixed-pressure CPAP following 
a polysomnogram in which the CPAP pressure is titrated, or on 
auto-CPAP, in which the CPAP machine automatically adjusts 
the CPAP pressure. However, in some patients, OSA is still not 
well controlled and information about residual apnea-hypop-
nea index (AHI) can be obtained from the CPAP download 
data. In practice, the most common reason for this is excessive 
mask leak, information that can also be obtained from the 
CPAP download and can usually be addressed easily.

In some patients, the CPAP pressure may be too low. In 
patients using fixed-pressure CPAP, the pressure may be 
increased empirically or following a further CPAP titration 
study. In patients using auto-CPAP, if the average pressure is 
toward the upper end of the range, increasing the minimum 
pressure may help control OSA.
If the AHI remains elevated despite these measures and the 
patient remains symptomatic, a further sleep study may be 
required. This may be either full polysomnography, i.e., 
with electroencephalogram (EEG), or limited polysomnog-
raphy, without EEG.  If polysomnography was completed 
before the CPAP trial, and the diagnosis of OSA is certain, 

a sleep study on CPAP will usually be preferred, to distin-
guish between residual obstructive events and CPAP-
emergent central sleep apnea. However, if the only 
investigation before the CPAP trial was overnight oximetry, 
a sleep study off CPAP may be more appropriate to confirm 
that apneas and hypopneas are obstructive, rather than cen-
tral or mixed, as patients with central sleep apnea may 
require other forms of nocturnal respiratory support (Box 
7.2). In addition, it may be important to exclude obesity 
hypoventilation (in conjunction with arterial or transcuta-
neous carbon dioxide measurement) as this may require 
bilevel ventilation.

7.4.2.2  Mild OSA
Severity of OSA does not necessarily correlate with 
degree of sleepiness or other symptoms, and it can some-
times be difficult to predict which patients will respond 
well to CPAP from the results of sleep studies [2, 3]. 
Because of this, patients with mild OSA and/or mild 
symptoms may be offered CPAP very much as a trial, on 
the understanding that it may or may not benefit them 
significantly. However, there is accumulating evidence 
that CPAP can be beneficial in patients with mild OSA, 
hence the rationale for a CPAP trial in these patients. 
Randomized trials assessing the efficacy of CPAP in mild 
OSA have generally shown small, statistically significant 
benefits in patients with mild-to-moderate OSA, although 
a more recent study of patients with mild OSA (AHI <15) 
showed clinically significant improvements in quality of 
life and sleepiness [13–15]. However, CPAP usage is 
generally lower in these patients, probably because they 
obtain less benefit overall than patients with more symp-
tomatic, severe OSA.
Therefore, as the treating physician, it is important to judge 
whether ongoing treatment with CPAP is in the patient’s best 
interests. If patients with mild OSA have experienced little 
or no benefit from CPAP, even if compliance has been subop-
timal, then pursuing CPAP is probably not the right course 
for them and this should be considered a negative CPAP trial 
and CPAP discontinued. If they are still sleepy, then OSA is 
unlikely to be the cause (especially if they have had good 
CPAP compliance), and other reasons need to be explored.

7.4.2.3  Patients with Non-Classical OSA 
Symptoms

Patients are referred to sleep clinics for a range of different 
reasons: with sleep-related symptoms, for example; because 
of snoring and witnessed apneas noted by a partner;  following 
screening prior to bariatric surgery; or by a cardiologist 
investigating causes of hypertension or atrial fibrillation. It is 
recognized that there is a range of clinical presentations of 
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OSA, or phenotypes. Cluster analyses have shown that in a 
large cohort of patients with moderate-to-severe OSA, 
approximately one-third have “classical” OSA characterized 
by excessive daytime sleepiness, one-third have symptoms 
of disturbed sleep (insomnia and frequent awakenings) but 
less daytime sleepiness, and one-third are minimally symp-
tomatic [16].

So, should patients without excessive daytime sleepiness 
be offered a trial of CPAP? In a randomized trial, non-sleepy 
patients with cardiovascular disease and moderate-to-severe 
OSA treated with CPAP had greater improvements in sleepi-
ness and quality of life than controls [17]. Furthermore, in 
another randomized trial, patients with mild-to-moderate 
OSA without significant sleepiness randomized to CPAP 
also had greater improvements in sleepiness and quality of 
life than controls, and 70% opted to continue CPAP at the 
end of the trial [18]. Therefore, it is reasonable to offer a 
CPAP trial to patients with mild symptoms as some benefit 
from CPAP even if their perception of symptoms was low.

However, the chance of CPAP success, defined as adher-
ence of more than 4 h per night and improvement in symp-
toms, is 80% lower in patients with minimal symptoms, and 
about 50% lower in patients in the “disturbed sleep” group 
than in those with excessive daytime sleepiness [19]. At fol-
low- up, these patients may have low CPAP compliance as 
well as no or little improvement in symptoms, and it can be 
challenging to decide whether to extend the CPAP trial in the 
hope that adherence and symptoms will improve, or whether 
to accept that CPAP is not going to be of benefit (Box 7.3). 
This is a decision that needs to be made on a case-by-case 
basis by the physician and the patient and depends on sever-
ity and type of symptoms, whether there has been any sign of 
improvement, degree of non-adherence, and willingness of 
the patient to continue CPAP.

If patients truly have minimal symptoms and either do not 
wish to try CPAP, or obtain no benefit, they may still be wor-
ried about leaving OSA untreated, and there has been long- 
standing concern regarding the adverse cardiovascular 
consequences of OSA, especially if severe. This is particu-
larly true in at-risk populations, in whom OSA is highly 
prevalent yet patients are frequently asymptomatic [20]. For 
example, OSA has a prevalence of up to 80% in patients with 
refractory hypertension and approximately 50% in patients 
with heart failure and ischemic heart disease respectively, yet 
many of these patients are not sleepy and do not benefit 
symptomatically from CPAP, possibly because increased 
sympathetic drive maintains alertness [21].

Observational studies have shown that patients with 
untreated OSA are at increased risk of cardiovascular events 
compared with those without OSA, or treated OSA [22]. 
However, randomized trials have failed to show a decrease in 

the incidence of cardiovascular events or all-cause mortality 
when non-sleepy OSA patients are treated with CPAP [17, 
23, 24]. Therefore, CPAP cannot be recommended solely for 
the prevention of cardiovascular events in asymptomatic 
patients. CPAP lowers blood pressure, but only by 
1–2 mmHg, and therefore, anti-hypertensive medications are 
both more effective and tolerable [25, 26]. The only caveat 
would be in drug-resistant hypertension, where CPAP has 
greater effects on blood pressure and could be recommended 
to optimize blood pressure control if patients are already on 
maximal anti-hypertensive medications [27].
Therefore, if a patient referred to the sleep clinic is found to 
have severe OSA but is genuinely asymptomatic, it is reason-
able not to offer a trial of CPAP, although many physicians 
will reach a joint decision with the patient after discussing 
the evidence (Box 7.4). Similarly, if such a patient with mild 
symptoms does not experience benefit from CPAP, it can be 
stopped, and the patient can be reassured that there is no evi-
dence to support continuing treatment with regard to long-
term cardiovascular benefits.

7.4.2.4  Persistent Sleepiness Despite Control 
of OSA

Although many patients have improvements in sleepiness 
with CPAP, approximately 10–20% experience persistent 
sleepiness despite adequate control of OSA with CPAP [28]. 
The role of the physician is to identify other causes. This will 
often necessitate a detailed sleep study (on or off CPAP), if 
the patient has not already had one, to exclude other sleep 
disorders. However, there is often not another primary sleep 
disorder. In these cases, the sleepiness may be explained by 
medication or comorbidities, although it may be idiopathic.

 Coexistent Sleep Disorders
If a patient has not responded well to CPAP, the sleep history 
should be revisited in order to try and identify any coexistent 
sleep disorders. The physician should ask about:

• Sleep pattern, in conjunction with a sleep diary, to iden-
tify insomnia or lifestyle factors affecting sleep

• Symptoms of restless legs and periodic leg movement 
(PLM) syndromes

• Narcolepsy symptoms (cataplexy, sleep-related halluci-
nations, sleep fragmentation, and sleep paralysis)

The patient is likely to need a full polysomnogram to look 
for other sleep disorders. In cases where the diagnosis of 
OSA is certain, a polysomnogram on CPAP will be appropri-
ate, as this will confirm that OSA is well controlled and 
allow other non-respiratory sleep disorders to be identified. 
However, depending on local practice, patients may have 
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been offered a CPAP trial on the basis of symptoms despite 
having had a screening test such as oximetry that was non- 
diagnostic. In these patients, it is probably more useful to 
perform a polysomnogram off CPAP to establish whether the 
patient actually has OSA and to look for other sleep disor-
ders. If there is clinical suspicion of narcolepsy, then a mul-
tiple sleep latency test should also be performed, as patients 
may have been misdiagnosed with OSA when the diagnosis 
is in fact narcolepsy, a much rarer condition [29].

 Periodic Leg Movements
PLMs commonly coexist with OSA and are associated with 
worse sleep quality, although not more sleepiness [30]. 
However, the clinical significance of PLMs that coexist with 
OSA is uncertain and the OSA should be treated first (Box 
7.5). Nevertheless, PLMs frequently persist even when 
patients are treated with CPAP, and if these patients com-
plain of persistently poor sleep quality, further management 
of the periodic leg movements may be warranted.

 Comorbid OSA and Insomnia (COMISA)
It is increasingly recognized that insomnia, characterized by 
difficulty initiating and/or maintaining sleep, commonly 
coexists with OSA [31]. Studies have shown that 30–60% of 
patients with OSA also have insomnia, and these patients 
experience more daytime impairment, poorer quality of life, 
and more coexistent psychiatric disorders than patients with 
either condition alone. Furthermore, patients with insomnia 
are less likely to tolerate CPAP, although, in some patients 
whose insomnia is mainly secondary to sleep disturbance 
from apneas, treatment with CPAP may improve both condi-
tions. However, in other patients, insomnia may persist (Box 
7.6). Such patients benefit from cognitive behavioral therapy 
(CBT-i), a proven non-pharmacological treatment that modi-
fies the behavioral and psychological factors that perpetuate 
insomnia. In patients with COMISA, four sessions of CBT-i 
prior to commencing CPAP increased CPAP adherence and 
improved insomnia although not daytime sleepiness [32]. 
However, access to CBT-i is not widely available in some 
regions, and while online CBT-i may be a second-line option, 
it has lower efficacy than face-to-face CBT-i and has not 
been tested in COMISA patients [33].

 Comorbidities and Medications
In many patients, medications and comorbidities account for 
residual sleepiness (Box 7.7). Medications associated with 
excessive daytime sleepiness include benzodiazepines, opi-
ates, anti-histamines, antidepressants, anti-epileptics, gaba-
pentinoids, and beta-blockers. Patients are often well 
established on these drugs and the benefit often outweighs 
the side effects. However, the sleep physician is well placed 
to recognize which drugs may be contributing to residual 

sleepiness, and liaise with the patient’s primary care physi-
cian or specialist who may be able to adjust medications.
Many comorbidities are associated with excessive daytime 
sleepiness, including neurological disorders, heart failure, 
rheumatological and endocrine disorders, as well as psychi-
atric disorders such as depression. In some patients, the sleep 
physician may be satisfied that residual sleepiness is second-
ary to comorbidities and medications. However, a proportion 
of patients will need further investigation to rule out other 
causes.

 Idiopathic Persistent Sleepiness
It is estimated that once coexistent sleep disorders, comor-
bidities, and medications that could cause residual sleepiness 
are excluded, approximately 10% of patients with adequate 
CPAP adherence have residual sleepiness [28]. These 
patients have more fatigue, depressive symptoms, and lower 
health self-perception at baseline, symptoms which persist 
despite CPAP treatment. Residual sleepiness should be 
assessed objectively as it may not correlate with patient- 
reported sleepiness. In some patients, treatment with a stim-
ulant drug may be warranted. Modafinil and armodafinil are 
approved in the USA, but not in Europe, for treatment of 
excessive daytime sleepiness in OSA patients. More recently, 
solriamfetol has been approved in both the USA and Europe 
and can be considered in patients in whom CPAP adherence 
is suboptimal [34]. Pitolisant, a histamine H3 receptor antag-
onist, is currently only approved for use in narcolepsy, but a 
recent randomized trial in sleepy OSA patients who refused 
CPAP showed that it reduced Epworth sleepiness score more 
than placebo [35].

7.5  Conclusion

The physician has an important role as part of the multidisci-
plinary sleep team in assessing patients whose adherence to 
CPAP is suboptimal or who have incomplete resolution of 
symptoms. Making these assessments can be a complex pro-
cess and may need to take into account severity of OSA, 
symptoms, reason for presentation, medical and psychiatric 
history, patient wishes, and other factors. Although each 
patient must be assessed individually, a systematic approach 
can guide management. Once technical factors have been 
optimized, the physician can decide with the patient whether 
they should persevere with CPAP, switch to an alternative 
therapy, or discontinue CPAP in cases of mild OSA and/or 
minimal symptoms. In patients who have persistent sleepi-
ness despite treatment of OSA, the physician can initiate fur-
ther sleep studies as appropriate. Finally, it must be 
recognized that persistent sleepiness may not be due a sleep 
disorder, but to comorbidities and medication.
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Box 7.1 Case 1: Exploring Patterns of CPAP Use
A 32-year-old long-haul truck driver was started on 
CPAP after being diagnosed with severe OSA syn-
drome (4% oxygen desaturation index of 42). He had 
had a near miss while driving his truck and had exces-
sive daytime sleepiness with an Epworth score of 20. 
He had a small beard. He was instructed not to drive 
until it was confirmed that his use of CPAP was ade-
quate and that his symptoms were controlled.

The CPAP was set up by a specialist sleep physiolo-
gist with appropriate education and support. The 
patient requested a full-face mask because he thought 
that he would have difficulty breathing through his 
nose.

After 10 days, he called to say that he could not 
tolerate the CPAP. He reported that the machine was 
noisy that he did not like the sensation of air blowing 
onto his face and that air was sometimes blowing into 
his eyes. He had also developed a congested nose. Data 
from the machine showed that he had tried to use the 
CPAP every night but that his average nightly use was 
less than 2  h. There was excess leak, and the sleep 
apnea was not controlled.

It was thought likely that the beard was preventing 
a good mask seal. He agreed to try a nasal mask and 
was prescribed a nasal steroid spray to prevent nasal 
congestion. He was reassured that he was making 
progress and that a solution would be found.

Four weeks later, his average use of CPAP over all 
nights was only 2.75 h. He was concerned that he was 
about to lose his job and asked to see a physician.

However, this time the pattern of CPAP use was dif-
ferent. He had used CPAP well on 16 of the 28 nights, 
with an average nightly use of 4.25 h and, within that, 
a pattern of gradually increasing use up to maximum 
of 5.5 h. On those nights, there had been no excess leak 
and the sleep apnea had been well controlled. He had 
also experienced much better sleep quality on those 
nights and had felt refreshed the next day.

On the other twelve nights, he had not used the 
CPAP at all. He explained that he had first had a major 
family shock as his father had been taken seriously ill 
and the stress had rendered him unable to cope with 
the new treatment, and just as he had been ready to 
restart CPAP, he had caught a cold from his young chil-
dren and had found it impossible to use the CPAP for a 
week.

He was reassured that these were understandable 
reasons for not using CPAP and that he was continuing 
to make progress. However, it was also explained that 

Box 7.2 Case 2: Mixed Obstructive and Central Sleep 
Apnea
A 65-year-old man presented with poor quality sleep. 
There was a history of loud snoring and witnessed 
apneas and of waking with a choking sensation. He 
was a busy professional photographer and did not 
experience sleepiness except sometimes when relaxing 
in the evening. His Epworth score was 10. However, he 
was concerned about his sleep quality and also about 
the cardiovascular effects of sleep apnea, as he had a 
history of hypertension and his mother had had a 
stroke. His medication consisted of candesartan, ben-
droflumethiazide, atorvastatin, and amitriptyline. He 
drank half a bottle of wine each night. His body mass 
index (BMI) was 31. Overnight oximetry showed 
marked cyclical oxygen desaturation with a 4% oxy-
gen desaturation index of 48 and 38 on two nights of 
study. A provisional diagnosis of OSA syndrome was 
made and he was started on a trial of auto-CPAP. He 
was also given lifestyle advice.

During the first month, he used CPAP on 87% of 
nights and his nightly use of CPAP averaged 4.6  h. 
However, his sleep quality did not improve. He found 
the ramps in pressure difficult to tolerate and switched 
the machine off repeatedly. There was no excess leak 
but the residual AHI was 18. In an attempt to reduce 
the pressure changes, the maximum CPAP pressure 
was capped at a level that it was thought he would tol-
erate, based on the CPAP download. However, this did 
not help. Further adjustments were made to the CPAP 

he would not be able to resume driving until there was 
clear evidence of adequate use of CPAP every night 
over a substantial period. He was given a letter for his 
employer, who, fortunately, was able to provide him 
with temporary non-driving work.

He became well established on CPAP with an over-
all average nightly use of more than 7 h, and the day-
time sleepiness did not recur. He was able to resume 
driving after a further few weeks. Annual checks con-
firmed continued good use of CPAP and continued 
control of his symptoms.

Comment: By analyzing the pattern of this man’s 
CPAP use, and exploring the reasons for it, it was pos-
sible to help, support, and reassure him. However, it 
was also necessary to be firm with him about driving 
until consistent use of CPAP was verified.

7 Role of the Physician in CPAP Adherence and CPAP Trials
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but his sleep quality remained poor, and the AHI 
remained high. The CPAP download also showed 
Cheyne-Stokes respiration.

This was confirmed on limited polysomnography, 
off CPAP. The study showed an AHI of 54, comprising 
12 obstructive apneas 18 central apneas, 5 mixed 
apneas, and 19 hypopneas per hour. 25% of the night 
was spent in Cheyne-Stokes respiration.

Echocardiography showed normal left ventricular 
function. As he was symptomatic, he was offered a 
trial of adaptive servo-ventilation (ASV). After starting 
ASV, the AHI fell to 5 and his sleep quality improved 
significantly. Six years later, he remains asymptomatic 
and fully compliant with ASV, averaging 8 h of nightly 
use. His cardiac function also remains normal.

Comment: This man had mixed obstructive and 
central sleep apnea. The frequent pressure changes 
which he found intolerable were probably due to the 
auto-CPAP device ineffectively trying to compensate 
for the central apneas.

Cheyne-Stokes respiration, a form of central sleep 
apnea, is often seen on CPAP downloads (CPAP- 
emergent central sleep apnea) and is frequently an 
incidental finding which does not require treatment. 
However, in this case the central sleep apnea was pri-
mary, rather than secondary to CPAP. He was offered 
treatment because he had continued symptoms which 
had not responded to CPAP. ASV could only be con-
sidered once it had been established that left ventricu-
lar function was preserved because there is evidence 
that ASV is associated with increased mortality in 
patients with a left ventricular ejection fraction of 45% 
or less [36]. No underlying cause was found for this 
man’s Cheyne-Stokes respiration. However, when a 
cause is found, such as heart failure, the underlying 
condition should be treated first.

Box 7.3 Case 3: CPAP Started during Hospital Admission

A 70-year-old man was admitted to hospital with leg 
cellulitis. He was drowsy. He had a history of chronic 
kidney disease and recurrent venous thromboembo-
lism. His BMI was 36. He was treated with intrave-
nous antibiotics, and his temperature settled. 
However, he slept a lot during the day. He was noted 
to snore and to have obstructive apneas during sleep. 
On direct questioning, he did not feel that he usually 
had a problem with daytime sleepiness, although his 
wife reported that he sometimes fell asleep when 
watching television. Overnight oximetry showed evi-
dence of severe sleep apnea with a 4% oxygen desat-
uration index of 34. He used CPAP in hospital for the 
next two nights. The sleepiness improved and he was 
discharged home.

Shortly after discharge, he stopped using the 
CPAP. He found the treatment inconvenient and he was 
not convinced that it was helping him. When he was 
reviewed in the outpatient clinic, a month later he 
reported that the sleepiness had improved as he had 
resumed his usual activities. His Epworth score was 
10. There was no history of sleepiness when driving. 
This was confirmed by his wife.

He was informed about the potential cardiovascu-
lar effects of OSA, and it was suggested that he 
restart the CPAP on a trial basis. He used the CPAP 
well for a trial period of 3 weeks but then stopped it 
because he did not experience any symptomatic ben-
efit. At review, 5  weeks after stopping CPAP, his 
Epworth score was 4. It was concluded that he had 
OSA without daytime sleepiness and it was agreed 
that he did not need to use CPAP. He was advised to 
lose weight.

Comment: This gentleman’s temporary drowsi-
ness and sleepiness were due to intercurrent illness 
and probably the boredom of being in hospital. 
Although he had severe OSA, he did not wish to 
continue CPAP, and because he did not have persis-
tent daytime sleepiness, he could be reassured that 
there was no clear evidence that CPAP would be 
beneficial to him.
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Box 7.4 Case 4: Obstructive Sleep Apnea and Atrial 
Fibrillation
A 61-year-old man with hypertension presented with 
palpitations due to atrial fibrillation. He was referred to 
a cardiologist, who prescribed anticoagulant medica-
tion and a beta-blocker. Cardioversion was initially 
successful but the arrhythmia returned. On direct ques-
tioning, his wife reported apneas during sleep and loud 
snoring. However, there was no history of daytime 
sleepiness, and the patient felt that his sleep quality 
was good. His Epworth score was 1. Overnight oxim-
etry showed evidence of severe sleep apnea with a 4% 
oxygen desaturation index of 32. He consented to a 
trial of CPAP.

He used the CPAP well for 4 weeks, and the CPAP 
controlled the sleep apnea. However, he did not experi-
ence any symptomatic benefit, and he found the treat-
ment inconvenient.

The potential pros and cons of CPAP treatment 
were discussed with the patient so that he could make 
an informed decision. It was explained that, overall, 
there is no evidence that CPAP has a beneficial effect 
on mortality in patients with cardiovascular disease in 
non-sleepy patients with OSA.  However, it was also 
pointed out that in patients with OSA there is observa-
tional evidence that CPAP can reduce the chance of 
recurrence of atrial fibrillation, including after catheter 
ablation [37]. He opted not to continue CPAP.

Comment: Having tried CPAP, and having had an 
opportunity to discuss the evidence for and against the 
potential medical benefits for him, the patient felt con-
fident to make his own decision regarding CPAP.

Box 7.5 Case 5: Obstructive Sleep Apnea, Periodic Leg 
Movements, and Coexistent Fibromyalgia
A 48-year-old man with fibromyalgia presented with 
poor quality sleep, morning headaches, marked tired-
ness, and excessive daytime sleepiness. His Epworth 
score was 22. He worked as a carer for his wife, who 
had commented on his loud snoring and apneas during 
sleep. His BMI was 34. He drank no alcohol. He was 
taking codeine for musculoskeletal pains, citalopram 
for depression, together with a small dose of amitripty-
line at night, and also iron supplements and a proton 
pump inhibitor because of mild iron deficiency attrib-
uted to esophagitis and gastroesophageal reflux. 

Overnight oximetry showed cyclical oxygen desatura-
tion typical of OSA, with a 4% oxygen desaturation 
index of 10 and a 3% desaturation index of 18. He 
agreed to a trial of CPAP.

During the first month, he used CPAP very little. He 
found it inconvenient and noisy, and there were prob-
lems with a damaged hose. Also, he reasoned that his 
sleep disturbance was caused by pains from the fibro-
myalgia. However, he was persuaded to try again. It 
was explained that the hole in the hose would have 
made the treatment less effective and that the hose 
needed to be replaced. It was also pointed out that 
improving sleep quality by treating coexisting OSA 
can reduce the symptoms of fibromyalgia [38].

A month later, he was using CPAP for an average of 
4 h a night. His sleep quality had improved and, in par-
ticular, the morning headaches had resolved. However, 
he still felt tired, and his Epworth score was still 18.

Polysomnography was performed while he was 
using CPAP.  This showed good control of the sleep 
apnea but increased leg movements, with a PLM index 
of 70.

However, by the time the results of the study were 
discussed with the patient, his nightly use of CPAP had 
increased to an average of 7.3  h and he was feeling 
significantly better. His Epworth score had fallen to 14. 
The musculoskeletal pains had improved and he had 
been able to discontinue the codeine.

The possible contribution of the PLMs to his symp-
toms was discussed and also the potential role of iron 
deficiency and antidepressant use in causing the leg 
movements. The potential benefits and risks of dopa-
mine agonists in the treatment of PLMs were also 
mentioned. His primary care physician was informed. 
The ferritin level was optimized, with no obvious ben-
efit. The amitriptyline was discontinued, after which 
he experienced a further small reduction in daytime 
tiredness.

Overall, he felt much improved and, in consultation 
with his primary care physician, it was decided to 
make no more changes.

Comment: This patient had both OSA and PLMs. 
His clinical improvement was mainly due to the use of 
CPAP, which increased gradually over several months, 
resulting in progressively longer periods of good qual-
ity sleep and improvement in the fibromyalgia 
symptoms.
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PAP Therapy for Sleep Breathing 
Disorders: Good Policies and Practices

Mubdiul Ali and Meir Kryger

8.1  Guiding Patients to Improve 
Adherence

Positive airway pressure (PAP) therapy introduced into clini-
cal practice in the mid-1980s remains the treatment of choice 
for patients with sleep-disordered breathing (SDB) when 
used effectively. Adherence is the key, however, as the clini-
cal benefits of PAP therapy fall off significantly if not rou-
tinely used. Initiation of successful PAP therapy involves a 
new habit formation, a difficult task for a significant portion 
of the adult target patient population. Over the years, PAP 
therapy as emerged as one of the most successful treatment 
modalities of various forms of SDB including obstructive 
sleep apnea (OSA). However, achieving adequate adherence 
to PAP therapy remains as one of the biggest challenges of 
SDB treatment. There are many reasons for non-adherence 
with PAP therapy. In this chapter, we will discuss some of 
the ways to improve PAP adherence in patients with SDB.

8.2  What Practice Guidelines Suggest

The American Academy of Sleep Medicine has published 
guidelines on the treatment of OSA with PAP [1]. This docu-
ment made recommendations based on the strength of the 
published literature. These were the strong recommenda-
tions: use PAP, compared with no therapy, to treat OSA in 
adults with excessive sleepiness; PAP therapy be initiated 
using either APAP at home or in-laboratory PAP titration in 
adults with OSA and no significant comorbidities; use either 
CPAP or APAP for ongoing treatment of OSA in adults; and 
educational interventions be given with initiation of PAP 
therapy in adults with OSA. These were the conditional rec-
ommendations: use PAP, compared with no therapy, to treat 
OSA in adults with impaired sleep-related quality of life; use 

PAP, compared with no therapy, to treat OSA in adults with 
comorbid hypertension; use CPAP or APAP over BPAP in 
the routine treatment of OSA in adults; behavioral and/or 
troubleshooting interventions be given during the initial 
period of PAP therapy in adults with OSA; and use 
telemonitoring- guided interventions during the initial period 
of PAP therapy in adults with OSA.

8.3  What Is Adherence?

The parameter for adequate PAP therapy adherence has 
largely been driven by third-party payers who are responsi-
ble for device reimbursement. A dose–response relationship 
between PAP usage and clinical outcomes in OSA has been 
well demonstrated in existing literature [2]. In clinical prac-
tice, even some use of PAP therapy is better than no therapy 
at all. In the medical literature, a (perhaps arbitrary) thresh-
old of less than 4 h of nightly PAP use on 70% of nights has 
been adopted to define non-adherence [3]. In a cohort of 149 
patients with severe OSA, Weaver et al. demonstrated that a 
4 h of nightly continuous PAP (CPAP) use was associated 
with improvement in the Epworth Sleepiness Scale [2]. As 
for patients with hypertension, CPAP usage of more than 
3.5 h was associated with greater reduction in 24-h diastolic 
blood pressure after 4 weeks of treatment [4]. Using a crite-
rion of 4 h or less of nightly use, CPAP non-adherence has 
been estimated between 29% and 83% [5–7].

8.4  Strategies to Augment PAP 
Compliance

8.4.1  Match Patient to the Optimal Interface

One of the most common barriers to successful PAP initiation 
is poor mask fitting. Poor fit with leak, skin pressure and irrita-
tion, dry mouth, and nasal congestion make mask interface 
less tolerable. Fortunately, most of these common complaints 
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have reasonable solutions. There are now a wide variety of 
interfaces available in the market that patients can choose 
from. Heated humidification was developed to try to minimize 
dryness of nose, mouth, and throat. Condensation in the tubing 
or rainout can be minimized using heated tubing or tube cov-
ers to reduce exposure of the tubing air to the cooler surround-
ing environment. These solutions are not expensive but do 
require multiple follow-ups either via in person visits or by 
phone calls to make sure patients’ complaints are appropri-
ately addressed. It is critical for a sleep clinic to have PAP 
follow-up visit available throughout the day where a dedicated 
sleep technician or respiratory therapist can address ongoing 
issues with mask interface with patients. Although choosing 
the right mask interface is important, there is no strong evi-
dence that the PAP mask interface at treatment initiation sig-
nificantly influences adherence [6].

Pressure-related discomfort has led to the development of 
expiratory pressure relief technologies, which reduce airway 
pressure during early expiration with a return to the pre-
scribed pressure at the end of expiration to varying degrees. 
It too has not been shown to improve adherence reliably [8]. 
The ramp feature reduces the initial PAP level and then grad-
ually increases the pressure over a set time period to the pre-
scribed target, but no improvement in adherence has been 
shown with the addition of the ramp [3]. Again, studies com-
paring auto-titrating units to traditional PAP units have 
shown similar adherence [3]. In 62 OSA patients random-
ized to continuous PAP (CPAP) or bilevel PAP (BPAP), there 
was no significant difference between hourly use, the per-
centage of time that the device was running, and the pre-
scribed pressure that was being delivered at 1  year. Thus, 
bilevel PAP cannot be routinely recommended as a strategy 
to improvement adherence in OSA [9].

8.4.2  Patient Education and Serial Follow-Up

Patient education is recognized as a standard of care in the 
treatment of SDB [10]. Unfortunately, there is no standard-
ized approach of this education that has been shown to be 
effective. Knowledge and support are likely of greater impor-
tance in those with less educational background. Meurice 
et  al. studied the effects of four educational strategies on 
CPAP compliance in 112 severe OSA patients in seven cen-
ters in the French ANTADIR homecare network [11]. 
Patients received either a simple oral explanation or an oral 
and written explanation of CPAP use. In addition, they 
received, from homecare technicians, either a single home 
visit at CPAP onset or repeated home visits at CPAP onset 
and at 1 week, 1 month, and 3 months after. There was no 
significant difference in adherence between all four educa-
tion groups. In contrast, Lai et  al. randomized 100 OSA 
patients to a brief motivational enhancement education pro-
gram or usual care [12]. The intervention group received 

usual care plus a brief motivational education program 
directed at enhancing the subjects’ knowledge, motivation, 
and self-efficacy to CPAP through the use of a 25-min video, 
a 20-min patient-centered interview, and a 10-min telephone 
follow-up. The intervention group had better CPAP use 
(higher daily CPAP usage by 2 h per day (P < 0.001)) and a 
fourfold increase in the number of patients using CPAP for 
≥70% of days with ≥4 h/day.

8.4.3  Frequent Telephone Follow-Up

The pattern of PAP usage is established early, typically dur-
ing the first week of therapy, and has been shown to predict 
long-term use [13–15]. Therefore, it is imperative for sleep 
providers to set the expectations of their patients from the 
beginning and schedule frequent follow-up soon after receiv-
ing the PAP device. This will make sure patients would not 
have unrealistic treatment outcome expectations about the 
quality of their sleep after starting PAP therapy. Frequent 
early follow-up will also make sure all their mask interface- 
related questions are appropriately addressed as well as pro-
vide necessary troubleshooting and feedback. Early adoption 
of PAP use has been associated with long-term adherence 
and successful treatment of SDB in clinical setting.

8.4.4  Matching Patient and Treatment

Not every patient with SDB is a candidate for PAP therapy. 
For a relatively healthy patient with newly diagnosed OSA, 
relatively low apnea-hypopnea index (AHI), and minimal 
symptom burden, PAP is likely not the appropriate initial 
treatment modality. For such patients, adequate PAP compli-
ance would be hard to achieve, especially when perceived 
benefits are so minimal. Patients with realistic treatment out-
come expectations, and healthy coping mechanism handle 
PAP therapy better [16]. These psychological factors may be 
more important than any other patient characteristic in deter-
mining patterns of PAP use. Patients who self-initiate their 
referral have been shown to have greater PAP use [17]. 
Reporting problems after the first night of PAP has been 
shown to be an important predictor of ensuing CPAP use [18].

8.4.5  Familiarizing Patients with Their 
Medical Equipment Provider

It is imperative that every PAP user is familiar with the durable 
medical equipment (DME) supplier, the company responsible 
for supplying the necessary accessories for their PAP therapy. 
Each DME supplier should be the first line of resource to 
answering questions on PAP therapy. The contact information 
of the DME supplier should be placed on the equipment.
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8.4.6  Scheduling In-Lab PAP Titration

PAP can be introduced both in-laboratory or at home using 
auto-titrating PAP technologies based on patient characteris-
tics, preference. There is some evidence of greater comfort 
and improved adherence with auto-titrating PAP in patients 
requiring PAP levels higher than 10 cm H2O and in patients 
reporting side effects on conventional PAP [19]. In relatively 
healthy patients, administration of home auto-titrating PAP 
with follow-up as needed may be sufficient. These patients 
can be followed remotely via cloud monitoring to ensure 
compliance. However, in patients with significant comor-
bidities, who may struggle with the interface or may not be 
able to follow instructions at home, scheduling in-lab PAP 
titration might be more beneficial.

8.4.7  Modifying the Definition of PAP 
Adherence

The Centers for Medicare and Medicaid Services (CMS) 
require that for continued PAP coverage beyond the first 
3 months of therapy, the treating physician must conduct a 
face-to-face clinical re-evaluation no sooner than 31 days but 
no later than 91 days after initiating therapy [1]. Additionally, 
there must be documentation that the patient is benefiting 
from PAP therapy with objective evidence of PAP adherence 
based on download data showing >4  h of nightly use for 
>70% of nights monitored during a consecutive 30-day 
period. Such strict adherence guidelines create unnecessary 
pressure on the patient to make frequent in-person visits to 
the sleep clinic. Any level of PAP use was associated with 
some mortality benefit over no PAP use. Thus, patients are 
likely to benefit from some form of PAP therapy even if that 
is not adequate by CMS definition. Additionally, adherence 
usually improves over time, with one Big Data analysis 
showing up to 87% adherence using modern technology 
[20]. The patients who are not adherent during the first 
90 days can become more adherent as they get more used to 
the idea of wearing mask [21]. While follow-up is absolutely 
necessary in ensuring treatment adherence, the frequency, 
intensity, and modality of follow-up to optimize adherence 
remain unknown.

8.4.8  Identify the Group of Patients 
with High Risk of Non-Compliance

Not every patient requires the same level of follow-up to 
ensure appropriate PAP adherence. Identifying patients at 
risk of poor compliance is helpful [39]. There is no single 
factor that has been consistently identified as a predictor of 
compliance. A multi-dimensional approach using education, 
behavioral, technological, and potentially pharmacological 

strategies is required to augment the complex behavior of 
PAP use [6]. A more convincing association has been 
observed between initial severity of daytime sleepiness and 
PAP use, and an Epworth Sleepiness score >10 was shown to 
be an independent predictor of long-term CPAP use in 1211 
consecutive OSA patients [15]. Patients with AHI over 15 
but with relatively lesser symptomatic burden will need more 
encouragement from the providers to maintain adequate PAP 
compliance. Some studies have suggested worse CPAP 
adherence in African Americans, although reasons for this 
disparity are unclear, but may be a function primarily of 
socioeconomic status [1]. In a sample of 126 New Zealand 
patients with OSA initiating CPAP therapy, 19.8% were 
Mãori, a group that had significantly lower CPAP usage than 
non-Mãori but in a multiple regression model including eth-
nicity, socioeconomic status, annual income, level of formal 
education, and eligibility for government-subsidized health 
care, only non-completion of tertiary education and socio- 
economic deprivation remained as significant independent 
predictors of CPAP non-adherence [22]. In a retrospective 
cohort of 260 veterans with newly diagnosed OSA, initial 
CPAP adherence was closely associated with higher neigh-
borhood socio-economic factors [23]. CPAP users have been 
shown to have more years of education and be more likely to 
work in professional occupations [5]. On the other side, cer-
tain psychological traits and disposition have been liked to 
PAP non-compliance. The type D (distressed) personality, 
defined as a combination of negative affectivity and social 
inhibition, was found in 30% of 247 OSA patients treated 
with PAP for longer than 60 months. Brostrom et al. showed 
that this personality type significantly increased the per-
ceived frequency and severity of a range of side effect and 
had lower objective PAP adherence compared with patients 
without type D personality [24]. Interestingly enough, 
depression and anxiety do not seem to influence PAP adher-
ence significantly, and no association was demonstrated 
between the Hospital Anxiety and Depression Scale and PAP 
use [18]. (For more information on socioeconomic differ-
ences, personality disorders, and depression in relation to 
PAP use, see Chaps. 9, 11, and 19).

8.4.9  Ruling Out Claustrophobia

A 15-item subscale measuring claustrophobic tendencies 
was measured pre-CPAP and after 3 months of CPAP in a 
secondary analysis of data from a prospective study of 153 
OSA participants that completed 3 months of CPAP therapy 
[25]. Poor CPAP adherence (<2 h per night) was more than 
two times higher in participants with a claustrophobia score 
of ≥25. Identification of patients with claustrophobic ten-
dencies and targeted interventions designed to reduce the 
fear and intrusiveness of SDB therapies may be beneficial, 
see Chap. 6. With the advancement of mask interface 
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technology, claustrophobia has been less of an issue in recent 
years than in the past few decades.

8.4.10  Cognitive Therapy

Cognitive behavioral or motivational strategies have been 
successful in improving PAP adherence [17]. In a meta- 
analysis assessing the effectiveness of educational, sup-
portive, or behavioral strategies in encouraging PAP use, 
most studies incorporated elements of more than one inter-
vention [26]. Low-to-moderate-quality evidence showed 
that all three types of interventions led to increased PAP 
usage in PAP-naive participants with moderate-to severe- 
OSA. Behavioral therapies led to improvement in average 
PAP usage by 1.44 h/night (95% CI: 0.43–2.45, n = 584, six 
studies: low-quality evidence) and increased the number of 
participants who used their machines for longer than 4 h 
per night from 28 to 47 per 100 (OR: 2.23, 95% CI: 1.45–
3.45, n  =  358, 3 studies, low-quality evidence) [27]. For 
more information on these psychological methods, see 
Chap. 6.

8.4.11  Social Support

Lewis et al. found that PAP use was higher in those living 
with someone as compared with those living alone [18]. 
Having a spouse does not always improve compliance since 
spousal pressure to use PAP has not been found to be benefi-
cial for adherence [18]. Baron et al. found that perception of 
wives’ support for PAP treatment predicted increased adher-
ence, but only in patients with high disease severity [28]. For 
more information on the impact of partner and family sup-
port, see [40] and Chap. 10.

8.4.12  Convenient Referral Stream to Ear, 
Nose, and Throat (ENT) Specialists

PAP devices rely on delivery of pressurized air via flexible 
tubing connecting to an external mask that interfaced with 
the patient—a key to such air delivery is nasal patency. This 
is especially true for nasal mask interface. PAP use is lower 
in patients with smaller nasal passages, and nasal congestion 
has been associated with a decrease in mean daily PAP use 
[29, 30]. Patients should be referred to an otolaryngologist if 
there is any concern regarding nasal patency. If symptoms 
persist despite medical therapies, surgery may be required 
[31]. Surgical correction of severe nasal obstruction in 12 
patients with severe OSA refractory to PAP treatment 
resulted in a significant decrease in nasal resistance and ren-
dered all patients tolerant to CPAP [32]. According to some 

otolaryngologists, nasal septoplasty to facilitate PAP adher-
ence is the most common surgery for OSA [33].

8.4.13  Sedative-Hypnotic Use Early on

There is limited evidence for the efficacy sedative-hypnotic 
during PAP initiation in improving long-term PAP adher-
ence. Both the approach of using a single sedative dose, typi-
cally a Z-hypnotic, prior to split-night or titration 
polysomnography and regular use of a sedative for the first 
14 days of CPAP therapy have been studied, but again no 
consistent improvement in adherence has been shown 
[34–36].

8.4.14  Using Smartphone-Based Technologies 
to Improve Compliance

Microprocessors embedded within modern PAP units moni-
tor cumulative time that PAP device is turned on at the effec-
tive pressure and can transmit these data to patients’ 
smartphones. A motivated patient with basic smartphone 
knowledge can easily use these data to track their adherence 
and efficacy. This information can then be viewed by sleep 
providers using various transmission systems including 
smartcards, memory sticks, or wireless transmission. 
Malhotra et al. compared active patient engagement (APE) 
technology, a real-time Internet-based patient engagement 
tool, to usual care monitoring in a retrospective analysis of 
two cloud-based databases (AirView and myAir) [20]. In this 
study, APE was associated with more patients achieving 
adherence defined by US Medicare criteria compared with 
usual care with remote monitoring of PAP adherence (87.3% 
compared with 70.4%). Average therapy usage was 5.9 h in 
the APE group versus 4.9 h in the matched usual care group 
and patients ‘struggling’ with PAP therapy adherence had a 
17.6% absolute improvement in adherence using APE com-
pared with usual care. This is, however, not possible for oral 
appliances (without an integrated sensor to monitor adher-
ence), where a provider still must rely on self-reporting to 
measure compliance. Of note, self-reported PAP use overes-
timates actual use by approximately 1 h [37].

8.4.15  The Importance of Patient Feedback

A key to PAP compliance is to continue frequent exchange of 
feedback between patients and their providers. In a four-arm 
randomized trial of 1455 patients, Hwang et al. showed PAP 
usage was significantly higher in the group with PAP tele-
monitoring with automated patient-messaging feedback by 
itself and mixed with web-based OSA education versus usual 
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care but not for the group that only received web-based OSA 
education [38]. Similar to prior studies on education, this 
study found that even with a telemedicine platform, educa-
tion alone had no significant influence on PAP use and it 
again suggested that accountability may be more effective at 
inducing changes in adherence behavior.

8.5  Conclusion

There is no one definitive way to achieve adherence to PAP 
therapy in patients with SDB. It is a habit-forming process 
that requires frequent feedback from the clinicians as well 
from the PAP supplier to keep the patients engaged and moti-
vated. With the recent explosion of technological advances 
in the world of sleep medicine, tracking PAP compliance has 
become easier than ever. We strongly believe achieving PAP 
compliance is not an implausible goal as long as we all work 
together to ensure optimal management of SDB.

References

 1. Patil SP, Ayappa IA, Caples SM, Kimoff RJ, Patel SR, Harrod 
CG. Treatment of adult obstructive sleep apnea with positive air-
way pressure: an American Academy of Sleep Medicine clinical 
practice guideline. J Clin Sleep Med. 2019;15(2):335–43.

 2. Weaver TE, Maislin G, Dinges DF, Bloxham T, George 
CF, Greenberg H, Kader G, Mahowald M, Younger J, Pack 
AI. Relationship between hours of CPAP use and achieving normal 
levels of sleepiness and daily functioning. Sleep. 2007;30:711–9.

 3. Sunwoo BY, Light M, Malhotra A. Strategies to augment adherence 
in the management of sleep-disordered breathing. Respirology. 
2020;25:363–71.

 4. Faccenda JF, Mackay TW, Boon NA, Douglas NJ.  Randomized 
placebo-controlled trial of continuous positive airway pressure on 
blood pressure in the sleep apnea-hypopnea syndrome. Am J Respir 
Crit Care Med. 2001;163:344–8.

 5. Kribbs NB, Pack AI, Kline LR, Smith PL, Schwartz AR, Schubert 
NM, Redline S, Henry JN, Getsy JE, Dinges DF. Objective mea-
surement of patterns of nasal CPAP use by patients with obstructive 
sleep apnea. Am Rev Respir Dis. 1993;147:887–95.

 6. Sawyer AM, Gooneratne NS, Marcus CL, Ofer D, Richards KC, 
Weaver TE.  A systematic review of CPAP adherence across age 
groups: clinical and empiric insights for developing CPAP adher-
ence interventions. Sleep Med Rev. 2011;15:343–56.

 7. Weaver TE, Grunstein RR. Adherence to continuous positive air-
way pressure therapy: the challenge to effective treatment. Proc Am 
Thorac Soc. 2008;5:173–8.

 8. Aloia MS, Stanchina M, Arnedt JT, Malhotra A, Millman 
RP.  Treatment adherence and outcomes in flexible vs stan-
dard continuous positive airway pressure therapy. Chest. 
2005;127:2085–93.

 9. Reeves-Hoche MK, Hudgel DW, Meck R, Witteman R, Ross A, 
Zwillich CW.  Continuous versus bilevel positive airway pres-
sure for obstructive sleep apnea. Am J Respir Crit Care Med. 
1995;151:443–9.

 10. Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil 
SP, Ramar K, Rogers R, Schwab RJ, Weaver EM, et  al. Adult 
Obstructive Sleep Apnea Task Force of the American Academy of 

Sleep Medicine. Clinical guideline for the evaluation, management 
and long-term care of obstructive sleep apnea in adults. J Clin Sleep 
Med. 2009;5:263–76.

 11. Meurice JC, Ingrand P, Portier F, Arnulf I, Rakotonanahari D, 
Fournier E, Philip-Joet F, Veale D.  ANTADIR Working Group 
“PPC”, CMTS ANTADIR. A multicentre trial of education strate-
gies at CPAP induction in the treatment of severe sleep apnoea- 
hypopnoea syndrome. Sleep Med. 2007;8:37–42.

 12. Lai AYK, Fong DYT, Lam JCM, Weaver TE, Ip MSM. The effi-
cacy of a brief motivational enhancement education program on 
CPAP adherence in OSA: a randomized controlled trial. Chest. 
2014;146:600–10.

 13. Budhiraja R, Parthasarathy S, Drake CL, Roth T, Sharief I, 
Budhiraja P, Saunders V, Hudgel DW. Early CPAP use identifies 
subsequent adherence to CPAP therapy. Sleep. 2007;30:320–4.

 14. Krieger J.  Long-term compliance with nasal continuous positive 
airway pressure (CPAP) in obstructive sleep apnea patients and 
nonapneic snorers. Sleep. 1992;15:S42–6.

 15. McArdle N, Devereux G, Heidarnejad H, Engleman HM, 
Mackay TW, Douglas NJ.  Long-term use of CPAP therapy for 
sleep apnea/hypopnea syndrome. Am J Respir Crit Care Med. 
1999;159:1108–4.

 16. Sawyer AM, Deatrick JA, Kuna ST, Weaver TE. Differences in per-
ceptions of the diagnosis and treatment of obstructive sleep apnea 
and continuous positive airway pressure therapy among adherers 
and nonadherers. Qual Health Res. 2010;20:873–92.

 17. Hoy CJVM, Kingshott R, Engleman HM, Douglas NJ. Can inten-
sive support improve continuous positive airway pressure use in 
patients with the sleep apnea/hypopnea syndrome? Am J Respir 
Crit Care Med. 1999;159:1096–100.

 18. Lewis KE, Seale L, Bartle IE, Watkins AJ, Ebden P.  Early pre-
dictors of CPAP use for the treatment of obstructive sleep apnea. 
Sleep. 2004;27:134–8.

 19. Hukins C.  Comparative study of autotitrating and fixed-pressure 
CPAP in the home: a randomized, single-blind crossover trial. 
Sleep. 2004;27:1512–7.

 20. Malhotra A, Crocker ME, Willes L, Kelly C, Lynch S, Benjafield 
AV. Patient engagement using new technology to improve adher-
ence to positive airway pressure therapy: a retrospective analysis. 
Chest. 2018;153:843–50.

 21. Naik S, Al-Halawani M, Kreinin I, Kryger M. Centers for Medicare 
and Medicaid Services Positive Airway Pressure Adherence 
Criteria May Limit Treatment to Many Medicare Beneficiaries. 
J Clin Sleep Med. 2019;15(2):245–51. https://doi.org/10.5664/
jcsm.7626. PMID: 30736874; PMCID: PMC6374085.

 22. Bakker JP, O’Keeffe KM, Neill AM, Campbell AJ. Ethnic dispari-
ties in CPAP adherence in New Zealand: effects of socioeconomic 
status, health literacy and self-efficacy. Sleep. 2011;34:1595–603.

 23. Platt AB, Field SH, Asch DA, Chen Z, Patel NP, Gupta R, Roche 
DF, Gurubhagavatula I, Christie JD, Kuna ST.  Neighborhood of 
residence is associated with daily adherence to CPAP therapy. 
Sleep. 2009;32:799–806.

 24. Brostrom A, Stromberg A, Martensson J, Ulander M, Harder L, 
Svanborg E. Association of Type D personality to perceived side 
effects and adherence in CPAP-treated patients with OSAS. J Sleep 
Res. 2007;16:439–47.

 25. Chasens ER, Pack AI, Maislin G, Dinges DF, Weaver 
TE. Claustrophobia and adherence to CPAP treatment. West J Nurs 
Res. 2005;27:307–21.

 26. Wozniak DR, Lasserson TJ, Smith I. Educational, supportive and 
behavioural interventions to improve usage of continuous positive 
airway pressure machines in adults with obstructive sleep apnoea. 
Cochrane Database Syst Rev. 2014;(1):CD007736.

 27. Crawford MR, Espie CA, Bartlett DJ, Grunstein RR.  Integrating 
psychology and medicine in CPAP adherence  - new concepts? 
Sleep Med Rev. 2014;18:123–39.

8 PAP Therapy for Sleep Breathing Disorders: Good Policies and Practices

https://doi.org/10.5664/jcsm.7626
https://doi.org/10.5664/jcsm.7626


100

 28. Baron KG, Smith TW, Berg CA, Czajkowski LA, Gunn H, Jones 
CR. Spousal involvement in CPAP adherence among patients with 
obstructive sleep apnea. Sleep Breath. 2011;15:525–34.

 29. Budhiraja R, Kushida CA, Nichols DA, Walsh JK, Simon RD, 
Gottlieb DJ, Quan SF. Impact of randomization, clinic visits, and 
medical and psychiatric cormorbidities on continuous positive 
 airway pressure adherence in obstructive sleep apnea. J Clin Sleep 
Med. 2016;12:333–41.

 30. Li HY, Engleman H, Hsu CY, Izci B, Vennelle M, Cross M, 
Douglas NJ. Acoustic reflection for nasal airway measurement in 
patients with obstructive sleep apnea-hypopnea syndrome. Sleep. 
2005;28:1554–9.

 31. Fiorita A, Scarano E, Mastrapasqua R, Picciotti PM, Loperfido A, 
Rizzotto G, Paludetti G. Moderate OSAS and turbinate deconges-
tion: surgical efficacy in improving the quality of life and com-
pliance of CPAP using Epworth score and SNOT-20 score. Acta 
Otorhinolaryngol Ital. 2018;38:214–21.

 32. Nakata S, Noda A, Yagi H, Yanagi E, Mimura T, Okada T, Misawa 
H, Nakashima T. Nasal resistance for determinant factor of nasal 
surgery in CPAP failure patients with obstructive sleep apnea syn-
drome. Rhinology. 2005;43:296–9.

 33. Awad MI, Kacker A.  Nasal Obstruction Considerations in Sleep 
Apnea. Otolaryngol Clin North Am. 2018;51(5):1003–9. https://
doi.org/10.1016/j.otc.2018.05.012. Epub 2018 Jun 20. PMID: 
29934201.

 34. Bradshaw DA, Ruff GA, Murphy DP.  An oral hypnotic medi-
cation does not improve continuous positive airway pres-
sure compliance in men with obstructive sleep apnea. Chest. 
2006;130:1369–76.

 35. Lettieri CJ, Collen JF, Eliasson AH, Quast TM. Sedative use during 
continuous positive airway pressure titration improves subsequent 
compliance: a randomized, double-blind, placebo-controlled trial. 
Chest. 2009;136:1263–8.

 36. Lettieri CJ, Shah AA, Holley AB, Kelly WF, Chang AS, Roop SA, 
CPAP Promotion and Prognosis-The Army Sleep Apnea Program 
Trial. Effects of a short course of eszopiclone on continuous posi-
tive airway pressure adherence: a randomized trial. Ann Intern 
Med. 2009;151:696–702.

 37. Rauscher H, Formanek D, Popp W, Zwick H. Self-reported vs mea-
sured compliance with nasal CPAP for obstructive sleep apnea. 
Chest. 1993;103:1675–80.

 38. Hwang D, Chang JW, Benjafield AV, Crocker ME, Kelly C, Becker 
KA, Kim JB, Woodrum RR, Liang J, Derose SF. Effect of telemedi-
cine education and telemonitoring on continuous positive airway 
pressure adherence. The tele-OSA randomized trial. Am J Respir 
Crit Care Med. 2018;197:117–26.

 39. Julie, Bros Caroline, Poulet Jonathan El, Methni Chrystèle, 
Deschaux Marc, Gandit Petrus J, Pauwels Marie, Charavel.  
Determination of risks of lower adherence to CPAP treatment before 
their first use by patients. J Health Psychology. 2022;27(1):223–35. 
https://doi.org/10.1177/1359105320942862.

 40. Nazia Naz S, Khan David, Todem Shireesha, Bottu M. Safwan, 
Badr Adesuwa, Olomu. Impact of patient and family engage-
ment in improving continuous positive airway pressure adher-
ence in patients with obstructive sleep apnea: a randomized 
controlled trial. J Clin Sleep Med. 2022;18(1):181–91. https://doi.
org/10.5664/jcsm.9534.

M. Ali and M. Kryger

https://doi.org/10.1016/j.otc.2018.05.012
https://doi.org/10.1016/j.otc.2018.05.012
https://doi.org/10.1177/1359105320942862
https://doi.org/10.5664/jcsm.9534
https://doi.org/10.5664/jcsm.9534


Part II

Factors Influencing PAP Adherence



103© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. M. Shapiro et al. (eds.), CPAP Adherence, https://doi.org/10.1007/978-3-030-93146-9_9

Socioeconomic Differences in CPAP 
Adherence

Martha E. Billings and Susan Redline

9.1  Introduction

Social determinants of health are the conditions under which 
people are born, grow up, live, work, and age. Shaped by the 
distribution of money, power, and resources, social determi-
nants of health contribute to health inequities, i.e., unjust and 
avoidable differences in health status [1, 2]. Socioeconomic 
status (SES) strongly influences health outcomes across a 
wide range of conditions, from infant mortality to overall life 
expectancy [3]. Life experiences of individuals with low SES 
may include growing up in poverty, living in an urban slum, 
working in stressful and unhealthy environments, and aging 
on a fixed income with limited access to healthcare. Life 
experiences of chronic stress, deprivation, and high allostatic 
load (cumulative physiological effects of neuro-cortical acti-
vation) may contribute to health behaviors and altered hypo-
thalamic pituitary cortisol response [4, 5]. Epidemiological 
studies consistently demonstrate a greater burden of cardio-
vascular disease (CVD), as well as diabetes, obesity, and 
hyperlipidemia [6] among individuals in lower socioeco-
nomic positions [7, 8]. Additionally, lower SES has long 
been associated with worse health outcomes beyond CVD, 
with high rates of mortality from cancer and lung disease [3, 
9]. Social determinants of health also contribute to sleep 
health disparities: lower SES is associated with shorter dura-
tion of sleep, more fragmented sleep, delayed sleep onset, 
and poor-quality sleep [10], in addition to circadian rhythm 
disturbances associated with increased sleep timing variabil-

ity and shift work. Emerging data indicate that low SES also 
is a risk factor for obstructive sleep apnea (OSA) [11], with 
possible mechanisms including increased exposures to envi-
ronmental pollutants, low neighborhood walkability and 
reduced physical activity, poor diet, and obesity [12–14]. As 
a social determinant of health, SES also likely impacts OSA 
outcomes, including delays in OSA recognition and diagno-
sis and, once identified, suboptimal treatment and long-term 
chronic disease management. A key aspect of effective OSA 
management relates to adherence to positive airway pressure 
(PAP) therapy.

PAP is the most efficacious therapy for OSA; however, its 
effectiveness is often limited by adherence. PAP adherence, 
empirically defined as 4 or more hours of use per night for 5 
nights a week or 70% of days, is low across populations, 
with only 40–50% users adhering long term [15]. Data sup-
port a dose-response relationship, with greater clinical ben-
efit with longer duration of PAP use, leading to resolution of 
sleepiness and improved daytime functioning [16, 17]. 
Observational studies have shown reduced risk of cardiovas-
cular events in those with OSA on PAP treatment compared 
to controls [18, 19], but this has not been supported in larger 
randomized clinical trials [20]. However, secondary analyses 
of subgroups with higher adherence suggest improved out-
comes [21, 22]. Longitudinal studies consistently show use 
of PAP improves sleep quality, excessive daytime sleepiness, 
and quality of life in those with OSA symptoms [17].

Socioeconomic status is associated with lower adherence 
to medications [23] and therapies in many other chronic dis-
eases, such as HIV, asthma, COPD, hypertension, and diabe-
tes [24, 25]. Socioeconomic status is also associated with 
PAP adherence. In this chapter, we review the evidence and 
the possible factors behind differences in adherence by 
socioeconomic status through a socioecological lens, exam-
ining the physical, social, and environmental factors that 
may influence sleep and adherence patterns.
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9.2  The Evidence for Differences in CPAP 
Adherence by SES

Though data are limited, poor adherence to PAP is more 
prevalent in those with lower socioeconomic position. Lower 
PAP adherence in low SES groups compared to upper SES 
groups has been observed in both observational cohort stud-
ies and clinical trials. A cohort study at a single center identi-
fied that neighborhood SES measured by median household 
income predicted 1-year PAP adherence [26]. An observa-
tional study from a single community sleep center with a 
diverse population identified education as an independent 
predictor of PAP adherence. Those with a college degree or 
more were six times more likely to meet PAP adherence 
thresholds than those with a high school or less education, in 
adjusted analyses for race/ethnicity. However, this study did 
not find differences in use by residential ZIP code SES or 
insurance status [27]. In an observational study of veterans, 
PAP adherence was associated with neighborhood SES, with 
only 34% using CPAP for ≥4 h among those residing in the 
lowest SES census block compared to 62% in the highest 
SES census [28]. In the HomePAP trial, a randomized multi-
city trial comparing home study vs. full polysomnography 
diagnostic and treatment strategies in the USA, residing in 
the lowest 25% SES ZIP codes was associated with an aver-
age 50 fewer minutes of PAP use compared to those in higher 
SES ZIP codes, after adjustment for sleep apnea severity and 
study arm [29]. These differences were observed despite 
standardized support for PAP use for all study participants. 
In both of the latter two studies, participants did not have 
PAP equipment expenses or out of pocket costs to explain the 
differences, suggesting that behavioral change (i.e., regularly 
wearing PAP) may be influenced by a broad range of indi-
vidual, household, and neighborhood level stressors and 
challenges not addressed by routine PAP support methods.

Differences in adherence by SES have also been observed 
utilizing large administrative databases. Using a random 5% 
sample of all Medicare claims data, a recent study identified 
a cohort of beneficiaries diagnosed with OSA who initiated 
CPAP between 2009 and 2011; the authors assessed adher-
ence by CPAP equipment charges. Low SES, identified by 
proxy as Medicaid eligibility, was found to be a strong pre-
dictor of poor CPAP adherence [OR 1.48, 95% CI (1.24,1.75)] 
among Medicare beneficiaries ≥65  years [30]. Another 
recent study utilized a large sample of PAP use data from the 
USA and geo-linked the participants by ZIP code to US cen-
sus socioeconomic data. The researchers found that PAP 
users living in the lowest median household income ZIP 
codes had significantly lower adherence levels than those liv-
ing in the highest, at 40% vs. 47%, respectively [31]. These 
studies reveal differences in PAP adherence by SES with 
real-world, modern big data.

Not surprisingly, SES has also been associated with CPAP 
acceptance, as those with less financial means are less likely 
to agree to PAP. In studies in Israel, India, and Canada, those 
with lower income and residing in lower SES areas were less 
likely to agree to purchase PAP [32–34]. Offers of financial 
incentives did off-set this PAP acceptance, but financial cov-
erage did not improve adherence [35]. Thus, clearly, when 
PAP is not covered by insurance or national health service, 
the cost of the device and equipment may make uptake of 
PAP prohibitive to those in the lower SES strata. However, 
the persistent low adherence despite financial coverage fur-
ther supports the need to identify additional factors that oper-
ate as barriers and facilitators to continued PAP usage.

Often confounding observed SES associations with 
adherence, especially in the United States, are race and eth-
nicity. Due to the consequences of systemic racism, white 
supremacy, and segregation, low SES is tightly associated 
with non-white race in the USA. Low SES neighborhoods 
have higher proportion of Black, Latin, and indigenous pop-
ulations due to historical housing policies (so-called redlin-
ing) with higher rates of poverty, unemployment, and low 
home ownership in non-white communities [36]. Many 
adverse health outcomes more prevalent in non-white com-
munities are linked with chronic economic and social depri-
vation, related to the consequences of structural and 
institutional racism [37]. Racism and discrimination can 
additionally adversely impact sleep [38]. Racial discrimina-
tion was recently identified as a strong mediator of insomnia 
severity among Black compared to non-Black groups [39]. 
Studies examining sleep apnea disparities observe differ-
ences by race/ethnicity and similar disparities by SES [29, 
31]. Race and ethnicity are social constructs, reflecting cul-
tural norms, ancestry, and shared social history often tied to 
political oppression and exploitation and hence patterned by 
SES [40]. Thus, many sleep health disparities, including 
sleep apnea and PAP therapy adherence, are associated with 
both race/ethnicity and SES.

9.3  Possible Explanatory Factors 
for Differences by SES

There are several possible factors contributing to this dispar-
ity in PAP adherence. One may be that individuals in low 
SES neighborhoods experience less and poorer quality of 
sleep than those living in high SES neighborhoods. Achieving 
optimal adherence not only relates to the ability and motiva-
tion to use PAP but also the ability to achieve sufficient sleep. 
Individuals who routinely sleep less than 6 h per night have 
a more limited time during the sleep period to achieve the 
minimal target of 4 h per night of PAP use. In addition, fac-
tors that prolong sleep latency may make nightly adjustment 
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to PAP more challenging. Similarly, frequent nighttime 
awakenings may challenge the individual to readjust to PAP 
with each awakening, thus reducing the likelihood of con-
tinuing to use PAP throughout the night.

Neighborhood physical and social environmental features 
have been shown to impact aspects of sleep that may 
adversely affect PAP adherence. Living in disordered neigh-
borhoods has been associated with difficulty falling asleep 
and more awakenings in the night [41]. People living in dis-
advantaged neighborhoods are more likely to report insuffi-
cient sleep, delayed onset, and poor quality sleep [10, 42]. 
Additionally, those residing in composite low SES neighbor-
hoods have more insomnia symptoms [10, 43]. Shorter sleep 
duration and reduced continuity, measured objectively by 
actigraphy, is also associated with neighborhood disadvan-
tage [44]. Disrupted, delayed sleep and difficulty getting to 
sleep may make adapting to PAP use more difficult and limit 
sustained use.

Deleterious ambient environment features that influence 
sleep are more prevalent in low SES residential areas. 
Aspects of the built environment such as housing quality and 
household and neighborhood density may negatively impact 
PAP adherence through adverse effects on the sleeping envi-
ronment. Inopportune light and excess noise are common in 
dense, poor urban areas and may contribute to delayed and 
disturbed sleep [45, 46]. Individuals residing in low SES 
neighborhoods are also more likely to have poorer air quality 
and greater urban heat [47, 48], both of which can impact 
sleep quality. Furthermore, greater pollution has been associ-
ated with worse sleep apnea [14] and chronic rhinosinusitis 
[49]. This may make wearing PAP more challenging via 
more nasal congestion as well as contribute to adeno- tonsillar 
hypertrophy.

Additional potential factors influencing PAP adherence 
may be home, family, and work features that differ by 
SES. Those in lower SES may have more crowded homes 
and more shared sleeping spaces [50]; they may have less 
consistent access to electrical outlets and less comfortable 
sleeping environments to utilize PAP. However, there is lim-
ited research addressing these factors. Lack of dedicated 
bedroom, conflicting sleep schedule from bed partner, and 
uncomfortable room temperature were not shown to associ-
ate with PAP adherence in one survey study [27].

The social neighborhood environment, often deleterious 
to sleep in lower SES neighborhoods, may also contribute to 
reduced PAP use. Fear of crime, violence, and lack of social 
cohesion are more prevalent in low SES neighborhoods. 
These adversities heighten vigilance, negatively impact sleep 
quality, and are associated with more insomnia symptoms 
[51]. Using PAP may be more challenging when sleep is 
impacted by fears and external threats to the vulnerable 
sleeper. Longer sleep duration by objective measurements 
was observed in neighborhoods perceived to be safer and 

with greater social cohesion [52]. Less neighborhood trust 
and lower social capital were also associated with insomnia 
symptoms and differed by SES [53]. Reported longer sleep 
latency was associated with reduced PAP use in the HomePAP 
trial; those residing in the lowest SES ZIP codes reported 
longer sleep latency [54]. PAP may be perceived to be less 
beneficial when sleep remains disturbed by fear and hyper-
vigilance related to the neighborhood social environment.

Early life home experiences and SES have also been asso-
ciated with less sleep duration and longer latency [55]. Thus, 
poor sleep during childhood may impact sleep later in life 
and ability to utilize PAP successfully. Other potential fac-
tors include work schedules, with more night shifts, longer 
hours with less control, and irregular schedules impacting 
circadian rhythms, worsening sleepiness [56, 57]. Those in 
low SES employment positions often have more shift work 
requirements [58]. These work requirements may impair the 
ability to establish a routine for consistent PAP use and more 
difficult with PAP due to circadian misalignment.

Other hypothesized barriers to PAP use in lower SES 
groups include financial hardship, competing health burdens, 
and difficulty with access to care. The greater burden of costs 
of extra supplies (e.g., ability to try a different masks) to 
enable PAP tolerance may preclude use despite health insur-
ance coverage of the device. Many observational studies 
additionally demonstrate more comorbidities in the OSA 
patients with lower SES [30, 59]. These competing health 
issues may negatively impact the ability to find the time and 
energy to prioritize PAP use. Comorbid insomnia and mental 
health issues such as anxiety may impact sleep and thus abil-
ity to use PAP, as seen in veterans [60]. Post-traumatic stress 
disorder, by heightening vigilance and claustrophobia, also 
may negatively influence ability to adjust to wearing a nasal/
face mask [61]. Improving PAP tolerance, through gradual 
acclimation, behavioral change, cognitive therapy, and 
desensitization [62, 63], often requires extended time, par-
ticularly for under-resourced populations with additional 
contextual issues. With less job flexibility and competing 
child-care and elder-care needs, individuals in low SES 
employment may not have the time required to adapt to 
PAP. Modern telehealth innovations may improve adherence 
[64, 65], but their impact on lower SES populations is likely 
lower given the diminished Internet access, health literacy, 
and technical fluency compared to high SES population [66]. 
The digital divide may thus reduce the benefits of these 
emerging technologies in low SES PAP users.

9.4  Summary

PAP adherence is reported to be poorer in OSA patients 
with low socioeconomic position and among those residing 
in lower SES neighborhoods compared to those in the 
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higher SES positions and neighborhoods. The factors that 
contribute to low PAP adherence are likely complex and 
multilevel, including suboptimal living and sleeping envi-
ronments, adverse neighborhood conditions that hinder 
sleep, cost issues of the device and supplies, and competing 
demands at work and home as well as competing health and 
social concerns. Further research is needed to understand 
how these interrelated factors impact PAP adherence and 
identify multilevel interventions to mitigate these barriers 
while facilitating better PAP use in individuals from low 
SES communities. Implementation Science, which applies 
evidence-based approaches in real-world settings and prac-
tice, is an ultimate translational goal. Certainly, the burden 
of sleep apnea and effects on sleepiness and daytime func-
tioning may be more profound in the low SES groups with 
additional life stressors, limited resources, and serious 
comorbid health issues. Thus, interventions that could 
enhance sleep quality and ability to utilize PAP low SES 
groups may have substantive impacts on quality of life and 
well-being.
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Abbreviations

OSA Obstructive sleep apnea
PAP Positive airway pressure
PSG Polysomnography

10.1  Introduction

Positive airway pressure (PAP) therapy for obstructive sleep 
apnea (OSA) is a challenging treatment, and, consequently, 
acceptance and adherence to PAP therapy are often problem-
atic. Maximum therapeutic benefits including reductions in 
symptoms of OSA (i.e., snoring, apneas) are achieved 
through consistent PAP use. For many patients, OSA and 
PAP therapy are not experienced in isolation: patients often 
have close family members who may be directly or indirectly 
affected by and invested in the health and well-being of the 
patient. This chapter will present data on the impact that 
untreated OSA and PAP treatment have on spouses/partners 
and family members as these effects are likely to contribute 
to the level and type of engagement of partners and family 
members in patients’ acceptance and adherence to PAP treat-
ment. It will also present data on the impact of partner and 
family involvement on PAP acceptance and adherence and 
highlight PAP adherence intervention studies that included 
partner or family involvement.

10.2  Impact of Untreated OSA on Partners 
and Family Members

In addition to its documented adverse effects on patients’ 
health and quality of life [1–3], untreated OSA can have 
negative daytime and nighttime consequences for close fam-
ily members [4, 5]. Although the majority of research has 
focused on the effect of untreated OSA on partners, family 
members other than the patient’s partner may also be 
impacted. For instance, an OSA patient’s interactions with 
other family members may be impaired by disruptions in 
sleep due to loud snoring or reduced engagement in daytime 
activities due to daytime sleepiness. In a qualitative study of 
42 OSA patients experiencing excessive daytime sleepiness 
(52% male; mean age 51.4 years), participants reported that 
excessive daytime sleepiness interfered with their caregiving 
ability and ability to do general housework and chores as a 
result of needing to plan the day around their symptoms, 
made it difficult to take vacations with family, and negatively 
affected their relationship with family members [5].

OSA symptoms are primary causes of sleep disturbance 
among partners. Up to 66% of partners of patients with OSA 
reported moderate to severe sleep disturbance and poor sleep 
quality due to the patient’s snoring, apneas, and restlessness 
[6, 7]. During qualitative interviews and focus groups, part-
ners voiced being distressed by witnessing patients stop 
breathing during the night and feeling the need to monitor 
the patient’s breathing throughout the night [8, 9]. Objective 
sleep data acquired by polysomnography (PSG) corrobo-
rated partners’ reports of sleep difficulties. Wives of hus-
bands with untreated OSA have more wake after sleep onset, 
a higher percentage of stage 1 sleep, and greater alpha power 
during slow wave sleep compared to wives of healthy hus-
bands [10]. In a study of concurrent PSG of wives and hus-
bands with suspected OSA sharing the same bed, wives had 
a median sleep efficacy of 71% and an arousal index of 21, 
and almost a third (32%) had an arousal within 1–3 s of a 
snore by the patient [11]. Various tactics for mitigating the 
disturbed sleep caused by patients’ OSA symptoms have 
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been reported by partners, including using earplugs and/or 
sleep medication, alternating sleep schedule with the patient, 
and sleeping in separate rooms [7–9, 12, 13]. For some part-
ners, bed sharing is maintained in order to avoid social sigma 
and create the façade of a “happy” relationship [8]. Compared 
to partners who shared a bed with a patient with untreated 
OSA, partners who did not share a bed had worse quality of 
life and depression and anxiety symptoms [14].

In addition to sleep disturbance, partners often report 
frustration, exhaustion, interference with work, and relation-
ship problems due to sleep loss [7, 9, 13]. Untreated OSA 
can also negatively impact the quality of life of partners [6, 
14]. Prior to patients’ initiation of PAP therapy, over 50% of 
partners reported anxiety symptoms, and 18% reported 
depressive symptoms [14]. Qualitative interviews conducted 
with 12 spouses to explore how they managed living with a 
patient with untreated OSA identified numerous approaches 
used by spouses to deal with their situation [15]. These 
approaches included sacrificing social activities, taking on 
more of the household workload, managing the everyday life 
for the patient, maintaining bed sharing despite sleep distur-
bance, ensuring that the patient sought medical treatment for 
his or her symptoms, and making diet and lifestyle changes, 
all of which often lead to relationship problems and feelings 
of being a caregiver or parent rather than a spouse. Some 
spouses approached the situation by feeling empathic toward 
the patient, thus making adaptions to daytime activities to 
accommodate patient’s sleepiness, and generally trying to 
make the best out of the difficult situation.

The burden of untreated OSA on partners is a common 
impetus for patients to seek medical care for their symptoms. 
Semi-structured interviews with OSA patients who had 
received PAP treatment (n = 16) revealed that most would 
have remained unaware of their OSA symptoms if it hadn’t 
been for a loved one or close friend bringing it to the patient’s 
attention [16]. Patients also reported that partners’ frustra-
tion with snoring and shared poor sleep initiated a collabora-
tive team process aimed at improving the couple’s sleep. On 
the other hand, most partners reported difficulty in getting 
the patient to take action in response to his or her OSA symp-
toms. Partners sometimes reported that bullying the patient 
about snoring was what enabled the patient to begin noticing 
OSA symptoms [16]. Similarly, couples participating in a 
joint interview noted that the partner played a key role in aid-
ing in the diagnosis and treatment process. It often took 
repetitive discussions and, for some, years before the patient 
scheduled an appointment with a healthcare provider [17]. 
Partners identified disruptions to their own sleep and concern 
about the health of the patient as motivators for encouraging 
the patient to seek treatment. Although partner encourage-
ment can incentivize treatment seeking, it can negatively 
influence patient’s PAP use. Patients who reported seeking 
treatment due to their partner had lower PAP usage during 

the first 6  months of treatment (4.0  ±  0.4  h) compared to 
patients who self-referred (5.3 ± 0.4 h) [18].

10.3  Impact of PAP Treatment on Partners’ 
Sleep and Daytime Functioning

PAP treatment has positive effects on partners’ sleep. During 
an overnight diagnostic PSG study in which patients were 
treated with PAP, partners exhibited immediate increases in 
PSG-assessed sleep efficiency and percentage of rapid eye 
movement (REM) sleep and decreases in number of arousals 
and percentage of non-REM sleep [11]. Self-reported 
improvements in sleep quality are maintained for up to 1 year 
in partners of OSA patients treated with PAP [6, 19, 20]. 
However, spouses have reported sleep disturbance related to 
PAP use, primarily due to noise or cold air [6]. Inconsistent 
responses have been reported by partners regarding daytime 
sleepiness, quality of life, mood, and marital quality in 
response to PAP therapy [14, 19–22], which may be partially 
due to differences in assessments between studies and nor-
mal baseline values of these variables. Furthermore, adher-
ence to PAP may also have influenced partners’ outcomes, as 
consistent use is needed for improvement in patients’ symp-
toms. Interestingly, qualitative data from spouses of patients 
treated with PAP revealed initial anxiety associated with not 
hearing the patient snoring during the night with PAP, 
although spouses soon adjusted to this “new normal” [9].

10.4  Impact of Partner and Family 
Involvement on PAP Adherence

10.4.1  Presence of Spouse or Live-in Partner

Having a spouse or living with a partner can positively influ-
ence patients’ acceptance and adherence to PAP therapy. 
Among average- or high-income patients with OSA, those 
living with a partner were almost 9 times (OR = 8.82; 95% 
CI = 1.03–74.8) more likely to accept PAP treatment; how-
ever, living with a partner was not associated with PAP accep-
tance among low-income patients [23]. As compared to 
married patients with OSA, unmarried patients voiced having 
no support, less belief in their ability to use PAP, and fewer 
positive experiences within the first week of PAP treatment 
during semi-structured interviews [24]. During the first month 
of PAP treatment, patients living with a partner had higher 
average nightly hours of PAP use (5.0 h) compared those liv-
ing alone (3.6 h) [25]. Among women with OSA in one small 
study, none of the unmarried or unpartnered patients (n = 7) 
were adherent to PAP-based Medicare criteria of ≥4 h of use 
on 70% of nights, whereas 40% of married or partnered 
patients (n = 13) were adherent based on this criterion [26]. In 
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a study of 1141 OSA patients, being married or living with a 
partner was an independent predictor of long-term PAP 
adherence assessed over an average of 504  days following 
PAP initiation [27]. Conversely, studies have found no signifi-
cant differences in marital status between adherent or consis-
tent users of PAP and non- adherent or intermittent users 
during short-term follow-up (i.e., 9 weeks and 6 months) [28, 
29]. A potential explanation for the inconsistencies in find-
ings could be related to relationship quality. In a study of 23 
married, male patients with OSA, patient-reported marital 
conflict, in particular negative emotions like anger and criti-
cism, predicted lower average nightly PAP adherence over the 
first 3 months of treatment [30]. Likewise, relationship con-
flict was associated with lower PAP adherence in married or 
partnered women with OSA [26].

A recent study identified clusters of couples and their 
association with PAP adherence during the first 120 days of 
treatment among 290 newly diagnosed PAP-naïve OSA 
patients. Latent class analyses revealed three distinct clusters 
of couples: (1) older retired couples (n = 86; 88% married, 
15% had children at home, 78% together >30  years, 97% 
both not working), (2) young working couples (n = 128; 70% 
married, 84% had children at home, 59% together 
10–30 years, 75% both working), and (3) mature active cou-
ples (n = 76; 95% married, 44% had children at home, 65% 
together >30 years, 53% both working). PAP adherence at 
120  days was significantly higher among the older retired 
couples (6.6 h; IQR 5.7–7.5) compared to the young working 
couples (5.9 h; IQR 4.9–6.6) and the mature active couples 
(5.9 h; IQR 4.9–7.3). Interestingly, there was no significant 
differences in spousal involvement in PAP therapy between 
the couple clusters. However, having a stable relationship 
exceeding 30 years has been shown to predict PAP adher-
ence at 120 days [31]. These findings suggest that the effect 
of a spouse’s or partner’s presence on PAP adherence could 
be influenced by the quality and stability of the couple’s 
relationship.

In addition to the presence of a spouse or live-in partner, 
frequency of bed sharing can also influence PAP acceptance 
and adherence. A partner’s decision to sleep in a separate 
room quadrupled the odds (OR = 4.3; 95% CI 4.1–13.3) of a 
patient purchasing a PAP device, potentially with the inten-
tion of improving the relationship with their partner [32]. 
Utilizing data from wives’ sleep logs kept during the first 
2 weeks of PAP treatment, a greater number of nights the 
couple slept together was associated with a higher percent-
age of nights PAP was used and greater hours of PAP use 
[13]. A study of 119 sleep apnea patients examined the effect 
of sleeping environment on average PAP adherence over 
30 days [33]. Although patients reporting a different sleep 
schedule than their bed partner had similar adherence as 

those with a compatible schedule, changing sleep location 
more than once per month, primarily due to spending a few 
nights per week at a significant other’s residence, was associ-
ated with reduced PAP adherence, independent of sociode-
mographic factors.

10.4.2  Family Involvement

Few studies have investigated the role of family involvement 
in PAP adherence; however, available data suggests that fam-
ily members can influence patients’ use of PAP (Table 10.1). 
Positive experiences with PAP among family and/or friends 
predict PAP acceptance among PAP-naïve OSA patients [23, 
32]. In a study examining the effect of family coping on PAP 
adherence among 107 OSA patients, poor PAP adherence 
over the first 6 months of treatment was related to families 
seeking less spiritual support and support from others and 
being less able to make stressful events more manageable 
through redefinition [34]. Family coping may impact PAP 
adherence through its influence on self-efficacy: how a fam-
ily deals with stressful situations (i.e., OSA diagnosis and 
PAP treatment) may reinforce patients’ perceived ability to 
use PAP consistently [35]. During motivational interviews 
conducted as part of an educational PAP intervention, 
patients’ reported encouragement from their caregiver (i.e., 
spouse/partner, children, sister) was a primary driver of PAP 
use [36]. Some partners were currently using PAP, so their 
encouragement stemmed from their own experience with 
OSA and ability to attest to the benefits of PAP. Encouragement 
to use PAP also came from other family members and friends 
who were PAP users. The desire to live to foster close family 
ties, particularly with spouses and grandchildren, contrib-
uted to PAP adherence by patient report.

Qualitative interviews conducted with OSA patients who 
had personal knowledge of using PAP revealed that becom-
ing a team, or the collaborative nature of close relationships 
with family members, contributed to their success in using 
PAP [16]. Patients reported receiving support with PAP from 
their families during travel and feeling like part of a collab-
orative team (with their partner) whose aim was to achieve 
good sleep by adapting sleep habits, changing sleeping posi-
tions if PAP machine bothered the partner, and maintaining 
night-time rituals. However, a couple of patients reported not 
feeling supported by their team due to annoyance by the PAP 
machine, letting the patient handle PAP him/herself, and 
unwillingness to understand the importance of PAP, all of 
which contributed to PAP non-adherence [16]. These find-
ings support research in other disease states indicating that 
family support in disease self-management results in better 
patient outcomes [37].

10 The Impact of Partner and Family Support in PAP Therapy



112

Table 10.1 Overview of chapter findings

Authors Key consistent findings Unresolved issues
Impact of untreated OSA on partners and family members
Waldman et al. (2020) [5] Patients’ excessive daytime sleepiness interfered with caregiving 

ability and housework, made difficult to take family vacations, 
and affected relationships with family members
OSA symptoms disrupt partners’ sleep
Partners are distressed by witnessing patients stop breathing
Partners engaged in various tactics to mitigate disturbed sleep due 
to patients’ OSA symptoms
Partners experienced frustration, relationship problems, anxiety 
and depression symptoms, and poor quality of life

Bed sharing varied among 
couplesMcArdle et al. (2001) [6]

Virkkula et al. (2005) [7]
Henry et al. (2013) [8]
Luyster et al. (2016) [9]
Smith et al. (2009) [10]
Beninati et al. (1999) [11]
Billman & Ware (2002) [12]
Cartwright & Knight (1987) [13]
Doherty et al. (2003) [14]
Impact of PAP treatment on partners’ sleep and daytime functioning
Beninati et al. (1999) [11] PAP treatment improved partners’ sleep

PAP treatment can have negative effects such as noise or cold air 
disturbing sleep and initial anxiety due to ceasing of patients’ 
snoring

Changes in daytime sleepiness, 
quality of life, mood, and 
marital quality associated with 
PAP treatment were 
inconsistent

McArdle et al. (2001) [6]
Kiely & McNicholas (1997) [19]
Siccoli et al. (2008) [20]
Acar et al. (2016) [21]
Doherty et al. (2003) [14]
Parish et al. (2003) [22]
Impact of partner and family involvement on PAP adherence
Tarasiuk et al. (2012) [23] Infrequent bed sharing was associated with greater PAP 

acceptance and worse PAP adherence
Most common positive partner and family behaviors that 
improved PAP adherence: general partner involvement in PAP 
treatment, encouragement to use PAP, assistance with PAP 
equipment, engagement in educational situations regarding OSA 
and PAP, sharing personal benefits from PAP treatment
Most common negative partner and family behaviors that 
discouraged PAP adherence: no partner involvement in PAP 
treatment, unwillingness to understand importance of PAP 
treatment, inability to deal with noise or air coming from the PAP 
device

Comparison in PAP adherence 
between patients who were 
married/living with a partner 
versus unmarried or 
unpartnered/living alone were 
inconsistent
The types of partner 
involvement that are most 
positively influential on PAP 
adherence remain unclear, 
although collaboration seems to 
be important
Little is known about family 
involvement in PAP adherence

Lewis et al. (2004) [25]
Baron et al. (2017) [26]
Gagnadoux et al. (2011) [27]
Russo- Magno et al. (2001) [28]
Weaver et al. (1997) [29]
Simon-Tuval et al. (2009) [32]
Cartwright & Knight (1987) [13]
Liou et al. (2018) [33]
Sampaio et al. (2013) [34]
Khan et al. (2019) [36]
Ward et al. (2018) [16]
Baron et al. (2011) [39]
Baron et al. (2012) [40]
Batool- Anwar et al. (2017) [41]
Gentina et al. (2019) [31]
Luyster et al. (2016) [9]
Elfström et al. (2012) [43]
Broström et al. (2010) [44]
Ye et al. (2017) [17]

PAP Positive airway pressure, OSA obstructive sleep apnea

10.4.3  Partner Involvement

Limited quantitative and qualitative data suggest that part-
ners can play a positive and negative role in PAP adherence 
(Table 10.1). Patients’ perspectives on partner involvement 
in PAP initiation and adherence has primarily been reported 
in quantitative studies, whereas partners’ reports of involve-
ment have been captured more often in qualitative studies. 
Encouragement from their partner is a primary reason for 
OSA patients to purchase PAP [32, 38]. In a study of 31 male 
OSA patients, spouses’ involvement and PAP adherence 
were assessed during a 10-day period shortly after starting 
treatment [39]. Support was the most frequent and highest 

rated type of spousal involvement, with 94% reporting feel-
ing supported by their spouse at least 1 day out of the 10 days. 
Collaboration and pressure were less frequently reported, 
and 13% of patients reported no spouse involvement during 
the 10  days. Support from a spouse was associated with 
increased next-day self-reported PAP adherence among 
patients with more severe OSA. Following nights with PAP 
problems, patients with lower relationship conflict reported 
greater next-day collaboration (e.g., helping with the PAP 
machine). Furthermore, patients with low support in the rela-
tionship reported increased daily support for PAP following 
nights with PAP problems. Perceived spousal pressure was 
not associated with increased PAP adherence [39]. Another 
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study examining spousal involvement (i.e., collaborative, 
one-sided, positive, negative) in 23 male patients with OSA 
found both positive and negative involvement occurred 
roughly one to two times during the first week of PAP treat-
ment [40]. Examples of positive involvement included 
“praise or compliment patient for using PAP,” “gave patient 
space,” “showed patience in order to get patient to use PAP,” 
and “changed something at home or work to get patient to 
use PAP.” On the other hand, negative involvement included 
telling the patient that he or she was unhappy the patient 
wasn’t using PAP, withdrawal and silence to get patient to 
use PAP, and trying to make patient scared of the conse-
quences of not using PAP. At 3-month follow-up, frequency 
of spousal involvement remained low, although negative 
involvement decreased. Collaborative spousal involvement 
(e.g., changed something at home or work to get patient to 
use PAP) was associated with higher PAP adherence at 
3  months. Positive, negative, and one-sided involvement 
were not associated with adherence [40].

In a study of 194 patients (73% male) with predomi-
nately severe OSA, spousal involvement with patients’ gen-
eral health was associated with greater PAP adherence at 
6-month follow-up but not longer-term adherence [41]. 
When analyses were stratified by sex, the association 
between spousal involvement and PAP adherence at 
6-months was only significant for men, potentially suggest-
ing limited or negative involvement from partners of female 
patients. Partner engagement (i.e., pressure to use PAP, 
emotional support, and collaboration in solving issues with 
PAP use) was assessed 45 days after PAP initiation among 
290 OSA patients (77% male; all married or living with a 
partner) [31]. Structural equation modeling revealed that 
partner engagement was directly linked to greater PAP 
adherence and identified marital quality as a moderator of 
this relationship indicating that partner engagement 
improved PAP adherence only when marital quality was 
high. These results highlight the importance of the quality 
of the couple’s relationship in PAP adherence as pressure to 
use PAP may not be beneficial in those with poor relation-
ship quality. Interestingly, among women with OSA, gen-
eral levels of perceived social support, rather than emotional 
support in the relationship, were associated with greater 
PAP adherence at 12-week follow-up [26].

A study of 92 married or cohabiting new OSA patients 
(63% male) examined the association of patients’ perception 
of autonomy support from their partner, such as trying to 
understand how the patient sees his/her use of PAP before 
suggesting a new way to do things, with PAP adherence over 
the first 60 days of treatment [42]. Higher levels of perceived 
partner autonomy support predicted greater duration of PAP 
use at 60 days and increasing PAP use over time, indepen-
dent of the effects of negative social control (i.e., partner 
negativity) and limited positive effects of partner responsive-

ness. These findings add to the literature examining spousal 
involvement in PAP adherence and suggest that partner 
autonomy support is another positive partner behavior that 
can influence PAP adherence. Acknowledging the patient’s 
perspective, providing choices for how to manage PAP, 
encouraging self-initiation, and minimizing pressure may 
facilitate PAP use [42].

Qualitative studies help provide a more in-depth under-
standing of partner involvement and give insight from the 
partners’ perspective. Focus groups conducted with 12 part-
ners of PAP-treated OSA patients described motivating the 
patient to use his or her PAP by providing emotional support 
(e.g., encouragement) and instrumental support (e.g., verbal 
reminders, help with putting on mask) [9]. During semi- 
structured interviews with 25 partners of patients with OSA 
treated with PAP, partners revealed situations that influenced 
their support of the patient and strategies for managing these 
situations during the PAP initiation phase [43]. The follow-
ing situations were identified as negatively influencing the 
partners’ support: noise from the PAP disturbing their sleep, 
physical (e.g., mask leakage) and practical (e.g., limited 
sleeping positions, travel) problems associated with PAP 
experienced by the patient, patients’ shame, and interference 
with intimacy. Positive situations that motivated partners to 
provide support included understanding the consequences of 
OSA, benefits of treatment, patients’ positive attitude toward 
PAP, and receiving support from family, friends, and health-
care providers. Partners identified three management strate-
gies: letting the patient handle treatment by himself/herself, 
handing the treatment together, and taking over the treatment 
by handling all practical aspects of the treatment [43].

By comparison, patients with OSA treated with PAP indi-
cated that facilitators of PAP adherence were partner engage-
ment in education provided during the diagnostic and 
treatment initiation phases and providing practical support 
such as helping adjust the mask during the night [44]. 
Barriers to adherence were noted as insufficient emotional 
and practical support from their partner. Female patients 
with OSA (n = 7) reported 1 week after PAP initiation vary-
ing types of involvement from their spouse or partner, with 
most reporting helpful support (e.g., problem-solving, ask-
ing about PAP, helping patient feel less self-conscious about 
it, and checking to see if patient was snoring at night) or 
encouragement to use PAP [26]. One patient reported no 
involvement from her husband, and two others reported 
unhelpful involvement such as repeatedly asking if it is 
working and making fun of the patient.

A qualitative study conducted joint interviews with 20 
newly diagnosed OSA patients treated with PAP and their 
partners to explore facilitators and barriers to PAP use [17]. 
Couples identified working together as a key facilitator of 
PAP adherence in that they took a “we” or joint coping 
approach to addressing PAP problems and learning about the 
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condition and treatment. Other facilitators of PAP use were 
perceived benefits of PAP for both the patient and partner in 
the areas of sleep, daytime functioning, and relationship 
quality, patients’ motivation to use PAP for benefits of the 
partner, and partners’ support, which included helping with 
the PAP machine and mask, going to appointments with the 
patient, verbal encouragement, and general acceptance of 
PAP.  Barriers to PAP use voiced by couples were shared 
anxiety about PAP treatment initially, disruptions to sleep 
and bedtime routine caused by use of PAP equipment (e.g., 
noise, air blowing, interruptions to bedtime conversations), 
interruptions to intimacy, and patients’ concern about their 
appearance when wearing PAP.  When asked what they 
wished they had known prior to PAP treatment, couples 
highlighted the importance of negotiation, openness, and 
supportive communication as important factors for adjusting 
to PAP treatment.

10.5  Partner and Family Involvement 
in PAP Adherence Interventions

With the positive and negative influences that partners and 
families can have on patients’ PAP adherence, involvement 
of partners and other family members in interventions 
aimed at improving acceptance and adherence to PAP treat-
ment should be a consideration. Inclusion of partners was 
identified during focus groups with OSA patients and their 
partners as an important element of a new PAP user pro-
gram [9]. Presence of a partner or family member has been 
incorporated into PAP adherence interventions, yet the 
engagement of the partner or family member is often lim-
ited. Several PAP adherence intervention studies reported 
having the patients’ partners or family present but not 
actively engaged during pre-treatment and follow-up edu-
cation and/or instructional sessions. These sessions 
included basic information about OSA and treatment 
options and benefits of adherence to treatment, patients’ 
experiences and concerns with using PAP and their percep-
tions of their partner or family’s concerns about PAP use, 
and demonstration of the PAP equipment, along with infor-
mation about how to manage and clean the equipment [18, 
45–48]. In a randomized controlled trial, 28 patients and 
their caregivers (24 spouses/partner, 2 son/daughter, 1 sis-
ter, and 1 friend) in the intervention arm participated in a 
group visit that involved an interactive educational session, 
peer coaching from a PAP user, hands-on experience with 
the PAP machine from a respiratory therapist, and a one-
on-two semi-structured motivational interview that pro-
vided encouragement and offered advice to improve 
adherence [36]. Although the intervention provided specific 

examples of ways for the caregiver to provide support to 
the patient, there was no collaboration between the patient 
and caregiver to identify what types of support may be most 
beneficial in helping the patient use PAP.

Dyadic interventions for chronic illness that take a more 
collaborative approach to family involvement lead to 
improvements in both patients’ and family members’ health 
and functioning [37, 49, 50]. To date, only one study has 
taken a couple-oriented approach to improving PAP adher-
ence [51]. In this pilot study, patients and partners in the 
couple-oriented education and support intervention attended 
two face-to-face sessions together and one telephone session 
individually [51]. The sessions provided information about 
OSA and benefits of PAP, hands-on demonstration of PAP 
equipment, and review of changes in both patient’s and part-
ner’s sleep quality and mood and included shared discus-
sions about PAP concerns and barriers to PAP use, 
collaborative strategizing to identify ways for the partner to 
support the patient’s use of PAP, and goal setting. Both 
patients and partners in the couple-oriented intervention had 
improvements in sleep quality, daytime sleepiness, and day-
time function during the first 3  months of PAP treatment. 
PAP adherence increased over the first month of treatment, 
but then declined. Results from this pilot study suggest that 
engaging the partner in interventions aimed at improving 
PAP adherence is likely to have beneficial effects on patients’ 
and partners’ health and PAP use.

10.6  Summary

Partners’ involvement is interwoven in the diagnosis and 
treatment trajectories of OSA, and thus partners can have a 
profound impact on the health outcomes associated with 
OSA and its treatment (Table 10.1). Symptoms of OSA dis-
turb partners’ sleep which is a primary reason for patients 
seeking diagnosis and treatment of OSA. Once OSA is diag-
nosed and treatment is prescribed, partners play a pivotal 
role in patients’ acceptance and adherence to PAP therapy. 
Partner support is likely to contribute to greater PAP accep-
tance and adherence, whereas partner undermining is likely 
to contribute to PAP nonacceptance and nonadherence. The 
path of partner support and associated PAP adherence can 
lead to improvement in health outcomes as adequate levels 
of PAP adherence are necessary for achieving treatment ben-
efits. On the other hand, the path of partner undermining and 
accompanying inadequate PAP use may contribute to poor 
health outcomes. Thus, partners of patients with OSA are a 
key target for intervention efforts aimed at improving PAP 
adherence and, ultimately, improving the health and well- 
being of patients.
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10.7  Conclusion

OSA is a shared problem that affects not only patients but 
their partners and other family members. Treatment with 
PAP can have beneficial effects of partners such as improv-
ing sleep, mood, and quality of life. Research is lacking on 
the effect of PAP treatment on other family members, 
although it could be hypothesized that these individuals also 
experience benefits. Partners and family members can posi-
tively and negatively influence patients’ adoption and consis-
tent use of PAP treatment. Positive involvement by partners 
and family members which includes encouragement and 
practical support, along with taking a collaborative approach 
to managing PAP treatment, is associated with greater patient 
acceptance and adherence to PAP therapy. Negative partner/
family involvement, such as abstaining from providing sup-
port or encouragement potentially due to issues associated 
with PAP use like noise or interruption to intimacy, and an 
unwillingness to understand the importance of PAP therapy 
are associated with poor PAP adherence. Given the impor-
tant role that partners and other family members have in 
patients’ PAP adherence, engaging close family members in 
interventions promoting PAP adherence may be beneficial, 
particularly when intervention components promote open 
communication and advocate for collaborative problem- 
solving and planning. Further research, including interven-
tion studies, is needed to explore partners and family 
members involvement in successful PAP management.
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Personality and Mental Health 
as Determinants of CPAP Use

Royi Gilad

11.1  Introduction

This chapter contains two halves. First, there is a theoretical 
introduction to the concept of personality which is not a 
familiar territory for most clinicians. The second half 
describes the potential ways in which personality may impact 
CPAP adherence. The chapter concludes with strategies on 
how to help patients whose personality traits pay a role in 
treatment non-adherence.

Mental disorders are a cause of immense burden, pain, 
and disability on the individual level, but also on the social 
and financial level. Mental disorders are very prevalent with 
an estimation that around 15% (970 million people) of the 
world’s population were suffering in 2017 from mental dis-
orders and substance use disorders [1]. According to the 
World Health Organization, one in four people in the world 
will be affected by mental or neurological disorders at some 
point in their lives [2], but only a third will seek medical 
assistance (due to stigma, lack of services, and other rea-
sons), and in between 25% and 40% of countries, there are 
no available mental health services at all. The global burden 
of mental illness accounts for 32.4% of years lived with dis-
ability (YLDs) and 13.0% of disability-adjusted life-years 
(DALYs) [3].

While thinking about mental disorders, it is fairly easy to 
understand why a patient crippled by a major depressive epi-
sode might miss out on a follow-up appointment; why a 
patient suffering from an anxiety disorder might feel claus-
trophobic after using a CPAP, even after one night, and will 
cease their use completely; or why a patient grappling with 
substance use disorder, or gambling disorder, might decide 
not to allocate funds for purchasing a CPAP device. These 
are indeed prevalent mental disorders, and their impact on 

adherence to CPAP treatment is mostly intuitive (for more on 
these issues, see Chaps. 6, 19, and 20).

It is far more challenging to understand the impact of per-
sonality and patients suffering from personality disorders on 
obstructive sleep apnea therapy adherence.

In order to understand the concept of personality disorder, 
we first need to define the elusive concept of personality. 
Personality consists of enduring patterns of perceiving, relat-
ing to, and thinking about the environment and oneself that 
are exhibited across numerous social and personal contexts. 
A personality disorder is diagnosed when personality traits 
are so inflexible and maladaptive across a wide range of situ-
ations that they cause significant distress and impairment of 
social, occupational, and role functioning. Cognition, dis-
plays of emotion, impulsivity, and interpersonal behavior of 
the individual must deviate markedly from the expectations 
of the individual’s culture in order to qualify as a personality 
disorder.

The estimated international prevalence of personality dis-
orders in the community is 11% [4]. Personality disorders, in 
general, are significantly more common in males and the 
young, poorly educated, and unemployed, although individ-
ual personality disorders differ on gender and age. These dis-
orders are highly comorbid with other, non-personality 
mental disorders.

The prevalence of personality disorders in clinical popu-
lations has been estimated to be over 64% [5]. Personality 
disorders were diagnosed by structured interview in 45.5% 
of 859 patients presenting for psychiatric outpatient treat-
ment [6]. In comparison, the worldwide prevalence of anxi-
ety disorders, depressive disorders, alcohol use disorder, and 
drug use disorder in adults was 3.76%, 3.44%, 1.4%, and 
0.94%, respectively, in 2017 [1]. The prevalence of other 
well-known mental disorders such as schizophrenia or bipo-
lar disorder is less than 1% [1].

One may wonder why personality disorders, which are 
much more prevalent than other well-known mental disor-
ders in adults, pass almost unnoticed by healthcare provid-
ers? Some of the reasons lie in the fact that these disorders 
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are ego-syntonic (experienced by the individuals as part of 
their being, and not as a disorder that inflicted them), and 
therefore, neither the patients nor their families will think of 
seeking medical assistance, until there is a crisis or a second-
ary mental disorder develops (e.g., depressive episode, sui-
cide attempt, substance use, etc.), and the clinicians are faced 
with only the symptoms of the crisis that is fairly easy to 
diagnose, as opposed to the diagnosis of underlying person-
ality disorder, which is far more complicated and time- 
consuming and requires special expertise.

11.2  Diagnosis of Personality Disorders

According to the Diagnostic and Statistical Manual of 
Mental Disorders, 5th Edition [7], in order to diagnose per-
sonality disorder, the following criteria must be met:

 A. An enduring pattern of inner experience and behavior 
that deviates markedly from the expectations of the indi-
vidual’s culture. This pattern is manifested in two (or 
more) of the following areas:

 1. Cognition (i.e., ways of perceiving and interpreting 
self, other people, and events)

 2. Affectivity (i.e., the range, intensity, lability, and 
appropriateness of emotional response)

 3. Interpersonal functioning
 4. Impulse control
 B. The enduring pattern is inflexible and pervasive across a 

broad range of personal and social situations.
 C. The enduring pattern leads to clinically significant dis-

tress or impairment in social, occupational, or other 
important areas of functioning.

 D. The pattern is stable and of long duration, and its onset 
can be traced back at least to adolescence or early 
adulthood.

 E. The enduring pattern is not better explained as a manifes-
tation or consequence of another mental disorder.

 F. The enduring pattern is not attributable to the physiologi-
cal effects of a substance (e.g., a drug of abuse, a medica-
tion) or another medical condition (e.g., head trauma).

The disorder is a consistent presence of certain behaviors 
and traits, with onset in middle to late adolescence, continu-
ing into adult life, which might be characterized by [8]:

• Frequent mood swings
• Anger outbursts
• Social anxiety sufficient to cause difficulty making friends
• Need to be the center of attention
• Feeling of being widely cheated or taken advantage of
• Difficulty delaying gratification

• Not feeling there is anything wrong with one’s behavior 
(ego-syntonic symptoms)

• Externalizing and blaming the world for one’s behaviors 
and feelings

Adverse outcomes for patients with personality disorders 
include:

• Physical injury from fights and accidents due to impulsive 
and reckless behavior [9–11]

• Suicide attempts [12, 13]
• Unplanned pregnancy and high-risk sexual behavior 

[14, 15]
• Comorbid anxiety, mood, and/or substance use disorder 

[16, 17]
• Less favorable response to treatment for depression, anxi-

ety disorder, or substance use disorder [18–22]
• Comorbid physical disorders, including cardiovascular 

disease, arthritis, diabetes, and gastrointestinal condi-
tions; reduced life expectancy [23–25]

• Functional impairment (e.g., self-care, work, and inter-
personal functioning) [18, 26]

The different personality disorders are subcategorized to 
three clusters [7]:

Cluster A
• Paranoid – Distrust and suspiciousness of others such 

that their motives are interpreted as malevolent
• Schizoid – Detachment from social relationships and a 

restricted range of expression of emotions in interper-
sonal settings

• Schizotypal – Social and interpersonal deficits marked 
by acute discomfort with, and reduced capacity for, 
close relationships as well as by cognitive or percep-
tual distortions and eccentric behavior

Cluster B
• Antisocial – Disregard for and violating the rights of 

others, lying, stealing, defaulting on debts, neglect of 
children or other dependents

• Borderline – Instability of interpersonal relationships, 
self-image, affects, and control over impulses

• Histrionic  – Excessive emotionality and attention 
seeking

• Narcissistic  – Grandiosity (in fantasy or behavior), 
need for admiration, and lack of empathy

Cluster C
• Avoidant  – Social inhibition, feelings of inadequacy, 

and hypersensitivity to negative evaluation
• Dependent – Feelings of inadequacy, inability to make 

own decisions, submissiveness, avoidance of confron-
tation for fear of losing source of support

R. Gilad
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• Obsessive-compulsive  – Preoccupation with perfec-
tionism, mental and interpersonal control, and orderli-
ness, at the expense of flexibility, openness, and 
efficiency

Avoidant personality disorder and obsessive-compulsive 
personality disorder are the most common in the community. 
Borderline personality disorder and avoidant personality dis-
order are the most common in clinical populations.

Despite the diagnostic manuals’ (DSM and ICD) effort to 
characterize personality disorders into distinct subcatego-
ries, in clinical practice, the most prevalent personality 
 disorder diagnosis by clinicians is “personality disorder 
unspecified.” This demonstrates that most clinicians can 
diagnose a patient suffering from a personality disorder, but 
the subtleties of diagnosing a specific subcategory of person-
ality disorder are less helpful in the clinical realm.

In the latest edition, the DSM also proposed an alternative 
method of conceptualizing the diagnosis of personality dis-
orders, not in a categorical model but in a dimensional model. 
This model assesses personality not in the presence of 
pathology but as a spectrum of traits that are related to self 
(identity and self-direction) and interpersonal (empathy and 
intimacy).

Other diagnostic views also consider the personality as a 
continuum of traits that can fluctuate over time. One well- 
established model is the “NEO five factors” [27, 28] that 
measures the person’s personality on the spectrum of five 
axes: Neuroticism, Extraversion, Openness to experience, 
Agreeableness, and Conscientiousness.

The main therapeutic value in understanding personality 
disorders derives from the psychotherapeutic literature. The 
first to address the concept of personality and personality 
disorders was psychoanalytic scholars such as Sigmund 
Freud, Anna Freud, Melanie Klein, Donald Winnicott, Heinz 
Kohut, and many others, but it was Otto F. Kernberg whose 
pivotal work in the field of personality disorders from the 
1960s onwards laid out the foundations of current psycho-
analytic understanding on the concept of personality and its 
disorders.

In his work, Kernberg describes the personality as a con-
tinuum which he named “personality organization” [29]. The 
more mature (developed) the personality organization, the 
more the self can be distinguished from objects, and reality 
testing is preserved (i.e., the person knows to distinguish 
between his thoughts and real signal from the outside world), 
the more the person will use mature defensive strategies and 
coping mechanisms, and the more able he/she will be in sus-
taining and coping with anxiety and difficult emotional 
situations.

In contrast, the less mature the personality organization 
is, the more it is prone to “glitches” in his reality testing 
with less ability to discern between outside real signal and 

one’s own thoughts. Moreover, a person with a less mature 
personality organization will be more reliant on the use of 
immature defense mechanisms, such as projection, i.e., the 
attribution of one’s own thoughts and feeling to the other 
(e.g., an employee that is resentful to his employer will not 
feel resentful but will be certain that his employer is resent-
ful to him and is even contemplating on firing him); split-
ting, the inability to perceive an object (e.g., another person, 
a job) as having good and bad sides all together, and attrib-
uting only good or bad to anything; and idealization-devalu-
ation, the tendency to treat someone else with blind 
admiration that can be flipped in a fraction of a second to 
total despise and hatred. The person with a low-level per-
sonality organization will be less able to sustain anxiety, 
uncertainty, and ambiguity. He will also display difficulties 
in maintaining sustained ego functions, and therefore, his 
ability to function will be unstable (e.g., he may organize his 
young child an extravagant birthday party with numerous 
participants, but immediately at its end, he will retire to 
lying in bed for weeks, neglecting his family, work, and his 
personal hygeine).

Thus, it is not surprising how after a pleasant first meeting 
between the patient and a physician, the patient might declare 
that he “met the greatest doctor on earth” only to be slander-
ing the doctor next time stating “a doctors that needs to have 
his license revoked”, after waiting too long in the waiting 
room.

Kernberg’s early work was transformed to a therapeutic 
method for the treatment of personality disorders, called 
transference- focused psychotherapy (TFP). It is a modifica-
tion of the classic psychodynamic treatment.

Other psychotherapeutic approaches conceptualized the 
understanding on personality disorders in a different way. 
As opposed to the psychoanalytic approach which attrib-
uted the arrest in emotional development to the relations 
between the child and his early caregivers (objects relations 
theories), other therapeutic approaches emphasized the 
presence of traumatic and real adverse events in the child’s 
development that contribute to the development of a per-
sonality disorder (e.g., emotional, physical, and sexual 
abuse and neglect).

Marsha Linehan and colleagues developed the dialectical 
behavioral therapy (DBT) for borderline and other personal-
ity disorders [30]. The approach sees the development of 
personality disorders as a combination of inborn vulnerabil-
ity of emotional dysregulation that was met with invalidating 
and often abusing parenting. In DBT, the patient, through a 
very intensive, validating, and empathic treatment (both indi-
vidual psychotherapy and skill group learning), will be able 
to recognize, trust, and control his/her emotions and reac-
tions, to himself/herself and others. The approach combines 
behavioral and cognitive techniques with mindfulness, emo-
tional regulation, and social skills.
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Jeffrey E. Young and colleagues developed schema focused 
therapy (SFT) [31]. This therapeutic approach for the treat-
ment of personality disorders emphasizes the maladaptive 
cognitive schemes that developed during childhood and ado-
lescent. The therapeutic process includes cognitive tech-
niques aimed in unveiling the maladaptive automatic cognitive 
and emotional schemes (primarily forged during childhood) 
that drive the patient’s cognition, affect, and behavioral reac-
tions. After some degree of insight was achieved, the patient 
then practices, with the therapist’s direction, how to “acquire” 
more “freedom” in making his/her choices, not by being 
unconsciously driven by the  maladaptive schemes but by bet-
ter acknowledging his/her emotions and thoughts and acting 
on his/her best adult interest.

Peter Fonagy and colleagues [30] developed the 
mentalization- based therapy (MBT). The approach tries to 
treat the patient suffering from a personality disorder with 
the ability, through therapy, to take notice the processes that 
are running through their head (i.e., mentalization). The ther-
apist becomes a model to assess their own mental processes 
and reflecting them to the patient for the patient to start 
understanding how to be able to access the meta-cognition. 
The premise is that once the patients gain awareness to these 
thought and emotional processes, they might gain more abil-
ity to control them.

All the above therapeutic methods have proven efficiency 
in the treatment of patients with personality disorders, but 
are all lengthy (usually between 3 and 5 years of treatment) 
and require enormous dedication and motivation by the 
patients and their families in adhering to the treatment, which 
is emotionally painful. In most countries, these treatments 
are paid by the patients or their families, as unfortunately, 
although their impact on the patient’s health, quality of life, 
and even life expectancy is paramount, they are not covered 
by public health insurances. This makes them out of reach 
for most patients who actually need them.

Pharmacological treatments (mainly antidepressants and 
mood stabilizers) are used in the treatment of patients suffer-
ing from personality disorders (with little to no evidence to 
support their efficiency) [30], mostly as a desperate attempt to 
help the patients gain some control over their mood, impul-
sivity, and aggression. If secondary mental disorders co-exist 
(e.g., mood disorder, substance use disorder, sleep, anxiety or 
trauma-related disorders), they are treated (usually pharma-
cologically) according to regular clinical guidelines.

11.3  Personality Disorders and Adherence 
to CPAP and Obstructive Sleep Apnea 
Therapies

There is a paucity of published data about the relationship 
between mental disorders and specifically personality disor-
ders and adherence to CPAP and other obstructive sleep 
apnea therapies.

Sleep disorders (mainly insomnia disorder) are an integral 
feature of almost all psychiatric disorders (particularly mood 
and anxiety disorders, but also trauma-related disorders and 
substance use disorders) [30]. Even in mental disorders in 
which sleep disruption is not a part of the diagnostic criteria 
of the disorder (e.g., attention deficit hyperactivity disorder, 
obsessive-compulsive disorders, eating disorders, personal-
ity disorders, etc.), they are far more prevalent than in the 
general population [30]. Thus, it is highly likely that patients 
suffering from personality or other mental disorders will 
seek help for their insomnia in a sleep clinic setting and 
would also be diagnosed with obstructive sleep apnea. As 
most patients with personality disorders do not perceive their 
condition as a mental disorder or even a medical problem, it 
is likely that the sleep physician will encounter patients with 
personality disorders who seek relief for their sleep difficul-
ties, before any mental health professional have even exam-
ined them in the past.

Patients suffering from personality disorders might vigor-
ously reject any insinuation made by a healthcare profes-
sional to the fact that they might be suffering from psychiatric 
symptoms (or disorder), but as the diagnosis of obstructive 
sleep apnea (OSA) does not carry the stigma related to men-
tal disorders and is mostly perceived in the public as a “gen-
eral medical” condition, it is possible that patients displaying 
symptoms characteristic of personality disorder might be 
more receptive to the diagnosis of OSA and willing to go 
about possible treatment options.

It is well-known that being afflicted with a severe mental 
illness (SMI) increases the patient’s risk for cardiovascular 
disease [32], obesity and metabolic disorders, COPD, and 
respiratory disease and decreases life expectancy by 
10–20 years [30]. The excessive morbidity and mortality risk 
is attributed to pathological processes of the mental disorders 
(i.e., metabolic changes and microvascular pathology), but 
also to the metabolic effects of the pharmacological treat-
ments and the patient’s lifestyle (sedentary lifestyle, ciga-
rette smoking, etc.).

In studies that examined CPAP adherence in the military 
veteran population, patients suffering from severe mental ill-
ness (SMI) (e.g., psychotic disorders, bipolar disorder, 
depressive disorder, post-traumatic stress disorder) [33, 34] 
had lower CPAP adherence than without a mental disorder, 
in both first 90-day use and subsequent long-term use.

Studies aimed at examining the relations between CPAP 
adherence and personality traits using different modalities of 
personality assessment have failed to demonstrated signifi-
cant association between certain personality traits and CPAP 
adherence [35–37].

Adherence refers to the degree that an individual follows 
a recommended health or illness-related recommendation 
[38]. Patient adherence is dependent upon multiple eco-
nomic, social, and psychological constraints [39].

Factor that were considered to be associated with CPAP 
adherence [40]:
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• Treatment method issues surrounding use of the CPAP 
machine: the cumbersome lifestyle change, adverse side 
effects, and associated stigma

• Clinical, situational, cognitive, and personality factors of 
the patient

• Family: the influence of family, encouragement, and 
spousal satisfaction with treatment

• Physician: the physician’s role in providing education, 
maintaining open communication, gaining patient com-
mitment and involvement, and opportune scheduling of 
follow-up appointments

• Healthcare professionals: personal and program support 
that is offered by healthcare professionals

• Healthcare facility: concerning wait times, organization, 
and flexibility

• Governmental policies: issues surrounding the funding of 
CPAP machines, restricting nonadherent OSA patients 
from driving, and health coverage for repeat evaluations

Patients generally make the decision to adhere to CPAP 
therapy early during the first week of therapy [41–44]. Those 
who adhere generally increase their duration of nightly use 
gradually.

While considering the above factors determining CPAP 
adherence, it is reasonable to predict what could be the chal-
lenges to CPAP adherence in patients suffering from mental 
illness in general and personality disorders in particular.

Patients suffering personality disorders (and sometimes 
other severe mental disorders) will have difficulties in adher-
ing to therapy for several reasons:

• Intrapsychic aspects: lethargy and low motivation or 
inability to sustain function for a prolonged period. These 
can lead to neglecting treatment for one’s medical condi-
tion and non-adherence with physician appointments, 
medication regimen, and medical recommendations. A 
patient who suffers from a personality disorder might 
enthusiastically declare in the physician’s office their 
immediate intention to “take care of themselves” (i.e., go 
purchase a CPAP machine that same day), while by the 
time they reach the clinic’s door, this notion will com-
pletely evaporates from their mind, either due to internal 
or external distractions, and in the next follow-up visit, 
the physician will find out the patient had not started treat-
ment. Another aspect that is an obstacle for adherence is 
the reduced, to the point of non-existing tolerability for 
anxiety and decision-making in an atmosphere of uncer-
tainty. It is likely that in the face of anxiety stemming 
from the need to start new and potentially subjectively 
uncomfortable/intrusive treatment, while acknowledging 
its importance and the possible complications of not treat-
ing the OSA, the patient may unconsciously suppress the 
awareness of the illness and its ramifications all together 

and will not start treatment. The difficulty of focusing on 
the many steps to become a functional user of CPAP 
might lead the patient to quickly abandon the exercise of 
filling out forms and applications for governmental or 
other financial help, even in the cost of not receiving treat-
ment. If not contacted directly, it is unlikely that the 
patient will initiate contact with the clinic to reschedule a 
missed appointment or to renew a prescription.

• Medication and substance use aspects: Many patients 
with severe personality disorders or other mental disor-
ders are often treated with medications that may cause 
sedation. Many such patients are also using unprescribed 
sedative medications (e.g., benzodiazepines, opioids, 
etc.), cannabis, and alcohol. All these agents may contrib-
ute to lethargy and reduced motivation to adhere to physi-
cian follow-up appointments and may cause patients to 
fall asleep in different locations in their house, other than 
their bed, and at different times during the day. This may 
cause patients not to wear their CPAP mask for much of 
their sleep, even when they have already obtained a 
machine.

• Familial, socioeconomic, and housing aspects: Patients 
suffering from severe mental illness and especially those 
suffering from personality disorders, and substance use 
disorders, are extremely socially isolated. Their child-
hood and upbringing have (in many cases) been in an abu-
sive and emotionally detached family environment, or 
they may have been raised apart from their biological 
family (e.g., in foster or group homes); therefore, it comes 
as no surprise that many of them are completely estranged 
from their immediate family and relatives, or maintaining 
only minimal relations with their families. As their behav-
ior might be impulsive and aggressive, or extremely 
avoidant, their ability to establish beneficial and long- 
standing prosperous intrapersonal relationships (either 
friendly or romantic) is heavily impaired. Therefore, it is 
unlikely that such patients will have the assistance of a 
spouse, friends, or family members in their CPAP use. As 
their intimate relationships are often short and emotion-
ally explosive, being with a partner (as opposed to the 
general population) does not necessarily serve as a treat-
ment promoting factor, and may even reduce adherence to 
treatment. The patient may not want to be perceived in a 
new relationship, as old or sick. For the same reason, such 
individuals mostly reside alone or with roommates, 
mostly in rented apartments. Often, they are forced to 
repeatedly move between houses, due to altercations with 
their neighbors or the inability to make rent payments. 
This compounds the problem of getting used to using a 
CPAP device regularly. In contrast to other severe mental 
disorders (such as schizophrenia or bipolar disorder) in 
which after hospitalization due to a psychotic, manic, or 
suicidal episodes, the society recognizes the individual as 
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someone who suffers from a severe mental health disor-
der, and might offer help in accommodation and housing, 
finance, and supportive care (e.g., case manager or per-
sonal support worker), patients suffering from personality 
disorders don’t see themselves as in need of such help, 
and usually the social and medical establishments do not 
offer them any assistance aside from psychiatric follow-
 up. There is often a false perception (by the patients, their 
families, and the medical and social establishments) that 
these patients are able to provide their own needs. Thus, it 
is very unlikely that they would be given assistance from 
a support worker in their diagnostic process and treatment 
of obstructive sleep apnea. As their ability to maintain 
constant employment is also very low (due to inability to 
maintain continuous function and frequent anger out-
bursts directed at colleagues and employers), their finan-
cial situation is often grim, and they require governmental 
aid programs. Thus, all “out-of-pocket” financial expen-
diture is likely to create difficulties.

• The relationship between the patient and the medical 
establishment and physician-patient relationship: As 
many of these patients grow up in an abusive or neglect-
ing and unsupportive environment, any form of authority, 
such as the medical establishment, can immediately evoke 
high emotional tone and expression. These responses 
often originate from the repetitive re-enactment of nega-
tive childhood experiences. This emotional hypervigi-
lance might activate the unconscious automatic responses 
of defending oneself toward that is considered by the 
patient as aggressive and punitive authority (i.e., the phy-
sician or the clinic’s staff), either by responding aggres-
sively or by avoidance. This can cause enormous 
difficulties in establishing a good rapport and cause the 
patient to distrust the physician, with tension in the 
doctor- patient relationship, poor communication skills, 
dependency, or excessive demands. Patients run the risk 
of alienating healthcare providers with late night phone 
calls, angry outbursts, repeated visits or admissions, sign-
ing out against medical advice, or being otherwise non-
compliant with recommended treatment. Often, they will 
complain about their caregivers and will frequently 
replace their treating physicians and clinics. Some patients 
might also discontinue prescribed medications in the per-
sonal belief that herbal therapy is more effective, lie about 
compliance with treatment, and misinterpret delay in the 
clinician returning a phone call, leading to a feeling of 
being rejected and acting out by stopping or overdosing 
on a medications. They may worry about unusual side 
effects from a prescribed medication, such as blocking the 
body from absorbing essential nutrients or vitamins, or 
believe that one is being tricked into taking something 
harmful.

11.4  Increasing Adherence to CPAP 
and Other Treatments

In order to try and increase CPAP adherence, there is a need 
to address the underlying impediments to adherence in this 
population of patients.

• Clinic organization: Try to make it a “one-stop shop.” 
There is a higher chance that a patient who suffers from a 
personality disorder (or any severe mental disorder) will 
be able to transcend the diagnostic process and actually 
start using CPAP treatment. Incorporating in the clinic the 
full process of purchasing, mask fitting, and filling out all 
required forms and applications, with all instructions and 
technical support done at the same place, with the same 
team, on the same day when the diagnosis is presented to 
the patient, might yield benefits for both the patients and 
the clinical team.

• Physician-patient relationship: Try to be as empathic and 
direct as possible. It should be acknowledged by the phy-
sician (or any other member of the healthcare team) that 
treating patients with personality disorders is a task that 
puts a heavy emotional burden on the caregiver. Awareness 
of one’s emotions and reactions toward patients and open 
discussion about it in the clinical team might reduce the 
tendency of “falling into the trap” of responding to the 
patient as the patient unconsciously provokes the physi-
cian (i.e., to either respond in an aggressive manner or to 
avoid interactions and become indifferent). The “trick” is 
to always keep in mind that the unpleasant reactions by 
the patient do not necessarily suggest maltreatment or that 
the physician is bad but reflect automatic and rigid reac-
tions to authority figures from the past. The physician 
then can try and direct the conversation more toward the 
needs, thoughts, and concerns of the patient and less 
toward explaining what the treatment is for, and what 
could be the repercussions of non-adherence to treatment. 
For example, the patient might say “so you’re forcing me 
to take this treatment…”, and the physician might 
rephrase “I am not forcing you to do anything you don’t 
want to; I am only recommending that you start treatment, 
but this decision is totally up to you. If you are interested, 
I can share with you what is my knowledge about other 
people’s experiences who are using this treatment.”

• Try to explain in detail what the next steps will include 
(e.g., how long it generally takes to get used to sleeping 
with a CPAP machine, the need for pressure titration sleep 
study, etc.). Reduce anxiety and uncertainty to the mini-
mum possible.

• Support: Make every possible effort to connect the patient 
with any type of support (whether a person or organiza-
tion). Explain to the patients that for no fault of their own, 
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it will be extremely hard for them to adhere to therapy 
without assistance. Assess with the patients whether there 
is someone in their environment (family relative, friend, 
neighbor) that might be willing to accompany them to 
purchase a machine and will help them install the machine 
at their home. If the patient comes up with a name, imme-
diately call (or have one of the clinic’s staff call) the per-
son (after obtaining the patient’s consent) “while the iron 
is hot.” Explain the situation and the need for help, and set 
with the patient and the person who is willing to support 
them a precise schedule of when and how they will go to 
purchase a device and what would be the next steps in the 
treatment program. Encourage the person to accompany 
the patient to his next appointments.

• Other healthcare providers: Connect with the patient’s 
other health providers (e.g., family physician, psychia-
trist, social worker, etc.). If needed, directly call the 
patient’s primary care provider (PCP), and explain the 
diagnosis and treatment plan. Even if the patient will not 
proceed with the treatment plan, there is a good chance 
he/she will contact their PCP for other reasons in the fore-
seeable future, and the informed PCP might ask them 
again about OSA treatment and might reignite the treat-
ment. A CPAP coordinator (see Chap. 33) in a clinic can 
be an enormous boon. Refer to a psychologist if there is 
ambivalence or significant anxiety about CPAP use (see 
Chap. 6). It can only succeed as a team effort. Consult 
with the other providers on how they can support their 
treatment (e.g., by reducing sleep impairing medications, 
providing topical ointments to treat mask bruises, etc.).

11.5  Conclusion

Treating a patient suffering from severe mental illness and 
especially a personality disorder is no doubtebly a daunting 
and challenging task. It is sometimes made harder due to its 
emotional toll as compared to treating the most severe of med-
ical conditions. Nevertheless, if one wishes to be successful 
and increase treatment adherence for OSA or any other medi-
cal condition, there is no escape from “diving” into the 
patients’ intricate intrapsychic realm and addressing their 
responses and attitudes from a compassionate and emphatic 
point of view, that is, being able to “see” their anxiety and 
insecurity beyond their maladaptive and sometimes aggressive 
reactions, connecting with the patient on the emotional level. 
This is referred to as “forming a therapeutic alliance” [30]. As 
in most cases, success in OSA treatment stands almost entirely 
on the patient’s cooperation. Cognizance of this point will 
allow one to take the sometime extraordinary measures that 
are required to get a patient with a personality disorder to be 
adherent with the recommended treatment.
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Abbreviations

AAA American Automobile Association
CPAP Continuous positive airway pressure
CVD Cardiovascular disease
EDS Excessive daytime sleepiness
FN-PSG Full-night polysomnography
ICER Incremental cost-effectiveness ratio
MVAs Motor vehicle accidents
OHS Obesity hypoventilation syndrome
OSA Obsructive sleep apnoea
OSAS Obsructive sleep apnoea syndrome
PAP Positive airway pressure
QALY Quality-adjusted life year
QOL Quality of life
SES Socioeconomic status
SN-PSG Single night polysomnography
UPHM Unmonitored portable home monitoring

12.1  Prevalence of OSA

It is estimated that almost one billion people suffer from 
OSA worldwide, with prevalence exceeding 50% in some 
countries [1]. Most cases of OSA remain undiagnosed and 
untreated, even in developed countries [2].

It has been estimated that 936 million (95% CI 903–970) 
adults aged 30–69  years (men and women) have mild-to- 
severe OSA and 425  million (range 399–450) adults aged 
30–69  years have moderate-to-severe obstructive sleep 
apnoea globally. The number of affected individuals was 
highest in China, followed by the USA, Brazil and India [1].

The landmark US Wisconsin Sleep Cohort Study evalu-
ated the prevalence of sleep apnea in state employees and 

demonstrated that 24% of men and 9% of women have 
mild- to- severe OSAS (AHI > 5) [3]. Another study showed 
that 17% of men and 9% of women aged 50–70 years have 
at least moderate-to-severe OSA [4]. A more recent Swiss 
epidemiological study in an adult general poplation showed 
that 49.7% of men and 23.4% of women have moderate-to-
severe OSA defined as an apnoea-hypopnoea index 
(AHI) ≥ 15/h [5].

OSA prevalence is higher in older adults; males; minority 
races; people with high body mass index, large neck circum-
ference, craniofacial abnormalities, and menopausal status; 
smokers; and among people who consume alcohol [6]. In 
addition, prevalence is higher in certain medical populations, 
including those with coronary artery disease (moderate-to- 
severe OSAS in 55% of patients) and diabetes mellitus (37% 
of patients) [7].

12.2  Burden of Untreated OSA

12.2.1  Clinical Burden of Untreated OSA

The consequences of untreated OSA are considered to repre-
sent a great threat to individual and global health [8]. Untreated 
OSA patients are at a significantly increased risk of develop-
ing daytime sleepiness and have reduced quality life (QOL), 
as well as cardiovascular, metabolic and neurocognitive dis-
eases, anxiety and depression, motor vehicle accidents 
(MVAs), work accidents and all-cause mortality [9–12]

Individuals with asthma who are high risk for OSA were 
2.87 times more likely to have insufficient asthma control 
than those at risk for OSA [13]. OSA has been associated 
with an increased risk for cancer and mortality in  OSA 
patients, particularly for those with severe OSA (AHI > 30) 
[7]. Perioperative complications including need for pro-
longed intubation, need for re-intubation, pneumonias, 
aspiration, arrhythmias and cardiac arrest are more preva-
lent in those with untreated OSA than individuals without 
OSA [7].
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12.2.2  Societal and Economic Burden 
of Untreated OSA

OSA leads to high usage of healthcare resources [14, 15]. 
Case-control studies have consistently shown that OSA 
patients use more physician services and are admitted to hos-
pital at greater rates in years prior to diagnosis compared 
with individuals without OSA [16].

OSA has predictable effects in decreasing economic out-
comes [3, 17]. Determination of the economic consequences 
of OSA, and the effects of treatment and treatment adher-
ence, is complex and requires assessment of disease severity 
and patient clinical and socioeconomic factors including 
occupation and driving risk, as well as geographical factors 
[16]. Direct economic costs can include comorbidities such 
as high blood pressure or diabetes, motor vehicle or work-
place accidents and compensating behaviors such as sub-
stance abuse of pills, tobacco and alcohol. Indirect economic 
costs can include decreased productivity at work, reduced 
quality of life and stress in interpersonal relationships. Direct 
costs associated with comorbidities include increased medi-
cal expenses due to emergency room visits, hospital inpatient 
visits, medication use as well as increased mortality rates. In 
2015, the cost of diagnosing and treating obstructive sleep 
apnoea in the USA was approximately US$12·4 billion [18].

Untreated OSA can lead to about a twofold increase in 
medical expenses because of cardiovascular disease (CVD) 
morbidity [16]. Healthcare costs are not normally distrib-
uted, such that the costliest and the sickest upper third of 
patients consume 65–82% of all medical costs. There are 
limited numbers of studies exploring the effect of CPAP on 
medical costs, and this important area requires further 
investigation. Identifying barriers to CPAP adherence will 
enable the development of effective interventions tailored 
to improve treatment, especially in the costliest and sickest 
at-risk populations that consume the most medical resources 
[16, 19].

The medical costs of undiagnosed OSA patients are 
about twice those of controls [15, 16, 19]. Frost and 
Sullivan’s analysis of only the most well-understood comor-
bidities linked to OSA indicated that costs among the undi-
agnosed OSA population were approximately $30 billion in 
the USA in 2015. This model considered only medication 
and healthcare utilization costs, and only the portion of 
overall comorbidity costs that could be potentially avoided 
if OSA were treated [18].

Accurate diagnosis and appropriate treatment will reduce 
direct and indirect costs related to CVD, occupational and 
driving risks, but diagnostic procedures, treatment and man-
agement costs of OSA add to direct costs whether or not 
patients maintain long-term adherence to treatment. Active 
patient engagement in their care leads to better health out-
comes and measurable cost savings [16].

12.2.3  Patient Factors in Socioeconomic 
Burden of OSA

Patient factors that can affect healthcare utilization include 
not only illness level (perceived health state, symptoms and 
diagnosis) but also predisposing factors (demographics, 
social structure and beliefs) and enabling factors (income, 
insurance type and family characteristics) [20].

Independent determinants of costs have been identified as 
hyperlipidemia (adjusting for age, AHI and BMI) for ‘most 
costly’ young adult male OSA patients, and as age, BMI, 
CVD, hypertension supplied psychoactive drugs, and hyper-
lipidaemia and diabetes (adjusting for AHI) for ‘most costly’ 
middle-aged adults, and as CVD and supplied psychoactive 
drugs in older adults [21, 22].

Excessive daytime sleepiness (EDS) is associated with 
increased societal burden, which may have an impact on 
healthcare utilization and costs. Several studies indicate an 
association between EDS in OSA and indirect economic bur-
den, including motor vehicle accidents (MVAs), near misses, 
work productivity, mood and QOL [23].

Low socioeconomic status (SES) is an independent risk 
factor for CVD among adult OSA patients requiring treat-
ment. Patients with OSA incur a significant socioeconomic 
burden because their lower employment rates and the lower 
earning potential among those who are employed exceed the 
direct costs of the disease [24]. Patients with OSA and peo-
ple with low low socioeconomic status (SES) have higher 
rates of obesity, glucose intolerance and cigarette smoking 
[16, 25]. Low SES may lead to a lack of effective functioning 
in self-care, particularly in chronic illnesses, due to poor 
health literacy, knowledge, skill and confidence. OSA 
patients with low SES were the sickest patients, and they had 
the lowest referral rate to sleep diagnosis services because of 
poor awareness and knowledge [16].

12.2.4  Geographic Factors in Socioeconomic 
Burden of OSA

Healthcare utilization and costs vary by geographic setting, 
and healthcare utilization is difficult to compare among dif-
ferent health systems that have more than one payer, as in the 
USA [16].

A cross-sectional study in the USA in 1999 found that, in 
the year prior to the diagnosis of OSA, mean annual medical 
cost per patient was $2720, versus $1384 for age-matched 
and sex-matched controls [19]. Regression analysis showed 
that the apnoea hypopnea index (AHI) among cases was sig-
nificantly related to annual medical costs after adjusting for 
age, sex and BMI. This study estimated the annual cost of 
treating the medical consequences of OSA in 1999 at 
$3.4 billion in the USA [19].
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Data from the Danish National Patient Registry found 
that OSA was associated with about 2.8-fold greater direct 
health costs from general practitioner care, in-hospital ser-
vices and medication used up to 12 years before OSA diag-
nosis [24]. In this study, snoring, and especially OSA and 
obesity hypoventilation syndrome (OHS), were  associated 
with significantly higher rates of health-related contact, med-
ication use and unemployment and accounted for increased 
socioeconomic costs (especially indirect costs). These effects 
increased with the severity of OSA, and patients with OHS 
had the lowest employment rates. The income level of 
patients with OSA and OHS who were employed was lower 
than that of employed control subjects. The annual excess 
total direct and indirect costs for patients who snore and with 
OSA and OHS were €705, €3860 and €11,320, respectively. 
Patients with snoring episodes, OSA and OHS received an 
annual mean excess social transfer income of €147, €879 and 
€3263, respectively. These socioeconomic consequences 
were present up to 8  years prior to the first diagnosis in 
patients with SA and OHS and further increased with disease 
advancement.

12.2.5  Motor Vehicle Accidents (MVA) 
in Socioeconomic Burden of OSA

OSA is a source of motor vehicle accidents, leading to pre-
dictable effects in decreasing economic outcomes [3, 17]. 
EDS and impaired vigilance due to OSA are associated with 
a two- or threefold increase in motor vehicle accident rates, 
especially those associated with personal injury [2, 26].

The costs specifically related to OSAS-related motor vehi-
cle crashes are significant. In 2004, it was estimated that 
810,000 motor vehicle crashes a year are attributable to 
OSAS, resulting in 1400 fatalities and costing roughly 
$15.9  billion [27]. This study concluded that treating the 
same OSAS sufferers with CPAP, assuming 70% adherence, 
would prevent roughly 500,000 collisions, save 1000 lives 
and reduce cost by $11.1 billion. The cost of CPAP was fac-
tored into the dollars saved [27]. Another study estimated that 
treatment with CPAP reduces the 10-year risk of MVCs (fatal 
and non-fatal) by 52%, the 10-year expected number of myo-
cardial infarctions by 49% and the 10-year risk of stroke by 
31% [28]. A report in 2016 described that the total economic 
impact of all motor vehicle accidents in the USA where undi-
agnosed OSA was a contributing factor estimated at $26.2 bil-
lion in 2015, and included vehicular damages, lost wages 
from corresponding absenteeism, property damage, rising 
insurance premiums and medical expenses for accidents 
involving drowsiness [18]. In the USA, a report by the 
American Automobile Association (AAA) reported that 
drowsy driving caused nearly 29% of 328,000 crashes, result-
ing in 1090 injuries and 6400 fatalities each year [18].

12.2.6  Workplace Accidents and OSA 
in Socioeconomic Burden of OSA

Untreated OSA patients are at significantly increased risk of 
non-vehicular work accidents [29, 30]. The costs for these 
accidents due to undiagnosed and untreated OSA totalled 
$6.5 billion in 2015 [18]. Another study found that people 
with OSA were nearly twice as likely to be hurt on the job 
[31]. For individuals severely injured, returning to work may 
not be an option due to physical or mental constraints.

12.2.7  Work Productivity in Socioeconomic 
Burden of OSA

EDS with OSA (OSAS) may affect work productivity in a 
broad range of occupations. Productivity, absenteeism, pre-
senteeism, risk of occupational injury, changes in job duties, 
opportunities for job promotions and other aspects may also 
be negatively affected [2].

The impact of SDB on work capability is considerable as 
patients already have a significantly reduced employment 
status and a higher level of direct and indirect costs before 
the diagnosis is established and further reductions occurred 
after the diagnosis is made [25]. Loss of productivity includes 
absenteeism, underperformance and negative workplace 
behaviour. OSA was found to contribute to both work dis-
ability and decreased productivity with a cost of $86.9 bil-
lion because of lost workplace productivity representing 
77.4% of the total US cost burden of OSA [4, 32].

12.3  Benefits of OSA Treatment

12.3.1  Societal and Health Economic Benefits 
of OSA Treatment

A systematic review found that four studies in different geo-
graphic settings showed PAP adherence to enhance eco-
nomic outcomes, while one study detected no relationship 
between adherence and outcomes [33]. Aggregated study 
data indicate that PAP treatment reduced outpatient visits 
and that relative to no treatment, PAP was associated with 
favourable economic outcomes, including increased cost- 
effectiveness, reduced healthcare utilization (HCU), 
improved workplace productivity and reduced days missed 
from work [15, 16]. Non-PAP therapies including oral appli-
ances and surgical approaches might also be cost-effective, 
but data are limited and equivocal such that future studies are 
warranted.

Although some restrospective analysis of claims showed 
that CPAP users had significantly lower hospitalization risks 
and all-cause US healthcare costs [34, 35], one Danish 
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 observational study and meta-analysis of two RCTs did not 
demonstrate a significant reduction in hospitalizations, or in 
ambulatory, or drug costs associated with PAP therapy com-
pared with control conditions [9, 24].

Frost and Sullivan’s 2016 survey showed that absences of 
employed OSA patients declined by 1.8 days per year and 
productivity on the job increased by 17.3% on average [18].

12.3.2  Benefits of CPAP in Mild OSA

A number of trials have shown QOL benefits from use of 
CPAP in mild OSA with good treatment adherence [36–40], 
although some studies have shown that the beneficial effects 
of CPAP on HrQOL are diminished among patients with 
mild disease [33].

Despite the positive association between AHI and symp-
toms such as sleepiness, patients with very high AHIs may 
however report little if any daytime impact of OSA and vice 
versa. It is generally agreed that a trial of CPAP may be war-
ranted in symptomatic patients with objectively mild OSA 
[11, 41].

12.4  Costs of OSA Diagnosis 
and Treatment

Treatment of OSA is an investment in long-term health, and 
healthcare utilization and financial costs can be reduced by 
reducing the impact of OSA symptoms, comorbidities, and 
accidents. Conversely, non-adherence will prevent patients 
and society from achieving those savings.

Frost and Sullivan estimated that, in 2015, approxi-
mately $12.4 billion was spent in diagnosing and treating 
OSA for the 5.9 million US adults with OSA and a larger 
and more significant investment of approximately $49.5 bil-
lion would be necessary every year to care for the 23.5 mil-
lion individuals with OSA who are undiagnosed today [18]. 
The direct upfront costs of diagnosis and treatment are sub-
stantially lower than the costs of leaving the condition 
untreated [18].

Diagnostic costs are variable due to differing diagnostic 
protocols which vary in complexity [28]. Comparisons of 
diagnostic modalities indicated that full-night polysomnog-
raphy (FN-PSG) was cost-effective and preferred over other 
diagnostic modalities in almost all of the investigated popu-
lations and scenarios. In terms of prevention of MVCs and 
reduction in CVS events, Pietzsch et al. calculated that the 
preferred diagnostic strategy was FN-PSG. At pretest prob-
abilities of 20% and 50% FN-PSG, which is initially more 
expensive with an incremental cost-effectiveness (ICER) of 

$17,131 per quality-adjusted life year (QALY) gained, costs 
less and provides more QALYs than single night polysom-
nography (SN-PSG) and unmonitored portable home moni-
toring (UPHM) over the lifetime of the patient.

Over the lifetime horizon, SN-PSG and UPHM proved 
more expensive than FN-PSG because they are less spe-
cific tests and therefore result in more false-positive diag-
noses. Even though FN-PSG was the most expensive 
technology at diagnosis requiring patients to undergo two 
overnight in-lab assessments (one for diagnosis and the 
other for titration), the superior diagnostic accuracy of this 
technology resulted in it costing less and providing more 
health benefits than any other approach to diagnosis in the 
long term.

Diagnosis with type IV unattended portable home moni-
toring devices costs more overall and provided fewer QALYs 
than type III devices [28].

From a health-economic perspective, UPHM, FN-PSG 
and SN-PSG have very similar outcomes in populations 
with a high pretest probability of OSA (patients with sev-
eral clinical indicators highly suggestive of having OSA). 
This is important, as it indicates that UPHM, despite its 
lower sensitivity and specificity, can be a cost-effective 
diagnostic approach (incremental cost-effectiveness ratio 
of $19,707 per QALY gained compared to no diagnosis) in 
situations where FN-PSG or SN-PSG is not available, 
where there are substantial wait times for in-lab diagnosis 
or when patients are not willing or able to undergo evalua-
tion in a sleep lab [28].

The costs of OSA diagnosis and treatment and impact on 
healthcare and workplace economics have been assessed in 
the United States in 2015 [1, 18] (Fig. 12.1). Approximately 
7% of costs were from physician office visits and testing 
necessary for diagnosis and management. Another 50% 
was generated from the sale and rental of PAP machines 

7%

50%43%

Physician Office visits PAP costs Surgical costs

Fig. 12.1 Costs of sleep apnoea diagnosis and treatment. (Adapted 
with permission from Frost and Sullivan 2016)
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and their accessories, as well as customized oral appliances 
in a small proportion of population use. Surgical costs for 
 treating OSA condition were estimated to account for the 
remaining 43% of costs. Costs per OSA patient averaged 
$2105 per person per year. Most OSA patients do not 
require surgery, so when removing those costs, the average 
dropped to $1190.

In Spain, Mar et al. calculated diagnostic costs in 2003, 
including consultations with conventional testing (€111), 
cardiorespiratory polygraphy (€98) and polysomnography 
(€243) (Table  12.1) [42]. The diagnostic cost incurred in 
the population in order to treat one patient with CPAP 
was were €1028. This figure included the 10% dropout rate 
from treatment. The impact of diagnostic costs on the eco-
nomic efficiency of treatment of OSA was quite low, as the 
key factor in the overall cost is the cost of the CPAP device. 
The cost of CPAP differs greatly from one country to 
another, depending mainly on whether the device is bought 
or rented. Mar et  al. noted that the cost is the aggregate 
value of the resources needed to provide a health or clinical 
intervention, such that what varies is not cost but charges. 
In Spain, the annual cost of CPAP treatment in 2001 was 
calculated at €251, and at €1256 over 5 years including all 
supplies and maintenance. Other costs associated with 
CPAP treatment included in- home technical maintenance 
twice a year (€82) and medical follow-up once a year (€25) 
(Table 12.1). Across Europe, CPAP device prices are simi-
lar, with the main charge difference apparently due to 
National Health Services renting devices, usually at higher 
charges [42].

Mar et  al. noted that these results are very sensitive to 
time horizon. Over a time horizon of 5 years, the purchase 
and maintenance costs of CPAP were responsible for 61% of 
the overall incremental cost, increasing to 86% over the 
whole life of the patient (Table 12.2) [42].

In the UK, Weatherley et al. calculated in 2009 that, for a 
hypothetical 50-year-old man, total costs were £8140 for 
lifestyle advice, £8797 for dental devices, and £9301 for 
CPAP [43] (Table 12.3). The increased costs of CPAP were 
due to higher treatment costs, while the non-treatment costs 
were lower than those for the other strategies.

12.5  Cost-Effectiveness 
and Socioeconomic Impact of OSA 
Treatment

12.5.1  Cost-Effectiveness and Socioeconomic 
Impact of CPAP Treatment

A number of guidelines reflect studies which have demon-
strated cost-effectiveness of CPAP therapy in OSA, enabling 
assessment of costs of non-adherence to CPAP [9, 44, 45].

Treatment of OSAS is both economical and effective. A 
number of studies have supported the economic benefits of 
treating OSAS, particularly when comparing the incremental 
costs of treatment with CPAP per quality-adjusted life years. 
When quality of life, costs of therapy and motor vehicle out-
comes are considered, CPAP therapy for patients with OSAS is 
attractive for both economic and health benefits [43, 46, 47].

There is no clear consensus in the health economics lit-
erature regarding the value of an  incremental cost- 
effectiveness ratio below which a treatment should be 
regarded as efficient [42]. A Canadian study found it to lie in 
the range of 20,000–100,000 Canadian dollars/QALY [48]. 
An ICER of less than $50,000 per QALY gained is generally 
considered cost-effective, but some evidence suggests this 
value should be higher [49–51]. By comparison, a review of 
the cost-effectiveness of 500 life-saving interventions by 
Tengs et al. found that the median cost per life year saved 
was US$19,000 in the health sector [52]. An assessment of 
the cost-effectiveness of cardiovascular prevention pro-
grammes in Spain showed figures ranging between US$ 
3000 and $100,000 [53].

An analysis of ICERs by Mohit and Cohen demonstrated 
that interventions for OSA would increase costs but would 
also improve health by increasing QALYs [54]. The majority 
indicated that intervention represents good value in accruing 
QALYs at a relatively low cost with a value below $50,000 
per QALY gained in the USA and in other settings.

Table 12.1 Management costs of OSA treatment (Spain)

€
Consultation 111
Resp PG 98
PSG 243
Treatment cost per patient 1028
Annual cost of CPAP 251
Annual CPAP maintenance 82
Annual medical follow-up 25

Reproduced with permission from Mar et al. (2003)

Table 12.2 Disaggregated incremental costs in 50-year-old males 
treated with nCPAP in two time horizons

Horizon

Diagnostic cost Treatment cost
€ % € %

5 years 1028 39 1636 61
Lifespan 1028 14 6238 86

Reproduced with permission from Mar et al. (2003)

Table 12.3 Management costs of OSA treatment (UK)

UK (GBP)
Lifestyle advice 8140
Dental 8797
CPAP 9301

Reproduced with permission from Weatherley et al. (2009)
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The literature regarding utility gain in OSAS patients 
reveals widely varying figures, with mean utility gain 
obtained using nCPAP ranging from 0.23 to 0.05 [44, 
55–57].

Cost-effectiveness analyses conducted in Canada, the 
UK, Spain, the USA and France have demonstrated that 
CPAP is cost-effective from the payer perspective, with costs 
per quality-adjusted life year (QALY) gained, well below 
societal cutoffs (typically $50,000 per QALY in the USA) 
[29, 43, 44, 47–49, 55, 57–61] (Table 12.4).

In Canada, a study in 1992 showed that the ICER for 
CPAP lies in the range of Can $20,000–100,000/QALY 
[48]. In a further study in 1994, the mean utility and the 
standard deviation obtained with the standard gamble 
method were 0.87 ± 0.17 on CPAP treatment and 0.63 ± 0.29 
pretreatment [55]. This resulted in an average gain of 5.4 
QALYs and a cost-utility ratio between Can $3397 and Can 
$9792 per QALY added. These costs were relatively small 
when compared to the cost per QALY for many other clini-
cal interventions. Tan et al. calculated that 1 year of CPAP 
treatment increased the health utility score from 
0.611 ± 0.112 to 0.710 ± 0.121 (P < 0.01) [59]. Therefore, 
CPAP resulted in a mean gain of 0.092 QALY/patient [59]. 
Studies from Manitoba concluded that the treatment of OSA 
with CPAP reversed the trend of increasing healthcare utili-
zation seen prior to diagnosis. CPAP results in a long-term 
health benefit, as measured by the use of healthcare services 
[62, 63]. In a later study, Pietzsch et  al. demonstrated an 
incremental cost-effectiveness ratio (ICER) of CDN$15,915 
per quality- adjusted life year (QALY) gained for the life-

time horizon with CPAP therapy [28]. Over the lifetime 
horizon in a population with 50% prevalence of OSAS, full-
night polysomnography in conjunction with CPAP therapy 
was considered the most economically efficient strategy at 
any willingness- to- pay greater than $17,131 per QALY 
gained, because it dominates all other strategies in compara-
tive analysis [28, 29].

In the UK, the Trent Report provided a cost-utility analy-
sis which compared nCPAP with a ‘do nothing’ alternative 
for the treatment of patients with OSAS [58]. QALY gain 
after 1 year was 0.10 (CI 0.07 0.12). Cost per QALY gained 
at 1 month was £99,000, at 1 year £8300, 2 years £5200 and 
5 years £3200 (Table 12.5). All estimates of cost- effectiveness 
over 1 year were <£16,000 per QALY gained. In another UK 
study in 2002, severely impaired health status at baseline 
improved by 23% (0.32–0.55) in utility by the standard gam-
ble approach, adding 8 QALYs in the CPAP group compared 
to a 4% improvement (0.31–0.35) with 4.7 QALYs added in 
the lifestyle group [57]. Utility measured by EQ-5D showed 
a marginal change with CPAP (0.73–0.77) but did not 
 demonstrate any improvement with lifestyle, suggesting that 

Table 12.4 Cost-effectiveness analysis in OSA treatment

Country
QALYs gained 
(CPAP)

Cost per QALY 
(CPAP)

ICER/QALY 
(CPAP)

QALYs gained (dental 
devices)

Cost per QALY (CPAP over 
dental device)

Canada (Laupacis et al. 
1992)

Can 
$20,000–
$100,000

Canada (Tousignant et al. 
1994)

5.4 Can $3397–$9792

UK (Chakravorty et al. 
2002)

8

Spain (Mar et al. 2003) € 5000 <€6000
USA (Ayas et al. 2006) 0.75 $3354
Canada (Tan et al. 2008) 0.092
UK (Guest et al. 2008) >£20,000 (2 years)

<10,000 (13 years)
UK (Weatherley et al. 
2009)

12.39 £4413
(severe OSA)
to £20,585
(mild OSA)

12.26 £3899

UK (McDaid et al. 2009) £2500 £3900
Canada (Pietzch et al. 
2011)

Can $15,915

Brazil (Rizzi et al. 2014) 0.093
France (Pouillie et al. 
2016)

0.62 €10,128
(high CVS risk)

Table 12.5 Baseline cost per QALY gained in the UK Trent report 
(Chilcott et al. 2000)

Time horizon Cost per QALY gained
1 month £99,000
1 year £8300
2 years £5200
5 years £3200

Adapted with permission from Wetherley et al. (2009)
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poor CPAP adherence leads to significant cost in terms of 
quality of life.

A later UK study in 2008 showed that treatment with CPAP 
for a period of 1  year was found not to be a cost- effective 
option, since the cost per quality-adjusted life year (QALY) 
gained is expected to be >£20,000, but after 2 years of treat-
ment, the cost per QALY gained is expected to be £10,000 or 
less, and after 13 years of treatment, CPAP becomes a domi-
nant treatment (i.e., more effective than no treatment for less 
cost) [60]. Within the limitations of the model, CPAP was 
found to be clinically more effective than no treatment and, 
from the perspective of the UK’s NHS, a cost-effective strat-
egy after a minimum of 2 years of treatment.

From a UK National Health Service perspective in 2009, 
CPAP was found to be a cost-effective alternative to dental 
devices and lifestyle advice, especially in patients with more 
severe disease [43]. Estimated QALYs were 11.93 with life-
style advice, 12.26 with dental devices and 12.39 with 
CPAP. The incremental cost per QALY gained with CPAP 
over dental devices was £3899. The probability of CPAP 
being more cost-effective than its comparators, at a cost- 
effectiveness threshold of £20,000 per QALY, was 0.78 for 
men and 0.80 for women. The cost-effectiveness of CPAP 
improved in patients with more severe symptoms. The ICER 
for CPAP therapy compared to dental devices or lifestyle 
advice ranged from £4413 to £20,585 depending on the OSA 
severity [43].

The UK economic review by McDaid et al. in 2009 dem-
onstrated that continuous positive airway pressure devices 
reduce symptoms of sleepiness and are cost-effective for 
obstructive sleep apnoea-hypopnoea syndrome [47]. Cost- 
effectiveness of CPAP, based on a hypothetical cohort of 
men aged 50 years, using a lifetime time horizon, and includ-
ing costs for treatment, cardiovascular disease events and 
traffic accidents, was estimated at £2500 per quality-adjusted 
life year (QALY) compared with usual care and £3900 per 
QALY compared with dental devices.

In the USA, a study by Ayas et al. in 2006 calculated that 
CPAP therapy was more effective but more costly than no 
CPAP [49]. Non-compliant patients were assumed to use the 
CPAP machine for 3  months, incurring rental costs of the 
machine and humidifier, and costs associated with the mask, 
tubing, headgear and one physician visit. Patients were 
assumed not to benefit from CPAP for this period of 
3 months. From the perspective of third-party payor, consid-
ering only direct costs, CPAP was associated with a mean 
gain of 0.75 QALY (2.22 QALYs vs 1.47 QALYs [95% CI, 
0.28–3.08] in the CPAP and no-CPAP groups, respectively, 
resulting in an ICER of $3354 per QALY gained. From the 
perspective of society, the CPAP strategy was more costly 
($7123 [95% CI, $4324–$11,906] vs $6887 [95% CI, 
$3113–$14,843] for the no-CPAP strategy) as well as more 

effective, implying an incremental cost-effectiveness of $314 
(95% CI, cost saving to $6114).

The most influential factor was analytical perspective 
(i.e., third-party payer vs societal), leading to a more than 
tenfold difference in ICER estimates. The second most influ-
ential factor was choice of utilities values. When EQ-5D 
utilities were used instead of standard gamble utilities, the 
ICER estimate increased more than 5 times. Using the value 
of society’s willingness to pay for a QALY of $50,000, 100% 
of the Monte Carlo simulations favoured the cost- 
effectiveness of CPAP therapy. The results were described as 
conservative, with benefits of CPAP likely greater, as some 
potential benefits were not calculated including improve-
ments in work productivity, reduction in occupational inju-
ries, reduced use of antihypertensive medications and 
improvements in bed-partner quality of life [49].

In the USA, Wickwire et al. published a systematic review 
of published literature regarding the impact of treatment for 
OSA on monetized health economic outcomes [34]. Although 
study methodologies varied widely, evidence consistently 
suggested that treatment of OSA was associated with favour-
able economic outcomes, including QALYs, within accepted 
ranges of cost-effectiveness, reduced HCU and reduced 
monetized costs.

Long-term CPAP therapy may reduce healthcare utiliza-
tion and hospitalization costs in some patients with cardiac 
and pulmonary comorbidity [64].

In Spain, cost-effectiveness of CPAP was found to be 
€7861 for the base case, €4938/QALY at a time horizon of 
5 years, and only in the least favourable scenario rose above 
€20,000 per QALY [44]. Improvements in QOL account for 
98% of the incremental effectiveness of CPAP over a time 
horizon of 5 years changes and 84% over the whole life of 
the patient (Table 12.6).

CPAP represented an incremental cost <6.000 euros/
QALY, and in a disaggregated analysis, 84% of the incre-
mental effectiveness was attributed to the improved QOL. By 
comparison an assessment of the cost-effectiveness of car-
diovascular prevention programmes showed figures ranging 
US$3000–$100,000 [53].

In Brazil, Rizzi et al. used the SF-6D questionnaire and 
showed that 1 year of CPAP treatment increased the health 
utility score from 0.611  ±  0.112 to 0.710  ±  0.121 

Table 12.6 Cost-effectiveness and ICER for the base case and two 
time horizons in male

Horizon €/
QALY

Cost € Effectiveness QALY

ICER
No 
treatment nCPAP

No 
treatment nCPAP

5 years 55 2719 3.39 3.73 7861
Life span 591 7902 12.90 14.38 4938

Reproduced with permission from Mar et al. (2003)
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(P  <  0.01) and resulted in a mean net gain of 0.0929 
QALY/patient [65].

Long-term CPAP treatment results in QALY gains simi-
lar to other chronic disorders, such as hypertension (0.54), 
depression (0.055), diabetes (0.07), insomnia (0.006831) 
and COPD (0.009) [65].

Comorbidities associated with OSA such as hypertension 
and diabetes are a significant and increasing financial bur-
den. In the survey by Frost and Sullivan in 2016, approxi-
mately 3% of hypertensive patients with OSA were able to 
stop medication, and another 17% were able to decrease 
medication after receiving treatment [18]. For diabetics treat-
ing OSA, hospital visits were cut from 2.8 to 1.5 annually.
They estimated that the overall reduction in medication use 
and annual hospital visits saved patients millions of dollars 
each year and that approximately 78% of survey respondents 
stated that OSA treatment was a good investment.

A review of economic studies found that non-treated 
patients with OSAS consume significantly more health 
resources and present with decreased work performance 
which creates deficits that extend beyond health resources, 
affecting other areas of economic functioning. CPAP treat-
ment has the potential to decrease these costs and the direct 
costs with health [65].

In professional drivers with OSA, CPAP treatment led to 
a 73% reduction in preventable driving accidents [66]. Frost 
and Sullivan noted that a large commercial truck crash can 
cost up to $9 million, but if drivers were screened and subse-
quently treated for OSA, up to $11 billion annually could be 
saved [18].

12.5.2  Cost-Effectiveness of CPAP Treatment 
in Mild OSA

Incremental cost-effectiveness ratios related to rapid intro-
duction of treatment are significantly lower in the patients 
with more severe OSAS and provide serious medical and 
economic arguments in favour of early management of the 
patients with more severe OSAS [67]. McDaid et al. found 
that the clinical treatment effect of CPAP on the Epworth 
sleepiness scale, relative to conservative therapy, was greater 
in patients with greater baseline severity of OSAHS. In terms 
of cost-effectiveness of CPAP in separate severity groups, 
the ICER (probability of being cost-effective at a threshold 
of £20,000 per QALY) varied between £20,585 (0.43) and 
£4413 (0.98) in patients with mild and severe disease, respec-
tively [47].

As quality of life is a major factor in cost-effectiveness, 
current guidelines state that there appear to be clinical and 
health economic arguments in favour of offering treatment to 
patients with mild OSA associated with symptoms or CVS 

comorbidities, and a potential cost saving in reducing non- 
adherence [1].

Nevertheless, although QOL is improved by CPAP in 
mild OSA, and is a major factor in cost-effectiveness, fur-
ther research is needed to establish whether there is a poten-
tial health economic as well as clinical benefit in offering 
treatment to patients with mild OSA, and to assess the 
potential cost in CPAP non-adherence in this patient group 
[37, 38, 40, 41].

12.5.3  Cost-Effectiveness of OAT and Surgery

In addition to PAP, oral appliance (OA) therapy has been 
found to be cost-effective. OAs are preferred by many 
patients and are an accepted treatment alternative for patients 
with mild-to-moderate OSA or who are unable to tolerate 
PAP [68, 69] (See Chap. 28).

As previously noted, CPAP was found to be a cost- 
effective alternative to dental devices and lifestyle advice 
from the perspective of the UK NHS, especially in patients 
with more severe disease [43]. Estimated QALYs were 
11.93 with lifestyle advice, 12.26 with dental devices and 
12.39 with CPAP. The incremental cost per QALY gained 
with CPAP over dental devices was £3899. The ICER for 
CPAP therapy compared to dental devices or lifestyle advice 
that ranged from £4413 to £20,585 depending on the OSA 
severity [43].

In France, one study has assessed the cost-effective effi-
ciency of different treatments (i.e., CPAP, dental devices, 
lifestyle advice and no treatment) for patients with mild-to- 
moderate OSAHS, with low or high CV comorbidities at 
baseline [61]. For patients with low CV risk, the ICER of 
dental devices versus no treatment varied between 32,976 
EUR (moderate OSAHS) and 45,579 EUR (mild OSAHS) 
per QALY, and for  CPAP versus dental devices, above 
256,000 EUR/QALY. For patients with high CV risk, CPAP 
was associated with a gain of 0.62 QALY compared with no 
treatment, resulting in an ICER of 10,128 EUR/QALY. The 
analysis suggested that it is economically efficient to treat all 
OSAHS patients with high CV risk with CPAP and that den-
tal devices are more efficient than CPAP for mild-to- 
moderate OSAHS with low CV risk. By assuming an efficacy 
of dental devices up to 1.56 times less than that of CPAP on 
the prevention of CV events, the cost-effectiveness of dental 
devices would be the same as that for CPAP.  Making an 
assumption of similar effectiveness based on an extrapola-
tion of results reported by Anandam et  al., the cost- 
effectiveness of dental devices becomes far superior to that 
of CPAP [61, 70]. For mild-to-moderate OSAHS with low 
CV risk, dental devices appeared more efficient than CPAP, 
but patient out-of-pocket costs were much higher for dental 
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devices than for CPAP because of mainly non-refundable 
orthodontic treatment in France [61].

These results are difficult to compare with those of UK 
studies due to different integration of CV comorbidities and 
assessment of treatment effect by different methods (ESS 
and AHI) [43, 47].

The health economics of OA and surgical approaches 
have been less frequently studied, and results are more 
equivocal when compared with results with PAP. Non-PAP 
therapies might also be cost-effective, but data are limited, 
and future studies are warranted.

Surgical approaches were associated with a positive 
health economic outcome in two paediatric studies and found 
treatment to reduce outpatient visits, hospitalizations, emer-
gency department visits and costs [3, 71]. One study reported 
a negative economic outcome at 2  years, but uvulo- 
palatoplasty was included, and adherence was not assessed 
[15]. Uvulo-palatoplasty is considered an expensive proce-
dure that does not reliably normalize the apnea-hypopnea 
index [19].

Bariatric surgery appears to be a definitive treatment for 
OSA and markedly more efficient than usual care in the pre-
vention of type 2 diabetes leading to higher rates of diabetes 
remission, lower risk of CVD and other adverse health out-
comes, and with related medication cost savings [72–75].

12.6  CPAP Non-adherence

12.6.1  Prevalence of Non-adherence to CPAP

Poor CPAP adherence is widely recognized as a critical 
problem in the treatment of OSAHS [76–79]. The out-
comes of adherence to PAP therapy, sleepiness and side 
effects are critical for clinical and health-economic 
decision-making [9].

A wide range of prevalence of adherence is quoted in the 
literature. When adherence is defined as greater than 4 h of 
nightly use, 29–83% of patients with OSAHS have been 
reported to be non-adherent to treatment [78].

The average daily use of those who use CPAP every night 
is approximately 6 h, and those who routinely skip nights 
use it on average for 3 hours [80]. Those patients who are 
non- adherent during early treatment generally remain non- 
adherent over the long term [80, 81]. The return of symp-
toms and other manifestations of OSA with even one night 
of non- use underscores the critical nature of adherence to 
CPAP [82, 83].

A 2004 quantitative review found that, compared to other 
chronic conditions, adherence to therapy for sleep disorders 
was the lowest of the 17 conditions studied, including HIV, 
cancer, cardiovascular disease, renal disease and diabetes 
mellitus [84].

Later studies showed that, on a long-term basis, 20–25% 
of OSAS patients have been found to discontinue CPAP 
treatment although CPAP adherence is crucial to improve 
symptoms and cardiometabolic outcomes with a dose-effect 
relationship [76, 85].

In other reviews, long-term empiric assessment of PAP 
compliance or adherence is quoted at 30–60% and has fre-
quently remained inadequate and persistently low over 
20 years of published data [79, 86]. 5–89% of patients will 
reject CPAP as a treatment immediately, and 25–50% of 
patients who commence treatment will fail to continue [87]. 
50% will discontinue CPAP treatment within 1  year [88], 
and 25% will terminate CPAP treatment within 3 years [89].

Although CPAP is sometimes singled out as a therapy with 
particularly poor adherence, it is worth noting that it is one of 
the few therapies in which detailed, objective, daily adher-
ence monitoring is standard clinical practice and that optimal 
use of CPAP requires a level of patient engagement that 
exceeds what is needed to follow a pill-based regimen [11].

Bollig reported non-adherence rates to be similar to other 
populations with health concerns, where roughly 20–40% of 
individuals with acute illness, 30–60% with chronic illness 
and 50–80% of those using preventative care are non- 
adherent to their prescribed medical treatment [88]. Only 
30–50% of asthma patients adhere to therapy; 8% do not 
even collect their first prescription, while 68–83% of patients 
adhere to antihypertensives.

12.6.2  Clinical Factors Associated with Non- 
adherence to CPAP

Factors that are likely to influence CPAP adherence have 
been evaluated and can be arbitrarily separated into three 
domains of general patient characteristics, sleep apnoea 
severity and technical aspects of CPAP treatment including 
delivery interfaces and side effects [76, 79, 85].

No consistent association has been found between non- 
adherence and age, gender or BMI [67, 76, 90–92].

No single factor has been consistently identified as pre-
dictive of CPAP adherence, although studies demonstrate 
that overweight, obesity, comorbid conditions, smoking, low 
socioeconomic status, ethnicity, marital status, employment 
and financial coverage for CPAP treatment are factors that 
are associated with low CPAP adherence [11, 16, 93–96].

The evidence suggests that early experiences with CPAP, 
combined with patients’ perceptions and beliefs about OSA 
and CPAP, and the balance of their sociostructural facilita-
tors and barriers, are critical factors that influence patients’ 
decisions to use CPAP over the long term [97].

The most consistent predictive factors for adherence 
include early PAP adherence, self-reported daytime 
 sleepiness and certain psychological traits such as self- 
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efficacy [93, 98]. Type D personality, associated with 
unhealthy lifestyle and a reluctance to consult or follow 
medical advice, increases non-compliance and poor treat-
ment outcomes [87]. Claustrophobic tendencies have been 
associated with lower overall adherence [83, 99].

The balance between symptom severity pre-treatment and 
post-treatment symptom relief and sleep quality on CPAP 
treatment seems among the strongest predictors of CPAP 
compliance, although clearly not predictive prior to treat-
ment [95].

Disease severity, as measured by the apnea-hypopnea 
index (AHI) and nocturnal hypoxemia, has been shown to 
have an inconsistent predictive relationship with CPAP adher-
ence [11, 67, 92, 95, 100, 101].

In other studies, severity of sleep disordered breathing 
assessed as number of oxygen desaturation events, was the 
only clinical condition associated with long-term adherence 
[91, 102].

Treatments for OSA, such as CPAP and oral appliances, 
are frequently underused or rejected by patients due to dis-
comfort, insurance, perceptions of efficacy and other 
issues [2].

12.6.3  Socioeconomic Factors Associated 
with Non-adherence to CPAP

There are also factors at play that go far beyond patient 
demographic characteristics and disease characteristics, such 
as cultural considerations, fragmented care and policies 
related to diagnosis and treatment reimbursement and deliv-
ery [11, 76, 94, 103, 104].

Technological aspects associated with polysomnography 
and treatment delivery are less important in promoting adher-
ence than a supportive environment and first impressions of 
ease of use and benefit of therapy, and technical aspects such 
as CPAP mode, humidification or interface are likely to be 
modified during treatment follow-up [76, 79].

Meta-analysis demonstrated similar levels of PAP adher-
ence in adults with OSA with PAP initiation by either home 
APAP or in-laboratory titration [9]. There is little evidence 
that adherence is affected by PAP mode or pressure modifi-
cation, although patients have shown a preference for APAP 
over fixed pressure CPAP [105, 106].

Side effects of the treatment have not been shown to be 
predictive of adherence to CPAP, and it has been shown that 
those who reported mask side effects were in fact those 
patients who used CPAP regularly [80].

Oronasal masks have a negative impact on CPAP 
adherence, and meta-analysis has demonstrated clinically 

significant improvements in adherence in adults with OSA 
with nasal interfaces compared to oronasal interfaces [1, 
85, 107]. Regardless of the type of interface, mask leaks 
have been shown as being associated with a higher risk of 
non- adherence [85]. Non-intentional leaks are more fre-
quent with oronasal masks than with nasal masks [90, 
108–110].

Meta-analysis has demonstrated no clinically significant 
difference in PAP usage, self-reported sleepiness or QOL in 
adults with OSA with the addition of humidification [1].

12.7  Costs of OSA Treatment 
Non-adherence

12.7.1  Clinical Costs of OSA Treatment 
Non-adherence

The costs of non-adherence can be considered in terms of 
personal medical burden; the costs of diagnosis and treat-
ment, usually involving CPAP purchase, loan or rental, and 
the societal economic burden of illness.

OSA is linked to preventable causes of readmissions 
which include congestive heart failure, ischaemic cardiomy-
opathy, obstructive lung disease and diabetes [111]. 30-day 
hospital readmissions are used as a key quality indicator to 
help reduce healthcare costs [112].

Non-adherence to CPAP is associated with increased 
30-day all-cause and cardiovascular-cause readmission in 
patients with OSA, such that ensuring CPAP adherence is 
considered crucial in addressing general and cardiovascular- 
related healthcare utilization and morbidity in patients with 
OSA [113]. Non-adherence to CPAP has been associated 
with increased chronic obstructive pulmonary disease 
(COPD) exacerbations, worsened insulin resistance, psychi-
atric illnesses and lower urinary tract symptoms [113]. A 
single-centre study demonstrated that congestive heart fail-
ure patients with OSA who were adherent to CPAP had 
lower 6-month readmissions and emergency department vis-
its than patients who were non-adherent [114]. Furthermore, 
inpatient OSA screening, diagnosis and treatment initiation 
resulted in decreased 30-day cardiac readmissions in hospi-
talized cardiac patients [115].

Non-adherence to treatment will clearly lead to persis-
tence of the clinical burden of OSA and related risks in 
about 50% of treated patients, including daytime sleepiness 
and reduced QOL cardiovascular, metabolic and neurocog-
nitive diseases,  anxiety and depression,  increased risk of 
motor vehicle (MVAs), work accidents, and all-cause mor-
tality [9, 11].
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12.7.2  Socioeconomic Costs of Non-adherence 
to OSA Treatment

Non-adherence to CPAP is considered expensive, as effec-
tive OSA management improves individual health and pro-
motes public safety while producing significant cost savings 
for payors, employers and patients [116].

Treating OSA is seen as an investment in long-term 
health. Patients are able to reduce their healthcare utilization 
and save money by reducing the impact of OSA symptoms, 
comorbidities and accidents [18]. Conversely, non-adher-
ence will prevent patients and society from achieving those 
savings. Furthermore, costs of diagnosis and initial treatment 
provision will be wasted in patients non-adherent  to 
treatment.

Tarasiuk et al. reported in 2013 that untreated OSA can 
lead to about a twofold increase in medical expenses because 
of CVD morbidity [16]. The costliest patients are also the 
sickest OSA patients in each population stratum, and these 
sub-groups of patients consume 65–82% of all OSA patient 
costs. As healthcare markets are characterized by limited 
resources, it was proposed that the ‘most costly’ should 
become the main target for decision-makers, to better allo-
cate scarce resources and to focus on early diagnosis and 
treatment of these groups.

On the other hand, Pietschz et al. considered that treat-
ment compliance did not have a substantial effect on the 
cost-effectiveness of CPAP therapy in any population. 
Perfect compliance with CPAP would not be substantially 
more cost-effective, with an ICER of $15,769 per QALY 
gained. This increased marginally to $16,112 per QALY 
gained in a worst-case compliance scenario in which double 
the number of patients refused therapy immediately when 
offered and twice the number of patients discontinued treat-
ment each month [28].

Frost and Sullivan considered that while the vast major-
ity of costs are related to comorbidities, the occupational 
sector is also affected as it results in lost productivity, mar-
ket increases in healthcare utilization and increased absen-
teeism [18].

Current US Medicare policy restricts long-term CPAP 
coverage to those demonstrating adherence during a 90-day 
trial defined as CPAP use ≥4  h a night, for 70% of days 
within a 30 consecutive day period. Billings et al. reported 
that this policy denies coverage to those unlikely to use 
CPAP long term and prevent wasted resources. Although 
more costly than a clinic-only programme, with an addi-
tional cost of $30,544 more per QALY, it results in greater 
adherence with higher net utility [94].

Patel et al. calculated an incremental cost of about $2000 
per percent adherence gained over 5 years [117]. The incre-
mental cost of one quality of life adjusted year, as assessed 
by the EQ-5D, was below societal thresholds at $30,000/

QALY.  If utilities were derived from the standard gamble 
method instead, the ICER was much lower at $6872 per 
QALY.  If the impact of CPAP on quality of life is greater 
than assessed by the EQ-5D and better reflected by the stan-
dard gamble-derived utilities, the current CMS policy would 
be more cost-effective. Varying the cost by 20% of the PSG 
and CPAP rental, which may have been projected drivers of 
cost, had minimal  impact on the ICER.  CPAP accessory 
refill patterns had the largest impact on the ICER, making the 
current CMS policy not cost-effective if maximal refills were 
routinely obtained. But literature suggests that minimal refill 
rates are more the norm. A larger decline in long-term adher-
ence, considered likely more consistent with real-world 
observations, suggested that the current CMS policy is even 
less cost-effective with higher ICERs. The base model 
assumed only a 4% decline in adherence which may falsely 
elevate the incremental benefit in adherence and utility over 
5 years. If adherence declines precipitously over the years, 
the current CMS policy is not cost-effective [117].

Future Directions
OSA provides a good model for designing and testing feasi-
ble, scalable and affordable interventions to manage non- 
adherence to treatment. Given that adherence to therapy for 
chronic disease in developed nations is estimated to be 
approximately 50% and that 10% of annual healthcare costs 
in the USA are attributable to medication non-adherence, 
sleep healthcare professionals are in a good position to tackle 
this widespread and important problem [11].

However, no integrated, end-to-end assessment compre-
hensively evaluating the overall impact of OSA diagnosis 
and therapy, including long-term patient outcomes and asso-
ciated costs, has been conducted to date [28].

OSA and other important sleep disorders still lack base-
line heath economic measurements, highlighting the need for 
further research in this area including measurement of 
QALYs to establish health utility weights. Future studies 
aimed at establishing baseline utility measures for more 
sleep disorders will pave the way for more advanced burden 
of disease studies, as well as for measuring the economic 
impact of interventions and treatments [54].

Direct costs of EDS and indirect costs of OSA have not yet 
been fully established, and further studies exploring the effect 
of CPAP on medical costs are essential [23]. Future studies 
should examine the direct costs of EDS in OSA, quantify the 
cost associated with MVAs and lost work productivity and 
detail QOL and social impacts of the condition [23]. Future 
studies should also examine the linear dose- response relation-
ship between PAP use and cost-effectiveness.

Existing studies do not address the potential benefits of 
future medical cost savings due to improved health status 
and reduction of comorbidities. Cost analyses are needed to 
assess cost-effectiveness regarding PAP therapy and out-
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comes related to blood pressure as resource use may be sub-
stantial [9].

Further studies should be designed to better address work- 
related barriers to CPAP adherence. Active employment might 
reflect numerous competing interests which take precedence 
over regular CPAP use. CPAP machines are often considered 
to be bulky, which can contribute to limit CPAP adherence in 
patients travelling for work. Furthermore, conflicting demands 
imposed by work schedules may compromise long-term 
CPAP follow-up visit attendance. Greater insight into the 
employer perspective is essential because roughly one-half of 
OSA indirect costs are associated with lost workplace produc-
tivity (i.e., absenteeism) and workplace accident and injury 
risk [16]. Assessment of the cost- benefit ratio of treating OSA 
is likely to be of particular interest to the increasing number of 
large (N > 1000) self- insured employers [16].

For countries with well-resourced healthcare systems, 
there is a need to evaluate delivery models whereby many 
patients can receive high-quality care without the need for 
multiple office visits with subspecialists, along with alterna-
tive payment models [1, 118]. Primary care physicians and 
nurse practitioners can achieve good outcomes in manage-
ment of OSA under appropriate supervision [119].

The magnitude of any costs savings related to routine use 
of APAP rather than fixed pressure CPAP remains to be stud-
ied, as over the long term, APAP therapy may reduce costs 
due to reduced need for patient visits and in-laboratory titra-
tions as pressure requirements change over time.

Future studies should seek to evaluate interventions to 
improve CPAP adherence among older adults of lower socio-
economic status, including financial incentives as a policy to 
encourage CPAP acceptance, mainly among vulnerable pop-
ulations [63, 96].

In the USA, current Medicare policy denies funding of 
long-term CPAP long term in non-compliant patients to pre-
vent wasted resources. Future studies are needed to measure 
long-term adherence in an elderly population with and with-
out current adherence requirements to verify the cost- 
effectiveness of a policy change [94].

The potential mechanisms and financial incentives for 
increased adherence and cost-effectiveness of tele- monitoring 
in CPAP use have yet to be fully evaluated and may include 
access to real-time assistance from a clinical provider and 
increased motivation from daily monitoring to increase 
patient engagement and increase sense of accountability for 
their care or to their healthcare provider [9, 11, 120].

In light of the rapidly expanding number of alternate OSA 
treatment modalities, comparative effectiveness analyses 
between PAP and other OSA treatments will allow stake-
holders to make evidence-based decisions regarding alloca-
tion of scarce healthcare resources [16].

Glossary
Obstructive Sleep Apnoea and Obstructive Sleep Apnoea 
Syndrome

Obstructive sleep apnoea (OSA) refers to a physiological 
condition defined by documented apnoeas and hypopnoeas 
and may be asymptomatic. Obstructive sleep apnoea syn-
drome (OSAS) refers to symptomatic OSA, usually present-
ing as excessive daytime sleepiness. The terms are sometimes 
used interchangeably in the literature.

CPAP Compliance and Adherence
CPAP compliance is a term which is often used inter-

changeably with adherence, but more strictly reflects initial 
acceptance and usage after treatment setup.

CPAP adherence reflects longer-term satisfactory use of 
treatment in terms of nightly hours of use of CPAP, and dura-
tion of use in the longer term, usually considered to be at 
least 3  months for health economic assessment. Some 
patients may refuse treatment without even initiating it, and 
some eventually abandon therapy [93].

Cost-Effectiveness Analysis in OSA Treatment
Cost-effectiveness analysis measures the economic value 

of an intervention in terms of its incremental cost- 
effectiveness ratio (ICER) [54]. An ICER is a ratio of an 
intervention’s incremental cost (the difference in the finan-
cial resource cost  of the intervention and its comparator) 
divided by its incremental health benefits. The comparator 
for an intervention may be another intervention or the cur-
rent standard of care. The ICER can be thought of as a unit 
‘price’. Large ICER values indicate a high cost for each 
incremental gain in health and vice versa.

Quality-adjusted life years (QALYs) are used to express 
health benefits and used in the calculation of ICERs. QALYs 
are the sum of the durations of health states multiplied by the 
mean utility of each of the health states [121]. A QALY is a 
year of life scaled by a utility preference weight associated 
with a variety of health states, and which ranges from 0 to 1, 
where a utility weight of 1 corresponds to a hypothetical 
state of perfect health and 0 corresponds to a state equivalent 
in preference to being dead.

Utility is a parameter that refers to subjective satisfac-
tion that people derive from consuming goods and services 
such that utility weights between 0 and 1 indicate greater or 
lesser morbidity, with weights closer to 1 corresponding to 
less severe, more preferred states and weights closer to 0 
corresponding to more severe, less preferred states [54]. 
Utility results can be derived using the ‘standard gamble’ 
as the standard of care [122, 123]. EQ-5D is a preference-
based measure which can map to QALYs and provide stan-
dardized utility weights that are comparable across health 
states and can be combined to estimate quality adjusted 
survival [124].
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13.1  Factors Affecting CPAP Adherence

Obstructive sleep apnea (OSA) is a common sleep-related 
breathing disorder, characterized by transient interruption of 
ventilation during sleep caused by complete or partial col-
lapse of the upper airway. This disease may affect 26% of the 
population [1].

Severity of sleep apnea is based on the apnea-hypopnea 
Index (AHI) which is the number of apneas or hypopneas 
recorded during the sleep study per hour of sleep. Based on 
the AHI, the severity of OSA [2] is classified as follows:

• None/minimal: AHI <5 per hour
• Mild: AHI ≥5, but <15 per hour
• Moderate: AHI ≥15, but <30 per hour
• Severe: AHI ≥30 per hour

Excessive daytime sleepiness which negatively affects 
patients’ quality of life and inability to sustain attention to 
different tasks is one of the main complaints. This condition 
is also associated with an increased risk of having motor 
vehicle accidents [3], cerebrovascular [4] and other cardio-
vascular diseases, and increased mortality [5].

CPAP has been found to be an effective modality for treat-
ment of sleep apnea. However, the effectiveness of CPAP 
treatment strongly depends on patient adherence to therapy. 
Satisfactory adherence has been considered to be achieved 
when the usage rate is ≥4 h/day. Less than 4 h is used as a 
general metric for low adherence, since several studies have 
shown that normalization of daytime sleepiness, quality of 
life, and neurocognitive function improve with 4 or more 
hours of use [6–9]. Improvements in cardiovascular disease 
conditions and diabetes have also been greater in those using 
CPAP for greater than 4 h [10–12]. Studies have used 4 h as 
the cutoff point differentiating adherence and nonadherence 

to the treatment, and consequently insurers have also adopted 
this cutoff. It is possible that the field has been blighted by 
this early rule of thumb, and if a higher bar had been set, 
perhaps we would now think that the impact of CPAP is 
greater than what we now perceive. This is also demonstrated 
in another study which suggested that use of CPAP for lon-
ger than 6 h decreases sleepiness, improves daily function-
ing, reduces the risk of cardiovascular disease to the level 
among people who do not have OSA, and restores memory 
to normal levels [13]. For purposes of this paper, use of 
CPAP for a minimum of 4  h has been used to describe 
adherence.

A number of studies have demonstrated that patient 
adherence to therapy varies widely [6–9]. It has been noted 
that 46–83% of patients with obstructive sleep apnea have 
been reported to be nonadherent to treatment [7]. Adherence 
to CPAP treatment is crucial to patients with sleep apnea as 
the condition manifests rapidly when treatment is stopped. 
Even one night without CPAP may impact on the benefits of 
CPAP therapy, which include fewer apneas and hypopneas, 
reduced daytime sleepiness, and improvements in sleep 
architecture, daily activity, quality of life, hypertension, and 
neurobehavioral performance [14–18].

The impact of discontinuation of CPAP therapy was illus-
trated by a trial that included 41 patients with OSA who had 
been using CPAP successfully for at least 1 year without sub-
jective daytime sleepiness [19]. After four nights of not using 
CPAP, the frequency of oxyhemoglobin desaturation events 
(defined as a decrease in the oxyhemoglobin saturation 
exceeding 4 percentage points of saturation) increased dur-
ing sleep, indicating recurrence of OSA. The patients were 
then randomly assigned to a CPAP withdrawal group (i.e., 
sub-therapeutic CPAP) or a CPAP group (i.e., therapeutic 
CPAP) for 2 weeks. CPAP withdrawal led to recurrence of 
abnormal respiratory events (mean AHI >25 events per hour) 
within one night, increased morning and evening blood pres-
sure within 2 weeks, and increased morning heart rate within 
2  weeks. Subjective daytime sleepiness measured by the 
Epworth sleepiness scale also increased within 2  weeks, 
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although the sleepiness score remained less than ten (i.e., 
considered within normal range). CPAP withdrawal for 
2 weeks was not associated with deterioration of psychomo-
tor performance.

Another small, randomized trial showed that after just 
2 weeks without CPAP, hourly arousal events had more than 
tripled. Additionally, AHI had increased 17-fold [20]. 
Although objective measures of sleepiness did not signifi-
cantly change, subjective sleepiness and OSA returned 
within days of ending CPAP treatment. By the study’s end, 
morning heart rate, blood pressure, and urinary catechol-
amines increased significantly, and endothelial function had 
significantly decreased compared to people on CPAP.

The adherence of patients to CPAP therapy significantly 
improves their quality of life and daytime sleepiness. In 
addition, CPAP is effective in controlling a range of aspects 
associated with cardiovascular risk, morbidity, and mortality. 
Higher levels of CPAP adherence are also associated with 
significant improvements in vigilance [21].

Factors That Have Been Studied with Regard to CPAP 
Adherence
These can be divided into three broad categories (Table 13.1):

 A. Patient-related factors
 B. Therapy- and medication-related factors
 C. Health professional-related factors

 A. Patient-Related Factors
 1. Use in First Week

Patients generally make the decision to use CPAP 
therapy early during the first week of therapy, usually 
by the second to fourth day [6, 22–24]. Those who 
adhere generally increase their duration of nightly use 
gradually in the following weeks. Initial problems 
have been shown to be associated with poorer adher-
ence to CPAP [25].

Decreased CPAP use in the first week has been 
shown to be associated with being black, less inti-
macy with partners, and higher residual AHI, 
accounting for 25 percent of the variance in use 
[24–27]. Additionally, self-efficacy (defined as 
one’s motivation, volition, and confidence to 
engage in a healthy behavior) in the first week, but 
not prior to treatment, was also related to use in the 
first week [26].

 2. Self-Efficacy and Perspective Regarding CPAP 
Therapy

OSA-specific transtheoretical model (TTM) and 
social cognitive theory (SCT) describe participant’s 
readiness for treatment, his or her weighing of the 
pros and cons of treatment (decisional balance), and 
his or her confidence (self-efficacy) that he or she can 

use treatment effectively. Recent work has shown that 
OSA-specific scales measuring the TTM constructs 
of readiness and decisional balance and the SCT con-
struct of self-efficacy account for 24% and 31% of the 
variance in CPAP adherence at 1 week, respectively, 
over and above the variance accounted for by subjec-
tive sleepiness and CPAP pressure [28]. At 1 month 
post-treatment, these variables accounted for 33% 
and 40% of the variance. These predictors account for 
significantly more of the variance in CPAP use than 
demographic, disease, and CPAP-focused predictors 
[28–31].

 3. Patient demographic characteristics such as sex, mar-
ital and socioeconomic status, and race have consis-
tently been associated with CPAP use [26]. For 
example, a large retrospective study found that that 
long-term adherence was related to race, income, 

Table 13.1 Factors Relevant to CPAP Adherence

Patient-related factors

Therapy- and 
medication-related 
factors

Health professional- 
related factors

Failure to understand 
the importance of the 
therapy

Complexity of 
therapy, in device use, 
or medication dosing

Poor relationship 
with patient

Failure to understand 
instructions 
concerning the therapy

Increased rate of 
adverse reactions 
(Device use has 
complications, and 
the provider needs to 
meet with the patient 
periodically to 
determine adverse 
events and help 
address these issues.)

Expression of doubt 
concerning 
therapeutic potential

Concomitant 
self-administration of 
prescription or 
nonprescription 
medications or alcohol

Characteristics of 
illness; long-term or 
chronic illnesses are a 
problem, as 
compliance decreases 
over time

Unwillingness to 
educate patients

Social isolation, thus 
lack of social support 
(Patients with 
supportive families 
have been shown to be 
more compliant with 
prescription drugs – 
data not available for 
CPAP use.)

Expensive therapy 
(only a problem when 
a patient must pay out 
of pocket or has not 
met the deductible)

Lack of knowledge 
of medications the 
patient is taking or 
has access to 
(Sedatives and 
alcohol can 
compound OSA, 
and their use should 
be evaluated.)

Feeling ill, or being 
too tired to use the 
therapy

Lack of efficacy.

Physical limitations, 
including vision, 
hearing, and hand 
coordination

Source: UpToDate
CPAP Continuous positive airway pressure, OSA obstructive sleep 
apnea

M. Gupta



143

body mass index, sex, or time spent with oxygen satu-
ration of less than 90% [27].

Studies have shown a small but consistently 
reduced level of adherence in women compared with 
men across all ages, but this difference is magnified at 
extremes of age. Interestingly, the time course of the 
sex disparity also varies by age. In those younger than 
age 30, women have rates of use nearly identical to 
those of men during the first week, but their usage 
declines much more steeply than that for men over 
time. This steeper decline is associated with a larger 
proportion of young women abandoning CPAP use. 
This is different from women older than 70 years who 
substantially reduce their usage of CPAP in the first 
week compared to men. Reasons for the sex disparity 
include the fact that OSA is viewed as a male disease; 
thus, women may have greater reluctance to admit 
they have the disease and so may be less accepting of 
treatment. Societal expectations that place a greater 
emphasis on the appearance of women also may 
adversely impact the decisional balance for women 
such that they are less accepting of a treatment that 
may be viewed as unattractive [15]. Specific chal-
lenges related to CPAP use such as claustrophobia 
may be more common in women than men [16]. 
Another possibility is that the symptoms more com-
monly associated with OSA in women, such as 
insomnia and fatigue, may be less responsive to CPAP 
therapy, preventing the positive feedback from symp-
tom resolution.

With regard to marital status, it has been found that 
married participants had a relatively higher CPAP use 
than those who were not married. It is likely that mar-
ried participants have overall higher social support, 
which has been linked to a better adherence to medi-
cal treatment [32]. However, intimacy with partners 
has also been identified as an independent predictor 
for reduced CPAP use. Therefore, the nature of spou-
sal involvement in CPAP use may be complicated and 
cannot be simply represented by marital status.

The issue of why race plays a role in adherence to 
CPAP remains to be determined. It may be related to 
multiple factors, including internal (e.g., patient 
knowledge, beliefs, motivation, health literacy) and 
external (e.g., socioeconomic status, social support, 
insurance or medical coverage, barriers to care) fac-
tors [33]. Mean daily CPAP use in blacks has been 
noted to be less than other patient groups. In a study 
done among US veterans with different ethnicity, it 
was noted that mean daily CPAP use in blacks was 
1 h less than whites after adjusting for covariates. No 
CPAP adherence differences were noted between 
whites and Hispanics [33].

The relationship between age and CPAP adher-
ence is unclear. For example, Sin et  al. found that 
CPAP was used more by older patients [34], but oth-
ers [6] have found that older patients used their 
machines less. There may be a bimodal distribution, 
with the youngest and oldest being less adherent to 
CPAP treatment. Further research is needed to explore 
the relationship between age and CPAP use.

 4. Emerging evidence suggest that increased nasal 
resistance affects CPAP use and initial acceptance of 
this treatment [35–37]. Li and associates [35] 
employed acoustic rhinometry to measure the internal 
dimensions of the airway; those patients with smaller 
nasal cross-sectional area and reduced volume were 
much less likely to be adherent. Further, they found 
that minimum cross-sectional area was an indepen-
dent predictor of adherence, accounting for 16% of 
the variance. Interestingly, self-reported nasal stuffi-
ness was not associated with nasal dimensions. Nasal 
resistance/obstruction also seems to influence the ini-
tial acceptance of CPAP treatment, with increased 
nasal pressure resulting in a 50% greater chance of 
rejecting CPAP as a treatment [36, 37]. Two studies 
examined the influence of nasal resistance on the ini-
tial acceptance of CPAP. In the study by Sugiura [37] 
and colleagues, of 77 patients who had an AHI of 
more than 20, those who rejected CPAP as a therapy 
after initial exposure (brief nap and titration night; 
27%) had higher nasal resistance than those who 
accepted this treatment. In those with nasal resis-
tance, every increase in nasal pressure of 0.1 Pa/cm3/s 
resulted in a 50% greater chance of rejecting CPAP as 
a treatment [38].

 5. Failure to understand the importance of the therapy 
and the instructions concerning the therapy and 
concomitant self-administration of prescription or 
nonprescription medications or alcohol are also fac-
tors associated with poor adherence to CPAP treat-
ment [36].

 6. Social isolation, thus lack of social support. Patients 
with supportive families have been shown to be more 
adherent to CPAP treatment [7, 14, 38].

Patients who experience a major stressful life event 
(e.g., death of a spouse, hospital admission) within 
6 months of initiating CPAP have been noted to have 
significantly lower CPAP use than those who do not 
have any recent life events [6, 7, 38]. It is likely that 
life events have a direct adverse effect on machine use 
due to concurrent stress. However, pretreatment anxi-
ety and depression scores are not correlated with 
machine use over the first month of treatment [6].

 7. Claustrophobia. One study reported that a feeling of 
claustrophobia, retrospectively reported after a mean 
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of 106 days use, was the only problem identified sig-
nificantly more often by patients who used their 
CPAP less regularly [32]. Poor CPAP adherence (<2 h 
per night) has been noted to be more than two times 
higher in participants with a claustrophobia score > or 
= 25 [39].

 8. Ability to overcome obstacles and problem-solve. 
Objectively measured average daily compliance is 
significantly associated with a measure of coping 
strategies. Active ways of coping account for a sig-
nificant amount of variance in CPAP compliance.

 9. Other factors associated with poor adherence include 
feeling ill, or being too tired for therapy or physical 
limitations, including vision, hearing, and hand 
coordination.

 B. Disease-Related Factors
 1. OSA During Rapid Eye Movement (REM) Sleep

In a prospective observational cohort study, 
patients were divided into the following two groups: 
(I) REM-predominantly OSA [AHI of ≥5, with a 
REM-AHI/NREM-AHI of >2, an NREM-AHI of 
<15, and a minimum of 15 min of REM-sleep dura-
tion] and (II) non-stage specific OSA. Follow-up was 
performed at 1, 6, and 12 months after the initiation of 
CPAP therapy. At 12  months, the number of hours 
used per day was 3.8  ±  1.8 and 5.1  ±  2.1  h in the 
REM-only and non-stage specific OSA groups, 
respectively. Thus, CPAP adherence was lower among 
patients with REM-only OSA compared to patients 
with non-stage specific OSA [40].

 2. Subjective Excessive Daytime Sleepiness
The evidence shows that the degree of self-reported 

daytime sleepiness as measured by the Epworth 
sleepiness scale – especially a score of more than 10 – 
in combination with more severe OSA is associated 
with long-term use [27, 41]. Various studies have 
shown that adherence increased in the patients who 
experienced more severe daytime sleepiness [41–43]. 
Perceived improvement in symptoms after CPAP use 
has been shown to be related to better adherence [34].

In one study, 42 patients with OSA on polysom-
nography and symptoms of excessive daytime sleepi-
ness were randomized in two equal groups. Good 
compliance to CPAP was seen in 52% and poor com-
pliance in 48%. Epworth sleepiness scale (ESS) score 
>12, first night use of CPAP > 4 h, and usage of auto 
CPAP unit were statistically significant predictors of 
compliance. Usage of CPAP was low among patients 
with severe sleep apnea but little sleepiness [43]. Data 
for adherence in non-sleepy obstructive sleep apnea 
patients is scarce.

A German study showed that “positive early sub-
jective statements” predicted acceptance of CPAP 

therapy in a small group of 14 patients at 4 months 
[44].

 3. Comorbid insomnia  – it has been noted that pre-
treatment nocturnal insomnia symptoms and sleep 
dissatisfaction predicted poorer 6-month CPAP use 
[33, 45].

 4. Disease severity, as measured by AHI, does not 
appear to play a major role in determining adherence 
relationship based on most [14, 24, 38] but not all 
studies [46]. Likewise, the number of respiratory 
events and the severity of intermittent hypoxemia 
(assessed by the ODI) have been found to not be rel-
evant to treatment adherence [40].

High residual AHI was noted to be a significant 
predictor for poor CPAP use during the first week. 
Unresolved sleep apnea from residual events may 
lead patients to believe that the treatment is ineffec-
tive, resulting in low use or abandoning treatment. 
This finding underscores the need for close follow-up 
within the first few days of treatment with evaluation 
for the presence of residual events and the need for 
re-titration.

In another study, multivariate analysis showed that 
interactions between the AHI and the percentage of 
nighttime spent with an O2 saturation of <90% (TC90) 
and between the AHI and hypertension at baseline 
predicted long-term compliance with CPAP.  Good 
CPAP adherence was predicted by greater OSA sever-
ity as measured by both the AHI and TC90 and by the 
presence of hypertension at baseline in patients with 
higher AHI levels [47]. Another study revealed that 
the severity of sleep-disordered breathing rather than 
sleepiness determines long-term adherence to CPAP 
therapy.

However, other studies [14, 48] have only shown a 
weak relationship with CPAP adherence. There is a 
lack of evidence indicating that level of nocturnal 
hypoxemia is instrumental in determining CPAP 
adherence [2, 15, 24, 49, 50]. In contrast, there is 
stronger support for symptomatic severity to influ-
ence adherence.

 5. Although side effects would seem central to discon-
tinuing treatment, they do not appear to be important 
in some studies [51, 52] but are cited as being impor-
tant in others [53, 54].

 6. It is uncertain whether the routine application of 
heated humidification predicts adherence since the 
evidence is conflicting. While some studies indi-
cate that heated humidification enhances adher-
ence [55–57], other studies do not [56–60]. It has 
been suggested that humidification affects adher-
ence only in those who experience nasal conges-
tion [55, 58].
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 C. Health Professional-Related Factors
 7. Some of the factors associated with poor adherence 

include [26]:
 (a) Poor relationship with patient
 (b) Expression of doubt concerning therapeutic 

potential
 (c) Unwillingness to educate patients
 (d) Lack of knowledge of medications the patient is 

taking or has access to (Sedatives and alcohol can 
compound OSA, and their use should be 
evaluated.)

In summary, the following factors have been associ-
ated with long-term nonadherence with CPAP therapy 
[26, 38, 61–65]:

• Nightly CPAP use <4 h/night during the first 1–2 weeks 
of therapy and problems encountered during the first 
night of use.

• Lack of a positive perspective regarding the benefit of 
CPAP therapy.

• Low self-efficacy.
• Demographic characteristics (sex, age, marital status, and 

race).
• Claustrophobic tendencies.
• Ability to overcome obstacles and problem-solve.
• It was the partner’s idea, and not the patient’s, to seek 

medical attention.
• Less severity of oxyhemoglobin desaturation during sleep 

on diagnostic polysomnography and poor sleep efficiency 
during CPAP titration.

• Small nasal volume and high nasal resistance.
• Moderate-to-severe OSA (i.e., an apnea hypopnea index 

>15 events per hour of sleep; controversial weak relation-
ship) [9, 14, 61–65]

13.2  Phenotypes of Sleep Apnea in Regard 
to Adherence

Current strategies for the management of OSA reflect a one- 
size- fits-all approach. Diagnosis and severity of OSA are 
based on the AHI and treatment initiated with CPAP, fol-
lowed by trials of alternatives (e.g., oral appliances) if CPAP 
“fails.” This approach does not consider the heterogeneity of 
individuals with OSA, reflected by varying risk factors, 
pathophysiological causes, clinical manifestations, and 
consequences.

OSA is increasingly recognized as a complex and hetero-
geneous disorder [66]. The AHI is insufficient to capture 
clinical heterogeneity of patients with OSA and should not 
be used in isolation for management of patients. To help clas-

sify patients into relevant prognostic and therapeutic catego-
ries, an OSA phenotype can be identified.

A phenotype can be defined as “a category of patients 
with OSA distinguished from others by a single or combina-
tion of disease features, in relation to clinically meaningful 
attributes (symptoms, response to therapy, health outcomes, 
quality of life)” [66]. Identifying meaningful phenotypes of 
OSA can be accomplished by anchoring them to relevant 
patient outcomes.

Identifying clinical phenotypes may aid in guiding treat-
ment and thus improve clinical outcomes as well as CPAP 
adherence.

Characterizing the heterogeneity of OSA into various 
well-defined phenotypes is challenging because there are 
sparse prospective data and long-term validation.

13.3  Phenotyping Approaches

Phenotyping strategies can be grouped by features (e.g., clin-
ical vs. molecular) and by experimental approaches (e.g., 
supervised vs. unsupervised).

Clinical phenotyping focuses on identifying unique 
patient categories based on measures such as signs, symp-
toms, demographics, comorbidities, physiological and ana-
tomic measures, or treatment responsiveness. Molecular 
phenotyping aims to classify individuals based on molecular 
features: DNA, RNA, mRNA, miRNA, proteins, metabo-
lites, and other biological products. Additionally, the number 
of features considered in the approach can vary from one 
(e.g., sex) to thousands (e.g., single nucleotide polymor-
phisms) [66].

Complementary to molecular phenotyping, clinical phe-
notyping may serve as an intermediate step toward personal-
ized medicine in OSA.  Potential clinical phenotypes 
identified are discussed below.

 1. Excessive Daytime Sleepiness Phenotype

The most common clinical phenotype (OSA subtype) is a 
patient with OSA and excessive sleepiness (EDS). Up to 
60% of OSA patients can be excessively sleepy [67] and 
report higher rates of impaired concentration, mood lability, 
and other neurocognitive difficulties [68]. Epidemiologic 
studies demonstrate that EDS modifies the relationship 
between AHI and incidence of hypertension [69], glucose 
metabolism [70], inflammatory markers, cardiovascular 
comorbidities [70], and mortality [71]. Compared to those 
without sleepiness, treatment of patients with EDS has also 
been shown to reduce blood pressure and vascular risk and 
improve quality of life [66, 72]. Thus, it has been proposed 
that OSA with EDS is a unique phenotype [73]. The lack of 
awareness of this phenotypic distinction when in the early 
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days of treating OSA most patients were sleepy has led to a 
mantra of not seeing any purpose in doing MSLT in patients 
being evaluated for OSA.  This may have stunted the field 
and unnecessarily restricted the field from making more 
nuanced assessments.

A study from Andaku et al. [74] evaluated patients with 
metabolic syndrome and OSA.  The authors compared 
patients with and without EDS. These were also compared to 
a control group with metabolic syndrome but without OSA 
and without daytime sleepiness. The authors described 
higher inflammatory markers (e.g., CRP) in participants with 
OSA and daytime sleepiness compared to the other groups 
adjusting for waist circumference, and triglycerides, without 
differences in oxidative stress markers.

 2. Age-Related Phenotypes

Age, gender, and race ethnicity are increasingly recog-
nized as factors impacting OSA presentation and implica-
tions [66, 75–77].

For example, compared to younger patients with the same 
AHI, OSA in older patients is associated with less sleepiness 
and often presents with enuresis, cognitive dysfunction, and 
mood impairments [66, 77]. The frequency of OSA increases 
with aging with a plateau after 65 years. Additionally, with 
increasing age, there is increased upper airway collapsibility, 
reduced airway caliber due to preferential deposition of fat 
around the pharynx, decreased lung volume, and ventilatory 
chemosensitivity, making the aging population anatomically 
susceptible to OSA. The genioglossal responsiveness to neg-
ative intra-pharyngeal pressure appears to deteriorate with 
age. Older adults apparently have an increased frequency of 
spontaneous arousals suggestive of a lower arousal thresh-
old. However, the aging process desensitizes the ventilatory 
control system and lowers the loop gain. Hence, airway anat-
omy/collapsibility plays a greater role in older adults, 
whereas a sensitive ventilatory control system is a prominent 
trait in younger adults with OSA. These observations have 
led to the suggestion that OSA in the elderly may represent 
distinct physiological phenotype.

Supporting this claim is a consistent lack of association 
between OSA and increased risk of hypertension [78] or 
atrial fibrillation [79] among older adults. Conflicting results 
exist, however, about risk for coronary artery disease [80, 
81], cognitive impairment [82–84], and death [85]. The 
potential reasons for such variability are many, including dif-
fering definitions of OSA used in these studies and differing 
measures employed to characterize OSA severity (AHI, oxy-
gen desaturation index [ODI], time spent below 90% oxygen 
saturation).

Distinction must be made between adult and pediatric 
OSA. Pediatric sleep disordered breathing may affect up to 
3% of school-aged children, with consequences similar to 
those for adults [77]. The most common cause of OSA in 

children is related to enlargement of the tonsillar and adenoi-
dal tissue, with surgical removal usually resulting in signifi-
cant improvement. The role of obesity is somewhat 
controversial in childhood OSA [77].

 3. Gender-Related Phenotypes

Males are 2–3 times more likely to have OSA than females 
with longer periods of apnea and more significant oxygen 
desaturations, despite a lower body mass index (BMI) [76, 
86]. Women tend to have longer sleep latency and more slow 
wave sleep [76]. Overall, their AHIs are lower, especially 
during NREM (non-rapid eye movement) sleep, and respira-
tory events tend to cluster in REM sleep [76]. Such findings 
suggest that OSA in women is a separate phenotype, further 
supported by differences in predisposing factors for OSA.

The male predisposition to OSA appears to be anatomi-
cally based with increased fat deposition around the pharyn-
geal airway [86]. The length of the vulnerable pharyngeal 
airway is greater in males compared with females. The 
android pattern of fat deposition around the abdomen con-
tributes to reduced lung volume in males and increases the 
susceptibility to upper airway collapsibility as a result of loss 
of longitudinal caudal traction on the trachea [87].

 4. OSA and Menopause

OSA is less prevalent among premenopausal women, but 
postmenopausal women have a similar risk to that of men. The 
odds ratio for the presence of OSA was 1.1 in perimenopausal 
and 3.5 in postmenopausal women [86, 88]. Menopause, preg-
nancy, and polycystic ovarian syndrome increase the risk for 
OSA in women. After menopause, the worsening severity of 
OSA predominantly occurs during the NREM sleep versus 
younger women with a predominantly REM-associated 
OSA. The pharyngeal airway is longer in postmenopausal ver-
sus premenopausal women [86]. Female sex hormones such 
as estrogen and progesterone have a protective effect on upper 
airway patency and ventilatory drive [86].

 5. OSA in Various Ethnic Populations

The relative importance of the anatomical determinants 
of OSA varies between ethnicities. Asian OSA populations 
are found to primarily display features of craniofacial skel-
etal restriction, African Americans display more obesity 
and enlarged upper airway soft tissues, and Caucasians 
show evidence of both bony and soft tissue abnormalities 
[86]. Craniofacial restriction and central fat deposition 
favor a greater predisposition to OSA in Asians, despite a 
lower overall BMI compared with other populations. 
Brachycephaly, which is a disproportionately short and 
broad head, is associated with a higher AHI in Caucasians 
but not in African Americans [89–97].
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 6. Supine Position-Related OSA

Supine position-related OSA is a dominant phenotype of 
OSA with a prevalence of 20% to 60% in the general 
 population [93]. Reports suggest that over 50% of those 
referred for OSA evaluation exhibit supine AHI that is at 
least twice that in non-supine position [66]. It may be attrib-
utable to unfavorable upper airway anatomy, reduced lung 
volume, and inability of airway dilator muscles to compen-
sate for the airway collapse in the supine position. A consis-
tent finding is that pharyngeal collapsibility (Pcrit) markedly 
improves in lateral position, suggesting that smaller lateral 
wall size, decreased fat content, and lower facial height are 
associated with velopharyngeal patency while lateral [66, 
86]. Patients with positional (supine-predominant) OSA tend 
to be younger and have lower body mass indices (BMI) and 
lower AHIs compared to their non-positional counterparts.

 7. REM-Related OSA

In addition to position, distribution of respiratory distur-
bance within sleep stages has been used to categorize OSA, 
with REM-predominant OSA being most studied. Hypopneas 
and apneas are known to be longer in duration and cause an 
increase in the severity of hypoxemia during REM compared 
with non-REM sleep in patients with OSA. The prevalence 
of REM-related OSA ranges from 10% to 36% of the patient 
population with OSA undergoing PSG. The female prepon-
derance of patients experiencing REM sleep-specific 
obstruction is well established.

Patients with REM-predominant OSA tend to be 
younger women and have reduced sleep time, sleep effi-
ciency, and REM duration. Decreased genioglossal mus-
cle activity in REM, lower respiratory drive, longer 
duration events, and more severe hypoxia combined with 
increased sympathetic activity during REM sleep have led 
to hypotheses that events during this stage may have 
unique clinical implications [68]. Despite the physiologi-
cal and polysomnographic differences, large cross-sec-
tional analyses comparing REM- predominant to NREM 
(or stage independent) OSA have failed to show differ-
ences in sleepiness, functional outcomes, PAP adherence, 
or quality of life [95–97].

REM sleep is associated with greater sympathetic activity 
and cardiovascular instability in healthy individuals and 
OSA patients versus NREM sleep. REM-related OSA has 
been found to be associated with an increased risk of 
hypertension.

 8. Congenital Abnormalities and Craniofacial Morphology

OSA is also associated with craniofacial abnormalities, 
with jaw abnormalities being more important in thinner OSA 
patients. Morphological features associated with sleep disor-

dered breathing include cranial base dimensions being more 
obtuse, inferior displacement of the hyoid bone, macroglossia, 
adenotonsillar hypertrophy, increase in lower facial height, a 
retroposed maxilla, and a short mandible [66, 86, 98].

Growth of the craniofacial skeleton continues throughout 
adulthood, and there is also significant sexual dimorphism. 
For instance, women have increased growth of the craniofa-
cial skeleton with pregnancy and other hormonal changes; 
mandibular orientation and occlusal relationships also 
change throughout the life cycle.

Environmental mechanisms play a strong role in deter-
mining cranio-skeletal growth. These include bad habits 
such as thumb-sucking and abnormal tongue posturing, 
nasopharyngeal disease, disturbed respiratory function (e.g., 
mouth breathing), tumors, loss of teeth, malnutrition, and 
endocrinopathy. Thus, environmental influences can signifi-
cantly alter the skeleton, thereby altering phenotypic expres-
sion. Postnatal growth, head shape, and facial profile also 
possess certain characteristics that can affect breathing. On 
reviewing the current knowledge in this area, mandibular 
position and size were found to play the greatest role in 
determining facial alignment and predisposition to sleep dis-
ordered breathing.

Reduced nasal patency, due to congestion or anatomical 
defects, as well as respiratory allergies, can also significantly 
contribute to OSA. Overall, it has been suggested that hered-
itary factors invoke 40% of the variance in the occurrence of 
OSA in the population, with the rest attributable to environ-
mental factors.

Additionally, certain congenital conditions, such as 
Marfan’s syndrome, Down syndrome, and the Pierre Robin 
sequence, predispose to the development of OSA, as do 
acquired conditions, such as acromegaly, hypothyroidism, 
and menopause.

 9. Drug Use

Alcohol ingestion exacerbates OSA by reducing the activ-
ity of the genioglossus muscle, thereby leading to upper air-
way collapse. Exacerbation of the condition can also occur 
as a result of sedative use, sleep deprivation, tobacco use, 
and sleeping in the supine posture [98].

 10. OSA and Insomnia

A phenotype characterized by symptoms and/or signs of 
insomnia accounts for a higher prevalence of cardiometa-
bolic disease among patients with mild OSA.

This was noted in a prospective follow-up cohort of 3947 
adult patients with mild OSA (AHI of 5–15/h). Patients were 
divided into four clinical phenotypes based on the presence 
of excessive daytime sleepiness (EDS) and/or symptoms and 
signs of insomnia: (1) EDS (daytime+/nighttime−), (2) EDS/
insomnia (daytime+/nighttime+), (3) non-EDS/non  insomnia 
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(daytime−/nighttime−), and (4) insomnia (daytime−/night-
time+) phenotype.

It was noted that although the severity of sleep apnea 
(AHI) or the oxygen desaturation index (ODI) did not differ 
significantly between groups, the insomnia phenotype 
patients were older, more frequently female, and current 
smokers. Additionally, cardiovascular comorbidity was more 
common in the insomnia phenotype compared with the EDS 
and EDS-insomnia phenotypes. Metabolic, pulmonary, and 
psychiatric comorbidities were more prevalent in the insom-
nia phenotype [45].

Clinically relevant phenotypes of OSA are described 
above. Continuous positive airway pressure (CPAP) therapy 
is the treatment of choice for most patients with OSA, but 
tolerance and adherence can be a problem. Patient-centered 
individualized approaches to OSA management by under-
standing the various phenotypes will help develop potential 
treatment options that will thereby help decrease the disease 
burden and improve treatment effectiveness.

13.4  Summary

OSA is increasingly recognized as a complex and heteroge-
neous syndrome. Categorizing such conditions into smaller, 
more homogeneous categories (“phenotypes”) can help 
advance understanding of pathophysiology, develop targeted 
treatments, and improve both prognostication and risk strati-
fication. Adhering to treatment is important; however, vari-
ous factors play a role including patient-related factors (such 
as demographics, nightly CPAP use <4  h/night during the 
first 1–2 weeks of therapy and problems encountered during 
the first night of use, lack of a positive perspective regarding 
the benefit of CPAP therapy, low self-efficacy), disease- and 
therapy-related factors, and finally healthcare provider- 
related factors.

The recognition is that some patients who are adherent in 
their CPAP use but continue to have an EDS may need a 
secondary intervention (e.g., an alerting medication). This 
emphasizes the need to characterize phenotypes and to apply 
appropriate management to the phenotype specific features 
for each patient.
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PAP Adherence in Neurology Patients

Anne Marie Morse and Sreelatha Naik

14.1  Introduction

It has been suggested that in patients with complex neuro-
logical conditions, PAP adherence may be even poorer than 
the general population. In neurology patients requiring posi-
tive airway pressure (PAP) support to treat sleep disordered 
breathing, there are unique challenges that may be encoun-
tered. Improved troubleshooting and optimization of adher-
ence to PAP therapy in this population will positively impact 
sleep disordered breathing, but this benefit may also extend 
to optimizing management of the patient’s neurologic 
disease.

14.2  Attention Deficit Hyperactivity 
Disorder

ADHD is a neurobehavioral disorder of self-regulation 
whose impact extends across the 24-hour period [1, 2] with 
sleep disturbances being one of the most common comor-
bidities. In both European and US guidelines, it is recom-
mended to assess sleep during evaluation of an individual for 
suspected ADHD and before initiation of pharmacotherapy 
[3, 4]. Sleep disordered breathing is much more prevalent in 
children with ADHD than in the general pediatric population 
(25–30% versus 1–3%). Surgical treatment of OSA and 
treatment with CPAP have both demonstrated significant 
improvement in ADHD-like symptoms, and not uncom-
monly can result in the ability to discontinue ADHD medica-
tions [5–7].

14.3  Challenges of Individuals with ADHD 
Requiring PAP Therapy

Hyperactivity and Distractibility: Settling Down for 
Sleep and Remembering to Use PAP
A regular structured bedtime routine is critical for any patient 
with a SWD, but with individuals with ADHD, a bedtime 
routine is critical for overcoming both the hyperactivity and 
inattentiveness that may interfere with successful PAP ther-
apy. It is important to review the bedtime routine and include 
conversation incorporating getting the PAP ready and putting 
the mask on as part of the routine. In some patients, a sched-
uled alarm or reminder to put the PAP mask on may be nec-
essary. Additionally, PAP data apps (Table 14.1) can provide 
positive reinforcement for continued use. These apps provide 
on-demand access to usage, leakage, and average treatment 
AHI for review, as well as some that also include coaching 
for encouragement and goal reminders.

Organization: Keeping the PAP Clean, Ordering New 
Supplies
The patient should also have a next day routine that outlines 
plans to clean the PAP and evaluate for need for replacement 
parts. Auto-replenishment of additional supplies should be 
established for all patients. A scheduled reminder for some 
may be necessary. In this case, check the model of the 
patients’ PAP device as some devices have a reminder menu 
option capable of providing these types of reminders for the 
patient. In addition, as mentioned above, some PAP data 
apps also include options to help with patient organization.

14.4  Epilepsy

There is an intimate relationship between sleep and epilepsy. 
Most focus on either sleep deprivation as a provoking agent 
for seizure or that some seizures are more common during 
sleep. However, it is important to recognize that patients with 
epilepsy have multifactorial reasons for being higher risk for 
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sleep disorders. Seizures during sleep negatively impact 
amount of REM sleep and sleep efficiency [8]. For instance, 
individuals with epilepsy, who had sleep complaints, and 
were evaluated with polysomnography revealed an associa-
tion between worse seizure control and significantly lower 
sleep efficiency, higher arousal index, and a higher  prevalence 
of sleep disordered breathing [9]. In addition to the disease 
itself, the treatment can also impact sleep quality and risk for 
sleep disordered breathing. Anti-seizure medications can 

influence sleep architecture and sleep quality [10], and vagus 
nerve stimulators (VNS) have been suggested to increase 
risk for sleep disordered breathing [11].

OSA is twice as common in adults with epilepsy than in 
age-matched control subjects [12]. Treatment of the OSA 
with either adenotonsillectomy or PAP therapy use often 
leads to seizure reduction [13] and improvement in overall 
well-being [13, 14] and may potentially decrease risk for sud-
den unexpected death in epilepsy (SUDEP) [15]. However, 

Table 14.1 Patient accessible PAP therapy monitoring

Company Respironics ResMed MonitAir
Fisher & 
Paykel

Drive DeVilbiss 
Healthcare

Breas 
Medical Inc

3B 
Medical 
Inc

Mobile app 
name

DreamMapper myAir MonitAir Sleep Style DelVibiss 
Smartlink App

Nitelog 3B Luna 
QR

PAP device 
compatibility

DreamStation, 
DreamStation Go, 
one 50 & 60 series

All Air10 devices All ResMed Air10, 
AirMini
All Respironics
DreamStation, 
DreamStation Go

SleepStyle DV6 CPAPs 
(Bluetooth), 
DV5 
(SmartCodes)

Z1 CPAP, 
Z1 Auto

Luna, 
Luna II

In-app summary
 AHI X X X X X X X
 CAI X X X X X
 Pressure 
setting or 
trends

X X X

 Usage 
hours

X X X X X X X

 Mask leaks X X X X X X X
 Other Hypopnea count, 

Obstructive apnea 
count, comfort 
settings

1-100 daily MyAir 
score, mask seal, mask 
on/off events

Adherence, risk 
stratification, NIV 
parameters and I:E 
ratios (where 
applicable), 
Monthly trends

Adherence 
score, usage AHI

Snore 
index, leak 
%, best 30 
days

In-app notifications
 Low usage X X X X
 High leak X X X
 No data 
received

X X X

 Resupply 
soon

X X

 Other Goal achievement, 
coaching 
messages, clean 
equipment 
reminders

30-day trends, myAir 
score

Adherence, risk 
stratification, 
monthly trends

In-app 
educational 
material

Videos, guides 
content (defined 
by equipment 
used)

Personalized videos/ 
guides cover mask fit 
and cleaning (defined 
by equipment used) 
maintenance and 
comfort settings, and 
adjusting to therapy. 
Full FAQ

None Fitting My 
Simplus

Educational 
videos

None None

Care team 
access

App connected to 
EncoreAnywhere/
Care Orchestrator, 
(allows EMR 
connectivity)

AirView, U-Sleep, or 
third-party data 
providers if integrated 
with ResMed.

Patient can 
communicate with 
healthcare team via 
text, call, or video

Patient 
emails data 
or 
screenshots 
to team

SmartLink 
Desktop or My 
SmartLink 
Cloud.

Patient 
emails data 
or 
screenshots 
to team

Healthcare 
team can 
access

AHI  apnea hypopnea index, CAI  central apnea index
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when evaluated, individuals with epilepsy were less likely to 
be adherent to PAP therapy during the first month of treat-
ment as compared to peers without epilepsy [16].

14.5  Challenges of Individuals 
with Epilepsy Requiring PAP Therapy

Inadequate Response to PAP
Patients with epilepsy may continue to have greater residual 
AHI despite adequate PAP adherence. In fact, one study dem-
onstrated that they were five times more likely than controls 
to have residual AHI ≥ 5 events/hour at 3 months and 1 year 
despite adequate use [16]. Close follow-up for PAP adher-
ence is critical for all OSA patients, but detailed evaluation of 
the adherence report to monitor for persistent pathologic AHI 
is essential for patients with epilepsy. One explanation that 
needs to be evaluated is the potential for ictal apneic events 
[17] that may confound co-existing OSA. A second explana-
tion can be related to anti-seizure treatments that may increase 
risk for worsened sleep  disordered breathing, such as with 
barbiturates, benzodiazepines, or vagal nerve stimulator.

Patients with epilepsy and sleep disordered breathing 
should have diagnostic and PAP titration studies with an 
expanded EEG montage to evaluate for seizure related respi-
ratory events. Collaborative management with the neurolo-
gist managing the patient’s epilepsy may be beneficial, 
especially if there is concern of ictal related respiratory 
events or treatment-induced worsening of SDB. Respiratory 
events may be reduced with changes in the VNS operational 
parameters [11] or attention to anti-seizure medication selec-
tion, dosing, and timing.

Persistent EDS
Excessive daytimes sleepiness in patients with epilepsy can be 
multifactorial. The presence or persistence of EDS may dis-
courage a patient from continued adherent use of PAP therapy, 
due to perception of lack of effectiveness. Characterizing 
baseline EDS with both a standardized tool, such as the 
Epworth sleepiness scale (ESS), and patient’s perceived dis-
ability related to sleepiness is critical for expectation setting 
and evaluating response to treatment. It is also critical to con-
sider anti-seizure medication regimen and seizure frequency 
and control as contributors to symptoms of EDS. Collaborative 
management with neurologist managing epilepsy may be ben-
eficial if there is concern of timing or dosing of anti-seizure 
medication contributing to severity of EDS.

14.6  Neurodevelopmental Disorders

Neurodevelopmental disorders (NDD) are characterized by 
abnormal development of the brain, resulting in deficits related 
to language, cognition, motor, behavior, and other functional 

domains. Autism spectrum disorder (ASD) is a NDD specifi-
cally with persistent deficits beginning in early childhood of 
social communication and interaction and restricted and repet-
itive behaviors, interests, or activities, and cannot be better 
explained by intellectual disability or global developmental 
delay. Sleep difficulties are almost universally characteristic of 
children with both NDD and ASD. The most common being 
sleep onset and maintenance insomnia. However, sleep disor-
dered breathing occurs at a higher frequency than the general 
population [18, 19] and may be related to differences in body 
habitus, increased medical comorbidity, oral motor apraxia 
craniofacial proportions, or hypotonia.

14.7  Challenges of Individuals 
with Neurodevelopmental Disorders 
Requiring PAP Therapy

Sensory Disorders
Sensory processing disorders are common in neurodevelop-
mental disorders and autism. Partnering with a sleep psycholo-
gist or behavioral specialist to aid in desensitization techniques 
is generally advantageous. Frequently, these professionals have 
already been engaged to aid in preparation for the successful 
completion of polysomnography. Sensory defensiveness, 
which is a phrase used to describe the situation when unfamil-
iar textures, pressures, smell, and sounds provoke a “fight or 
flight” or defensive reaction to get away from the source of the 
stimulus, may cause severe aversion to PAP use. Implementation 
of cognitive behavioral therapy (CBT) for improved PAP 
adherence can help overcome these difficulties [20].

Anxiety
History of sensory processing disorders can predict develop-
ment of anxiety [21]. Anxiety may limit PAP use and may 
also require partnering with a sleep psychologist or behav-
ioral specialist. It is possible for a patient to experience panic 
or panic attacks related to wearing the mask. This may be 
more likely in those patients with preexisting anxiety, post- 
traumatic stress disorder, and/or sensory processing disor-
ders. CBT for PAP desensitization and adherence may provide 
benefit. Pharmacologic intervention as needed for anxiety can 
be considered and may require co-management with psychia-
try. In these situations, it may be necessary to provide a letter 
to insurance that there will be a delay in achieving sustained 
adherence due to desensitization training to avoid having the 
equipment taken back due to non-adherence.

Inadequate or Irregular Sleep Time
Reduced total sleep time or irregular sleep times may limit 
PAP use and even reflect as PAP non-adherence due to total 
sleep time being less than required when using PAP. Behavioral 
interventions directed at consolidating sleep and regular sleep 
scheduling are recommended. Consistent PAP use is critical 
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when first employing these behavioral interventions to opti-
mize sleep consolidation and scheduling. This strategy may 
allow for a more successful transition.

14.8  Neurodegenerative Disorders

Parkinson’s
Parkinson’s disease (PD) is a neurodegenerative disorder 
characterized by deterioration of the dopaminergic system 
primarily impairing coordination and movement. Secondary 
insults include sleep-wake dysfunction, major non-motor fea-
ture of PD, with up to 96% of patients impacted [22]. Sleep 
disturbances can develop at any time during the course of PD 
but tend to increase in prevalence with disease progression.

REM behavior disorder (RBD) is the most commonly 
depicted sleep disorder when discussing PD; however, the 
spectrum of sleep disturbances is much more diverse. In fact, 
other sleep disorders, such as OSA, occur more frequently in 
patients with PD than in the general elderly population [23]. 
Although studies evaluating the impact of treatment of sleep 
disorders on motor and non-motor symptoms in PD have 
offered mixed results, data on the treatment of moderate-to- 
severe OSA does demonstrate reduced symptoms of exces-
sive daytime sleepiness, consolidated nighttime sleep, and 
improved cognition [23, 24]. In addition, there is emerging 
evidence to suggest that OSA treatment with PAP therapy 
conferred a protective effect from OSA-related exacerbation 
of PD motor impairment [25].

14.9  Challenges of Individuals 
with Parkinson’s Requiring PAP 
Therapy

14.9.1  Movement-Related Difficulties

Nocturnal akinesia is a common challenge for PD patients. 
Treatment with short-acting levodopa/carbidopa or dopa-
mine agonists frequently leads to this rigid “off” states as 
dopaminergic medications are metabolized until the next 
morning’s dose. Inability to assume a position of comfort 
with the PAP mask or be able to manipulate the mask as 
needed during sleep may lead to reduced use. Optimization 
of dopaminergic therapies, either with bedtime redosing or 
long-acting medications, may improve nocturnal akinesia 
and reduce the experience of muscle cramps, paresthesias, 
and uncomfortable limb positioning [26]. Continuous, non- 
oral dopaminergic treatments (such as rotigotine patch and 
intrajejunal levodopa) may offer better relief of nighttime 
motor and nonmotor symptoms including turning in bed, 
insomnia, muscle cramps, distressing dreams, and daytime 
sleepiness [27, 28].

14.9.2  REM Behavior Disorder

RBD can occur independently or as a consequence of sleep 
apnea fragmenting REM sleep. In either case, ensure patient 
(and bed partner) safety by removing anything that can be 
used as a weapon and limiting ability for elopement. When 
RBD co-occurs with SDB, high-dose melatonin, 10–15 mg, 
should be considered first for the treatment of RBD. About 
70% of patients will have a positive response. If there is con-
tinued difficulty, clonazepam should be tried. Once a thera-
peutic (usually very low) dose of clonazepam has been 
established, it is critical to evaluate the patient for worsening 
of sleep disordered breathing related to the use of benzodiaz-
epine. Repeat PAP titration may be warranted.

14.9.3  Excessive Daytime Sleepiness

The presence or persistence of EDS may discourage a patient 
from continued adherent use of PAP therapy due to the per-
ception of inadequate response to treatment. Characterizing 
baseline EDS with both a standardized tool, such as the ESS, 
and patient’s perceived disability related to sleepiness is crit-
ical for expectation setting and evaluating response to treat-
ment. In some patients, the use of wake-promoting agents, 
such as modafinil, armodafinil, or solriamfetol, may allow 
for improved symptoms of EDS and provide encouragement 
for continued use of PAP therapy (see Chap. 29).

Alzheimer’s
Alzheimer’s disease (AD) is the most common form of demen-
tia in the United States affecting one in ten adults [29, 30]. 
Hallmark symptoms of AD are typically progressive deterio-
ration of memory, language, and intellect. However, sleep-
wake disturbances are now being recognized as a common and 
challenging behavioral symptom associated with AD [31]. 
There is no cure, only treatments aimed at slowing progres-
sion. Sleep optimization, including improved sleep disordered 
breathing, has become a key component of AD treatment regi-
mens based on the causal and bidirectional relationship 
between cognitive decline and sleep disturbance [30].

Microarchitectural sleep alterations are significantly 
increased in those with mild cognitive impairment (MCI), AD, 
and high-risk older adults (i.e., carriers of the APOE4 allele) 
relative to cognitively normal older adults [32–34]. However, 
primary sleep disorders can be responsible for these symptoms 
and are present in approximately 60% of AD patients, with 
obstructive sleep apnea and insomnia being the most common.

Therapeutic intervention of sleep pathology has been shown 
to improve outcomes in AD. The most striking benefit is seen in 
the treatment of OSA with PAP therapy, which has demonstrated 
a significant improvement of subjective daytime sleepiness, as 
well as performance on neuropsychological testing [35, 36].
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14.10  Challenges of Individuals 
with Alzheimer’s Requiring PAP 
Therapy

14.10.1  Inadequate or Irregular Sleep Time

Treatment of insomnia and circadian rhythm disorders with 
melatonin and bright light therapy has shown mixed results, 
but with no significant side effects recorded. Therefore, mel-
atonin and bright light therapy and behavioral therapy are 
recommended. Improving the consistency of night to night 
sleep scheduling is likely to also prove beneficial for improv-
ing nightly use of PAP. On the other hand, use of pharmaco-
logical agents, such as sedatives or hypnotics, has not been 
demonstrated in controlled trials with sleep-disturbed AD 
patients [37] and may augment severity of SDB. Drug ther-
apy should be considered only after behavioral approaches 
have failed and reversible medical/environmental causes 
have been excluded.

14.10.2  Sundowning

Sundowning frequently refers to the phenomena of the 
emergence or worsening of neuropsychiatric symptoms in 
the late afternoon or early evening in patients with demen-
tia syndromes [38]. Sundowning can be exacerbated by 
comorbid circadian rhythm disorders or insomnia. These 
neuropsychiatric features can be prohibitive to successful 
PAP therapy. Tailored, preferably non-pharmacologic, 
care regimens are recommended. As was suggested above, 
melatonin and bright light therapy may also provide ben-
efit against sundowning. Attempt a gradual transition 
from natural daylight to artificial lighting as this may 
reduce behavioral deterioration [38]. Consider deferring 
PAP therapy in patients with active neuropsychiatric fea-
tures, who are resisting treatment, as this can result in 
harm to the patient and/or caregiver. Once consistent 
improvement in sundowning is achieved, re- introduce 
PAP therapy.

14.11  Neuromuscular Disease

Amyotrophic Lateral Sclerosis, Muscular Dystrophies, 
Myotonic Dystrophy, Congenital and Metabolic 
Myopathies, Myasthenia Gravis, Peripheral 
Neuropathies (CMT, FD), Post-polio Syndrome, Spinal 
Cord Injuries
Individuals with neuromuscular disease (NMD) may experi-
ence a variety of sleep breathing disorders including obstruc-
tive sleep apnea, central sleep apnea, or hypoventilation. 
There are multiple contributing mechanisms related to the 

underlying NMD including diaphragmatic weakness, altered 
chest wall and lung compliance, altered hypercapnic and 
hypoxic ventilatory response, direct involvement of the 
respiratory centers, pharyngeal wall weakness, and restric-
tive lung disease [39]. Medical comorbidity such as obesity, 
medications that increase weight or impact respiration (ste-
roids, opioids, or muscle relaxers), cerebral abnormalities, 
and physical deconditioning may further increase risk for 
sleep disordered breathing. The prevalence of the type of 
sleep breathing disorder can vary over time depending on the 
disorder [40]. For example, with Duchenne muscular dystro-
phy, OSA is often seen early on with hypoventilation pre-
dominating. Myasthenia gravis often occurs later on in life. 
Baseline risk of OSA may be variable depending on family 
history, anatomy, and body mass index, but hypoventilation 
may predominate during disease course, particularly during 
flares. Steroids used to treat myasthenia may lead to weight 
gain and can lead to development of OSA after disease 
remission.

Abnormalities during sleep are the earliest indicator of 
respiratory disturbance in this population. Nocturnal 
desaturation to less than 90% for 1 minute is a more sensi-
tive indicator of nocturnal hypoventilation than vital 
capacity or maximal inspiratory pressure testing [41]. 
Nocturnal hypoxemia may also predict mortality in 
patients with certain conditions [42]. One of the earliest 
breathing abnormalities found in NMD is hypoventilation 
with a sawtooth pattern of desaturations during phasic 
REM sleep indicating early respiratory muscle involve-
ment [43]. While central events during REM sleep have 
been described in patients with neuromuscular weakness, 
these events are now recognized as “pseudocentrals” as 
they do not share the pathophysiology of reduced central 
nervous system output seen with true central apneas as 
seen with Cheyne-Stokes respiration or Biot’s respiration. 
These events appear to have reduced respiratory effort as 
the diaphragm is simply unable to generate a breath due to 
weakness, particularly in phasic REM when all other 
respiratory supportive muscles are paralyzed [40]. Elevated 
transcutaneous carbon dioxide level during sleep is the 
most sensitive indicator of hypoventilation, a common 
problem in NMD [44].

Given the sensitivity of sleep testing, an attended in-lab 
polysomnography of these patients is desirable, especially 
when obstructive sleep apnea is suspected. However, it is 
often difficult for patients with neuromuscular disease to 
travel to, and sleep in, a sleep center due to the limited mobil-
ity and intensity of care they require. Reimbursement-driven 
guidelines may also limit the value of polysomnography 
alone in obtaining NIV (noninvasive ventilation). Home noc-
turnal oximetry, which is widely available, and home end- 
tidal or transcutaneous capnography, which is frequently less 
available, are therefore often utilized to diagnose these 

14 PAP Adherence in Neurology Patients



160

patients with hypoventilation when daytime measures of car-
bon dioxide, vital capacity, or maximal inspiratory pressure 
are inconclusive. Noninvasive ventilation is a form of PAP 
therapy that is initiated without the utilization of polysom-
nography. The advent of remote monitoring of PAP devices 
and NIV can be extremely useful in evaluating factors such 
as dyssynchrony to optimize adherence to therapy and 
achieving therapeutic targets.

Identification and optimization of sleep disordered breath-
ing reduces mortality risk by improving symptoms associ-
ated with sudden death. For example, sudden death risk is 
reduced with the treatment using PAP or tracheostomy in 
ALS patients with vocal cord paralysis. Treatment of sleep 
apnea has been shown to improve both quality of life and 
survival [45, 46].

Yearly polysomnography or repeat titrations may be use-
ful in NMD.

Bilevel PAP (BPAP) therapy or NIV is generally the 
mainstay of treatment for sleep disordered breathing in 
patients with neuromuscular disease, as opposed to other 
patients who generally receive CPAP. Reduced pressure dur-
ing expiration is easier to use for patients with NMD baseline 
weakness with exhalation. Inspiratory muscle training should 
be considered as an effective adjuvant [47]. Central apnea is 
also treated with BPAP. Servo-ventilator PAP may be more 
optimal than BPAP in patients with obstructive and central 
apneas.

In addition, future studies evaluating the impact of OSA 
treatment on comorbidities seen in neuromuscular diseases, 
such as cardiomyopathy and weight problems, are still 
needed. There is limited data available about other sleep dis-
orders’ relationship with neuromuscular disease, which sug-
gests further exploration is needed.

14.12  Challenges of Individuals 
with Neuromuscular Disorders 
Requiring PAP Therapy for OSA

14.12.1  Insufficient Improvement or 
Progression in Sleep Disordered 
Breathing

Patients with NMD need close follow-up of their sleep 
breathing as the type of sleep breathing disorder they have 
may vary with time, and the degree of support needed may 
vary with time, with varying rates, depending on the underly-
ing disorder. The following are the main treatment outcomes 
targeted in NMD: (1) AHI (apnea hypopnea index), (2) ade-
quate Vt (tidal volume), (3) adequate oxygenation, (4) ade-
quate ventilation, and (5) ventilatory rest.

14.12.2  High Residual AHI

A high residual AHI with may be due to numerous factors 
including mask leak, oronasal mask use in some neuromus-
cular patients (as opposed to nasal), worsening upper airway 
obstruction, or due to varying degrees of neuromuscular 
weakness. Excess mask leak may lead to leak of pressure as 
in other patients with SBD and result in suboptimal treat-
ment. Remote monitoring systems are often able to provide 
leak-related information during therapy. Therefore, mask fit-
ting should be addressed first. Oronasal masks may lead to 
worsening upper airway obstruction, particularly in individ-
uals with NMD; nasal interface should therefore be consid-
ered [48, 49]. High residual obstructive events may be seen 
even after adjustments in EPAP if there is changing weight or 
other factors that may influence a further narrowing airway 
over time. Consideration should be given to utilization of set-
ting a range if on CPAP or a range of EPAP if on bilevel or 
more advanced NIV. If able, the patient could be titrated in 
the sleep lab to determine optimum range of pressures, keep-
ing in mind that if the disease is in flux, they will still require 
constant monitoring. Patients on bilevel PAP that may 
achieve disease remission (such as myasthenia) may have 
high residual AHI with high CAI as they may have resolution 
of neuromuscular weakness and no longer require NIV. These 
patients may require reevaluation of daytime metrics of 
respiratory strength, such as vital capacity, maximal inspira-
tory pressure, and arterial blood gas, as well as repeat sleep 
oximetry and/or capnography off PAP therapy.

14.12.3  Inadequate Tidal Volume 
and Ventilatory Rest

Vt with NIV is typically 8 milliliters (mL) per kilogram (kg) 
of ideal body weight (IBW). Cloud systems for tracking NIV 
report Vt (Fig. 14.1). When evaluating adequacy of tidal vol-
ume, it is important to also ensure that Vt is adequate to pro-
vide ventilatory rest. In the example patient’s case, she is still 
relatively tachypneic at 21 breaths/minute (Fig.  14.1). 
Increasing the IPAP (inspiratory PAP) may help increase the 
Vt and thereby decrease the respiratory rate.

14.12.4  Inadequate Ventilation

Hypercapnia is associated with decline in respiratory muscle 
function and may result in increased daytime sleepiness, pul-
monary hypertension, and poor quality of life. Normalization 
of hypercapnia is therefore a therapeutic target of NIV. Wake 
carbon dioxide can be measured utilizing arterial blood 
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gases, and sleep capnography at home or in the sleep lab can 
also be evaluated to ensure improvement and/or resolution of 
hypercapnia. The patient described above had an arterial 
blood gas showing pH of 7.33 and carbon dioxide of 54, sug-

gesting insufficient ventilation to normalize hypercapnia 
even 3 months on therapy. Increase in IPAP may therefore 
help with both ventilatory rest and improving her 
hypercarbia.
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Fig. 14.1 Example download from Cloud systems for tracking NIV report Vt for a patient on BPAP 16/8. Patient’s height is 61 inches. Vt is 
417 mL, and her respiratory rate is 21 on average. 8 mL/kg for her height would be 380 mL, and the patient exceeds this goal
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14.12.5  Inadequate Oxygenation

Adequate oxygenation on PAP can be assessed by obtaining 
home sleep oximetry. Caution is advised when evaluating 
oxygenation in patients with neuromuscular disease as 
hypoventilation may be the primary cause of hypoxemia in 
the absence of lung pathology or abdominal obesity. Adding 
supplemental oxygen alone would be insufficient if hypox-
emia is due to hypoventilation. For this reason, sleep oxim-
etry with concurrent capnography would be ideal in 
identifying etiology of hypoxemia.

14.13  Stroke

Sleep disordered breathing both impacts risk for stroke, 
stroke experience, and recovery from stroke. OSA promotes 
metabolic syndrome through increased insulin resistance and 
negative effects on leptin and ghrelin resulting in increased 
food-seeking behavior and reduced satiety. OSA can also 
lead to cardiac dysrhythmias leading to cardioembolic and 
arrhythmic events resulting in stroke. Patients with OSA and 
stroke can have early neurologic worsening and higher blood 
pressures in the acute setting. Post-stroke sleep disordered 
breathing has been associated with a negative impact on 
short-term and long-term neurologic recovery, as well as 
increased mortality and stroke recurrence risk [50–52].

Acute stroke outcomes are improved with CPAP use. PAP 
therapy may help reduce recurrent cardiovascular events, 
improve 5-year mortality, and reduce nighttime blood pres-
sure [53]. Thus, adequate treatment of sleep disordered 
breathing in patients both at risk for and with history of 
stroke is imperative.

14.14  Challenges of Individuals with Stroke 
Requiring PAP Therapy

14.14.1  Difficulty with Putting on and Taking 
off Mask

Some patients may experience frustration due to increased 
time or effort required to set up or maintain their devices [54] 
related to disability from prior stroke. Anticipatory guidance 
that this may occur combined with more frequent check-ins 
for troubleshooting encouragement may reduce frustration. 
In some patients, scheduling an in-person or telehealth visit 
with the sleep technician to review the patient’s process may 
aid in identifying ways to reduce excessive effort needed.

Weakness can impair ability to easily apply and secure the 
PAP headgear [54]. Learning how to put on a PAP mask with 
only one hand may be necessary, if there is no one to assist 
the patient at home. Strategies to aid in lifting the headgear 

overhead or fastening is required. Instead of placing the 
mask of the face first, instruct the patient to first assemble the 
mask and headgear and place the headgear onto the back of 
the head and then pull the mask down with non-paretic hand 
over the forehead and eyes. The patient should practice this 
technique with the sleep technician or DME company until 
demonstrating success. In some cases, consideration for a 
home health aide to assist with bedtime preparation may be 
needed.

14.14.2  Headaches

Sleep disturbances can be viewed as comorbid, predisposing, 
and even prognostic for headache development or persis-
tence. The relationship between headache and sleep may be 
based in shared structural and neurotransmitters pathways 
[55–57]. Headache can be a symptom of sleep apnea [58, 
59]. Headache frequency reported in OSA varies ranging 
from 15% to 50% [59–62]. Chronic morning headache is not 
specific to SDB but may also indicate severe depression or 
insomnia disorders [63]. However, OSA should be strongly 
considered in patients having headache during the night or 
exclusively in the morning [59, 64, 65].

14.15  Challenges of Individuals 
with Headache Requiring PAP 
Therapy

14.15.1  Headache Exacerbated by PAP 
Therapy/Head Gear

Patients complaining of exacerbation of headaches related to 
PAP use could have these issues as a result of multiple fac-
tors. The most common cause is overtightening the PAP 
mask. To avoid this, instruct the patient to work in one direc-
tion around the mask, making small adjustments until the 
mask is securely in place, but not overly tight. This approach 
helps prevent uneven adjustment with one side pulling more 
than the other. Remind the patient that the PAP mask should 
only be tightened enough to create a seal. Additional factors 
to consider for enhanced comfort and seal include use of 
mask strap pads or gels that are soft coverings to improve 
comfort. Instruct the patient to clean the mask cushion, nasal 
pillows, and nasal prongs daily as this will provide a more 
sustained seal.

14.15.2  Sinus Complaints

In patients with chronic sinus issues, PAP use can exacerbate 
sinus problems. In these patients, a full-face mask may be a 
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preferred option over nasal mask or pillows. Independent of 
type of mask, partnering with an ENT to optimize nasal 
breathing and/or using over-the-counter medications may 
provide benefit. PAP heated humidifiers can contribute to a 
more optimal sinus environment and should be suggested.

If the PAP use is causing nasal irritation, in addition to a 
heated humidifier, recommend nasal saline, wash, and gel to 
maintain moist membranes. Nasal irritation can be cumula-
tive and develop over time. This can result in increased sus-
ceptibility to infection due to dry, cracked, and even bleeding 
nasal passage.

14.15.3  Bruxism

Bruxism is a common comorbidity of sleep apnea. Despite 
adequate PAP titration, bruxism can still persist. Patient may 
experience persistent temporal mandibular pain and mistake 
it for pain due to PAP headgear. Evaluate for clinical and 
historical features of bruxism, and if present consider refer-
ring to a dentist for bite guards which can help alleviate the 
pain and misalignment from bruxism. Over-the-counter bite 
guards can also be used but generally have a shorter lifespan 
and are bulkier than tailor-made devices from the dentist.

14.15.4  Demyelinating Disease

Multiple sclerosis (MS) is a neurodegenerative autoimmune 
disorder of the central nervous system that affects about 2.5 
million people in the world. Clinical symptoms, progression 
of disease, and response to treatment can be variable. Up to 
90% of patients complain of fatigue, which is a poorly 
defined entity and distinct from excessive daytime sleepiness 
(EDS). Excessive daytime sleepiness is clearly defined as 
persistent sleepiness, even after adequate nighttime sleep. 
Fatigue, on the other hand, has been suggested to possibly be 
a direct result of demyelination and axonal loss or immuno-
logic consequence versus a result of comorbidities found in 
MS, such as depression, medication side effects, pain, or 
sleep disturbance [66].

Sleep disorders are three times more likely to occur in 
patients with MS versus the general population [66]. It is not 
uncommon for the sleep disorder to be a symptom of a white 
matter lesion, such as cervical lesions causing RLS, focal 
hypothalamic lesions causing narcolepsy, and dorsal pontine 
lesions causing RBD [67, 68]. Sleep apnea can be central or 
obstructive and related to inactivity due to disability, brain-
stem lesions affecting the respiratory centers, or symptom-
atic medications that relax muscle tone in the pharynx. 
Treatment of these disorders can provide symptomatic 
improvement in sleepiness and fatigue, but it is yet to be 
determined if there is benefit in disease stability and reduced 
progression.

14.16  Challenges of Individuals 
with Demyelinating Disease 
Requiring PAP Therapy

14.16.1  Neurologic Deficits

As described in the section on stroke, some patients may 
experience frustration due to increased time or effort required 
to set up or maintain their devices [54] related to disability 
from demyelinating disease. Anticipatory guidance that this 
may occur combined with more frequent check-ins for trou-
bleshooting encouragement may reduce frustration. This is 
especially important in individuals who have not achieved 
remission and continue to have progressive deficits.

Weakness, but perhaps more frequently encountered 
spasticity, can impair ability to easily apply and secure the 
PAP headgear [54]. As in the stroke recommendations, learn-
ing how to put on a PAP mask with only one hand may be 
necessary if there is no one to assist the patient at home (see 
stroke recommendations for one handed strategy to apply 
mask). In addition to weakness and spasticity, vision impair-
ment can negatively impact the ability to operate the machine 
controls, replace the filters, or pour water into the water 
chambers [54]. Recommend discussion with a neurologist or 
an ophthalmologist to evaluate if patient would be eligible 
for use of either handheld or wearable technologies that can 
improve visual abilities to complete these tasks. In patients 
with significant or progressive disability, consideration for a 
home health aide to assist with bedtime preparation may be 
needed.

14.16.2  Persistent EDS

The presence or persistence of fatigue or EDS may discour-
age a patient from continued adherent use of PAP therapy. It 
is important to qualify that although these represent distinct 
symptoms, patients may perceive or endorse them similarly. 
In addition, there may be the expectation that these symp-
toms will resolve with PAP use. It is important to evaluate for 
and characterize the symptoms at baseline and periodically 
after PAP treatment initiation. If the features are more sug-
gestive of EDS, ensure adequate PAP use and therapeutic 
AHI are being achieved. Patients with demyelinating disease 
are at risk for progression in both obstructive and centrally 
mediated sleep disordered breathing.

If these are stable, re-evaluate for symptoms of other rea-
sons for EDS, such as medications, restless leg syndrome, or 
insufficient or irregular sleep patterns. If there are no 
 alternative etiology for EDS, consider a central disorder of 
hypersomnolence, and evaluate the patient with a repeat PSG 
(while on CPAP) and next day multiple sleep latency test. If 
there is evidence of a hypersomnia disorder, patients may 
benefit from wake-promoting agents, stimulants, or oxybate 
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preparations. If using an oxybate preparation, repeat PAP 
titration once at therapeutic dosing, as clinically significant 
desaturations or central apneas can emerge [69].

14.17  Conclusions

Optimal sleep disordered breathing management in patients 
with neurologic disease requires consideration of the 
patients’ neurologic status. Close collaboration with their 
managing neurologist may allow a more nuanced under-
standing of the patients’ functional limitations. As described 
within this chapter, patients with neurologic disease have 
unique barriers to optimal PAP therapy. These barriers are 
not uniform across diseases and, even within the same 
patient, do not remain static over time. Enhanced knowledge 
of these barriers, as well as improved understanding as to 
when to consider them, is critical. Appropriate due diligence 
addressing these barriers and revisiting them at future visits 
for emergence or regression will likely enhance PAP 
adherence.
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Abbreviations

AHI Apnea hypopnea index
CPAP Continuous positive airway pressure
EDS Excessive daytime sleepiness (or daytime 

sleepiness)
EEG Electroencephalogram
MCI Mild cognitive impairment
MRI Magnetic resonance imaging
MSLT Multiple sleep latency test
MWT Maintenance of wakefulness test
NCF Neurocognitive function (or cognitive function)
OSA Obstructive sleep apnea (or sleep apnea)

15.1  Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder, 
and it is characterized by repetitive obstruction in the upper 
airway during sleep which in turn fragments sleep quality 
and causes intermittent oxygen desaturation [1]. This mani-
fests in a variety of systemic effects including affecting dif-
ferent aspects of neurocognitive function (NCF) and 
excessive daytime sleepiness (EDS) [2]. This effect on neu-
rocognitive functioning and daytime sleepiness is however 
not a universal finding, and many individuals with OSA will 
not develop EDS or other NCF deficits [3–5] EDS is an 
important contributor to NCF considering that it is seen as a 
potential cause of cognitive problems [6].

15.2  Neurocognitive Testing

Impact on neurocognitive function due to any cause can be 
studied objectively using neuropsychological tests and sub-
jectively using self-reported tests or questionnaires. 
Excessive daytime sleepiness can be measured subjectively 
using the Epworth sleepiness scale where a score of ≥10/24 
indicates subjective excessive daytime sleepiness as mea-
sured across a full day or the Stanford sleepiness scale which 
measures sleepiness at a specific moment in time [7, 8]. The 
gold-standard objective measure for daytime sleepiness is 
the multiple sleep latency test (MSLT). The maintenance of 
wakefulness test (MWT) measures a related concept, i.e., 
alertness [9].

Various aspects of NCF have been evaluated and are 
known to be impacted by OSA.  These include aspects of 
memory including short-term verbal and visual memory and 
long-term semantic and declarative memory, executive func-
tioning including working memory, and different aspects of 
attention including alertness, vigilance, and divided attention 
[3]. Some examples of tests measuring NCF in OSA patients 
include the psychomotor vigilance task and sustained work-
ing memory test [3].

The real-world translation of results of objectively mea-
sured cognitive functioning is limited in comparison to the 
real-world applicability of subjective cognitive dysfunction 
in both the healthy and morbid population [10–12]. This dif-
ference between subjective and objective tests makes it 
important to understand neurocognitive function both from a 
subjective and an objective viewpoint.

15.3  Subjective NCF in OSA

Subjective cognitive complaints are often associated with 
EDS, and among cognitive complaints, concentration 
appears to be the most affected [13]. Excessive daytime 
sleepiness is an important concern reported by individuals 
that is reported to be a function of disturbed sleep  architecture 
[14]. It is among the most common symptoms in individuals 
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with sleep disordered breathing and impacts occupational 
performance and quality of life in addition to directly being 
associated with other neurocognitive function parameters, 
including concentration, memory, and executive function 
[14, 15].

Studies have shown that there is a wide range of neuro-
cognitive deficits observed in those who have OSA with 
EDS, but this does not necessarily extend to those who have 
obstructive sleep apnea without excessive daytime sleepi-
ness [3]. Why some with OSA experience EDS and others 
with OSA do not remains a debated topic. Several factors are 
noted to play a part including severity of the apnea hypopnea 
index (AHI), disturbance in sleep architecture, intermittent 
arterial oxygen desaturation, sleep deprivation, chronicity of 
the condition, gender, and medical comorbidities such as 
obesity and psychiatric illness, indicating that the pathogen-
esis of daytime sleepiness in OSA is multifactorial [3].

15.4  Objective NCF in OSA

Objectively, OSA affects various spheres of NCF including 
intellectual function, executive function, memory, and 
attention. Each of these aspects of NCF has its own compo-
nents as noted above [3]. Most research in the area of NCF 
in OSA supports the notion that there is a deficit in atten-
tion, aspects of memory (i.e., Delayed long-term verbal and 
visual memory), visuospatial/constructional abilities, and 
executive function, that there may not be a significant 
impact on language and psychomotor function, and that the 
effect on working memory, short-term memory, and global 
cognitive function is equivocal as concluded in a meta-
review [16]. This is in contrast to more recent studies sup-
porting an impairment in psychomotor function and 
working memory [17].

Studies exploring the effects of OSA on objectively mea-
sured NCF have yielded conflicting results, and no one factor 
has been found to consistently predict cognitive impairment 
indicating that this too has multifactorial causation. Whether 
it is related to EDS resulting in poor performance on objec-
tive cognitive measures [18] or the result of structural and 
functional changes in the brain that may result from sleep 
fragmentation or intermittent hypoxia remains debated [19]. 
Wang et al. have proposed that overall cerebrovascular health 
may perhaps be an important consideration when the impact 
of OSA on cognitive functioning is being assessed [20].

15.5  OSA Severity and NCF

It remains debated as to whether there is an association 
between the severity spectrum of OSA with measured NCF 
deficits and EDS. Some studies have shown that severity of 

OSA in terms of the apnea hypopnea index is a vital factor in 
predicting EDS [21, 22]. Those with severe OSA may have 
greater objective daytime sleepiness as compared to those 
with mild-to-moderate disease, despite no difference in sub-
jective sleepiness [23]. On the other hand, other studies have 
emphasized that there is no robust relationship between 
severity of OSA and EDS [24, 25]. More recently, it has been 
proposed that other markers of OSA severity such as the 
severity of the individual respiratory events, e.g., desatura-
tion events or the duration of the apneas/hypopneas itself 
rather than the AHI, are a stronger marker of daytime somno-
lence. [26]

Many studies have shown that impairment in neurocogni-
tive function is reliant on sleep fragmentation, daytime 
sleepiness, and/or intermittent hypoxemia resulting from 
sleep apnea and not just related to the apnea hypopnea index 
itself [27–32]. Some on the other hand have suggested that 
sleep deprivation and EDS may be the reason behind 
impaired NCF rather than hypoxia [18]. It is possible that 
separate aspects impact separate domains of cognitive func-
tioning. For example, sleep fragmentation and sleepiness 
may cause inattention, whereas intermittent hypoxia may 
cause executive dysfunction. [16, 33, 34]

The mechanisms involved in the OSA-related pathogen-
esis in Alzheimer’s and ageing OSA could impact cognition 
via different pathways. OSA could fragment sleep and hence 
decrease slow wave sleep and REM sleep which hinders neu-
ronal plasticity, a mechanism required for optimal cognitive 
function [35]. OSA-induced hypoxia could also lead to 
hypoxic injuries to different systems in the body, including 
causing oxidative stress, interfering with metabolic path-
ways, and also injury to the vessel walls; all could contribute 
to the formation of beta-amyloids and Tau protein [36]. On 
the other hand, the pathogenesis of Alzheimer’s disease (AD) 
is accepted to be mainly due to the production of the 
β-amyloid peptide and its deposition. Tau protein function is 
also to promote the assembly of microtubules and stabilize 
its structure, which contributes to the proper function of neu-
rons. Changes in the amount of tau protein and/or changes in 
its structure can affect its function as a stabilizer of microtu-
bules as well as some of the processes in which it is impli-
cated [37]. Another proposed mechanism includes 
impairment of CSF-ISF exchange in the brain which could 
hinder the removal of toxins from nervous system tissue dur-
ing sleep [36]. This is the consequence of intrathoracic pres-
sure swings following repetitive occlusion of the upper 
airway in OSA [36]. There are studies showing that using 
CPAP in OSA patients and also mild cognitive impairment 
could delay the progression of cognitive deficits [36, 38].

Familial aggregation for sleep apnea has been seen and 
replicated in different studies [39, 40]. The E4 isoform of 
apolipoprotein E (ApoE4) is strongly associated with an 
increased risk of early-onset Alzheimer’s disease [41]. The 
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association between Apo E4 and OSA has also been reported 
[42]. This could also explain why the cognitive changes seen 
in OSA may not only be related to the impact of OSA i.e. 
hypoxia and sleep fragmentation related to apnea events; but 
also that OSA and cognitive changes may have common 
genes which predispose the person to manifest both condi-
tions. Further detail on genetic associations is beyond the 
scope of this chapter.

The occurrence of neurocognitive dysfunction in OSA 
patients and the clinical observation that in a significant por-
tion of individuals with OSA, NCF and somnolence do not 
completely resolve on treatment suggests that certain physi-
ological or structural changes are occurring in the brain, 
some of which might be irreversible, or alternatively, comor-
bid conditions may play a part on this [43, 44]. Functional 
MRI studies have shown reduction in activity in specific 
brain areas such as the prefrontal cortex and in the cingulate, 
frontal, and parietal areas of the brain correlating with 
impairment in executive functions and reduction in attention, 
respectively [45, 46]. Based on a review of studies on resting- 
state functional MRI in OSA, Khazai et  al. have proposed 
that disruption of the functional connectivity in parts of the 
default mode network (ventromedial prefrontal cortex, hip-
pocampal formation, and posterior cingulate cortex) may be 
a potential biomarker in OSA considering that the default 
mode network is an important area related to cognitive func-
tioning [47].

In summary, OSA causes subjective and objective cogni-
tive impairment; not all patients with OSA develop these 
impairments, and in those who do, the nature of these impair-
ments varies, and the underlying mechanisms are multifacto-
rial (Fig. 15.1).

15.6  Continuous Positive Airway Pressure 
Therapy (CPAP) for OSA

Among the different treatment options for OSA, CPAP ther-
apy is considered the first-line choice of treatment since its 
introduction in the early 1980s [48]. CPAP works by reduc-
ing instability in the upper airway and helps stabilize breath-
ing pattern during sleep which in turn addresses obstructive 
sleep disordered breathing, and this could improve daytime 
functioning by reducing sleep fragmentation, improving 
oxygenation, and reducing inflammation [49–52].

The effects of CPAP treatment on NCF have been noted 
from the early years of introduction of this treatment. Since 
then, over 300 papers have been published which discuss the 
impact of CPAP on different aspects of cognition including 
attention and vigilance, psychomotor processing, executive 
functioning, episodic memory, and intellectual ability [53]. 

Among its many effects on NCF, CPAP has been shown to 
improve daytime sleepiness and alertness in OSA, two sepa-
rate functions that are a result of separate but dynamically 
interacting neurological processes [9]. Meta-analyses have 
shown that CPAP pressure improves subjective and objective 
EDS as measured with the Epworth sleepiness scale and 
MSLT and objective daytime alertness as measured with the 
MWT across the entire spectrum of severity of OSA [49, 50].

Varying degrees of positive effects of CPAP use on cog-
nitive performance have been demonstrated with various 
possible underlying mechanisms (Fig.  15.2). This may be 
due, in part, to variability in study design and sampling 
methodology across studies [34]. It could also be related to 
the possibility that some of the cognitive changes related to 
OSA may not be fully reversible with CPAP treatment, but 
it may prevent further deterioration of NCF, as part of the 
changes are related to the vascular system [54]. This is simi-
lar to findings in chronic conditions such as diabetes melli-
tus and its impact on the peripheral and central nervous 
system. For example, there is less evidence on the revers-
ibility of the ophthalmic changes in diabetes even after tight 
glucose regulations although further deterioration may be 
slowed indicating that existing damage because of diabetes 
may not be reversible but further damage may be slowed or 
prevented [54, 55].
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vascular 
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Sleep
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Fig. 15.1 OSA-induced systemic effects that contribute to 
neurocognitive dysfunction
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15.7  Measuring Change in NCF with CPAP

Research has focused on neuroimaging findings of the NCF 
improvement in patients using CPAP, in parallel with look-
ing into the neuroimaging findings of the impact of 
OSA. Some research has focused on the neuropsychological 
findings of cognitive improvements in patients using CPAP, 
in parallel with looking into the neuropsychological findings 
of the impact of OSA.

CPAP therapy in moderate-to-severe OSA has shown 
reduction in EDS and improvement NCF including parame-
ters such as verbal memory and executive functioning but not 
necessarily in vigilance despite adequate adherence [56]. 
However to the contrary, a meta-analysis of 13 studies from 
1994 to 2012 studying the effect of CPAP therapy on cogni-
tion in middle-aged adults with OSA showed a statistically 
significant improvement only in vigilance, whereas other 
cognitive functions such as attention, working memory, ver-
bal fluency, visuo-constructive skills, and processing speed 
did not show statistically significant improvements [57]. 
Neither did the researchers observe a significant effect size 
difference based on duration of CPAP therapy or the 
AHI.  Limitations included classifying disease severity on 
basis of AHI and, not considering other parameters, collec-
tion of data over a long period which may have affected the 
diagnosis of OSA due to change in scoring criteria and con-
founders introduced by the methodology of the initial studies 
included in the meta-analysis. The APPLES study concluded 
that those on CPAP therapy were less sleepy with more 
severe OSA individuals having a greater response and that 

CPAP therapy benefitted executive functioning modestly. 
This led them to conclude that the relationship between OSA 
and NCF is complex, and when managing patients with 
CPAP, individual differences, disease severity, and sleepi-
ness all should be taken into account [58].

More recently, CPAP therapy in mild-to-moderate OSA 
has shown to improve neurobehavioral functions such as ver-
bal fluency, psychomotor functioning, and information pro-
cessing speed along with an improvement in mood and 
quality of life measures [17]. However, this improvement in 
the same population was not associated with a similar degree 
of improvement in working memory, and neither was there a 
normalization of subjective or objective daytime alertness 
post treatment with CPAP despite a significant improvement 
in subjective daytime sleepiness as compared to baseline 
[17]. This improvement was noted particularly in those with 
adequate CPAP adherence defined as >4 hours/night of use, 
70% of the nights. This is an arbitrary parameter determined 
by consensus rather than robust evidence [59]. This might 
impact the results of the studies that have evaluated the 
impact of CPAP on NCF, depending on how they define 
adherence.

In clinical practice, CPAP therapy is more likely to be 
prescribed in moderate to severe OSA or in those individu-
als with mild OSA who have co-morbidities or associated 
EDS.  Cognitive impairment and daytime sleepiness, and 
the effects of CPAP therapy on these parameters, are also 
more commonly evaluated in severe OSA as compared to 
milder forms of OSA. This could be because of the assump-
tion that less severe OSA is less likely to be associated with 
significant cognitive impairment due to the greater ability 
to compensate for the deficits, or it could be because minor 
changes are more difficult to measure or because milder 
sleep disordered breathing might not have as much of an 
impact on these parameters [60]. There is also the contro-
versy of whether using CPAP in less severe OSA is worth-
while considering questionable improvement in quality of 
life, the cost implications of ongoing CPAP therapy, and 
sleep disturbance introduced by the use of CPAP therapy 
itself [61, 62].

15.8  Neurophysiological and Imaging 
Aspects of Effects of CPAP on NCF

Studies have investigated the effect of sleep apnea and CPAP 
on brain EEG activity. Selected 2-s electroencephalogram 
(EEG)-epochs were processed by LORETA (low-resolution 
electromagnetic tomography) to determine EEG sources for 
seven frequency bands, delta (1.5–6  Hz), theta (6.5–8  Hz), 
alpha1 (8.5–10 Hz), alpha2 (10.5–12 Hz), beta1 (12.5–18 Hz), 
beta2 (18.5–21 Hz), and beta3 (21.5–30 Hz) with reference to 
an earlier study [63]. Increase in the portion of delta and theta 
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bands during the day could denote deviation from the normal 
function the same as reductions in the alpha and beta band 
portions. In the group of patients with moderate sleep apnea, 
significant changes were found in the posterior cingulate 
cortex (changes in the amount alpha2 band) as well as in the 
right posterior parietal cortex and the left supramarginal 
gyrus (in the beta1band in both regions). In the group of 
patients with severe sleep apnea, significant changes were 
found in the posterior cingulate cortex (changes in the theta 
and alpha1 bands). Following CPAP treatment, these signifi-
cant differences disappeared in the severe group. In the group 
of patients who were dealing with moderate sleep apnea, the 
activity was significantly decreased in the right fusiform 
gyrus (in the beta3 band). These findings potentially suggest 
a normalizing effect of CPAP therapy on EEG background 
activity in both groups (moderate and severe groups) of OSA 
syndrome patients. Successful memory functioning, also the 
emotional perception, and the DMN, and fear network could 
be disrupted by chronic intermittent hypoxia, as evidenced 
by the alterations of brain electrical activity in the associated 
regions. This could possibly be reversed with the use of 
CPAP therapy [64].

Overall, in comparing moderate OSA groups to healthy 
controls, significantly increased activity was observed in 
alpha2 band bilaterally in the posterior cingulate cortex and 
in the beta1 band in the right posterior parietal cortex and 
left supramarginal gyrus. Following CPAP therapy, the 
patients experienced modified activity in the right fusiform 
gyrus (significantly decreased activity was detected associ-
ated with the beta3 band). In comparing the group of 
patients with severe sleep apnea and the control group, the 
patients with untreated severe sleep apnea had significantly 
increased activity in the theta and also alpha1 bands bilater-
ally in the posterior cingulate cortex prior to starting CPAP 
therapy. Notably, following CPAP therapy, this characteris-
tic difference was normalized [64]. They also found that the 
changes are reversible following using CPAP in the group 
of patients with moderate OSA compared to those with 
severe OSA [64].

Research looking at regional blood flow in different 
areas of the brain in individuals with OSA before and 
6 months after treatment with CPAP has shown a partial to 
complete reversal of decreased cerebral blood flow in areas 
of the brain that are associated with executive function, 
affect regulation, and memory such as the limbic and pre-
frontal areas, cerebellum, medial orbitofrontal, and angular 
cortex [65, 66]. Furthermore, there is evidence to support 
an improvement in cerebral vasoreactivity and cerebral 
blood flow, suggesting an improvement in cerebral vasodi-
lator reserve and reduction in carotid intima media thick-
ness, a proxy marker of atherosclerosis [67]. These findings 
point toward the possible reduction in the risk of cerebro-
vascular events [67].

Untreated younger and middle-aged adults with severe 
OSA have been noted to have significant impairment in 
objectively tested memory and executive cognitive functions 
and structural changes in the form of reduced gray matter in 
parts of the brain that are associated with these functions 
[68]. These deficits and structural changes were shown to 
respond to CPAP therapy over a 3-month period, and a direct 
relationship between improvements in gray matter volume 
and NCF was also observed [68]. Similarly, in individuals 
≥65 years, with severe OSA, CPAP therapy has been shown 
to improve objective NCF including aspects of memory and 
executive functioning and positive structural changes such as 
improved neural connectivity in the right middle frontal 
gyrus in those using CPAP therapy as compared to those on 
conservative or no treatment [69, 70]. The partial recovery in 
structure and function reported above can be attributed to the 
sensitivity of the hippocampus to damage by intermittent 
hypoxia arising from untreated OSA, and the ability of the 
hippocampus to regenerate neurons [68, 71, 72]. This is par-
ticularly important as OSA is considered a modifiable risk 
factor for age-related hippocampal atrophy [73].

15.9  Comorbidity, NCF, and CPAP 
Treatment

CPAP therapy has been shown to improve NCF in addition to 
other parameters in stroke rehabilitation in individuals with 
comorbid OSA, with improvements in aspects of attention 
and executive function [74–76]. These changes may improve 
outcomes not only due to direct reduction in neural injury but 
also indirectly due to improved participation in the rehabili-
tation program by improved NCF and reduction in depres-
sive symptoms and drowsiness [75]. It has been suggested 
that long-term CPAP therapy can improve survival and 
reduce the recurrence of stroke [77].

Richards et al. evaluated NCF in individuals with an AHI 
of ≥10/h and baseline mild cognitive impairment (MCI) 
who used CPAP at 1 year in comparison to matched controls 
with MCI and OSA who did not use CPAP [78]. They noted 
statistically significant improvements in cognitive process-
ing speed, psychomotor function, daytime sleepiness, and 
possible protective effects on memory favoring the CPAP 
group. They also reported a possible subjective improve-
ment in the CPAP group in comparison, although this 
improvement was not statistically significant. Similar 
improvements were also noted in individuals with MCI and 
mild OSA [79]. Although these studies are pilots and have 
low power statistically, their findings point toward an impor-
tant place for CPAP therapy across the spectrum of OSA in 
individuals with pre-dementia.

Chronic kidney disease and sleep disordered breathing 
share a bidirectional relationship, and the prevalence of OSA 
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in chronic kidney disease is significantly higher as compared 
to OSA in the general population [80]. This increase in prev-
alence is attributed directly to the underlying renal dysfunc-
tion [80]. Cognitive impairment is significantly higher in the 
chronic kidney disease population, reaching as high as 40% 
[81–83]. Although it is unclear at present whether there is a 
shared pathophysiology for cognitive impairment arising in 
OSA and that arising in chronic kidney disease, a synergistic 
effect of each condition and hence a complex relationship 
cannot be ignored considering that both these conditions 
have profound systemic effects. Although there are limited 
studies to our knowledge looking into the effect of CPAP 
therapy in individuals with chronic kidney disease and OSA, 
a case report has recently alluded to the beneficial effects of 
long-term CPAP therapy in end-stage renal disease on sub-
jective cognitive function, quality of life, and EDS [84].

The positive effect of CPAP on mood has been well estab-
lished, a factor which could improve cognitive function in 
those who have comorbid depression as well [85, 86]. This 
comorbidity exists in 20–40% of patients with OSA which 
could worsen the impact of OSA on one’s cognitive func-
tioning [85, 86]. Studies have shown that the CPAP treatment 
could improve depression in this population and also their 
cognitive dysfunction subsequently [87]. For more informa-
tion on CPAP and depression, see Chap. 19.

15.10  Other Considerations for CPAP 
Therapy and Its Effects on NCF

Although there is building evidence supporting improvement 
in NCF with CPAP therapy, it still remains debated. This 
raises the question of why CPAP treatment addressing noc-
turnal hypoxia and sleep fragmentation only has a modest 
impact on some and not all aspects of NCF. To understand 
this issue better, using the analogy of the benefits of statins in 
preventing a heart attack may be helpful. Different studies 
have shown that the number needed to treat for the statins 
varies from 50 to 100 (90) [88]. In other words, up to 100 
patients with hypercholesterolemia should be treated with 
statins on a regular basis, in order to prevent one heart attack. 
This suggests that hypercholesterolemia by itself is not the 
sole contributor to a cardiac ischemic event. Likewise, noc-
turnal hypoxia and sleep fragmentation may not be the pri-
mary (or sole) causes of impairment in NCF in people who 
live with OSA (see Fig. 15.1). It may be that other factors 
also have a significant impact on NCF, and identifying and 
addressing those factors in treatment may have better yield in 
protecting NCF, for example, addressing comorbid 
conditions.

Addressing comorbid conditions may also be vital in 
achieving stronger results with continuous positive airway 
pressure treatment and its effect on NCF. A significant por-

tion of sleep apnea cases have comorbid diabetes, and obe-
sity, conditions which also have their own share in the 
cognitive symptoms and deficits observed in those with sleep 
apnea [89]. OSA and chronic obstructive pulmonary disease 
are both accompanied by deficits in attention, memory, exec-
utive function, psychomotor function, and language abilities, 
suggesting that hypoxia/hypercarbia may be an important 
determinant of deficits in these domains in OSA [90].

Another issue which merits attention is the role of adjunct 
treatment to CPAP to observe more desirable effects. For 
example, it has been observed that pulmonary rehabilitation 
and the oropharyngeal exercises could be used as an adjunct 
therapy in OSA [91, 92]. In a clinical trial done to assess the 
effectiveness of CPAP and other adjunct treatment modali-
ties, it was noted that although OSA severity was controlled 
with CPAP treatment in both groups, a significant reduction 
of neck, waist, and hip circumferences and body mass index 
and improvement of pulmonary function were achieved only 
in the CPAP and pulmonary rehabilitation group after treat-
ment in comparison to the CPAP-only group [91]. One may 
speculate that cognitive functions might also benefit more 
from a multicomponent treatment. However, to our knowl-
edge, there is no published research in the area of enhance-
ment of the effect of CPAP on NCF by the aforementioned 
treatments and interventions.

Other adjunct treatments to CPAP in OSA include alert-
ing agents. The safety and efficacy of adding modafinil/
armodafinil to CPAP therapy continues to be debated 
although these agents are utilized clinically and recom-
mended by guidelines to be used as adjuncts particularly to 
address residual daytime alertnes [93]. A recently published 
systematic review has shown that the effectiveness of CPAP 
on NCF can be augmented by these alertness-promoting 
agents [94]. The authors found clinically significant change 
in the MWT and also subjective changes recorded by 
Epworth sleepiness scale, along with minimal and tolerable 
side effects. For more information on wake-promoting medi-
cations in patients on CPAP therapy, see Chap. 29.

Another important issue to consider when evaluating cog-
nitive changes in patients treated with CPAP is that other 
comorbid sleep disorders, including insomnia, could have its 
own impact on NCF [94, 95]. Insomnia is a common comor-
bidity in patients with OSA. Insomnia is known to impact the 
attention, memory, and executive functioning [94, 95]. A 
study on the phenotypic causes of OSA also showed how the 
hyperarousal state of the brain cortex, which plays a role in 
the pathogenesis of insomnia, could also play a role in the 
pathogenesis of sleep apnea [95]. They found that 37% of the 
population they studied had a low arousal threshold in their 
cortex [95]. Hence, treatment of comorbid insomnia could be 
helpful in an individual with OSA who is dealing with cogni-
tive issues, especially when you are considering optimizing 
the treatment outcomes, including the positive effects of 
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CPAP on NCF. In other words, CPAP treatment will address 
the critical pressure of the upper airway, but it may not be 
able to address hyperarousal state of the brain cortex, which 
plays a role in the pathogenesis of insomnia, at least for the 
first few months of treatment, until the patient is acclima-
tized to the treatment and reversible physiologic changes 
could take place in different systems including the brain cor-
tex. For more information on insomnia treatment in patients 
with OSA, see Chaps. 6, 17, and 18.

15.11  Summary

In summary, OSA is a common condition that is associated 
with intermittent hypoxia, fragmentation in the sleep archi-
tecture, and increased chronic inflammation. Among its 
many systemic effects are its impact on NCF, daytime alert-
ness, and sleepiness. These effects are not consistent across 
the population and have multifactorial causation resulting in 
a difficult to predict picture. CPAP is considered to be the 
most effective treatment of OSA and has been an important 
treatment not only for moderate-to-severe OSA but also in 
milder OSA where there are other comorbidities or there is 
noted improvement in quality of life. CPAP has been shown 
in various studies to positively influence NCF and reduce 
EDS, but these effects are not universal and difficult to pre-
dict due to numerous factors. These include, but are not lim-
ited to, multifactorial causation of neurocognitive deficits, 
reversible and irreversible reasons behind the neurocognitive 
dysfunction, comorbid disease states, and variability in 
adherence to CPAP.

Optimizing NCF in individuals with OSA likely requires 
a multimodal approach that takes into consideration address-
ing adherence, treating co-existing sleep disorders, treating 
comorbid medical and psychiatric conditions, rehabilitation, 
and lifestyle and behavioral changes (Fig. 15.3).

Research is lacking on the study of the impact of CPAP 
therapy on neurocognitive functioning in individuals with 
other comorbid conditions. Because comorbidities play a 
significant role in the variable success of CPAP therapy on 
NCF, this is an important area to study further.
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16.1  Introduction

Obstructive sleep apnea is a common sleep disorder with sig-
nificant healthcare burden [1] and cardiovascular consequences 
[2]. Understanding the physiology of sleep, respiratory func-
tion, and autonomic control of nocturnal heart rate and rhythm 
is crucial for understanding the pathophysiological changes of 
OSA and their effect on the cardiovascular system.

During sleep, there is an increase in upper airway resis-
tance, which is controlled by pharyngeal muscles, due to 
decreased tonic excitatory drive to upper airway muscles [3]. 
In individuals with structural narrowing of upper airways, 
these physiological changes may precipitate airflow limita-
tion, hypoventilation, and obstructive apneas.

Obstructive sleep apnea is characterized by recurrent 
obstructive events which result in reduced airflow, hypox-
emia, and hypercapnia. During obstruction, individuals 
maintain continuous, ineffective inspiratory effort resulting 
in arousal from sleep and sympathetic overstimulation. 
Respiration is regulated by central and peripheral chemore-
ceptors [4], which respond to hypoxemia, hypercapnia, sys-
temic blood pressure changes, and acid-base imbalance [3].

In response to hypoxemia and hypercapnia, central che-
moreceptors are activated and result in an increased rate and 
depth of breathing. This also stimulates sympathetic activity 
affecting the cardiovascular system, which increases blood 

pressure. It is known that the chemoreceptor reflex is 
impaired in OSA, resulting in parasympathetic stimulation 
of the heart causing bradycardia and coronary vasodilation 
and increases sympathetic outflow to the vascular system 
resulting in vasoconstriction. Consequently, the associated 
cerebral ischemia activates the central chemoreceptors lead-
ing to a concurrent activation of sympathetic and vagal 
nerves to the cardiovascular system. The net result is auto-
nomic instability characterized by variability of heart rate, 
blood pressure, and vascular tone [5].

In addition, REM sleep is characterized by low-frequency 
variability of the heart rate which reflects the dominance of 
sympathetic stimulation during this stage. REM sleep is also 
characterized by a suppressed ventilatory response to 
hypoxia and hypercapnia and variable respiratory rate and 
muscle activity [3, 6]. Autonomic instability during sleep in 
patients with OSA creates a favorable milieu for the develop-
ment of cardiac disorders.

16.2  OSA and Cardiovascular 
Complications: Association 
and Mechanism

The mechanism of cardiovascular disorders associated with 
OSA is complicated and not fully understood. The main 
pathophysiological changes of OSA include hypoxia and 
oxidative stress [7], intrathoracic pressure swings [8], auto-
nomic instability [9], and inflammation. These changes 
induce electrical and structural remodeling of the cardiovas-
cular (CV) system [8] resulting in an increased risk for resis-
tant hypertension, arrhythmia, CAD, HF, stroke, post- cardiac 
surgery complications, and CV mortality [10, 11]. Therefore, 
screening and detection of OSA in patients with CV risk fac-
tors and/or patients with cardiovascular disorders is clini-
cally important [12, 13].

Due to obstructive apneas, hypoxia induces reflex brady-
cardia and increases blood pressure [7]. The effects of 
hypoxia and hypercapnia include prolonged atrial refractory 
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periods, slow and delayed conduction, and increased hetero-
geneity of conduction. As an example, nocturnal hypoxemia 
is an independent risk factor for new-onset atrial fibrillation 
(AF) [13]. The resultant oxidative stress in OSA may also 
cause myocardial injury, ischemia, and abnormal excitability 
[14, 15].

The role of inflammation in OSA has emerged as a con-
tributing factor of cardiovascular consequences. OSA is 
associated with higher levels of C-reactive protein (CRP), 
which is a marker of vascular inflammation [16]. CRP level 
has been identified as an independent risk factor for coronary 
artery disease and recurrent AF after electrical cardioversion 
[17]. Moreover, CRP is associated with a higher risk of 
thromboembolism in patients with AF [18].

16.3  OSA and CPAP

The most common treatment of OSA has historically been 
continuous positive airway pressure therapy (CPAP). Early 
data suggested that CPAP treatment decreased cardiovas-
cular (CV) morbidity and mortality [19]. Studies showed 
that effective CPAP treatment may reverse the adverse 
physiological sequelae of OSA including oxidative stress 
[20], sympathetic hyperstimulation [21, 22], and CV 
remodeling [23].

Moreover, several studies showed the effects of CPAP on 
markers of sympathetic activity. Kohler et  al. found that 
CPAP reduced the level of 24-hour urinary catecholamines 
[21]. Similar studies reported a reduction in urinary norepi-
nephrine levels [24].

In addition to the potential role of CPAP in mitigating the 
pathophysiological sequelae of OSA, the clinical benefits of 
CPAP in patients with hypertension (HTN), cardiac arrhyth-
mia, CAD, HF, and stroke have been investigated. A sum-
mary of evidence is presented in the following sections.

16.4  Hypertension

OSA has been detected in 50% of patients with HTN [25] 
and up to 83% of patients with resistant HTN [26]. The sev-
enth report of the Joint National Committee on Prevention, 
Detection, Evaluation and Treatment of High Blood Pressure 
(JNC7) defined OSA as a secondary cause of HTN [27]. 
Increasing severity of OSA is associated with higher inci-
dence of HTN [28].

The following case study represents the importance of a 
clinical assessment to evaluate the relationship between 
OSA and HTN.

Several studies have shown that CPAP treatment decreases 
blood pressure in patients with resistant HTN [29, 30]. Most 
of the clinical studies have shown a modest reduction of sys-

tolic and diastolic blood pressure of 2–3 mmHg with the use 
of CPAP in patients with OSA [31]. These modest effects, 
however, significantly reduce CV and cerebrovascular risk 
and mortality [32].

For example, a randomized clinical trial (RCT) included 
194 patients with resistant HTN and moderate-to-severe 
OSA.  Patients were randomized to receive CPAP or no 
CPAP, in addition to optimal medical therapy. After 12 weeks, 
there was a greater reduction in 24-hour mean and diastolic 
blood pressure and improvement in nocturnal blood pressure 
pattern in CPAP-treated patients compared with untreated 
patients. Also, there was a significant positive correlation 
between hours of CPAP use and a decrease in 24-hour mean 
blood pressure (MBP) [33]. Another RCT showed similar 
results among patients with ambulatory blood pressure 
monitoring- confirmed resistant HTN who used CPAP more 
than 5.8 hours/night for 3 months [34].

A 2007 meta-analysis reviewed the effect of CPAP treat-
ment on 24-hour ambulatory MBP in a total of 572 patients 
with OSA and HTN from 12 RCTs. The results indicated a 
total reduction of 1.60 mmHg. The findings also showed a 

Box 16.1 Clinical Vignette: A Patient with HTN
A 42-year-old male presented to his primary care phy-
sician for an annual physical exam. He reported symp-
toms of daily frontal and temporal headaches that he 
attributed to a high-stress job. In general, he reported 
feeling tired in the afternoons requiring him to drink a 
couple of caffeinated beverages to make it through the 
day. He admitted to snoring as reported by his wife 
who sleeps in another room. The patient brought a log 
of his ambulatory blood pressure readings over the past 
2 months which revealed a consistent elevated blood 
pressure in the 150–160/90–110 range.

His exam was remarkable for a blood pressure of 
158/98, heart rate of 86, and a BMI of 31, and he had an 
S4 gallop on his cardiac exam with a normal fundo-
scopic and neurologic exam. He has been compliant 
with his antihypertensive regimen which included a thi-
azide diuretic, an ACE inhibitor, and a calcium channel 
blocker, all of which at maximal therapeutic dosing.

He was referred for a polysomnogram which 
revealed severe obstructive sleep apnea with an apnea 
hypopnea index of 38 and a nadir O2 saturation of 
71%. He was started on an auto-titrating CPAP 
machine and was adherent and on optimal therapy 
based on objective data extracted from the machine.

A follow-up at 6 months into therapy revealed bet-
ter control of his blood pressure with readings in the 
135–145/85–90 range. Subjectively, the headaches, 
snoring, and afternoon tiredness had resolved.
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greater reduction in ambulatory MBP in patients with more 
severe OSA and with increased adherence to nightly use of 
CPAP treatment [35].

In 2014, a patient-level meta-analysis included 968 indi-
viduals with OSA from 8 RCTs. CPAP treatment resulted in 
a 2.27 reduction in systolic blood pressure (SBP) and 1.78 
reduction in diastolic blood pressure (DBP). After adjusting 
for the severity of OSA, age, BMI, BP medications, and 
adherence to CPAP therapy, patients with uncontrolled HTN 
had a substantial reduction of SBP by 7.1 mmHg and DBP 
by 4.3  mmHg [36]. Therefore, patients with uncontrolled 
HTN and OSA are likely to have greater benefits with use of 
CPAP.

In a 2017 metanalysis of six controlled trials, CPAP treat-
ment resulted in a significant reduction in mean and diastolic 
blood pressure in patients with resistant hypertension and 
OSA [37]. Therefore, it is crucial to detect undiagnosed OSA 
in patients with resistant hypertension. CPAP therapy has 
proven benefits on blood pressure control in these patients.

16.5  Cardiac Arrhythmia

In patients with cardiac arrhythmia, most studies involve 
patients with atrial fibrillation (AF), which is the most com-
mon form of arrhythmia and is highly prevalent in patients 
with OSA [38]. Several studies showed that CPAP therapy 
decreases the recurrence and severity of AF [38–41]. The 
main duration of follow-up in these studies ranged between 
4 weeks [41] and up to 24 months [40].

The following case study correlates the importance of a 
diagnostic testing to diagnose OSA for effective manage-
ment of AF.

A randomized controlled trial [42] included two groups of 
patients with OSA matched for age, BMI, the severity of 
OSA, and cardiovascular risk factors. After 4 weeks of fol-
low- up, there was significantly better control of the average 
heart rate among the group treated with effective CPAP com-
pared to those in the sub-therapeutic CPAP group [42]. The 
effects of CPAP on the burden of atrial fibrillation were 
linked to achieving better control of heart rate [39]. Since 
heart rate control is an important aspect in the management 
of AF, CPAP treatment has been shown to be beneficial.

Several observational studies have shown a significant 
reduction in the recurrence of AF [43], improved AF-free 
survival [44], and increased success rate of AF ablation pro-
cedures [45]. A meta-analysis of studies including patients 
undergoing surgical ablation of AF showed a higher AF 
recurrence among patients with untreated OSA compared to 
patients with CPAP-treated OSA.  In addition, there was a 
similar efficacy of the procedure among CPAP-treated 
patients compared to patients without OSA [46].

Further, Abumuamar et  al. found that CPAP treatment 
resulted in a significant reduction in atrial and ventricular 
ectopy count/24 hours in patients with AF and OSA at 3 
and 6  months of CPAP treatment compared to baseline 
[13, 47]. The reduction of average atrial ectopy count in 
patients with paroxysmal AF may decrease occurrence and/
or recurrence of AF.

The effects of CPAP therapy on other cardiac arrhythmias 
have been also investigated. Observational studies showed 
that CPAP treatment decreased the recurrence of nocturnal 
bradycardia, sinus pauses, and heart block [48]. However, a 
randomized controlled trial did not show a significant 
decrease of bradyarrhythmia, but there was a positive trend 
toward the reduction of nocturnal sinus bradycardias/pauses 
among patients treated with CPAP [42].

Box 16.2 Clinical Vignette: A Patient with AF
A 63-year-old female with a history of HTN, paroxys-
mal AF, and obesity presented to her cardiologist for a 
requested follow-up due to frequent palpitations asso-
ciated with reduced exercise capacity. She has had a 
history of paroxysmal AF for less than 1 year which 
has been more symptomatic in the past month. She 
underwent a successful cardioversion 6 months prior 
to the current visit. Her ECG in the office revealed 
recurrent AF with a heart rate of 105. On ambulation, 
her pulse rapidly increased to 140 with symptoms.

On further questioning, she reported snoring and 
waking feeling unrefreshed with excessive daytime 
sleepiness.

The cardiologist increased her medical regimen for 
rate control and referred her for a formal sleep medi-
cine consultation.

The patient underwent a home sleep apnea test 
which revealed moderate OSA with an (apnea hypop-
nea index) AHI of 22 and a nadir O2 saturation of 78%. 
She was started on an auto-titrating CPAP machine. At 
her 1  month follow-up with the sleep physician, her 
vital signs revealed a heart rate of 86 and irregular with 
an otherwise normal exam. Her prior sleep apnea 
symptoms had significantly improved, and she was 
adherent and on optimal therapy.

One month later, she was seen by her cardiologist 
and was still in AF with a controlled heart rate. Options 
of a repeat cardioversion or a referral for an ablation 
were discussed, and she opted for an electrophysiology 
referral and underwent a successful ablation. She has 
remained in sinus rhythm at subsequent follow-up vis-
its and continues on PAP therapy.
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In patients with OSA and CHF, a RCT showed a signifi-
cant reduction in the frequency of nocturnal ventricular pre-
mature beats (VPBs) among CPAP-treated patients [11]. 
Furthermore, CPAP treatment reversed ventricular repolar-
ization measures, which may decrease the risk of ventricular 
arrhythmia [49]. Withdrawal of CPAP treatment was found 
to prolong cardiac repolarization measures, which increase 
the risk of ventricular arrhythmias [50]. Craig et al. showed 
that CPAP treatment was associated with a positive trend 
toward a reduction of daytime ventricular tachycardia [42].

The number of RCTs in patients with OSA and cardiac 
arrhythmia is still limited. CPAP treatment’s ability to 
reverse cardiac remodeling induced by OSA and the degree 
of CPAP’s impact on hypertension and arrhythmia may be 
affected by several factors. These factors include the severity 
and duration of OSA, baseline cardiovascular structure and 
function, treatment and optimization of comorbid condi-
tions, and adherence to and duration of CPAP treatment. 
These factors in addition to the heterogeneity of data as well 
as the lack of well-designed trials have resulted in inconsis-
tent results. However, the evidence points toward positive 
effects of CPAP treatment on cardiovascular structure and 
function [10]. Longer duration and more severe OSA may 
result in irreversible cardiac remodeling; therefore, early 
detection and treatment of OSA are imperative especially 
when considering cardiac arrhythmias.

16.6  Coronary Artery Disease

The strong association between OSA and CAD has been 
widely accepted for many decades. A study by Hung in 
1990 studied 101 male survivors of myocardial infarction 
(MI) compared to 53 males without known heart disease, 
performed sleep testing and adjusted the data for age, 
BMI, HTN, smoking, and cholesterol, and determined that 
the relative risk for MI was 23.3  in the OSA population. 
The next closest was smoking with an odds ratio of 11.1 
[51].

The following case study underscores the importance of a 
clinical assessment to evaluate the relationship between 
OSA and CAD.

Kasai reported on the marked stress imposed on both ven-
tricles and pulmonary arteries due to airway obstruction 
yielding even more compelling pathophysiologic evidence to 
the strong association [52]. He also described the CV auto-
nomic effects of OSA concluding that there were direct 
effects from hypoxia, hypercarbia, arousals, transient hypo-
tension, and transient decrease in stroke volume that all lead 
to increases in sympathetic nerve activity ultimately increas-
ing the risk of CV-related mortality [52].

To correlate this on a more cellular level, as stated ear-
lier, there is evidence showing that individuals with OSA 
have significantly increased markers of inflammation 
based on elevated CRP levels that have been directly impli-
cated in coronary artery disease risk [53]. As inflammation 
takes hold in the arterial wall, plaque forms and the cas-
cade of CAD is established. Research on factors that 
increase the risk of plaque rupture and subsequent acute 
MI identifies certain plaques as being “vulnerable” to rup-
ture and infarction. In a study, coronary CT scans, which 
can identify vulnerable plaques, were obtained on patients 
presenting with atypical chest pain or prior equivocal 
physiological testing for CAD.  The subjects then under-
went sleep testing. The results indicated that 55% of 
patients with OSA had vulnerable plaques compared to 
28% of non-OSA patients [54].

A seminal study investigated timing of MI in patients 
with and without OSA. The study prospectively followed 
92 patients with MI and identified the time of chest pain 
onset. The group with OSA experienced a MI between mid-
night and 6 am compared to those without OSA. There was 
a six times greater likelihood for the event between mid-
night and 6 am than during the rest of the 24-hour period. 
In addition, 91% of the patients who experienced a MI had 
OSA [55].

The early data presented very compelling claims of a 
strong association between OSA and CAD. What remained 
unanswered during this period was whether there is a favor-
able impact of treatment with CPAP.

Box 16.3 Clinical Vignette: A Patient with CAD

A 64-year-old male with a past medical history signifi-
cant for hypertension, hypercholesterolemia, and obe-
sity was in his usual state of health when he awakened 
at 4 AM with substernal chest pain, shortness of breath, 
and diaphoresis. 911 was called, and the patient was 
having an acute myocardial infarction. He was taken 
directly to the Cath Lab for primary intervention and 
underwent successful percutaneous coronary interven-

tion with a drug-eluting stent to the mid LAD. He had 
preserved left ventricular function.

While recovering in the hospital, witnessed apneas 
were noted associated with significant desaturations. 
Prior to discharge he underwent a polysomnogram 
which revealed moderate obstructive sleep apnea with 
an apnea-hypopnea index of 22 and a nadir oxygen 
saturation of 74%. An auto-titrating CPAP machine 
was ordered.
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Evidence also demonstrated that major adverse cardiac 
events (MACE) defined as death, acute coronary syndrome, 
CHF, hospitalization, or the need for revascularization was 
significantly reduced in moderate or severe OSA patients 
treated with CPAP or ENT surgery. Specifically, OSA treated 
patients had a 33% reduced risk of MACE compared to 
untreated patients [56].

In the early 1990s, a group of researchers collaborated on 
the launch of the Sleep Heart Health Study (SHHS), a multi-
center prospective study of CV outcomes associated with 
OSA, enrolling 4422 people, 1927 males and 2495 females, 
who were studied for approximately 9  years. The findings 
demonstrated a significant association between CV events 
with AHI in male subjects, but not in the female subjects con-
trolling for age, race, prior MI, and smoking. The association 
in male participants, however, was not significant when con-
trolling for diabetes. In male participants less than or equal to 
70 years of age, the association with the AHI was stronger. 
When combining males and females in a single model adjust-
ing for all covariates, the interaction between sex and AHI 
was of borderline significance. Of additional interest was that 
all-cause mortality was greater as OSA worsened with the 
greatest effect in men less than 70 years of age [57].

An observational study by Marin of 1651 patients fol-
lowed for 10  years compared healthy male controls with 
those with untreated mild-to-moderate OSA, untreated 
severe OSA, and CPAP-treated OSA. The study showed that 
severe OSA was associated with significantly increased risk 
of fatal and non-fatal CV events and was reduced with CPAP 
use [58].

The findings were confirmed by another observational 
cohort study by Campos-Rodriguez on 1116 females. In the 
study, control subjects with an AHI of less than 10 events/
hour were compared to subjects who had mild-to-moderate 
and severe OSA. It documented the impact of CPAP adher-
ence at greater than or equal to 4 hours/day, as well as non- 
adherence for an 11-year follow-up. The study revealed that, 
compared to the control group, the adjusted hazard ratios for 
CV mortality were 3.54 for untreated severe OSA, 0.55 for 
treated severe OSA, 1.6 for untreated mild-to-moderate 
OSA, and 0.19 for treated mild-to-moderate OSA [59].

Therefore, a number of observational studies conducted 
over variable periods suggested the possibility that treating 
moderate-to-severe OSA may result in a beneficial long-term 
effect with regard to CAD. More definitive data through ran-
domized control trials was required to confirm the findings 
of the observational studies.

A randomized controlled trial looked at the effects of 
CPAP on HTN and CV events and non-sleepy patients with 
OSA. 725 consecutive patients were studied with an AHI of 
greater than or equal to 20 and an Epworth sleepiness scale 
of less than or equal to 10 with no prior cardiac history. After 
a 3-to-5-year follow-up, the study concluded that there was 

no difference in new HTN or CV events in non-sleepy 
moderate- to-severe OSA patients. Of significant interest was 
that a post hoc analysis revealed that in CPAP-adherent sub-
jects (>4  hours/day), the primary outcome odds ratio was 
0.72. In CPAP-non-adherent subjects (<4 hours/day), the pri-
mary outcome odds ratio was 1.13. The analysis also 
reviewed the effect of CPAP adherence coupled with the 
impact of time spent with abnormal oxygen saturation con-
trolling for AHI and divided the groups based on a >6.8% 
time with an oxygen saturation <90%. This analysis revealed 
that adherent use of CPAP had improved cardiac outcomes 
with an odds ratio of 0.71 compared to the non-adherent 
group with an odds ratio of 1.89 [60].

The largest randomized controlled trial to date called 
Sleep Apnea Cardiovascular Endpoints Trial (SAVE) 
enrolled 2717 non-sleepy adults aged 45–75 with moderate- 
to- severe OSA and CAD or CV disease with a mean follow-
 up of 3.7 years. The study compared CPAP plus usual care 
versus usual care alone with primary endpoints of CV death, 
MI, stroke, hospitalization for unstable angina, heart failure, 
or TIA.  Secondary endpoints investigated were other CV 
outcomes, quality of life, snoring symptoms, daytime sleepi-
ness, and mood. The average duration of CPAP use was 
3.3 hours/day. The average AHI declined from 29 to 3.7 in 
treated patients. The study revealed that the hazard ratio on 
CPAP was equal to 1.10 compared to usual care demonstrat-
ing no significant effect on any individual or composite end-
point. The conclusion was that CPAP in addition to usual 
care was not superior to usual care alone for secondary pre-
vention of CV events in patients with established CAD and 
CV disease and moderate-to-severe OSA.  CPAP use 
decreased snoring and daytime sleepiness and improved 
quality of life and mood. On an adjusted propensity analysis, 
it appeared that there may be a benefit in patients using at 
least 4 hours of CPAP every night on average [61].

Another RCT titled Randomized Intervention with CPAP 
and Coronary Artery Disease and Sleep Apnea (RICCADSA) 
studied 244 individuals with a history of CAD and/or CV 
disease with a history of revascularization within the prior 
6 months and compared participants without sleep apnea to 
those with moderate-to-severe, non-sleepy sleep apnea 
treated with CPAP. The median follow-up was 57 months. 
The endpoints were repeat revascularization, MI, stroke, and 
CV mortality. There were 49 patients who reached the end-
point. Of those, 22 were in the CPAP arm, and 27 were in the 
untreated arm revealing no statistical significance. Data in 
the group who used CPAP with a 3-hour cutoff revealed no 
significant difference, but a significant difference was dis-
covered in the group who used CPAP greater than 4 hours (6 
events) versus no CPAP (43 events). Adjusting for variables, 
the incidence of the composite endpoint was 2.31 per 100 
patient years for CPAP use greater than 4 hours and 5.32 per 
100 patient years for CPAP use less than 4 hours or no usage. 
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The conclusion in this group was that there was a significant 
reduction in endpoints after adjustment for baseline comor-
bidities and adherence with CPAP [62].

In summary, the association between OSA and CV disease 
is widely accepted. Early observational studies revealed mixed 
results regarding the effect of CPAP treatment as a long-term 
benefit for cardiovascular disease. Randomized controlled tri-
als have failed to demonstrate treatment efficacy.

A recent review proposed alterations in the design of 
future randomized controlled trials to more accurately and 
reliably assess if CPAP provides a statistically significant 
benefit in mitigating coronary artery disease [63]. The review 
suggests that future study designs should enroll patients 
from sleep clinics since they reflect a real-world representa-
tion of the sleep apnea patient, namely, those who manifest 
excessive daytime sleepiness. This population would be 
anticipated to experience subjective benefit from CPAP ther-
apy and therefore improved adherence. He also proposed 
that those with severe sleepiness may need to be excluded 
due to randomization concerns. In addition, it was suggested 
that the focus should be on those individuals with more 
severe OSA at least initially based on population studies that 
have shown a higher degree of CV mortality as well as those 
patients with a greater degree of hypoxia. The final sugges-
tion raised was to include patients who are younger to allow 
for long-term follow-up data.

The next generations of clinical trials are being planned or 
are underway. Given the clear associations between OSA 
and CAD, it is anticipated that results of these future trials 
will reveal efficacious treatments which will then lead clini-
cians to screen patients for OSA to the same degree as other 
established CV risk factors such as HTN, hyperlipidemia, 
and diabetes.

16.7  Heart Failure

CHF is one of the most common diagnoses resulting in hos-
pital admission in the USA and is more prevalent in the geri-
atric population. Data from the Atherosclerosis Risk in 
Communities study have shown that approximately 915,000 
new cases of HF occur each year in the USA [64]. Healthcare 
costs are greater than $30 billion per year and are anticipated 
to exceed $70 billion by 2030 [65].

The association between HF and both central sleep apnea 
(CSA) and OSA is well documented and accepted. One of the 
first studies to utilize formal in-lab sleep testing was con-
ducted by Javaheri et al. and prospectively studied 81 male 
patients with left ventricular ejection fraction (LVEF) less 
than 45% and HF. The results indicated that 51% of the 
patients with stable heart failure had evidence of sleep- related 
breathing disorders: 40% had CSA and 11% had OSA [66].

A common breathing abnormality in HF characterized by 
periods of central apneas followed by a crescendo- decrescendo 
breathing pattern is usually referred to as Cheyne-Stokes 
breathing or Cheyne-Stokes respiration. It was initially 
described by John Hunter in 1781 followed by John Cheyne in 
1818 and then William Stokes in 1854. The historically accu-
rate name should be Hunter-Cheyne-Stokes breathing.

HF is further described based on the status of the LVEF. 
HF with preserved ejection fraction (HFpEF) has a normal 
ejection fraction, which, by convention, is greater than or 
equal to 50%. HF with reduced ejection fraction (HFrEF) is 
associated with an ejection fraction of less than 50%. This is 
significant because sleep apnea is associated with both forms 
of HF (HFpEF and HFrEF), and the presentation and treat-
ment can vary. An intriguing and not entirely clear fact is that 
HF patients typically do not experience the excessive daytime 
sleepiness that is commonly associated with sleep apnea. This 
is thought to be secondary to enhanced sympathetic tone [67].

The following case study correlates the association 
between sleep apnea, CPAP, and HF.

The aforementioned Sleep Heart Health Study revealed a 
2.38 times increased risk in the likelihood of having HF in 
individuals with OSA. This was independent of other known 
risk factors [67]. Bradley et  al. concluded in a two-part 
review that OSA may play a role in the cause and progres-
sion of HF and called for more research [68]. Another review 
concluded that those with HF and moderate-to-severe 

Box 16.4 Clinical Vignette: A Patient with OSA and 
Decompensated Congestive Heart Failure
A 69-year-old female was admitted to the cardiac 
intensive care unit with decompensated congestive 
heart failure (CHF). She noted progressive weight 
gain, lower extremity edema, orthopnea, frequent noc-
turia, and paroxysmal nocturnal dyspnea for 2 weeks 
prior to admission. She denied any known history of 
sleep disordered breathing or associated symptoms 
such as snoring, awakening feeling unrefreshed, exces-
sive daytime sleepiness, or witnessed apneas.

Her hospital course was remarkable for symptom-
atic improvement with diuresis. There were witnessed 
apneas both in the ICU and stepdown units associated 
with desaturations. In-hospital cardiac testing revealed 
a LVEF of 34%, no evidence of CAD, and no signifi-
cant coronary artery disease.

Approximately 2 weeks after discharge, the patient 
underwent a polysomnography, which revealed mod-
erate CSA with Hunter-Cheyne-Stokes breathing. She 
was referred for a sleep medicine consultation to dis-
cuss treatment options.
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untreated OSA had a higher mortality [69]. In general, the 
prevalence of sleep apnea in HF ranges from 50% to 70% 
with approximately two-thirds being CSA.

Several randomized controlled studies evaluated different 
types of positive airway pressure modalities in treating CSA 
in the HFrEF patient populations. The CANPAP study 
(Canadian Continuous Positive Airway Pressure for Patients 
with Central Sleep Apnea and Heart Failure) randomized 
258 patients to receive either standard therapy for HF or 
standard therapy for HF with CPAP. This study showed that 
CPAP decreased central apneic events, improved overnight 
oxygen levels, increased the LVEF, and increased the dis-
tance walked in 6  minutes, yet did not improve mortality 
[70]. Of interest is that a post hoc analysis showed a mortal-
ity benefit in those patients who had more effective suppres-
sion of apneic events (AHI < 15) [71, 72].

Technological advancements in the treatment of sleep dis-
ordered breathing have resulted in a modality called adaptive 
servo-ventilation (ASV). This is a noninvasive ventilator that 
detects variations in airflow in patients with obstructive, cen-
tral, and Hunter-Cheyne-Stokes breathing and normalizes it 
through a complex algorithm.

In 2015, a seminal trial titled Treatment of Sleep 
Disordered Breathing with Predominant Central Sleep Apnea 
by Adaptive Servo Ventilation in Patients with Heart Failure 
or SERVE-HF was stopped prematurely due to an increase in 
mortality. This study randomized 1300 patients with chronic 
HF and a LVEF of less than or equal to 45%. Subjects had 
New York Heart Association Class III or IV heart failure or 
Class II heart failure with greater than one hospitalization for 
HF in the previous 24  months. Enrolled patients had pre-
dominantly CSA defined as an AHI of greater than or equal 
to 15 with greater than or equal to 50% central events and a 
central index of greater than 10/hour. Subjects were random-
ized to usual care or ASV treatment.

As noted, the study was stopped prematurely when it was 
discovered that all-cause and CV mortality were signifi-
cantly higher in the ASV group compared to control with a 
hazard ratio for death from any cause of 1.28 and 1.34 for 
CV death. There was no statistically significant difference 
between patients randomized to ASV therapy and those in 
the control group in the primary endpoint of time to all-

cause mortality or unplanned hospitalization for worsening 
HF.  The results revealed an increase in CV mortality by 
2.5% in the treated group of patients with symptomatic CHF 
(10% versus 7.5%) [73].

As a result of this trial, it was recommended that physi-
cians stop prescribing ASV for patients with a LVEF of less 
than or equal to 45% HF symptoms and CSA.  It was also 
recommended that a cardiac assessment for HF and LVEF is 
obtained prior to prescribing ASV, and all patients previously 
treated were advised to follow up with their prescribing 
provider.

Many experts have questioned the results of SERVE-HF 
based on the study design and the actual ASV algorithm 
used, which may have led to possible reduced cardiac out-
put secondary to higher PAP pressures and hyperventila-
tion [74].

An ongoing study called Effect of Adaptive Servo 
Ventilation on Survival and Hospital Admissions in Heart 
Failure or ADVENT-HF is studying HF in patients with CSA 
or non-sleepy OSA treated with ASV. This study is ongoing 
as of the time of this publication and has not been halted 
prematurely.

An innovative technology to treat CSA is phrenic nerve 
pacing, which has been shown to effectively suppress cen-
tral apnea and has been studied in a multicenter trial in the 
USA and Europe in male patients with CSA in which two-
thirds had HF. The study revealed that there was at least a 
50% reduction in the AHI [75]. Data from a subsequent 
randomized controlled trial revealed an 81% reduction in 
the central apnea index, a 44% reduction in the oxygen 
desaturation index, and a 44% reduction in the mean arousal 
index with an associated 17% increase in REM sleep [76]. 
This treatment is now approved for moderate-to-severe 
CSA.

Research into effective treatments is now focusing on sev-
eral different phenotypes of OSA including increased loop 
gain and chemosensitivity, reduced pharyngeal dilator mus-
cle tone, anatomically narrow airway, and low respiratory 
arousal threshold. There are different targeted treatments 
under evaluation which will hopefully provide more specific 
and efficacious treatment options in the future.

16.8  Stroke

Sleep-disordered breathing (SDB) is an established risk fac-
tor after a stroke and if left untreated is associated with a 
poor prognosis secondary to a worsening of the neurological 
state. This is assumed to be exacerbated by apnea-induced 
hypercapnia and cerebral vasodilatation in the area of the 
ischemia [77].

The estimated prevalence of OSA after stroke or TIA is 
over 70% [78]. The reasons for these increased rates are not 

The patient underwent a CPAP titration study which 
revealed that both OSA and CSA were effectively elimi-
nated with the use of bilevel PAP at a setting of 15/11 cm 
H2O. The patient was started on therapy and remained 
clinically stable from a CHF standpoint. She underwent 
a repeat assessment of her left ventricular function by 
echocardiography 6  months later which revealed an 
improvement in her LVEF from 34% to 48%.
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clear, yet may be partly related to positional sleep apnea, 
stroke-related upper airway tone changes, or untreated OSA 
preceding the stroke. Multiple studies suggest that OSA is 
more often a preexisting condition before a stroke rather than 
the consequence of brain injury. The findings from a 
 prospective study of sleep apnea evaluations both before and 
after a stroke and TIA show a similar frequency of OSA, 
suggesting it is a common predisposing condition [79].

The feasibility for use of CPAP as a treatment with acute 
stroke may be beneficial; however, studies on the efficacy of 
CPAP therapy after stroke are limited.

One randomized open-label, parallel-group feasibility 
study to evaluate the efficacy of CPAP treatment following 
the ischemic event assigned 50 patients to receive interven-
tion with standard stroke care or assigned to a control group 
plus standard care [77]. The patients in the treatment group 
received noninvasive auto-adjusting positive airway pressure 
(APAP) for three nights starting the first night post stroke. 
Both groups of patients were studied in a sleep lab the fourth 
night post stroke. Patients receiving APAP with an AHI 
greater than 10/hour remained on therapy plus standard care.

The endpoint of feasibility was defined as a reduction in 
AHI with APAP within the first three nights and used for 
greater than 4 hours/night. Compared to the control group, 
the patients receiving therapy experienced a significant 
reduction of AHI when compared to the AHI on night four. 
Additionally, all patients were assessed using the National 
Institutes of Health Stroke Scale (NIHSS) scores, and 
improvement was recorded on day 8 post stroke in the group 
receiving therapy when compared to the control group [64].

These findings confirm that CPAP therapy contributed to 
reduction in AHI and might improve the clinical outcome 
after stroke. Yet, there is limited research data available about 
the impact of OSA and recurrent stroke, especially adjusting 
for diverse populations, larger samples, age, or population- 
based data.

The role of sleep disorders in stroke outcome and recur-
rence has become a challenging question. Despite studies that 
estimate a greater than 70% prevalence of sleep disorders after 
stroke, only about 6% of stroke survivors are offered formal 
sleep testing, and an estimated 2% complete such testing in the 
3-month post-stroke period [65]. The reasons for the low rate 
of screening are at least partly related to the lack of awareness 
about sleep disorders among stroke patients [79].

16.9  Conclusion

The prevalence of obstructive sleep apnea is increasing 
worldwide and represents an epidemic healthcare crisis. 
There are clear associations with cardiovascular disorders 

such as hypertension, coronary artery disease, heart failure, 
arrhythmia, and stroke. Yet, despite the clear associations 
between obstructive sleep apnea and cardiovascular disease, 
randomized controlled trials to date have not demonstrated a 
statistically significant reduction in major adverse cardiac 
events in those individuals with cardiovascular disease.

Evidence supports CPAP therapy-related improvement in 
individuals with obstructive sleep apnea and hypertension. In 
addition, the research presented supports screening and 
CPAP therapy in patients with cardiac arrhythmias, the most 
common of which is atrial fibrillation.

While CPAP is the most common and long-standing treat-
ment option for obstructive sleep apnea, it is not the only 
treatment. There are multiple other treatment options includ-
ing oral appliance therapy, ENT head and neck surgery, max-
illomandibular advancement surgery, medical and surgical 
weight loss techniques, hypoglossal nerve stimulation, 
phrenic nerve pacing for central sleep apnea, and even sup-
plemental nocturnal oxygen in appropriate patients. There 
are also other new and innovative treatments being actively 
researched.

Despite the lack of data that would support improved car-
diovascular outcomes as a result of treating sleep apnea with 
CPAP, the high prevalence of both disorders and clear asso-
ciations highlight the importance of routine screening for 
obstructive sleep apnea in patients with established cardio-
vascular disease.

The importance of designing more sophisticated random-
ized controlled trials is paramount so that standard practice 
guidelines can be enhanced and refined. We are entering a 
new paradigm of clinical research involving phenotyping 
given the variable pathogenesis of obstructive sleep apnea. 
This involves an individualized or personal approach to ther-
apy based on a clear understanding of the mechanism of the 
underlying disease. This may also involve combination ther-
apy for more complicated cases.

An interdisciplinary and collaborative approach is critical 
for the future since approximately 80–85% of individuals 
with sleep apnea remain undiagnosed. As our population 
ages with an increasing prevalence of obesity, both obstruc-
tive sleep apnea and cardiovascular disease will continue to 
be at the forefront of morbidity and mortality.

Sleep disorders need to be a focus of individualized 
screening by primary care providers, physician extend-
ers, specialists, and other healthcare providers including 
dentists. This collaboration will result in enhanced diag-
nostic capability which, along with more sophisticated 
clinical research guiding efficacious treatments, will 
enable patients with sleep apnea and cardiovascular dis-
ease enjoy improved quality of life and extended life 
expectancy.
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Cognitive Behavioral Therapy 
for Insomnia in Patients with Comorbid 
Insomnia and Obstructive Sleep Apnea

Jean-Philippe Gouin

Obstructive sleep apnea (OSA) is typically conceptualized as 
a disorder of excessive sleepiness. In contrast, insomnia is 
often presented as a disorder of hyperarousal. Given that 
some of the nighttime and daytime complaints associated 
with insomnia and OSA are similar, the presence of insom-
nia symptoms among OSA patients can be easily overlooked 
[1]. Nonetheless, a substantial proportion of individuals with 
OSA present with clinically significant insomnia symptoms. 
A meta-analysis suggests that about 38% of OSA patients 
meet criteria for an insomnia disorder [2]. These insomnia 
symptoms have important consequences for the patient’s 
functioning, quality of life, and adherence to positive airway 
pressure (PAP) treatment.

One of the challenges in diagnosing insomnia disorder 
among OSA patients is related to the shared symptoms that 
are present in both disorders [3]. Insomnia disorder and OSA 
include both nighttime and daytime symptoms. The night-
time insomnia symptoms include difficulty falling asleep, 
staying asleep, and early morning awakenings. In OSA, fre-
quent post-apneic nocturnal awakenings may mimic sleep 
maintenance difficulties. Nonrestorative sleep is reported by 
both OSA and insomnia patients. Furthermore, many of day-
time symptoms of insomnia, such as mood disturbances, 
fatigue, complaints of impaired attention, concentration, and 
memory, can also be signs and symptoms of OSA. Insomnia 
symptoms can therefore be easily confounded by OSA 
symptoms [1].

The management of insomnia symptoms is important in 
OSA patients. First, individuals with insomnia comorbid 
with OSA present more sleep disturbances than patients with 
OSA alone. This includes shorter total sleep time, less N2 
sleep, and more wake after sleep onset during polysomnog-
raphy [4]. They also present with more depressive symp-
toms, more psychiatric comorbidities, more daytime 
impairment, and lower quality of life than patients with OSA 

alone [5–9]. Furthermore, the presence of insomnia symp-
toms has been associated with poorer adherence to PAP 
treatment [10–12].

Although insomnia symptoms were previously consid-
ered “secondary” to OSA, in many cases, they are actually 
symptoms of a distinct disorder rather than an epiphenome-
non of OSA.  In different observational cohort studies, 
patients with OSA using PAP regularly experienced a 
decrease in sleep maintenance insomnia symptoms over 
time, with greater hours of PAP use per week being associ-
ated with larger decrease in insomnia symptoms severity 
[10]. However, difficulty with sleep initiation and early 
morning awakenings persisted despite PAP use [13, 14]. 
Notably, a substantial proportion of OSA patients display 
residual insomnia symptoms above the clinical cutoff for an 
insomnia disorder despite PAP use. Insomnia thus appears to 
be a distinct, self-sustaining disorder that requires its own 
specific treatment.

Cognitive behavioral therapy for insomnia (CBTi) is cur-
rently the recommended first-line treatment for an insomnia 
disorder [15]. Cohort studies indicate that OSA severity is 
not associated with the effectiveness of CBTi [3, 16, 17]. The 
efficacy of CBTi in patients with OSA has been confirmed in 
randomized controlled trials. Sweetman and colleagues [18] 
showed that a four-session CBTi administered before start-
ing PAP treatment was associated with a larger reduction in 
insomnia severity, compared to treatment as usual. Similarly, 
Ong et al. [19] observed that CBTi administered before or 
concurrent to PAP treatment was associated with greater 
decreases in insomnia severity, compared to PAP treatment 
alone. In contrast, Bjorvatn and colleagues [20] reported that 
a CBTi self-help book was not associated with greater reduc-
tion in insomnia among OSA patients, compared to sleep 
hygiene education. These results suggest that therapist- 
assisted CBTi is an effective treatment for insomnia disorder 
comorbid to OSA.

There are mixed findings regarding whether CBTi is asso-
ciated with improved acceptance and adherence to 
PAP. Sweetman et al. [18] reported that CBTi prior to PAP 
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initiation was associated with greater PAP acceptance and 
adherence 6 months later. In contrast, Ong et al. [19] did not 
observe differences in PAP adherence among groups who 
received either CBTi prior to PAP initiation, CBTi concomi-
tant to PAP treatment, or PAP alone. In these two random-
ized trials, a standard CBTi protocol focusing only on 
insomnia symptoms was used. Interventionists were explic-
itly told not to address PAP use issues in order to isolate the 
effect of CBTi on PAP adherence. In contrast, Alessi and col-
leagues [21] trained non-clinician sleep coaches, supervised 
by sleep specialists, to deliver a 5-week CBTi intervention 
that also included behavioral strategies to increase PAP 
adherence. The sleep coach intervention was associated with 
larger improvement in self-reported sleep quality as well as 
greater PAP use over the 6-month follow-up assessment, 
compared to a sleep education control condition. Although 
replication of these results is paramount, these findings sug-
gest that a CBTi intervention combined with behavioral 
strategies to enhance PAP compliance may be most appro-
priate to address both insomnia symptoms and PAP compli-
ance issues among patients with OSA.

The Spielman 3-P model of insomnia [22] is a helpful 
conceptual framework to understand the development and 
maintenance of insomnia over time, including among OSA 
patients. This model considers predisposing, precipitating, 
and perpetuating factors impacting the evolution of insomnia 
symptoms. The model postulates that predisposing condi-
tions, such as high anxiousness, may make some individuals 
at greater risk for insomnia. Precipitating circumstances are 
events that trigger the onset of an insomnia episode. These 
can be stressful life events, schedule changes causing sleep 
disruptions, or, in the context of OSA, repeated nocturnal 
awakenings following apneic events, nocturia, or apnea and 
PAP-related anxiety and frustration at night. Perpetuating 
factors are maladaptive cognitive and behavioral strategies 
that the person adopts to cope with these initial insomnia 
symptoms, such as taking prolonged naps during the day, 
staying in bed for several hours to compensate for lack of 
sleep, or consuming large amount of caffeine to cope with 
daytime fatigue and sleepiness. These maladaptive strate-
gies, while helpful at relieving some of the negative conse-
quences of insomnia in the short-term, tend to maintain the 
insomnia symptoms in the long term. CBTi targets these per-
petuating factors maintaining insomnia disorder over time.

CBTi is a multicomponent intervention that typically 
includes education about sleep, stimulus control strategies, 
sleep restriction strategies, and cognitive therapy, adminis-
tered during 4–8 weekly sessions [23]. Relaxation strategies, 
such diaphragmatic breathing, progressive muscle relax-
ation, or guided imagery, are also sometimes included in the 
treatment protocol. Dismantling studies suggest that stimu-
lus control, sleep restriction strategies, and cognitive therapy 
are the most effective components of the intervention [24–

26]. Brief behavioral therapy for insomnia focusing on stim-
ulus control and sleep restriction strategies administered in 
1–4 sessions are also effective at reducing insomnia severity 
[23]. However, multicomponent interventions appear to be 
more effective than single-component interventions [23].

A CBTi protocol typically starts with education about 
sleep. Borbély et al.’s two-process model of sleep regulation 
[27] is presented in layman terms to provide a rationale for 
the treatment strategies. Patients are instructed that their like-
lihood of being able to fall and remain asleep on a given 
night is dependent on two main factors, the homeostatic 
sleep pressure and the circadian drive regulated by the inter-
nal clock. The behavioral strategies will thus target these two 
processes. Classical conditioning principles are briefly pre-
sented to explain the concept of conditioned arousal and pro-
vide a rationale for the stimulus control strategies. Given 
that, relative to their total sleep time, the patients spend a 
long time in bed awake and anxious or frustrated about not 
being able to sleep, and their sleep environment becomes 
implicitly associated with wakefulness rather than sleep. The 
clinician highlights that the body will create new associa-
tions with the sleep environment after the bed has been 
repeatedly associated with sleep rather than wakefulness. 
This sets the stage for requiring the patient to maintain these 
behavioral strategies over several consecutive days.

Stimulus control strategies aim at reducing the condi-
tioned or learned associations between the sleep environ-
ment, i.e., the bed, and arousal. The main goal of this set of 
strategies is to reduce the time spent in bed while not asleep. 
This will help strengthen the association between the bed 
environment and sleep as well as reducing the association 
between the sleep environment and arousing activities that 
interfere with sleep onset and maintenance. Six strategies are 
used to implement the stimulus control intervention.

 1. Lie down in bed to go to sleep only when you are feeling 
sleepy. Here it is helpful to discuss the difference between 
fatigue, a state of low energy level, from sleepiness, a 
state when it becomes difficult to stay awake.

 2. If you are unable to fall asleep within 10–15 minutes, get 
out of bed. Return to bed only when you are sleepy again.

 3. If you wake up in the middle of the night and are unable 
to fall back asleep, get out of bed. Return to bed only 
when you are sleepy again.

 4. Get up at up the same time everyday regardless of the 
amount of sleep that you had during the night. This will 
help anchor your circadian rhythm. Most patients will 
have to set up an alarm clock to follow this recommenda-
tion. This strategy should be applied both during week-
days and weekends.

 5. Avoid napping during the day. Some patients with OSA 
may want to nap in order to reduce the excessive sleepi-
ness during the day. If they decide to nap, they should 
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plan to sleep for only 15–20  minutes about 7–9  hours 
before the desired bedtime. This requires setting an alarm 
clock to avoid oversleeping during the day.

 6. Do not use the bed for activities other than sleep and sex. 
Avoid eating, reading, watching television, browsing on 
your phone and tablet, or worrying in bed.

In order to change the learned, conditioned associations 
between the sleep environment and conditioned arousal, the 
stimulus control strategies must be applied for several con-
secutive nights. It is thus important to tell the patient that 
they should not expect to see an immediate improvement in 
insomnia symptoms. Rather, it is crucial that they maintain 
these strategies for at least 2 weeks in order to evaluate their 
efficacy.

The sleep restriction strategies, often presented as sleep 
consolidation strategies to the patient, aim at increasing the 
homeostatic sleep drive by setting a time in bed window that 
is close to the time actually spent asleep. This strategy will 
lead to an initial sleep deprivation that will eventually lead to 
deeper sleep during the sleep window, reduce compensatory 
sleep behaviors, and enhance the regularity of sleep-wake 
cycles. To determine the prescribed time in bed window, the 
patient is asked to fill out a sleep diary during at least 7 con-
secutive days. The patient is asked to record the time they 
went to bed, sleep onset latency, number of nocturnal awak-
enings, total wake time after sleep onset, final awakening, as 
well as the time that they got out of bed. The sleep diary data 
allows the clinician to estimate the average sleep time per 
night as well as the patient’s sleep efficiency. Sleep effi-
ciency refers to the ratio of total sleep time over the total time 
in bed.

The following instructions are given to determine the 
maximum amount of time in bed allocated:

 1. Looking at your sleep diary, calculate the average total 
sleep time (TST) as well as total time in bed (TIB) per 
night for the past week. The initial length of your sleep 
window is determined using the formula: TIB = average 
TST  +  30  minutes. Adding 30  minutes to the average 
sleep time allows for normal sleep onset latency and brief 
nocturnal awakenings. Your sleep window should not be 
less than 5.5 hours per night.

 2. Choose a consistent wake-up time. You will be asked to 
get out of bed no later than 15 minutes after your wake-up 
time, every day of the week including weekends. Using 
the TIB calculated above, count backward from your 
desired wake-up time. This will be your earliest bedtime. 
We will ask you to strictly adherence to these prescribed 
times in and out of bed for at least 1 week in order to 
experience the sleep consolidation effect.

 3. Each week, your sleep window can be adjusted as a func-
tion of your sleep efficiency. Sleep efficiency is calcu-

lated by dividing the average time that you actually slept 
by that average time that you spent in bed per night. If 
your sleep efficiency is greater than 85% and you feel you 
are not getting enough sleep for optimal daytime func-
tioning, increase your allowed time in bed by 15 minutes 
at either end of the sleep window. If your sleep efficiency 
is lower than 85%, you decrease your time in bed by 
15 minutes at either end of the sleep window. You should 
maintain your new sleep window for at least 7 nights 
before making new changes.

The length of the sleep window should be largely based 
on sleep diary data. However, the timing of the sleep window 
should be based on patient’s circadian preferences and social 
and occupational responsibilities. Some patients will prefer 
staying up late and others getting up early. The timing of the 
initial sleep window can then be adjusted accordingly.

Although very effective in reducing insomnia symptoms, 
sleep restriction is not tolerated by all patients. Furthermore, 
it is not recommended for individuals with bipolar or seizure 
disorder or among heavy equipment operators because it 
could increase risk for relapse or occupational accidents. 
With these patients, sleep compression strategies can be 
used. Instead of starting by reducing the sleep window and 
gradually expanding it, the sleep compression strategy aims 
at gradually reducing the total time in bed every week in 
order to achieve a sleep efficiency of 85%. For most patients, 
it helps to set a fixed waking up time and then gradually 
delay their earliest bedtime based on the change in sleep effi-
ciency each week. However, for patients who initially wake 
up late into the day, a gradual change of both bedtime and 
rising time may be most appropriate.

For both stimulus control and sleep restriction, it is 
expected that these strategies will lead to some degree of 
sleep deprivation after the initiation of these strategies. 
However, over time, the increased sleep pressure will reduce 
sleep onset latency as well as wake after sleep onset. It is 
thus important to tell the patients to maintain these strategies 
for at least 2 weeks in order to evaluate their efficacy. If the 
patient questions whether these strategies will be helpful for 
them, the clinician can encourage the patient to treat these 
strategies as an experiment and to collect data to learn what 
the key factors are that influence their sleep. Furthermore, to 
promote adherence to these recommendations, it is helpful to 
identify barriers to the implementation of these strategies 
and engage in problem-solving with the patient to determine 
how to deal with these barriers. Notably, it is helpful to iden-
tify ahead of time some calm, non-arousing activities that the 
patient can do when they get out of bed in the middle of the 
night or what they will do now that they are spending much 
less time in bed trying to sleep.

The cognitive therapy strategies aim at identifying and 
changing dysfunctional beliefs about sleep held by patients. 
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Individuals with insomnia may hold catastrophic beliefs 
about the consequences of poor sleep. For example, patients 
may think that if they don’t sleep 8  hours per night, they 
won’t be able to function the next day. These beliefs, in turn, 
make them experience increased sleep-related worry and 
anxiety that can interfere with sleep onset and maintenance. 
These beliefs may also lead them to engage in different com-
pensatory behaviors to deal with sleep loss. For example, a 
patient may regularly cancel social and occupational com-
mitments after a poor night of sleep. These compensatory 
behaviors, while aimed at minimizing the consequences of 
insomnia in the short term, may paradoxically increase 
sleep-related anxiety and interfere with sleep in the long 
term.

In cognitive therapy, Socratic questioning can be used to 
help patients reduce black-and-white thinking with regard 
to insomnia. For example, the clinician may ask the patient 
to identify times when they were able to function well after 
a night of severe insomnia. The clinician can also ask the 
patient to engage in a series of behavioral experiments to 
test their beliefs about sleep. For example, with a patient 
who is concerned about the consequences of sleep loss, the 
clinician could ask them to identify how they think they will 
function if they don’t sleep enough. Then, the patient is 
asked to force themselves to sleep no more than 6 hours on 
one night to evaluate how they actually function the next 
day. After this behavioral experiment, the patient evaluates 
to what extent the feared consequences actually happened. 
Although the patient may not be functioning optimally, the 
patient often realizes that they can still function fairly well 
despite some sleep deprivation. These experiments can help 
reduce nighttime catastrophic thinking and anxiety regard-
ing sleep loss.

Patients with an insomnia disorder comorbid to OSA may 
be concerned that wearing a PAP mask may interfere with 
their ability to fall and remain asleep. It is important to have 
an explicit discussion about how PAP use may interfere with 
the application of some of the CBTi strategies (e.g., remove 
and replacing the PAP mask when getting out of bed in the 
middle of the night) and to engage in collaborative problem- 
solving with the patient to create specific plans on how to 
deal with the patient-reported barriers to CBTi associated 
with PAP use. For patients who are refusing PAP treatment 
or demonstrate issues with PAP compliance, motivation 
enhancement and problem-solving strategies can be helpful 
(see Chap. 6). Some patients may be resistant to PAP use 
because of anxiety, claustrophobia, and physical discomfort 
when using PAP device. In these situations, exposure therapy 
may help address these issues (see Chap. 6).

In summary, more than a third of OSA patients present 
with a comorbid insomnia disorder. These insomnia symp-
toms are associated with poorer sleep, worse daytime func-
tioning, and poorer adherence to PAP treatment. Rather than 

being secondary to OSA, insomnia is often a distinct, self- 
perpetuating disorder that requires its own specific treat-
ment. CBTi is an effective non-pharmacological treatment of 
insomnia disorder among patients with OSA.
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18.1  Co-Morbid Insomnia and Sleep Apnea 
(COMISA)

Despite the frequent presentation of both sleep apnea and 
insomnia in the same patient, it was not immediately recog-
nized that their combined presence could exacerbate and 
intensify the symptoms of each. COMISA was first identi-
fied by Guilleminault, Eldridge, and Dement [1, 2]. The 
article alerted clinicians to the possibility that patients with 
insomnia might be unaware of their sleep apnea symptoms 
and thus of the consequent risk of misdiagnosing the condi-
tion as a case of uncomplicated insomnia. The article had a 
very limited impact over the next 30 years until the publica-
tion of findings in 1999 and 2001 showing that insomnia and 
obstructive sleep apnea (OSA) have 30% to 50% comorbid-
ity rates [3–6]. Since 1999 a substantial number of studies 
have further documented the considerable overlap and bidi-
rectional relationship of comorbid insomnia and OSA [6].

COMISA has remained a persistent challenge to treat 
well. This observation emphasizes the importance of screen-
ing for insomnia in a “sleep apnea clinic,” most expeditiously 
by providing the patient with a screening questionnaire prior 
to the interview. When compared to patients with OSA who 
do not have insomnia, COMISA patients frequently show 
poor adherence with using continuous positive airway pres-
sure (CPAP) therapy [6–13]. A major part of the challenge of 
dealing with this patient group thus relates to how to increase 
the initial acceptance of and subsequent use of CPAP ther-
apy. This has led to advocacy of the importance of treating 
insomnia disorder prior to or concurrently with initiating 
CPAP treatment [6–13].

First-line treatment of chronic insomnia is cognitive 
behavioral therapy for insomnia (CBT-I). Chapter 17 

Part 3 in this book describe the use and efficacy of CBT-I in 
COMISA patients. When CBT-I is not available, hypnotic 
agents may need to be considered.

18.2  Sedative/Hypnotic Agents in Patients 
with OSA

18.2.1  Overall Effects

A literature review of studies by Mason et al. contained in 
the Cochrane Airways Group Specialized Register of Trials 
found that a wide range of medications, including remifent-
anil 0.75 mcg/kg/hr (infused opioid), eszopiclone 3 mg, zol-
pidem 10 and 20 mg, brotizolam 0.25 mg, flurazepam 30 mg, 
nitrazepam 10 mg to 15 mg, temazepam 10 mg, triazolam 
0.25 mg, ramelteon 8 mg and 16 mg, and sodium oxybate 
4.5 g and 9 g, did not produce a deleterious effect on OSA 
severity as measured by change in apnea-hypopnea index 
(AHI) or oxygen desaturation index (ODI) [14–23]. 
Zolpidem at 20  mg, flurazepam 30  mg, remifentanil infu-
sion, and triazolam 0.25 mg, however, did result in signifi-
cant oxygen desaturations statistically and clinically 
suggesting caution with these agents at these doses. In two 
clinical trials, eszopiclone 3 mg and sodium oxybate 4.5 g 
decreased AHI (compared to placebo) [14]. The reviewers 
concluded that no evidence existed that these pharmacologi-
cal compounds produced significant adverse changes in the 
AHI or ODI and thus did not severely effect OSA severity 
[14]. Caution was still suggested because the studies 
reviewed were small and short duration, and there are 
instances where oxygen desaturation could occur with par-
ticular agents at certain doses, such as zolpidem at higher 
than therapeutically recommended doses, which should not 
be used. The authors suggested that further investigation of 
agents which decreased AHI as a therapeutic option may be 
worthwhile for a subgroup of OSA patients [14].
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18.2.2  Benzodiazepines (BZDs)

Efforts to treat insomnia in the context of obstructive sleep 
apnea used to be focused on benzodiazepines (BZDs) before 
the advent of non-benzodiazepine hypnotics. There are many 
concerns with BZD’s treatment for insomnia in general 
which include abuse, dependence, addiction, withdrawal, 
rebound insomnia, falls, cognitive impairment, and adverse 
changes in sleep architecture such as promoting light sleep 
while reducing deep and REM sleep [24, 25]. In addition to 
the overall adverse central nervous system (CNS) depressant 
effect of these agents, concerns for COMISA patients also 
include the decreased ventilatory response to hypoxia and 
reduced upper airway muscle tone as well as any other mech-
anisms exacerbating sleep disordered breathing [26–30].

Some studies have found adverse changes with some 
BZDs such as flurazepam and triazolam while others not, 
such as with temazepam in mild OSA and nitrazepam in mild 
to mod OSA patients [16–19]. A study by Berry et al. focused 
on the effects of triazolam (0.25  mg) in 12 patients with 
severe sleep apnea in a randomized crossover study [19]. 
Measurements of sleep were determined by polysomnogra-
phy. Triazolam was found to increase the arousal threshold to 
airway occlusion, and this produced only a modest prolonga-
tion in the duration of events in this patient group.

There is a body of evidence against the use of BZDs in 
COMISA patients. For example, a recent study by Wang et al. 
performed a retrospective case review using the Taiwan 
National Health Insurance Database from 1996 to 2013 with 
the purpose of quantifying the extent of acute respiratory 
events among COMISA patients who were users of hypnotics 
[31]. The case group included 216 hypnotic users who were 
diagnosed as having experienced acute respiratory events, 
including pneumonia and respiratory failure. The hypnotics 
used included both benzodiazepines (BZDs) and non-benzo-
diazepines (non-BZDs). Following an adjusted multivariate 
analysis, the authors concluded that long-term BZD use may 
increase the risk of acute respiratory failure in OSA patients.

Although the effects of BZDs on OSA may be modest, 
BZDs are not ideally recommended for the treatment of insom-
nia in general or to patients with COMISA. There may however 
be instances when they may need to be prescribed like when 
there are severe comorbid refractory disorders of anxiety or 
PTSD with COMISA, although further studies are needed.

18.2.3  Non-benzodiazepines (Non-BZDs)

Non-benzodiazepines are a better treatment choice than 
BZDs for treatment of insomnia in general and in particular 
for COMISA patients.

Various studies have shown that non-benzodiazepines 
compared to BZDs can increase total sleep time, improve 

sleep continuity along with sleep architecture, and have 
fewer adverse effects and fewer interactions [32–39].

Given the limitations of BZDs, various studies have been 
carried out concerning the safety and efficacy of non-BZDs 
for insomnia in the context of sleep disordered breathing or 
obstructive sleep apnea. GABAergic non-benzodiazepine 
agents, zolpidem, zaleplon, and eszopiclone, have been 
investigated in OSA patients. There is evidence that non- 
BZDs are a better alternative to BZDs and may improve 
sleep without causing respiratory depression. The advantage 
of these agents are that they may have only limited muscle 
relaxant effects, which is a benefit to treating the core breath-
ing problems of OSA.

Further, there is some evidence that these agents may not 
worsen sleep apnea and may alternatively decrease AHI in 
certain populations with potential to improve tolerance and 
adherence to CPAP therapy [40–53].

A meta-analysis by Nigram et al. of published studies over 
the 30-year period between 1988 and 2017 evaluated the effi-
cacy and safety of non-benzodiazepine sedative hypnotics 
(NBSHs), included agents such as zolpidem, zaleplon, and 
eszopiclone [54]. The meta-analysis, comprising data from a 
total of 2099 patients, found that the NBSH drugs did not 
increase AHI, regardless of the baseline AHI values (mild, 
moderate, severe, or no OSA). The AHI was found to improve 
minimally with use of NBSH drugs, but eszopiclone showed 
the greatest difference, having an MD of −5.73 events/h.

Another literature review identified eight controlled clini-
cal trials (with 448 patients) on the effect of non-BZDs on 
sleep quality and severity of OSA symptoms, including the 
AHI index and the nadir of arterial oxygen saturation (SaO2) 
[55]. The review by Zhang et al. supported the conclusion 
that non-BZDs in typically recommended doses improved 
sleep quality without worsening sleep apnea in OSA patients.

18.2.4  Non-benzodiazepines for OSA 
Without CPAP

A small pilot study (n = 22) by Rosenberg et al. was conducted 
prior to larger OSA/COMISA studies for eszopiclone [56]. 
The objective of the study was to evaluate the effect of eszopi-
clone 3 mg on respiration, sleep, and safety in mild- moderate 
OSA patients who were withdrawn from CPAP. The study was 
a double-blind, randomized crossover design with patients 
(35–64 years) receiving eszopiclone 3 mg or placebo on two 
consecutive nights in the sleep laboratory. There was a 5–7 day 
washout between the two treatments. Eszopiclone administra-
tion without CPAP did not worsen AHI and was found to 
improve sleep maintenance and efficiency.

An open label trial investigated the effect of zolpidem 
10 mg over a period of 9 weeks on 20 patients who were suf-
fering from idiopathic central sleep apnea [57]. Although 
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three patients experienced significant increases in obstruc-
tive events, the majority of patients showed decreases in cen-
tral apnea/hypopneas and associated symptoms with 
zolpidem. They also had improved sleep continuity and 
decreased subjective daytime sleepiness.

18.2.5  Non-benzodiazepines for OSA Treated 
with CPAP

The first large (n = 226), randomized, double-blind, placebo- 
controlled study of eszopiclone in OSA patients receiving 
diagnostic polysomnography (PSG) or CPAP titration investi-
gated the effects of eszopiclone 3 mg on various parameters of 
sleep quality among the 226 patients to evaluate whether such 
treatment would improve the quality of diagnostic PSG and 
CPAP titration studies [58]. Either eszopiclone or placebo was 
administered once on the night of testing, just before polysom-
nography. Compared to placebo, pretreatment with eszopi-
clone improved CPAP titrations and produced fewer residual 
events/h (5.7 vs. 11.9) and fewer incomplete titrations (31.1% 
vs. 48.0%). There was also a trend for more non- usable studies 
with placebo than with eszopiclone (7.1% vs. 2.7%) with the 
authors concluding routine use of non- benzodiazepines as pre-
medication for PSG should be considered.

In another placebo-controlled study, the 16 participants 
with severe OSA and on CPAP therapy for at least 6 months 
received zolpidem 10 mg [59]. All patients were tested dur-
ing one night of CPAP use. Sleep architecture, AHI, and arte-
rial oxygen saturation showed no differences between 
zolpidem and placebo.

18.3  Hypnotic Agents and CPAP 
Adherence

18.3.1  Hypnotic Medications (Type Not 
Specified)

In a retrospective chart review of short-term CPAP therapy 
among 400 consecutive patients, only age and one-time sed-
ative/hypnotic use during titration polysomnography were 
found to correlate with short-term compliance [48].

18.3.2  Non-benzodiazepines

Bradshaw et al. in 2006 investigated the effects of zolpidem, 
placebo, or standard care on compliance with CPAP therapy 
among 72 male patients who had been referred for CPAP 
treatment [47]. The duration of the study period was 14 days. 
Among this group of new CPAP users, those who had been 
given zolpidem did not show increased compliance to CPAP 

therapy when compared to the placebo or standard care 
group. Similarly, Park et al. studied 134 patients undergoing 
their first night of CPAP therapy [60]. The investigators 
sought to determine the effects on CPAP compliance of a 
single dose of zaleplon 10  mg among 73 patients. It was 
found that, at 1 month, zaleplon improved sleep latency and 
had beneficial effects on sleep quality on self-report invento-
ries, when compared to placebo, but did not improve adher-
ence to CPAP therapy.

However, Lettieri et al. (2009), in a second double-blind, 
randomized, placebo-controlled trial of eszopiclone, com-
pared the effect of eszopiclone 3 mg with a matching placebo 
in 117 participants (of whom 98 completed the study) prior 
to CPAP titration polysomnography with respect to short- 
term CPAP compliance [49]. Compared to placebo, eszopi-
clone 3 mg improved residual obstructive events at the final 
CPAP pressure (eszopiclone, 6.4 events/ h vs. placebo, 12.8 
events/ h) and improved short-term CPAP compliance during 
the first 4 to 6 weeks of therapy. Eszopiclone was found to 
improve mean sleep efficiency to a greater extent over pla-
cebo (87.8%vs. 80.1%).

An additional double-blind, randomized, placebo- 
controlled trial by Lettieri et al. was conducted to determine 
if a short course of eszopiclone 3 mg during the first 2 weeks 
of CPAP therapy, compared to placebo, would improve long- 
term adherence to CPAP in 160 adults who had severe OSA 
(mean AHI, 36.9 events/h) [50]. Adherence to CPAP in the 
eszopiclone group was found to be superior to the placebo 
group, in which patients used CPAP for 20.8% more nights. 
Further, eszopiclone patients used CPAP for 1.1 hours more 
than the placebo group over the course of 6 months.

These findings suggest that although there may be differ-
ences among the non-benzodiazepines in terms of effect and 
compliance in COMISA patients, eszopiclone therapy may 
potentially improve more consistently response, short- and 
longer-term compliance with CPAP therapy [47–53].

18.3.3  New Dual Orexin Receptor Antagonists 
(DORAs, Suvorexant, Lemborexant)

Orexin receptor antagonists appear to facilitate sleep by act-
ing selectively on and blocking the wake system of the brain, 
which is mediated by orexin receptors. These receptors origi-
nate in the lateral hypothalamus and project throughout the 
brain, including to respiratory centers in the brainstem. It has 
thus been hypothesized that orexin receptors are involved in  
the cardiorespiratory response to acute stressors [61].

One study showed that single-use suvorexant was a safe 
and effective hypnotic for 84 patients with suspected OSA 
and who experienced insomnia during overnight PSG by 
Matsumura et al. [62, 63]. Patients who had difficulty falling 
asleep were permitted to take suvorexant and if they contin-
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ued to experience insomnia (greater than one hour to fall 
asleep) were optionally permitted to take zolpidem. The 
resultant groupings were 44 achieved sufficient sleep with 
single-use suvorexant alone and 40 who needed suvorexant 
plus zolpidem. PSG results of 144 patients with AHI >= 5 
events/h, revealed 63.1% in the insomnia group had severe 
OSA versus 70.8% in the non-insomnia comparison group. 
When the insomnia and non-insomnia groups were com-
pared, there were no differences found in terms of subjec-
tively assessed sleep time or morning mood. The results 
were interpreted to support the conclusion that single-use 
suvorexant is a safe and effective hypnotic for laboratory 
PSG in suspected OSA patients who suffer from insomnia.

Cheng et  al. carried out a randomized, double-blind, 
placebo- controlled, two-period crossover study to examine 
respiratory safety parameters of lemborexant 10  mg (a 
DORA with more OX2 orexin receptor blocking affinity 
than OX1) in 39 individuals who had mild OSA [64]. The 
subjects were assigned to one of two treatment conditions to 
receive either lemborexant or placebo and continued on this 
for 8 days. This was followed by a washout period of 14 days, 
after which the subjects crossed over to receive the compari-
son agent. Lemborexant was not found to worsen mean AHI 
index nor reduce mean oxygen saturation following single or 
multiple doses when compared to placebo. These findings 
supported the conclusion that lemborexant at the 10 mg dose 
demonstrated respiratory safety in this adult and elderly mild 
OSA study population.

Recently, Moline et al. conducted a multi-centre, random-
ized, double-blind, placebo-controlled, two-period crossover 
study on the effects of lemborexant in 33 subjects with 
untreated moderate to severe OSA; data from the cohort of 
patients showed no increase in AHI or decrease in peripheral 
capillary oxygen saturation following single dose or 8 nights 
of treatment [65]. Given these safety findings and that lembo-
rexant has been shown to significantly increase REM sleep 
compared to placebo in early trials, there is a suggestion it 
could play a significant role improving CPAP compliance by 
alleviating middle and late insomnia in particular, lessening 
REM-related obstructive sleep apnea through better compli-
ance, possibly helping decrease REM-related OSA’s cardio-
vascular risk and complications in those predisposed, although 
more studies are needed [66, 67]. Positive long term 12 month 
sleep data for initial, middle and late insomnia along with 
positive early phase multiple PSG data (7 PSGs in Sunrise 1) 
with lemborexant suggests a potential long-term CPAP com-
pliance study would be feasible and informative [68–71].

18.3.4  Antidepressants and OSA (Trazodone 
and Mirtazapine)

In various studies of both clinical and community-based 
populations, high rates of depression have been found in 

individuals diagnosed with OSA [72, 73]. While hypotheses 
for the linkage between the two conditions have been 
advanced, the exact mechanisms underlying the association 
have not been established [72, 73]. Additionally, the effect of 
antidepressants on OSA has only been minimally studied, 
possibly due to conceptual concerns that sedatives might 
worsen OSA in some patients. Nevertheless, some prelimi-
nary efforts have examined how trazodone might alter the 
arousal threshold and OSA severity in patients with 
OSA. Trazodone is a widely prescribed antidepressant which 
possesses hypnotic properties with associated increases in 
the arousal threshold.

Limited work in animal models and small-sample size 
clinical studies suggested to Smales et al. that these effects 
would not alter upper airway muscular activity and thus that 
the agent would have potential for reducing symptoms of 
OSA [74]. The investigators thus studied the effect of 1 week 
of trazodone or placebo administration in 15 OSA patients in 
a randomized crossover design study. Compared to placebo, 
trazodone was found to reduce the AHI index without wors-
ening oxygen saturation or respiratory event duration. Eckert 
et al. studied the effects of trazodone in seven patients with 
OSA who had a low arousal threshold using a within subjects 
crossover design [75]. Trazodone was found to increase the 
respiratory threshold, but did not alter the AHI index, nor did 
it affect dilator muscle activity. This improvement in arousal 
threshold was not sufficient however to overcome the restric-
tive upper airway anatomy of these patients.

Similar to trazodone, mirtazapine has been the focus of 
relatively few studies regarding its efficacy for the treatment 
of sleep disordered breathing or OSA. Carley et al. studied 
the effect of mirtazapine on OSA symptoms in 12 newly 
diagnosed OSA patients [76]. The patients self-administered 
mirtazapine, either 4.5 mg or 15 mg, or placebo each night 
for three consecutive 7-day treatment periods. The order of 
treatments was randomized for all patients. While both dos-
ages of mirtazapine were found to be superior to placebo, the 
15 mg dosage was better than 4.5 mg for reducing the AHI, 
while only the 15  mg dosage reduced the degree of sleep 
fragmentation. The investigators concluded that in spite of 
these improvements, they could not offer an unqualified 
endorsement of mirtazapine in view of side effects of seda-
tion and weight gain. In a follow-up study, Marshall et  al. 
extended the basic experimental design of the Carley et al. 
(2007) investigation but increased the number of dosage reg-
imens [77]. In the first component of the study, a three-way 
crossover design was applied: 20 OSA patients were asked to 
self-administer 7.5, 15, 30, and/or 45 mg or placebo before 
going to bed for 2 weeks at each dose. In a second parallel 
study, 65 OSA patients were asked to self-administer mir-
tazapine 15  mg or mirtazapine 15  mg plus compound 
CD0012 or placebo for 4  weeks. The investigators were 
unable to find any improvement in measures of sleep apnea 
following any of the dosage courses of mirtazapine and thus 
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were not able to recommend the drug for treating OSA 
symptoms.

In a randomized, double blind crossover study on venla-
faxine by Schmickl et al., it was found that AHI improved by 
19% in patients with high arousal threshold (−10.9 events/h) 
but tended to increase in patients with a low arousal  threshold 
(+7 events/ h) with other predictors including elevated AHI 
and less collapsible upper airway at baseline, concluding that 
venlafaxine simultaneously worsened and improved various 
pathophysiological traits, resulting in a zero net effect, and 
that careful patient selection based on pathophysiologic traits 
or combination therapy with drugs countering its alerting 
effects may produce a more robust response [78].

18.4  Medications for COMISA Conclusion

COMISA is a complex but common sleep disorder, which 
can result in increased morbidity and mortality more so than 
if either insomnia or obstructive sleep apnea were present 
alone. The presence of both disorders can make clinical diag-
nosis and treatment of each more difficult. Given the bidirec-
tional nature of the disorder, optimal treatment of COMISA 
is multidisciplinary. CBT-I is not only first line for treatment 
of insomnia but also for insomnia of COMISA with the addi-
tion of CPAP contemporaneously or after, which may also 
improve CPAP compliance.

However, given the complexity, severity, chronicity, and 
refractoriness of the disorder along with comorbidities and 
the practical issues of CBT-I availability, sedative/hypnotics 
may be needed. The role of non-benzodiazepines for treat-
ment of insomnia may need to be considered, and prelimi-
nary evidence suggests certain ones such as eszopiclone and 
zolpidem may be safe and effective at proper therapeutic 
doses and duration, in untreated and treated patients on 
CPAP, with eszopiclone possibly improving CPAP compli-
ance and lowering AHI more in untreated patients. This may 
give relief to initial prescribers when insomnia severity war-
rants it and sleep apnea is not completely known waiting for 
a PSG, although caution is always exercised when starting 
any sedative/hypnotic agent.

DORAs look promising for treating COMISA, as studies 
for lemborexant 10 mg single use and up to 8 nights did not 
worsen AHI or lower mean oxygen saturation in adult or 
elderly untreated patients with mild, moderate or severe 
sleep apnea. Even suvorexant in combination with zolpidem 
was found to be safe and effective in a single use PSG labo-
ratory context.

Given the many neurotransmitter systems involved in the 
sleep-wake cycle and sedative/hypnotics with different 
mechanisms of action, more research is certainly needed in 
this complex area such as which agent, class, or combination 
is optimal, the dosing, timing, and duration of treatment in 
relation to patient insomnia type, severity, complexity, and 

duration, along with whether CPAP or other therapy is pres-
ent or not. Effects on compliance and overall treatment 
response will also need to be examined with the various 
treatment agents, comparing different classes and particular 
agents.
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Key Terms
OSA Obstructive sleep apnea: A chronic sleep disorder involving 

repeated episodes of airway obstruction and hypoxia.
EDS Excessive daytime sleepiness: One of the key symptoms 

associated with OSA.
REM 
sleep

Rapid eye movement sleep: A stage of sleep characterized 
by random rapid eye movements accompanied by low 
muscle tone in the body.

CPAP Continuous positive airway pressure: a machine used in the 
treatment of sleep apnea that applies mild positive pressure 
to keep the airways open during sleep.

SWS Slow wave sleep: a stage of the sleep cycle commonly 
referred to as ‘deep sleep’, and characterized by delta brain 
waves on electroencephalography.

19.1  Introduction

For over hundreds of years, humans have appreciated some 
kind of relationship between sleep and mental health. Over 
the past century, this association has been studied more sys-
tematically, and the reciprocal association between sleep and 
mental health has been confirmed. For example, many stud-
ies of people experiencing depression and anxiety have con-
sistently shown significant sleep pattern disruption, and 
multiple studies have reliably found that individuals experi-
encing insomnia often also have difficulties with depression 
and anxiety and that insomnia can lead to depression [1].

Reports of sleep disorders involving apneic events during 
sleep have been described for over 150  years—in the late 
1800s, the term “Pickwickian syndrome” was used to 
describe apneic symptoms in obese patients. In 1965, the 
first polysomnograph recorded apneas during sleep, leading 

to the recognition of what we now know as obstructive sleep 
apnea [2]. The discovery of sleep apnea in 1965 is now 
regarded as one of the most important advances in the history 
of sleep medicine.

Obstructive sleep apnea (OSA) is a chronic sleep disorder 
characterized by repeated episodes of upper airway obstruc-
tion, resulting in the reduction (hypopnea) or cessation 
(apnea) of breathing during sleep. The sequelae of OSA con-
sist of an interconnected myriad of both medical and psycho-
logical factors. Well-recognized medical consequences and of 
OSA include obesity, cardiac arrhythmias, and hypertension. 
It is almost a sin quo non in some conditions, such as in reti-
nal vein thrombosis. However, OSA also consists of cognitive 
and psychological features related to waking behavior: such 
as excessive daytime sleepiness (EDS), mood changes, 
depression and anxiety, and decreased productivity 
(Fig. 19.1). OSA is regarded as a highly prevalent disorder 
throughout the general population, as it is currently estimated 
to affect 34% of men and 17% of women [3]. This figure also 
increases with age, as the rate of OSA in elderly populations 
is estimated to be between 30 and 40%. In patients with car-
diovascular disease specifically, the prevalence of OSA is as 
high as 40% to 60% [4]. Furthermore, the general prevalence 
of OSA is increasing, likely owing to the global obesity epi-
demic coupled with an aging population. Over the past two 
decades, OSA prevalence rates have experienced relative 
increases between 14% and 55%, depending on subgroup [2].

Aside from being one of the most common sleep disor-
ders, sleep apnea has a significant negative impact on both 
the individual and from a public health perspective. From the 
perspective of the individual, there are numerous short-term 
and long-term health consequences associated with sleep 
apnea. Studies have shown that individuals with OSA have 
an increased mortality and morbidity risk [5]. There are mul-
tiple interrelated mechanisms to explain the symptoms of 
OSA, but a significant number of these symptoms and risks 
stem from intermittent hypoxia due to repeated apneas, cou-
pled with sleep fragmentation from microarousals (Fig. 19.2). 
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These episodes of nocturnal hypoxemia can lead to spikes in 
sympathetic activity, which can increase heart rate and blood 
pressure.

Taken as a whole, these changes seen in OSA can lead to 
loss of the “restorative” function of sleep [6]. Clinically, this 
results in one of the cardinal symptoms of OSA: excessive 
daytime sleepiness. EDS has a number of far reaching 
effects, which can include disturbed mood, difficulty 
 focusing, absence from work, or decreased work productiv-
ity. OSA has been associated with a poor quality of life, cog-
nitive impairment [7], an increased risk of numerous 
cardiovascular diseases, and an increased risk of developing 
a number of chronic conditions [8].

From a public health perspective, individuals with OSA 
are predisposed to cause motor vehicle accidents as a result 

of their daytime sleepiness. A 2004 study by Sassani et al. 
reported that sleep apnea may cost 1400 lives annually due to 
car accidents in the United States (US) alone [9]. OSA has 
both direct and indirect economic impacts, such as decreased 
work productivity, increased motor vehicle and workplace 
accidents, increased healthcare utilization and medical costs, 
and traffic accidents [10].

19.2  Sleep and Depression

One of the most challenging aspects when examining sleep 
difficulties, from both a clinical and research perspective, is 
the identification of etiological factors. In reality, the root 
cause of a patient’s sleep issues are often multifactorial and 

High blood
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Age > 50 years Male gender BMI > 35

Loud snoring
Morning

headache and/or
dry mouth

Excessive daytime
sleepiness, fatigue

Witnessed pauses
in breathing during

sleep

Fig. 19.1 Clinical features of obstructive sleep apnea
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comprise of several medical, environmental, and psychologi-
cal factors.

A number of studies have demonstrated an increased risk 
of depression with a number of sleep disorders including 
insomnia, restless leg syndrome, and delayed sleep phase 
syndrome [1]. Since its infancy, the scientific literature pro-
duced by the field of sleep apnea research has been primarily 
focused on the relationship between OSA and other medical 
conditions—such as hypertension and diabetes—as opposed 
to psychological factors. Over the last few decades, however, 
the body of knowledge concerning the relationship between 
OSA and psychological factors such as psychiatric symp-
toms has grown significantly. Multiple studies of patients 
with OSA have found the rates of psychiatric disorders to be 
as high as 60%, with depression being one of the most com-
mon [11].

Sleep disorders have traditionally been thought to be a 
consequence of mood disorders. In the 5th edition of the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5), sleep disturbances are listed as symptoms of mul-
tiple mood disorders. Numerous studies have asserted that 
sleep disturbances themselves, such as insomnia or sleep 
apnea, have been shown to be risk factors for the onset of 
mood disorders [12]. If sleep disorders were in fact a conse-
quence of mood disorders, then it logically follows that suc-
cessful treatment of the mood disorder should significantly 
improve, if not totally ameliorate, a patient’s sleep difficul-
ties. However, this is quite often not the reality. Studies have 
shown that in many cases, treating a patient’s mood disorder 
does not resolve their sleep issues [13]. However, advance-
ments in the scientific literature over the last two decades 
have led to a shift in understanding, towards viewing sleep 
disorders as comorbid conditions—not merely symptoms—
of mood disorders. Furthermore, there is also evidence to 
suggest that in many cases, the sleep disorder may in fact be 
the underlying cause of the mood disorder.

Sleep disturbances and psychiatric disorders are closely 
related. Various forms of sleep disturbances are present in a 
number of psychiatric conditions, from mood disorders and 
post-traumatic stress disorders to substance abuse disorder 
and schizophrenia. Furthermore, hallmark polysomno-
graphic changes during sleep have been noted in individuals 
who have specific psychiatric conditions. For example, sev-
eral studies have shown an association between shortened 
rapid eye movement (REM) latencies in patients suffering a 
variety of psychiatric disorders, such as schizophrenia, panic 
disorder, and depression [14–16]. Depressed patients have 
been found to have reduced amounts of slow wave sleep 
(SWS) and increased REM sleep [24, 34]. Hatzinger and col-
leagues found that depressed patients with reduced SWS and 
increased REM sleep experienced a higher recurrence rate of 
their depression.

19.3  Depression and OSA

Both OSA and depressive disorders are common among 
adults throughout the general population. OSA patients 
exhibit a high incidence of depression, with reports suggest-
ing that up to half of patients experience elevated depressive 
symptoms [17]. Major depressive disorder is characterized 
by a persistent sad mood or loss of interest in previously 
pleasurable activities, in addition to affective, cognitive, and 
neurovegetative changes that impact daily functioning. In 
studies examining depression in patients with OSA, depres-
sion has been assessed a number of ways, including clinical 
questionnaires for mood disorders, clinician assessments, or 
patients’ self-reported symptoms. Studies that have assessed 
depression in OSA patients have had a range of results. 
However, this is most likely due to the fact that these studies 
varied significantly in terms of their methodologies. Since 
many symptoms asked about in general depression question-
naires could also be attributed to OSA in addition to depres-
sion, this represents a potential source of false positives. 
Questionnaires that have commonly been used in studies of 
OSA patient populations include the Center for 
Epidemiological Studies Depression (CES-D) Scale, the 
Hospital Anxiety and Depression Scale (HADS), and the 
Patient Health Questionnaire (PHQ-9).

Although there exists some variation in the results, the 
vast majority of studies—including a number of large, multi-
center studies that have been published within the last 
decade—have concluded a positive correlation between 
OSA and depressive symptoms [7, 18, 19]. This also appears 
to be the generally accepted view among clinicians in the 
field of sleep medicine.

In a European study of over 18,000 adults, the prevalence 
of major depressive disorder in individuals with a diagnosis 
of OSA or other breathing-related sleep disorders was 17.6% 
[20]. This study also further stated that 18% of individuals 
with a diagnosis of major depressive disorder met the criteria 
for breathing-related sleep disorders [20]. Furthermore, this 
relationship persisted even after controlling for obesity and 
hypertension. A large retrospective study of patients diag-
nosed with OSA found that 21.8% also had physician- 
diagnosed depressive disorder—nearly three times the 
prevalence for patients without OSA [21]. In the setting of a 
sleep clinic, these numbers are even higher; a study of 167 
Dutch sleep clinic referrals found that 47% of male and 55% 
of female OSA patients had a Beck Depression Inventory 
(BDI) score of ≥10, which is indicative of probable depres-
sion [22]. In a study of over 400 OSA patients at a US sleep 
clinic, 38% of the women and 26% of the men had self- 
reported depression [23].

The prevalence of OSA in males is twice as high when 
compared to females. Conversely, depression rates are higher 
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in women than in men in the general population [24]. Women 
with OSA have been shown to be at higher risk of having 
comorbid depression compared to women without OSA 
[25]. To further complicate things, sleep apnea is more likely 
to be misdiagnosed as depression among women, likely due 
to the overlap in psychological symptoms [16].

All in all, the sum total of the evidence points towards 
there being higher rates of depression among OSA patients 
in both the community and sleep clinic settings than in the 
general population. Furthermore, some evidence also sug-
gests an association/correlation between OSA severity 
(measured by apnea-hypopnea index) and depressive symp-
toms [26].

19.4  Potential Mechanisms

The relationship between OSA and depression is further 
complicated by the fact that these disorders have overlapping 
symptoms, especially when it comes to vegetative symptoms 
such as fatigue, poor concentration, loss of interest, insom-
nia, and decreased libido. Both depression and OSA share 
common comorbid medical conditions such as obesity, meta-
bolic syndrome, and systemic inflammation (Fig. 19.3) [27]. 
While the exact mechanism of the association between OSA 
and depression is unknown, the reality is that the answer is 
likely interrelated and multifactorial, given the complexity of 
each disorder on its own, as well as their multiple overlap-
ping symptoms. Currently, a number of possible mechanisms 
have been proposed.

It is well-known that sleep deprivation and fragmentation 
are linked to mood problems. One possible mechanism is 
that the frequent arousals and poor sleep quality during sleep 
that is seen in patients with OSA may affect mood. 
Specifically, the intermittent hypoxemia associated with 
OSA has been proposed to be a key factor in influencing 
mood changes. In a randomized controlled trial of OSA 
patients with comorbid depression, CPAP treatment and 

oxygen supplementation resulted in decreased psychological 
symptoms [23]. Since both of these treatments function to 
reduce hypoxia and subsequently increase blood oxygen 
saturation, this suggests that hypoxemia may play a role in 
the development of depression among OSA patients.

A 2008 study using fMRI technology showed differences 
in neural injury in the brains of OSA patients with and with-
out depressive symptoms [28]. In the OSA patients with 
depressive characteristics, damage was evident in a number 
of neural structures, such as the hippocampus and caudate 
nuclei, thalamus, right internal capsule, as well as the medial 
pons and corpus callosum. This damage to several regions of 
white matter, such as the corpus callosum and the internal 
capsule, may reflect injury caused by the intermittent hypoxia 
associated with OSA [28].

The fact that there is significant overlap in the neuro-
chemical pathways for both mood processes and sleep fur-
ther adds legitimacy to this theory. In the brain, some 
inhibitory and excitatory neurotransmitters, such as sero-
tonin, norepinephrine, and γ-aminobutyric acid (GABA), 
have been shown to be involved in both the sleep/wake cycle 
and mood regulation [28]. The locations of injury and aber-
rant function seen in OSA also happen to be parts of the 
brain that are affected in depression [28]. Thus, we are left 
with a variant of the classic “chicken or the egg” conundrum: 
it is possible that the depressive symptoms lead to the neural 
alterations seen in OSA, or conversely, it could also be that 
the neuropathology associated with OSA is what fosters 
depressive symptoms.

Aberrant function of the adrenal system also holds prom-
ise as a potential mechanism. Dysregulation of the 
hypothalamic- pituitary-adrenal (HPA) axis, a neuroendo-
crine system which plays a role in stress response, is a strong 
biological marker of depression. Hatzinger and colleagues 
found a significant association between dysregulated HPA 
system and sleep disturbances. It has previously been pro-
posed that increased autonomic activity caused by the noc-
turnal awakenings and intermittent hypoxia of untreated 
OSA results in elevated cortisol levels and a disrupted HPA 
system, which could reasonably lead to a depressed mood 
[29]. Given this evidence, it is likely that for some patients 
with sleep disturbances and depression, the underlying neu-
roendocrine pathophysiology may be quite similar.

Systemic inflammation is also a possible link between the 
two conditions. OSA is associated with increased levels of 
pro-inflammatory cytokines such as IL-6 and tumor necrosis 
factor [30]. In individuals with depression, a similar immune 
profile has been noted, involving pro-inflammatory cyto-
kines such as IL-1, IL-6, and interferons [31].

Since other comorbid chronic conditions have been rec-
ognized as both causes and consequences of obstructive 
sleep apnea—as is the case with hypertension—this could 
also be a factor involved in the correlation of OSA and 

OSA

Depression Obesity

Intermittent
Hypoxia

Sleep
Fragmentation

Systemic
inflammation

Fig. 19.3 Potential mechanisms behind the links between OSA, obe-
sity, and depression
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depression, as depression has been shown to be prevalent 
among patients with chronic medical diseases.

While depression is common across patients with chronic 
conditions, obesity particularly holds considerable promise 
as a potential moderating variable between OSA and depres-
sion. Recent evidence confirms that obesity is a significant 
contributor to the development of OSA [32]. Not only is obe-
sity a significant risk factor in the development of OSA, but 
evidence suggests that obesity level could influence sleep 
apnea severity [33]. A study evaluating the body mass index 
(BMI) of OSA patients found that overall, obese OSA 
patients had an apnea-hypopnea index double that of their 
non-obese counterparts. Aside from its relationship with 
OSA, there are significant suggestions in the research litera-
ture that an independent relationship between depression and 
obesity does exist [34–36]. For example, adolescents with 
depression have been shown to have an increased risk of 
becoming obese [37], and obese individuals have an 
increased risk of developing depression [38]. Since obesity 
appears to coexist with depression, it therefore follows that 
OSA might also covary with both conditions.

Evidence indicates that health-related difficulties mediate 
the relationship between OSAS and depression. For exam-
ple, Akashiba et al. noted that in their study that scores on the 
SF-36 (a quality of life scale) were significantly lower in 
patients with OSAS when compared to age- and gender-
matched controls [39].

Bardwell et al. (2003) used the CESD scale and found 
that one-third of the people they assessed with OSAS had 
significant levels of depression and that this level of 
depression predicted their fatigue [26]. Hence, while the 
exact mechanism of the relationship remains uncertain, it 
is clear that depression does play a role in the overall 
expression of OSAS. In reality, this link is likely complex 
and reciprocal.

19.5  Treatment of OSA

Although OSA is a prevalent and serious health problem, 
there fortunately exist a number of treatment options at pres-
ent. The treatment options are widely varied and range from 
conservative measures such as weigh loss to invasive meth-
ods such as surgery (e.g., uvulopalatopharyngoplasty). 
Somewhere midway along this spectrum, other options 
include nightly use of a mandibular advancement appliance 
or an intranasal continuous positive airway pressure (CPAP) 
device. While there exists a number of possible treatments 
for OSA, nightly CPAP therapy remains the gold standard 
therapy in clinical practice, largely due to its high efficacy 
and low-risk profile [40]. CPAP therapy involves using a 
mask, or mask alternative, worn on the face and connected to 
an airflow source that supplies positive air pressure to keep 

the airway patent and prevent upper airway obstruction dur-
ing sleep.

Current scientific literature overwhelmingly shows that 
CPAP therapy is necessary not only to reduce the harmful 
biological effects of OSA but also to improve mortality. In 
untreated OSA, mortality rates are around 20%, but this fig-
ure drastically falls to 3% in OSA patients on CPAP therapy 
[41]. Consistent CPAP use at the appropriate pressure level 
has been shown to reduce EDS, oxyhemoglobin desatura-
tions, heart rate, and blood pressure while improving endo-
thelial function [42], cognitive and sexual performance, and 
quality of life for the patient [7]. Furthermore, studies have 
shown that CPAP treatment also improves quality of life for 
the patient’s bed partner [43] and decreases marital conflict 
[44]. Consistent CPAP therapy is associated with significant 
reductions in physician claims and hospital stays, as well as 
a reduction in motor vehicle accidents [45]. If all drivers 
with OSA in the United States were treated with CPAP, 980 
lives and $11.1 billion in collision costs would be saved 
annually [9].

Numerous studies have examined the efficacy of CPAP 
treatment on symptoms such as EDS, hypertension, and 
heart rate. However, the impact of CPAP on depression has 
received comparatively less attention in the literature.

If a causal relationship exists between OSA and depres-
sion, it then logically follows that depression should be 
expected to improve with effective OSA therapy. The current 
evidence is in line with this assertion: most of the observa-
tional studies of depressive symptoms in OSA patients have 
shown that CPAP use has been associated with a reduction in 
depressive symptoms [46]. CPAP treatment has been shown 
to have a positive effect on depression levels in OSA patients, 
after as little time as one to 3 months [47].

A study of 41 OSA patients found that CPAP treatment 
significantly improved the psychological status of patient, 
seen as improved depression scores on the CES-D, and 
higher scores on the World Health Organization (WHO) 
quality of life scale, specifically in the domains of physical 
health, level of independence, and psychological health [7].

The exact mechanism by which this treatment benefit 
occurs is currently unknown. However, the improvement in 
depressive symptoms in OSA seems to involve the mitiga-
tion of the effects of obstructive hypoxia such as neural 
injury, sleepiness, fatigue, loss of libido, and impaired con-
centration [46, 48].

19.6  CPAP Therapy Adherence

It is clear that CPAP therapy effectively treats a number of 
symptoms associated with OSA and appears to especially 
improve adverse psychological features, such as depressive 
symptoms. However, all the aforementioned benefits of 
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CPAP therapy rely on consistent CPAP use. While there are 
undoubtedly numerous benefits of CPAP treatment, this is a 
moot point if patients do not adhere to this treatment.

Adherence with CPAP treatment is qualitatively defined 
as a regular, consistent CPAP use. Objectively, “ideal” usage 
is generally said to be around 6 to 8 hours per night. In some 
studies, researchers have defined CPAP adherence to be as 
little as 4 hours per night for 70% of nights [29].

Poor adherence with CPAP therapy is the biggest barrier 
to effective treatment of OSA, with patients typically discon-
tinuing therapy during the first 4 weeks of treatment. It is 
estimated that only 50% of patients who are started on CPAP 
therapy will still be using it a year later, and even within that 
50%, most will not be using their CPAP machine for the 
entire night [49]. Of this 50%, average compliance rates 
range from 4.7 to 6 hours per night, globally [50].

The most common reasons for non-compliance reported 
by patients include adverse side effects of treatment (e.g., 
discomfort, nasal dryness) and difficulty adapting to the 
pressure setting (i.e., difficulty exhaling or air swallowing) 
[40]. There are a vast number of factors that influence patient 
adherence. These factors can generally be divided into three 
categories: patient/sociodemographic, apnea-related (e.g., 
severity), and CPAP-related (e.g., pressure level).

19.7  Depression and CPAP Adherence

There are also a number of psychological variables related to 
CPAP adherence that have recently been identified. A patient 
having a greater internal locus of control, a higher health 
value, greater social support, and self-referred for OSA 
assessment (as opposed to a partner-initiated referral) has 
been associated with increased CPAP compliance [40]. 
Additionally, the occurrence of major life events beginning 
prior to CPAP therapy predicts poorer adherence [51]. 
Incidentally, these factors have also been shown to play a 
role in the depression; having a greater external locus of con-
trol and having a decreased amount of social support have 
been shown to be associated with depression [58]. Significant 
life events are also associated with first episodes of depres-
sion, as well as greater symptom severity [52]. Since the fac-
tors that contribute to OSA non-compliance also play a role 
in depression, this further adds to a potential link between 
the two.

Across a range of chronic conditions, depression is a 
known risk factor for medication non-compliance [53]. Since 
depression is a both a prevalent comorbidity in patients with 
OSA and a risk factor for non-compliance, the effect of 
depression on treatment compliance in sleep apnea warrants 
special attention. Studies using self-report depression scales 

have found that higher depression scores predicted signifi-
cantly fewer hours of CPAP use (54s). This has been further 
supported by a 2014 study which found an independent asso-
ciation between depression and lower adherence during a 
home-based autoPAP titration [54]. A study of 28 male vet-
erans reported that a number of variables, including depres-
sive personality traits, explained 62% of the total variance of 
CPAP adherence [55].

Several mechanisms may be responsible for the associa-
tion of depression and low adherence with CPAP treatment. 
As previously discussed, fatigue is a key symptom that is 
common to both depression and OSA. A number of studies 
have shown that the fatigue experienced by OSA patients is 
more closely related to the presence of depressive symptoms, 
rather than the severity of the OSA itself [26].

Reduction in sleepiness is the greatest known factor asso-
ciated with increased adherence. While EDS and fatigue are 
distinct concepts, untreated depression-related fatigue may 
be confused with sleepiness from OSA by the general public, 
and fatigue due to depression may be interpreted as sleepi-
ness from OSA. Thus, improvement of sleepiness symptoms 
on CPAP therapy may not be as noticeable for the patient if 
depression-related fatigue is still present. If the depression 
and its related fatigue are untreated, a patient may incorrectly 
conclude that the CPAP therapy was ineffective and abandon 
treatment. This is yet another of why depression screening in 
OSA patients is absolutely paramount.

It is well-known that the negative side effects of CPAP 
therapy are one of the most common reasons for patient 
non- compliance. Commonly experienced side effects 
include mask discomfort, claustrophobia, nasal congestion, 
and dry mouth. Research has shown that individuals with 
depression tend to report more symptoms regardless of the 
objective severity of the condition [56]. Thus, it is possible 
that OSA patients with depression are less tolerant of the 
negative side effects of CPAP therapy, causing them to ter-
minate therapy prematurely compared to their non-depressed 
counterparts.

As previously discussed, since obesity is a common 
denominator between both OSA and depression, it is also 
possible that obesity could be having an effect on compli-
ance levels.

Having a greater internal locus of control has been shown 
to be important in increasing CPAP adherence [57]. However, 
obesity has been found to be significantly associated with a 
greater external locus of control, as well as lower self- 
efficacy [58].

In summary, a patient’s decision to use, or not use, CPAP 
is multifaceted, and the body of knowledge concerning the 
cognitive and psychological factors that influence CPAP 
adherence continues to expand.
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19.8  Clinical Application

From a clinical perspective, it is important to understand how 
depression could potentially be a barrier to CPAP treatment, 
to aid in developing effective strategies to address and miti-
gate this non-compliance risk, to improve patient compli-
ance and subsequently lower morbidity and mortality.

Many patients present with both OSA and major depres-
sion together. The most common symptoms of OSA and 
depression are fatigue and sleep disturbance. Both of these 
problems can disguise each other because of their similar 
symptoms, which presents a problem for the treating clini-
cian. In higher-risk populations such as elderly patients, 
some clinicians have advocated for the ruling out of OSA 
before antidepressant treatment is initiated, since antidepres-
sant medications do not help improve depressive symptoms 
due to OSA, coupled with the fact that OSA already has a 
high prevalence in older populations. Since CPAP has been 
shown to be an extremely effective treatment for OSA, the 
presentation of an OSA patient who does not seem to be 
improving on CPAP therapy should raise flags in the clini-
cian’s mind to initiate depression screening.

Since depression has been found to covary with OSA, it 
therefore follows that regular, proactive screening and treat-
ment of depression prior to, or concurrent with, the initiation 
of CPAP therapy may hold potential as a promising method 
of increasing CPAP adherence. This is a small step that if 
taken by clinicians involved in the care of patients with sleep 
apnea could significantly improve patients’ CPAP adher-
ence, thus reducing their risk for the increased morbidity and 
mortality associated with untreated sleep apnea. However, 
further investigation is needed to determine if screening and 
treating depression improves outcomes in OSA patients.

Conversely, it should be emphasized to the patient with 
comorbid depression and OSA that the treatment of the OSA 
should be considered an essential part of their psychiatric 
treatment, along with any concurrent psychopharmacology 
or psychotherapy measures being undertaken. The effective 
treatment of sleep apnea should be seen as a necessary if not 
sufficient condition for the resolution of depressive symp-
toms. In addition to supportive psychotherapy measures, 
such patients may also benefit from an intensification of 
more specific psychological strategies designed to improve 
CPAP adherence such as motivation enhancement therapy 
[59] and cognitive behavioral therapy [60, 61].

19.9  Conclusion

Obstructive sleep apnea is associated with an increased prev-
alence of depression. The recognition of the coexistence of 
these conditions within a given patient is complicated by the 

overlapping nature of their respective symptom profiles. The 
recognition of depression in a patient with an OSA, and an 
appreciation of the interaction between these two conditions, 
is essential for the clinician in the management of such com-
plex patients, including the addressing of barriers to CPAP 
adherence.
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Exposure to trauma can sometimes lead to the development 
of post-traumatic stress disorder (PTSD) for which the pre-
senting symptoms include re-experiencing the trauma, dis-
tressing dreams, flashbacks, hypervigilance, and difficulty 
falling and staying asleep [1]. In the National Comorbidity 
Survey, lifetime prevalence of PTSD was estimated to be 
7.8% [2]. Greater prevalence was noted in sub-populations 
such as men who saw combat and women who experienced 
sexual trauma. In the national Vietnam Readjustment study, 
15.2 of men and 8.5% of women who served in Vietnam 
were found to suffer from PTSD 15 or more years after their 
military service [3]. Among US servicemen and service-
women returning from more recent deployments, prevalence 
rates were estimated to be 31% for men and 27% for women 
[4]. PTSD has been shown to be highly consequential with 
increased risk of developing physical and other mental health 
problems [5] and increased healthcare utilization [6].

Sleep disturbances are considered as hallmark symptom 
of PTSD [7, 8]. Common sleep disturbances in PTSD include 
insomnia and nightmares. There is also evidence that sleep- 
related breathing disorder, parasomnia behaviors, and sleep- 
related movement disorders are more common in patients 
with PTSD [9]. When left untreated, sleep disturbances in 
PTSD can be persistent. In one study, those who experienced 
an avalanche continued to report sleep disturbances at 
16-year follow-up [10]. Moreover, unless the sleep distur-
bances in PTSD are specifically targeted for treatment, those 
can be persistent despite treatment. In a study of 108 active- 
duty US Army soldiers who met criteria for PTSD after at 
least one deployment in support of wars in Iraq and 
Afghanistan, insomnia was the most frequently reported 
symptom before and after treatment for PTSD [[11]]. Among 
participants who did not meet criteria for PTSD, 57% contin-

ued to report insomnia. Similarly, in a Canadian study, cog-
nitive behavioral therapy (CBT) had a favorable impact on 
sleep in patients with PTSD, but a majority of participants 
continued to suffer from residual sleep difficulties after treat-
ment [12]. Furthermore, persistent sleep difficulties were 
associated with more severe symptoms of PTSD, depression, 
and anxiety after treatment. Notably, CBT used in the study 
was not designed specifically to target insomnia symptoms 
but included psychoeducation about PTSD, anxiety manage-
ment techniques, cognitive restructuring, prolonged expo-
sure, and relapse prevention. In contrast, multicomponent 
CBT tailored to treat insomnia, i.e., cognitive behavioral 
therapy for insomnia (CBTi), fares much better in addressing 
sleep disturbances in PTSD [13].

20.1  Treatment Choices in PTSD

Available treatments for PTSD leave much to be desired 
[14]. Only two medications are approved by the Food and 
Drug Administration to treat PTSD, and both of those, sertra-
line and paroxetine, are not known to address the sleep dif-
ficulties in PTSD. Prazosin, which showed promise in early 
studies, failed to outperform placebo in a larger phase 3 trial 
[15]. And antipsychotic agents offer only a modest benefit in 
addressing the sleep difficulties of PTSD [16]. Because of 
the many unappealing side effects associated with the use of 
antipsychotic agents [17], risk-benefit calculus does not 
seem to favor the use of these agents to address sleep diffi-
culties in PTSD in patients who have not developed 
psychosis.

20.2  Sleep Apnea in Patients with PTSD

In a study of 159 veterans of recent conflicts in Iraq and 
Afghanistan, 69.2% screened to be at high risk for obstruc-
tive sleep apnea (OSA) on the Berlin Questionnaire. 
Furthermore, the severity of PTSD symptoms was associated 
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with greater risk for the screening positive for OSA on the 
questionnaire [18]. Notably, even younger and leaner partici-
pants seemed to screen positive on the questionnaire.

Obstructive sleep apnea is consistently more prevalent in 
patients with PTSD across different studies, even though 
prevalence rates vary considerably from one study to another. 
A recent meta-analysis yielded a pooled prevalence rate of 
75.7% in patients with PTSD when using an apnea hypopnea 
index (AHI) cut-off of 5 or more and 43.6% for the AHI cut- 
off of 10 or more. Furthermore, the subgroup analysis indi-
cated that there was a difference in the prevalence of OSA in 
veterans with PTSD compared to non-veterans and mixed 
samples [19]. The meta-analysis also suggested that patients 
with PTSD had lower rates of adherence to CPAP therapy.

20.3  Impact of Positive Pressure Therapy 
on PTSD

The benefits of treating sleep apnea are so well-established 
that ethical concerns prevent withholding treatment for the 
sake of truly randomized trials that would allow definitive 
causal inferences. That said, data at hand suggest that com-
pliance with positive pressure therapy (PAP) for OSA is 
associated with improvement in the severity of PTSD 
symptoms.

20.3.1  Evidence from Retrospective Chart 
Reviews

A retrospective study of 148 veterans with PTSD and newly 
diagnosed OSA, and a control group of those without PTSD, 
suggested that those with PTSD had lesser compliance [20]. 
Both the groups were comparable in their demographic pro-
files, though the rates of depression, nightmares, alcohol, 
and substance abuse issues were predictably greater in the 
PTSD group. Consistent with results from prior studies, 
there was lesser sleep efficiency and greater frequency of 
arousals in the PTSD group. PTSD predicted poorer CPAP 
adherence at 1-month follow-up. The decrease was detected 
in terms of proportion of participants who used CPAP for 
more than 4 hours on at least 70% of the nights, the average 
use per night, and percentage of nights with more than 
4  hours of use. Additionally, nightmares predicted lesser 
treatment adherence at 30-day follow-up, whereas subjective 
sleepiness predicted greater compliance. Though the study 
design does not allow causal inferences, the results do raise 
the possibility that addressing daytime sleepiness with a 
stimulant medication may take away some of the motivation 
for complying with PAP therapy. Reducing the frequency 
and severity of nightmares remains a challenge [21]. As we 
plot our way forward, there may be merit in more focused 

approaches that aim to contain the impact of nightmares on 
PAP adherence.

A second retrospective study examined compliance with 
PAP therapy in active-duty soldiers and, consistent with the 
results from the earlier retrospective chart review, suggested 
that those with PTSD had lesser compliance with PAP ther-
apy [22]. The authors also reported greater use of PAP in 
those taking “sedative” medications, i.e., benzodiazepines, 
non-benzodiazepines, or “atypical” antipsychotic agents, 
and a trend toward higher rate of insomnia among those with 
PTSD. The findings were not surprising in light of a previous 
report that sleep maintenance insomnia predicted poor PAP 
compliance [23]. The retrospective nature of the study was 
an important limitation of the study, but the data suggested 
the possibility that use of sedating medications may help 
improve some of the poor adherence to CPAP therapy in 
those with PTSD.

A third retrospective chart review compared frequency of 
nightmares before and after PAP treatment in 69 veterans 
with PTSD and sleep apnea [24]. The average numbers of 
nightmares per week at the two time-points were 10.32 and 
5.26, respectively. Furthermore, compliance with PAP 
seemed to predict the apparent reduction in the frequency of 
nightmares. Although, in the absence of a control group, 
regression to the mean cannot be ruled out, the magnitude of 
the observed reduction suggests that some of it indeed 
reflects benefit stemming from treatment.

A fourth retrospective chart review examined data from 
96 patients with comorbid sleep apnea and PTSD who failed 
continuous PAP therapy (CPAP) due to expiratory pressure 
intolerance or complex sleep apnea or both and underwent 
manual titration with bilevel-auto or adaptive servo- 
ventilation (ASV) [25] . The two advanced PAP therapies 
were associated with improvement in insomnia severity for 
both compliant and partial users. The investigators called for 
controlled trials to assess the impact of advanced PAP thera-
pies on adherence and sleep and alertness outcomes.

20.3.2  Evidence from Prospective Studies

In a prospective study of combat veterans with PTSD and 
sleep apnea, average duration of PAP usage per night pre-
dicted decrease in the severity of PTSD symptoms after 
3 months of PAP therapy [26]. The results were also notable 
because the two predominant reasons reported for PAP non-
adherence were mask discomfort (33%) and claustrophobia 
(28%). The prospective nature of the study design was an 
important strength, but it was still limited by the lack of a 
control group.

A case-controlled observational cohort study at an aca-
demic military medical center examined 200 consecutive 
patients with PTSD, 50 patients with OSA but without 
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PTSD, and healthy controls without either PTSD or OSA 
[27]. In consistency with the results from retrospective stud-
ies, patients with PTSD were found to be less adherent after 
4 weeks after initiation of PAP therapy. Group differences 
were detected in terms of percentage of nightly use, as well 
as the minutes per night usage. Furthermore, resolution of 
sleepiness and improvements in functional outcomes were 
poorer in the PTSD group even in the subgroup that showed 
comparable adherence. The results need to be interpreted in 
light of the inherent limitation of an observational cohort 
study design, but the study findings call for randomized clin-
ical trials that compare PAP therapy with “enriched” inter-
ventions that combine PAP with pharmacological and 
non-pharmacological interventions.

A second prospective study detected reduction in the 
severity of PTSD symptoms during first 6 months of use of 
PAP therapy [28]. Although severity of PTSD symptoms was 
the primary outcome variable, the study also documented 
low compliance with PAP therapy in the participants. The 
lack of a control group was a notable limitation of the study; 
however, inclusion of newly diagnosed “PAP-naïve” patients 
with sleep apnea was an important innovation. Controlling 
for the “noise” of disease chronicity made the results more 
definitive, yet less generalizable.

In a third prospective study, compliance with PAP over 
6 months predicted decrease in the severity of PTSD [29]. 
The diagnosis of PTSD was made via chart review on basis 
of scores on the PTSD checklist scale [30]. Interestingly, in 
those who scored lower on the PTSD checklist scale, and did 
not meet the cut-off score for the diagnosis of PTSD, poor 
compliance with PAP predicted increase in the severity of 
PTSD symptoms, which possibly reflected disease progres-
sion to overt PTSD. The limitations of the study design pre-
cluded causal inference, but the results provided a strong 
reason for follow-up investigations.

A crossover trial evaluating PAP versus mandibular 
advancement (MAD) demonstrated with PAP was more effi-
cacious than MAD at improving sleep apnea; severity of 
PTSD symptoms improved during both treatment modali-
ties; and the reported adherence to MAD was greater than to 
PAP [31]. The results suggested that MAD offers a viable 
alternative for veterans with sleep apnea and PTSD who are 
nonadherent to PAP.

A recent randomized crossover trial compared auto-titrat-
ing-PAP to SensAwake™, which was described as a wake-
sensing PAP algorithm that lowers pressure in response to 
wakefulness, in treating comorbid sleep apnea and PTSD 
[32]. The assigned treatment was crossed over after 4 weeks. 
After adjustment for the differences in Epworth Sleepiness 
scores at baseline, PAP adherence was greater in SensAwake 
group after 4 weeks, however, SenseAwake by actual assign-
ment did not show any effect on the outcome variables. The 
results seem to reflect a common drawback of the crossover 

trials: i.e. effects of initially assigned treatment can “carry-
over” and alter the response to subsequent treatment/s. Since 
a “washout” was not option, restricting outcome measure-
ments to the latter part of each treatment period may have 
enabled the investigators detect a difference between the 
treatments. The results provide a strong reason to investigate 
SensAwake™ as a way to address pressure intolerance in 
patients with PTSD.

20.3.3  The National Adaptive Trial for PTSD- 
Related Insomnia (NAP)

NAP is a phase 3 clinical trial in PTSD and is sponsored by 
the VA Office of Research and Development (ClinicalTrials.
gov Identifier: NCT03668041). It aims to test three sedating 
medications, i.e., trazodone, eszopiclone, and gabapentin, 
against placebo in addressing the sleep disturbances in veter-
ans with PTSD.  NAP offers important advancements over 
previous phase 3 clinical trials of PTSD, including two that 
are pertinent to this discussion. One, severity of insomnia has 
been chosen as the only primary outcome variable. The usu-
ally chosen outcome variable, the Clinician-Administered 
PTSD Scale (CAPS) score, has been relegated to being one 
of the eight secondary outcome variables. To our knowledge, 
this is the first phase 3 trial that aims to specifically target 
sleep disturbances in PTSD.

Two, uncontrolled sleep-disordered breathing, which the 
investigators are defining as an apnea-hypopnea index of 10 
or more, is part of the exclusion criteria for the NAP trial. 
Given the high prevalence of sleep apnea among patients 
with PTSD, those with sleep apnea will be clinically treated 
to an AHI of less than 10 before they can be randomized to 
one of the study arms. The investigators will continue to 
monitor adherence and response to PAP therapy during the 
randomized phase. This is important since all the three drugs 
under investigation in the NAP trial have been previously 
shown to positively or negatively influence sleep-disordered 
breathing in small clinical trials. It remains to be seen 
whether these advancements become the “industry standard” 
for clinical trials of PTSD.

20.4  Conclusions

PTSD is a common condition with high morbidity and mor-
tality. Sleep disturbances have been called the hallmark 
symptoms in PTSD, but are usually difficult to treat. 
Insomnia, sleep-disordered breathing, and sleep-related 
movement disorders are all more common in patients with 
PTSD than the general population. Furthermore, there are 
data to suggest that PTSD impairs treatment adherence to 
PAP therapy; and successful treatment of sleep apnea con-
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tributes to overall improvement in PTSD symptoms. 
However, ethical concerns preclude withholding treatment 
for sleep apnea for research purposes, which makes it diffi-
cult to ascertain whether treatment of sleep apnea improves 
PTSD symptoms. That said, we still have the option of 
 comparing “enriched PAP plus” treatments against PAP ther-
apy alone. Such enrichment can take the form of pharmaco-
logical and non-pharmacological interventions. Given the 
concerns about the safety of long-term use of benzodiaze-
pines and the so-called “z” drugs, there is merit in investigat-
ing whether short-term use of one of these medications can 
be useful in kick-starting better adherence to PAP. Similarly, 
non-pharmacological interventions such as CBTi need to be 
investigated in combination with PAP therapy. There is also 
a need to systematically investigate whether more advanced 
PAP modes such as the bilevel-PAP are superior to CPAP in 
patients with PTSD and whether this possible superiority 
would justify the additional costs associated with the use of 
advanced PAP modes.

Given the paucity of good treatment options in the treat-
ment of PTSD, it is still reasonable to randomize patients 
with PTSD to placebo or other sham “control” arms. The 
challenges are plenty, but we are encouraged to see insomnia 
severity index as the only primary outcome variable in an 
upcoming phase 3 clinical trial in PTSD.

As the research findings catch up with the clinical need to 
have answers, the clinicians will do well to pay extra atten-
tion to adherence to treatment for OSA in patients with 
comorbid PTSD. For non-psychiatrist sleep medicine practi-
tioners, we recommend working closely with their psychia-
trist colleagues to optimize treatments for patients with 
comorbid OSA and PTSD. For sleep medicine practitioners 
with training in psychiatry, the way forward could be to try 
to treat both the conditions simultaneously with the hope that 
breakthrough in treating one condition will trigger a positive 
spiral.
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Relevance of CPAP in Ophthalmic 
Disease

Tavé A. van Zyl, Bobeck S. Modjtahedi, and Louis T. van Zyl

21.1  Introduction

Obstructive sleep apnea (OSA) is a common condition char-
acterized by repetitive episodes of partial or complete col-
lapse of the upper airway during sleep, leading to hypoxemia 
and recurrent arousal accompanied by sympathoactivation 
[1]. OSA carries many systemic sequelae and has been 
shown to be an independent risk factor for conditions such as 
hypertension and type 2 diabetes mellitus [2, 3]. The gold 
standard for diagnosis and classification of OSA is in-lab 
polysomnography (PSG), which enables quantification of 
obstructive respiratory events during sleep [4]. The apneic- 
hypopneic index (AHI) represents the number of these events 
occurring per hour, where an AHI of 5–15 is considered mild 
OSA, 15–30 moderate OSA, and >30 severe OSA. The first- 
line therapy for OSA is continuous positive airway pressure 
(CPAP).

Given its wide-ranging implications on vascular health 
and tissue oxygenation, OSA’s potential impact on the eye – 
a highly metabolic, vascularized extension of the central ner-
vous system  – seems intuitive and has been the focus of 
extensive investigation [5–7]. In this chapter, we will briefly 
review the most commonly described associations between 
OSA and ophthalmic disease, with a particular emphasis on 
the potential for CPAP to mitigate the incidence and morbid-
ity of these ophthalmic conditions. We will also discuss 
potential ocular adverse effects associated with CPAP use 
and considerations on how to approach these in patients in 
whom CPAP is indicated.

21.2  Ophthalmic Disease Associations 
with Obstructive Sleep Apnea 
and the Role of CPAP

21.2.1  Non-arteritic Anterior Ischemic Optic 
Neuropathy (NAION)

NAION is a non-inflammatory, non-vasculitic microvascular 
infarction of the anterior portion of the optic nerve [8]. 
Endothelial dysfunction and impaired autoregulation of the 
posterior ciliary arteries supplying this tissue have been 
implicated in its pathogenesis, which remains incompletely 
understood [9]. Major risk factors include increased age, 
male sex, white race, hypertension, diabetes (with evidence 
of end organ damage), and hypercoagulable states [10]. A 
structurally crowded optic disc, characterized by a small 
cup-to-disc ratio, has also been recognized as a key predis-
posing factor [11].

Evidence supporting a significant association between 
NAION and OSA consists of several case-control studies, as 
well as both prospective and retrospective cohort studies, 
reporting either an increased prevalence of OSA among 
NAION patients or increased incidence rates of NAION 
within OSA cohorts [12–19]. These studies are systemati-
cally reviewed elsewhere [5, 7].

The role of CPAP therapy in reducing the risk of NAION 
was explored in a large, retrospective cohort study utilizing 
billing records of 2,259,061 individuals within a managed 
care network in the United States [20]. After adjusting for 
confounding influences, the authors found that patients with 
OSA receiving CPAP therapy did not have an increased haz-
ard for NAION compared to patients without OSA, while 
those with untreated OSA had a 16% increased hazard of 
NAION (HR 1.16; 95% CI, 1.1 to 1.33). While neither OSA 
severity nor CPAP adherence was addressed in this study, the 
documentation of CPAP therapy in the medical record 
appeared to demonstrate a protective effect.

CPAP non-adherence, defined as CPAP use for ≤3 hours 
per night, has been identified as a strong risk factor for 

21

T. A. van Zyl (*) 
Department of Ophthalmology and Visual Science, Yale School of 
Medicine, New Haven, CT, USA
e-mail: tave.vanzyl@yale.edu 

B. S. Modjtahedi 
Department of Ophthalmology, Southern California Permanente 
Medical Group, Baldwin Park, CA, USA 

L. T. van Zyl 
Queen’s University, Kingston, ON, Canada

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93146-9_21&domain=pdf
https://doi.org/10.1007/978-3-030-93146-9_21#DOI
mailto:tave.vanzyl@yale.edu


220

second eye involvement in NAION. In a prospective cohort 
study of 89 patients with a history of NAION in one eye and 
PSG-confirmed OSA, Aptel and colleagues found an 
increased risk of bilateral sequential NAION among patients 
with severe OSA (AHI >30) who were noncompliant with 
CPAP treatment (HR 5.54, P = 0.04) [17]. Similarly, Chang 
and colleagues’ retrospective chart review (n  =  119) of 
patients with unilateral NAION reported significantly ele-
vated risk of second eye involvement among CPAP non- 
adherent patients with either moderate (AHI ≥15) or severe 
(AHI >30) OSA (HR 4.50, P = 0.0015) [21].

21.3  Papilledema and Idiopathic 
Intracranial Hypertension (IIH)

Papilledema refers to optic disc edema resulting from ele-
vated intracranial pressure of any etiology. IIH, the idio-
pathic form of pseudotumor cerebri, is a vision- threatening 
condition characterized by increased intracranial pressure 
in the absence of identifiable cause (such as tumor, dural 
venous thrombosis, medication, etc.), leading to compres-
sion of the optic nerves by cerebrospinal fluid (CSF) within 
their optic sheaths [22]. Untreated IIH can result in optic 
nerve atrophy and irreversible vision loss. Typical symp-
toms include headache (often worse in the morning), pul-
satile tinnitus, and transient visual obscurations. The 
majority of adult IIH patients are overweight females of 
childbearing age; in pediatric populations, the association 
with gender and obesity remains significant only in puber-
tal patients [23].

Evidence linking OSA with papilledema and IIH is 
derived from small case series, retrospective cohorts, and 
observational studies [20, 24–28], which have been reviewed 
elsewhere [7]. The hypothesized mechanism by which OSA 
promotes papilledema, supported by evidence from studies 
utilizing invasive nocturnal CSF monitoring, is that hyper-
capneic cerebral vasodilation leads to decreased vascular 
resistance and secondarily increased intracranial blood vol-
ume which raises intracranial pressure (ICP) [29, 30]. 
Additionally, the increased systemic blood pressure, heart 
rate, and sympathetic tone associated with termination of an 
obstructive respiratory event has also been associated with a 
spike in ICP [31]. Even intermittently elevated nocturnal ICP 
can lead to papilledema [28].

Stein et  al.’s previously mentioned retrospective cohort 
study of 2.2 million individuals within a managed care net-
work in the United States found increased hazard of both 
papilledema and IIH among patients with OSA [20]. When 
patients with OSA were separately compared to non-OSA 
patients based on CPAP treatment status, the authors found 
that those with treated OSA had a lower hazard of develop-
ing IIH (adjusted HR 1.50 [95% CI 0.56 to 4.03]) than those 

with untreated OSA (2.03 [95% CI 1.65 to 2.49). In contrast 
to the protective effect of CPAP seen in IIH, and also in con-
trast to a smaller case series reporting resolution of papill-
edema with CPAP therapy [24], CPAP did not appear 
protective for papilledema in this cohort: when compared to 
patients without OSA, the hazard for developing papilledema 
was higher in patients with treated OSA than in patients with 
untreated OSA (adjusted HR 2.05 [95% CI 1.19 to 3.56] for 
treated versus 1.29 [95% CI 1.10 to 1.50] untreated). These 
observations must be interpreted with caution, as the treated 
and untreated OSA cohorts were not compared to each other, 
but rather to the control cohort without OSA.  The lack of 
CPAP adherence data or OSA severity classification renders 
these results even more difficult to interpret; for example, it 
is possible that if OSA patients had higher baseline AHI val-
ues than untreated OSA patients, then poor CPAP adherence 
within this group may have resulted in more papilledema, 
thereby skewing the results. Despite these gaps, the observa-
tions support the primary observation of increased risk of 
IIH and papilledema among all OSA patients, regardless of 
treatment status.

21.3.1  Diabetic Retinopathy (DR)

Diabetic retinopathy and diabetic macular edema are leading 
causes of visual impairment and blindness in working-age 
adults and represent common microvascular complications 
of diabetes mellitus (DM) [32]; one in three patients with 
DM has a form of DR [33]. OSA and DM share many over-
lapping risk factors, the most prominent one being obesity. 
Patients with DR have been found to have higher rates of 
OSA than those without DR, and patients with OSA and DM 
are more likely to develop DR or experience more rapid pro-
gression [6, 34].

Over the past decade, a few clinical studies have addressed 
the role of CPAP therapy in mitigating DR risk or DR sever-
ity. In an observational, prospective longitudinal study of 
230 patients with DR (as graded by retinal photographs) and 
OSA (diagnosed by home PSG), Altaf and colleagues identi-
fied OSA as an independent risk factor for DR progression 
(odds ratio, 5.2; 95% CI confidence interval, 1.2–23.0; 
P = 0.03) [35]. While not a focus of the study, the authors 
report that patients with high CPAP compliance, defined as 
≥4 hours per night on >70% of nights, had lower rates of 
progression to advanced DR than untreated or noncompliant 
groups. Notably, the sample size available for this sub- 
analysis was very limited: among 164 patients in the analy-
sis, 38 patients had moderate to severe OSA, and only 15 
were CPAP-compliant.

A small, prospective, uncontrolled study of 54 eyes of 
28 patients examined whether CPAP compliance was asso-
ciated with visual acuity outcomes in OSA patients with 
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DR and clinically significant macular edema [36]. High 
CPAP compliance was defined as continuous use of 
≥2.5  hrs./night as determined via the CPAP machine’s 
internal recording device. Clinically significant macular 
edema was defined as macular edema involving the fovea 
as documented on optical coherence tomography (OCT) 
and OSA by an oxygen desaturation index (ODI) ≥10 or 
AHI ≥15. A multivariate analysis controlling for duration 
of diabetes and systolic blood pressure showed that after 
6 months of therapy, high CPAP compliance was associ-
ated with improvement in visual acuity versus low compli-
ance (mean change in logMAR –0.11, 95% CI –0.21 to 
−0.002; p = 0.047). No statistical differences were noted 
between the groups in terms of anatomical improvement 
(measured by central subfield thickness on OCT) or DR 
severity score.

The positive results reported by Mason et al. were not 
replicated in a larger, multicenter, randomized control trial, 
the Retinopathy and concurrent Obstructive Sleep Apnoea 
(ROSA) trial (ISRCTN number 95411896) [37]. In this 
study, 131 patients with severe OSA (ODI ≥20 or AHI 
≥30) and central macular edema were randomized to either 
standard ophthalmic care with nasal CPAP or standard oph-
thalmic care without CPAP, over a 12-month period. In 
multivariate analysis, there was no statistically significant 
improvement in visual acuity or change in macular thick-
ness or DR severity among patients in the CPAP group ver-
sus control. During the study period, CPAP download data 
revealed overall poor compliance rates at each of the time 
points (3, 6, 12 months), where less than 30% of patients 
demonstrated ≥4  hours of continuous on ≥60% of the 
nights.

21.3.2  Retinal Vein Occlusion (RVO)

Venous occlusive disorders of the retina, characterized by 
impaired venous return from the retinal circulation, represent 
the second leading cause of retinal vascular blindness after 
diabetic retinopathy [38]. RVOs are classified based on loca-
tion of the obstruction, i.e., branch retinal vein occlusion 
(BRVO), hemiretinal vein occlusion (HRVO), or central reti-
nal artery occlusion (CRVO). While age and typical athero-
sclerotic risk factors have been associated with all types of 
RVOs, compression of a retinal venule by a thickened and 
sclerotic arteriole at a crossing point within the retina is most 
often implicated in cases of BRVO, whereas additional risk 
factors such as hypercoagulable states or glaucoma may play 
a more prominent role in HRVO and CRVO.

Given the relationship between systemic vascular risk 
factors and RVO, OSA’s proposed contributions to endo-
thelial dysfunction, hemodynamic changes, and a pro- 
inflammatory milieu are likely to extend to the retinal 

vasculature. Indeed, significantly increased prevalence (up 
to 96%) of OSA has been reported among patients with 
RVO to the point that it has been suggested that all patients 
with RVO should be screened for OSA [39–42]. In a retro-
spective matched cohort study of 5965 patients with OSA 
and 29,669 controls, Chou and colleagues reported an 
adjusted hazard ratio of 1.94 (95% CI 1.03 to 3.65) of inci-
dent RVO [43]. The role of CPAP therapy and its influence 
on incidence rates or severity of RVO has not been 
reported.

21.3.3  Central Serous Chorioretinopathy (CSC)

CSC is an incompletely understood retinal condition char-
acterized by focal, serous detachment of the retina associ-
ated with dysfunction of the underlying retinal pigment 
epithelium and thickened choroid [44]. Patients with CSC 
are typically working-aged males with type A personalities 
in high stress occupations, who present to clinic with new 
onset blurry and/or distorted central vision in one or both 
eyes. While acute episodes of CSC typically resolve with-
out treatment within 4 months, chronic CSC is not rare and 
may lead to permanent scarring in the retina. Although the 
precise pathophysiology remains unknown, a prominent 
role for glucocorticoids and mineralocorticoids has 
emerged. Additional risk factors include smoking, emo-
tional stress, systemic or topical steroid use, diseases with 
increased endogenous steroids, alcohol use, pregnancy, and 
untreated hypertension.

Numerous case-control studies and case series have 
explored the link between OSA and CSC, with conflicting 
results. In a systematic review and meta-analysis including 
7238 patients (1479 with CSC and 5759 controls) from 6 
studies, Wu and colleagues found that patients with CSC 
were more likely to have OSA (odds ratio, 1.56; 95% CI, 
1.16–2.10) [45]. In a subsequent, population-based cohort 
study, Pei-Kang and colleagues analyzed records from 
10,753 OSA patients (confirmed with PSG) and 322,590 
control subjects in the Taiwan National Health Insurance 
Database [46]. After adjusting for age, gender, residency, 
income level, and comorbidities, the investigators found a 
significantly higher incidence rate of CSC in OSA patients 
compared with control participants (adjusted incident rate 
ratio for probable SA: 1.2 [95% CI: 1.1–1.4], P < 0.0001). 
The investigators further examined the role of CPAP therapy 
by dividing the OSA cohort into those with documentation 
of CPAP titration versus those without. They found that 
those in the CPAP group had a significantly decreased CSC 
incidence rate compared to those in the non-CPAP group 
(adjusted IRR [95% CI]: 0.5 [0.4–0.6], P < 0.0001). Due to 
the nature of the study, the investigators did not control for 
CPAP compliance or OSA severity.
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21.3.4  Glaucoma and Intraocular Pressure 
(IOP)

Glaucoma represents a heterogeneous group of ophthalmic 
diseases characterized by a final common pathway of pro-
gressive excavation and degeneration of the optic nerve and 
characteristic visual field defects, which can lead to  blindness 
[47]. Raised intraocular pressure (IOP), while not a diagnos-
tic criterion, is associated with disease progression and 
remains the only modifiable risk factor.

Considerable controversy exists in the literature regarding 
the association between glaucoma (both normal-tension and 
high-tension types) and OSA.  The largest studies to date 
examining this association have reported negative results 
[20, 48]; a recent systematic review determined that there 
was insufficient evidence to support a causative association 
[7]. Conflicting findings among other studies can be attribut-
able to their small sample size, lack of PSG-based diagnosis, 
and failure to control for confounding variables. Identifying 
the relationship between OSA and glaucoma is made chal-
lenging by glaucoma’s incompletely understood mecha-
nisms and difficulty adjusting for confounders. Although 
Stein and colleagues found a relationship between OSA 
(regardless of treatment status) and glaucoma on univariate 
analysis, this relationship was not statistically significant 
after adjusting for confounding variables. The authors also 
specifically explored an association between normal-tension 
glaucoma and OSA but did not find one in either their 
adjusted or unadjusted models.

There is less work published regarding the role of CPAP 
therapy on glaucoma and IOP.  In a unique interventional 
case series, Kiekens and colleagues measured diurnal IOP 
(i.e., every 2 hours throughout a 24-hour period, with patients 
always in a supine position) in 21 patients with newly diag-
nosed sleep apnea who had an AHI >20 and microarousal 
index ≥30 [49]. One of these patients carried a pre-existing 
diagnosis of glaucoma (normal tension type) with advanced 
visual field loss, and four additional patients were found on 
screening ophthalmic exam to have baseline IOP above sta-
tistically normal levels (i.e., ocular hypertension). One 
month after CPAP initiation, mean IOPs were significantly 
higher than at baseline. The authors also found significant 
nocturnal IOP elevation among all patients during CPAP 
application, which resolved 30 minutes following removal of 
the CPAP device. Shortcomings of this study included its 
small sample size and lack of control group. It is also unclear 
how much the CPAP mask itself contributed to IOP elevation 
versus the positive airway pressure and whether different 
masks may have different effects on IOP.  Finally, IOP 
homeostasis is known to be impaired in patients with ocular 
hypertension and/or glaucoma; therefore, observations in 
normal subjects cannot be applied to or mixed with those in 
patients with the disease.

To further address the purported effect of CPAP on IOP, 
Cohen and colleagues performed a prospective study in 51 
newly diagnosed OSA patients without glaucoma [50]. 
While the investigators observed nocturnal elevation of IOP 
in both CPAP and non-CPAP groups, there was no statisti-
cally significant difference between groups. The suggestion 
that OSA itself (independent of CPAP use) raises nocturnal 
IOP beyond expected levels is consistent with findings from 
Carnero, who found nocturnal IOP elevation in 20 non- 
glaucomatous patients with OSA who were not receiving 
CPAP in a prospective study using continuous IOP monitor-
ing using a contact lens sensor [51]. Further studies are 
needed to clarify the association between OSA, IOP, and 
CPAP.

21.4  Ophthalmic Adverse Events 
and Considerations in Patients 
on CPAP Therapy

21.4.1  Dry Eye and Floppy Eyelid Syndrome

Dry eye syndrome is a very common ophthalmic condition 
with that increases in prevalence with age [52]. Symptoms 
include burning sensation, tearing, grittiness, foreign body 
sensation, and blurred vision that improves with blinking. 
The pathophysiology is multifactorial, and both systemic 
and environmental factors play a role. While there is very 
little published evidence that appropriate CPAP use directly 
worsens dry eye symptoms, there are a few relevant aspects 
to consider in patients with OSA on CPAP.

First, an ill-fitting CPAP mask may leak air and direct it 
toward the eyes, leading to evaporative desiccation of the 
ocular surface, especially in patients with nocturnal lagoph-
thalmos. In extreme cases, this may lead to severe corneal 
and conjunctival infections [53].

Second, normal anatomy is such that a patent nasolacri-
mal system connects the nasal passages to the tear ducts, 
which are situated in the medial aspects of the eyelid margin; 
retrograde pressurized air flow may in this situation be 
directed toward the ocular surface even in the absence of 
mask leaks. This has been described in a case series and 
termed CPAP-associated retrograde air escape via the naso-
lacrimal system (CRANS) [54]. While CRANS is rare in 
patients with normal anatomy, up to 70% of patients who 
have had surgery to address epiphora (i.e., dacryocystorhi-
nostomy, DCR) commonly experience nasolacrimal air 
regurgitation, and this may significantly impact CPAP com-
pliance rates [55]. A cadaveric model study was unable to 
replicate CRANS in unoperated nasolacrimal systems at 
pressures as high as 30 cm H2O; in post-surgical models, the 
authors found that initial pressures of 16  cm H2O were 
required to cause air regurgitation [56]. Once air regurgitation 
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was achieved, the CPAP pressure could be reduced to 
6.5–8 cm H2O to maintain air flow through the system.

Finally, floppy eyelid syndrome (FES) is a condition in 
which severe lid laxity leads to nocturnal lagophthalmos and 
ocular surface disease. While FES is not common in patients 
with OSA, patients with FES have been noted to have an 
increased incidence of OSA; FES can be diagnosed  relatively 
easily in the office with a simple physical exam and should 
be considered in OSA patients with dry eye complaints. 
Evidence for the association between FES and OSA is 
reviewed elsewhere [37].

21.4.2  Postoperative Considerations After 
Ophthalmic Surgery

Patients who have undergone intraocular surgery, such as 
cataract extraction, glaucoma surgery, or vitrectomy, are 
most likely to present with vision-threatening bacterial intra-
ocular infections (i.e., endophthalmitis) within the first 
7  days postoperatively [57]. While rare, endophthalmitis 
usually leads to devastating loss of vision and, in some cases, 
loss of the eye. The risk of bacterial seeding is highest prior 
to epithelialization of the incisions and also if they are com-
promised mechanically. It is not uncommon for ophthalmic 
surgeons to recommend a CPAP hiatus immediately postop-
eratively for up to 7  days; joint management with a sleep 
specialist is ideal in these situations. While there are no 
reports in the literature of early postoperative endophthalmi-
tis directly attributable to CPAP use, a case of late-onset 
endophthalmitis due to S. mitis was reported in a patient with 
a history of glaucoma surgery (trabeculectomy) using CPAP 
[58]. This case highlights the important point that patients 
with a history of incisional glaucoma surgery, especially tra-
beculectomy with adjunctive use of mitomycin C, are at life-
long risk of devastating infection, and any chronic therapy or 
habits must be carefully considered.

21.5  Conclusion

OSA has been linked to a variety of ophthalmic conditions 
that affect tissues fundamentally important for vision includ-
ing the optic nerve and retina. Many of these conditions 
share common risk factors with OSA or may represent mani-
festations of similar pathogenic pathways. While evidence 
supporting the use of CPAP to reduce the risk or severity of 
these conditions is insufficient for a class 1 recommendation, 
this does not preclude a general discussion about the poten-
tial ocular health benefits of treating OSA and adopting 
healthy lifestyle habits. As many patients consider blindness 
to be the worst ailment that could happen to them relative to 
losing memory, speech, hearing, or a limb [59], educating 

them about the potential sight-threatening conditions that are 
often comorbid with OSA may provide further impetus for 
adherence with therapy.
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CPAP Adherence and Bariatric Surgery 
Patients

Raed Hawa

22.1  Apnea and CPAP

Obstructive sleep apnea is a common disorder affecting 
3–9% of the general population and is well demonstrated to 
be a risk factor for resistant hypertension, cardiovascular dis-
ease, neurological disease, and all-cause mortality [1]. OSA 
has known effects on decreasing economic outcomes and 
worsening quality of life and is also a source of daytime 
somnolence, fatigue, and motor vehicle accidents [1, 2]. 
Since the pervasive health effects of untreated OSA are so 
well described, practice parameters published by the 
American Academy of Sleep Medicine (AASM) recommend 
that CPAP should be considered as both a first-line and gold- 
standard treatment for OSA; many prominent published 
studies make similar statements [3–5].

Despite numerous advances in CPAP machine dynamics 
including quieter and lighter pumps, softer masks, and 
improved portability, use of CPAP continues to be a problem 
frequently encountered in clinicians’ offices and sleep clin-
ics, with adherence rates generally ranging from 30% to 60% 
[6, 7]. There are many reasons for this problem including 
feeling uncomfortable using a machine or wearing a mask, 
lack of convenience dealing with machine and tubings, 
claustrophobia, and cost [2]. It is also observed that many 
patients who initially struggle with adherence frequently 
remain nonadherent and eventually abandon the machine 
altogether, with consequent return of symptoms and OSA- 
specific adverse consequences.

22.2  Apnea and Obesity

The prevalence of obstructive sleep apnea (OSA) in obesity 
ranges from 39% to 98% [8–11]. The highest rates are seen 
in those with a body mass index (BMI) >40  kg/ m2 [11]. 
Prevalence rates and measures of disease severity (apnea- 
hypopnea index, oxygen desaturations) increase several 
folds with increasing weight and BMI.

Box 22.1: Clinical Vignette
Rebecca is a 45-year-old married woman who has a 
long-standing history of obesity. She is 5′3″ and 235 
lbs. (BMI  =  41.6  kg/m2). She has hypertension and 
type II diabetes, as well as recurrent knee problems 
and a history of a major depressive disorder. She has 
constantly felt tired and depressed during the day, and 
her antidepressant medication was of modest help. 
Because of concerns about her weight contributing to 
her health problems, including knee difficulties and 
diabetes, she was referred to a surgeon for possible 
consideration of bariatric surgery. Before considering 
surgery, the surgeon wanted her to be screened for 
obstructive sleep apnea.

On referral, she completed an overnight polysom-
nogram that showed an apnea-hypopnea index (AHI) 
of 85 events per hour, with oxygen saturation dropping 
to a minimum of 81% during a total sleep time of 
5 hours and 49 minutes. Events were more severe in 
REM sleep. After discussing these results with her 
sleep specialist, she was started on a trial of CPAP that 
seemed to help subjectively. Rebecca had a CPAP titra-
tion study that demonstrated optimal apnea control at a 
pressure of 12 cmH2O.

After having bariatric surgery and adjusting her 
diet, Rebecca went on to lose 70 lbs. bringing her 
weight down to 165 lbs. with a BMI of 29.2 kg/m2. At 
times, she felt the CPAP machine was getting cumber-
some and was blowing too much air for her, so she 
stopped using it 5  months postoperatively. At the 
advice of her family doctor, she visited the sleep spe-
cialist to consider her options.
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Among patients being considered for bariatric surgery, 
the prevalence of OSA ranges between 64% and 100% [12–
18]. Increasing BMI, age, and male gender have been sug-
gested as predictors of likelihood of OSA in bariatric surgery 
candidates [12]. STOP-Bang is a validated tool that is com-
monly used for apnea screening in patients with obesity or 
patients considered for bariatric surgery [19]. Research has 
found that OSA improved following surgical weight loss but 
not necessarily resolved OSA [14].

22.3  CPAP and Bariatric Surgery Patients

CPAP adherence is a challenge in the management of apnea 
in patients undergoing bariatric surgery, similar to CPAP 
adherence challenges experienced in the general population 
who have OSA. Unfortunately, literature on CPAP adherence 
in the bariatric population is sparse. Available literature 
reports lower rates of CPAP adherence in the bariatric patient 
cohorts that in the general OSA population [20, 21].

A study demonstrated that in an urban tertiary care aca-
demic medical center, a high proportion of presurgical 
patients that underwent polysomnographic evaluation had 
severe OSA [20]. Overall CPAP use during the first 30 days 
of perioperative period was extremely low compared to 
known CPAP adherence at their institution, as well as com-
pared to the reported national averages of 4.7 hours/night.

Another study evaluated 349 patients referred for poly-
somnography (PSG) prior to bariatric surgery and found that 
33% of the patients had severe apnea, 18% had moderate 
apnea, 32% had mild apnea, and 17% had no apnea [21]. At 
a median of 11  months after bariatric surgery, mean body 
mass index (BMI) was reduced to 38 +/− 1 kg/m2 (P < 0.01 
vs 56 +/− 1  kg/m2 preoperatively), and the mean RDI 
decreased to 15 +/− 2 (P < 0.01 vs 51 +/− 4 preoperatively) 
in 101 patients who underwent postoperative PSG. However, 
the use of CPAP machine had declined with the number of 
patients using CPAP reducing from 83 patients preopera-
tively to 31 patients approximately 1 year postoperatively.

A prospective study was conducted of 25 severely obese 
patients (17 men, 8 women with average BMI of 52.7 kg/m2) 
with paired diagnostic PSG and questionnaire studies; the 
first prior to bariatric surgery and the second at least 1 year 
later [22]. Patients with a moderate sleep apnea and a base-
line apnea-hypopnea index (AHI) >25 events per hour were 
included. The second PSG study was conducted at least 
1 year after surgery, and mean percentage of excess weight 
loss and actual weight loss were 50.1+/−15% (range 
24–80%) and 44.9+/−22 kg (range 18–103 kg), respectively. 
There was a significant fall in AHI from 61.6+/−34 to 
13.4+/−13, improved sleep architecture with increased REM 
and stage III and IV sleep, and decreased daytime sleepiness. 
CPAP use decreased from 14 patients preoperatively to 4 
patients at the final annual follow-up. Overall, CPAP use 

appeared to decline dramatically in the months following 
bariatric surgery as weight loss goals were achieved.

Another study showed that 36% of the patients showed 
good compliance to CPAP (more than 4 hours for at least 
70% of the nights) in the month prior to bariatric surgery 
[23]. Patients who were older were more compliant. A fol-
low- up study of 121 patients who were diagnosed with OSA 
and prescribed CPAP prior to bariatric surgery showed that 
roughly half of the patients were compliant with CPAP prior 
to surgery and only 15 patients continued to use CPAP with 
only 2 patients followed up for a repeat sleep study. Possible 
reasons suggested for nonadherence included nasal discom-
fort, cost, and lack of knowledge [24].

In one retrospective cross-sectional study of 826 bariatric 
patients screened for OSA between 2013 and 2015, patients 
used their CPAP >75% of the nights, and the mean usage was 
4  hours +/− 2  hours [25]. Humidification of the CPAP 
machine (and not CPAP pressure, OSA severity, demograph-
ics, or anthropometrics) was the only factor associated with 
increased CPAP adherence.

22.4  Promoting CPAP Adherence

Factors: Sawyer [26] summarized a number of studies to bet-
ter understand patients’ decisions to adhere to CPAP treat-
ment and was able to identify a number of factors that 
influence or predict CPAP use. These studies can be catego-
rized as examining the following factors: (1) disease and 
patient characteristics (disease severity, sleepiness; mood, 
race); (2) treatment titration procedures (AutoPAP); (3) tech-
nological device factors and side effects (heated humidifica-
tion and claustrophobia); and (4) psychological and social 
factors (self-efficacy, outcome expectation, risk perception, 
and presence of partner).

Intervention: Based on the clinical experience of sleep spe-
cialists working in the area of sleep medicine and the available 
literature [6, 27–31], critical components of intervention strat-
egies to promote CPAP adherence in the OSA population 
include (1) patient education about OSA, including diagnostic 
information, symptoms, CPAP treatment, and treatment 
response; (2) guidance for troubleshooting common problems 
and experiences with CPAP; (3) assisted initial exposure to 
CPAP; (4) inclusion of support person(s) during early treat-
ment education and exposure (e.g., spouse, bed partner, social 
support); (5) interface opportunities with other CPAP-treated 
OSA persons; and (6) follow-up during first weeks of CPAP 
treatment including medical follow-up and other behavioral 
interventions (cognitive therapy, motivational therapy). 
Although these components are based on a relatively small 
number of intervention studies in adult samples, there is con-
sistency from these studies to support these components.

In addition to the above strategies, and based on the lim-
ited literature available [23–25] and cited in this chapter, spe-
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cific intervention approaches to promote more CPAP 
adherence in the bariatric patient population include (1) the 
use of autotitrating PAP units for apnea treatment of bariatric 
patients; (2) the use of a humidification system for the PAP 
machine; (3) making sure that the level of apnea is reas-
sessed post surgery to ensure appropriate treatment as needed 
(decrease pressure requirements post weight loss); (4) 
 education to improve knowledge; and (5) support and fol-
low-up of patients post bariatric surgery.

22.5  Why APAP?

OSA severity has been shown to decrease significantly with 
surgical weight loss where it is reported that a 10% weight 
reduction leads to around 26% reduction in the respiratory 
disturbance index [32]. Also CPAP requirements do decrease 
as the patients lose weight post surgery – mostly in the first 
year post bariatric surgery. This is notable, as prior CPAP 
settings may be higher than required to ablate residual sleep 
disordered breathing following weight loss. Intolerance to an 
inappropriately high pressure may promote abandonment of 
therapy. Ultimately, a multi-pronged approach to optimizing 
sleep in this population, focusing on sleep quantity, quality, 
and CPAP adherence, may improve clinical outcomes. Since 
CPAP pressure requirements change considerably in bariat-
ric surgery patients undergoing rapid weight loss, autotitrat-
ing PAP devices have promise for facilitating the management 
of CPAP therapy during this time. Consideration should be 
given to the use of autotitrating PAP units as the treatment of 
choice in these patients [33, 34].

22.6  Conclusion

CPAP adherence is a challenge in the management of 
obstructive sleep apnea (OSA), particularly in patients 
undergoing bariatric surgery. Literature on CPAP adherence 
in this population is sparse; however it suggests that CPAP 
use appears to decline dramatically in the months following 
bariatric surgery. Critical components of intervention strate-
gies have been proposed and are shared in this chapter to 
promote CPAP adherence in this population.
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CPAP Adherence in Pregnancy

Ela Kadish and Noah Gilad

23.1  Sleep Disorders in Pregnancy

Alteration in sleep is a common finding among pregnant 
women, and many women complain about changes in sleep 
duration and quality which can be a result of changes in sleep 
patterns and physiological changes associated with preg-
nancy. The sleep pattern changes are associated with sleep 
fragmentation and can predispose pregnant women to the 
development of sleep disordered breathing (SDB) [1, 2]. 
Non-respiratory physical changes, such as weight gain, can 
also result in the development of SDB as it increases the 
prevalence of obesity in pregnant women, which in turn 
increase the risk of developing OSA.

The exact prevalence of SDB in pregnancy, diagnosed 
by polysomnography (PSG), is not established. Large pro-
spective studies with precise definitions of SDB and esti-
mated prevalence are lacking. That said, many studies have 
shown an increase incident of snoring, nocturnal hypox-
emia, and obstructive sleep apnea (OSA) among pregnant 
women [3–9].

The diagnosis of OSA is obtained by the demonstration of 
at least five obstructive respiratory events (apneas, hypop-
neas, or respiratory effort-related arousals) per hour of sleep 
in the presence of sleep-related symptoms or comorbidities 
or 15 or more obstructive respiratory events per hour of sleep 
[10]. Clinically, OSA is manifested by the occurrence of 
daytime sleepiness, loud snoring, witnessed breathing inter-
ruptions, or awakening due to gasping or choking.

The prevalence of OSA with apnea-hypopnea index 
(AHI) greater than 5 has been reported to be 3.6% in early 
pregnancy and 8.3% in mid-pregnancy [9].

Many studies suggest that snoring occurs in 14% to 45% 
of pregnant women [3–5] as opposed to 4% of premeno-
pausal, nonpregnant women. A study of 502 pregnant women 

found that 23% of the study population reported regular 
snoring [6]. Since it has been shown that women in general 
tend to under-report snoring on questionnaires [11], these 
numbers may well be an underestimation of the true inci-
dence of snoring among pregnant women.

Marked nocturnal hypoxemia (SaO2 of less than 95%) 
was demonstrated in a study involving 28 pregnant normo-
tensive and hypertensive women at more than 35 weeks ges-
tation [8].This result is consistent with previous findings that 
showed a small but significant reduction in SaO2 during 
pregnancy at the third trimester, compared with postpartum 
studied in the same individuals [7].

Symptoms of daytime hypersomnolence increase pro-
gressively during pregnancy [12–14] with reported abnor-
mally high Epworth Sleepiness Scale (ESS) scores in close 
to 25% of pregnant women [14].

23.2  Chemical/Hormonal Changes During 
Pregnancy

During pregnancy, the respiratory system changes to meet 
the increased demand. These changes include hormonal, 
mechanical and volume adaptations, and may be the under-
lying cause of SDB.

23.2.1  Chest and Volume Changes

The functional residual capacity (FRC) is reduced by approx-
imately 20% due to the rising diaphragm position that is 
being pushed upward by the enlarged uterus [15–17]. This 
reduction with the combination of the physiological FRC 
reduction during sleep can cause decreased oxygenation 
which worsens the arterial/oxygen gradient [18]. During 
pregnancy, a compensatory mechanism mediated by proges-
terone elevation causes a right shift of the oxyhemoglobin 
desaturation curve, which may improve oxygenation tempo-
rarily [19].
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In keeping with the upregulation of central respiratory 
drive, there is increased diaphragmatic effort leading to 
greater negative inspiratory pressures at the level of the upper 
airway. This may be related to an increased tendency for the 
upper airway to collapse during sleep [17].

Potential desaturations that can occur in the supine posi-
tion may be secondary to positionally induced changes in 
cardiac output and/or early airway closure during tidal 
breathing secondary to reduced pharyngeal size and increased 
airway collapsibility [20].

23.2.2  Hormonal Changes

While progesterone improves placental oxygenation, it also 
markedly upregulates ventilatory drive at the level of the 
central chemoreceptors that lead to respiratory alkalosis 
which can cause central apneas during non-rapid eye move-
ment sleep [18]. In addition, prostaglandin F2α increases 
airway resistance by bronchial smooth muscle and may 
cause relative bronchoconstriction [20].

23.2.3  Upper Airway Changes

Reduced pharyngeal dimensions during pregnancy has been 
demonstrated using the Mallampati score [21]. Patency of 
the upper airway is well-known to be an important predictor 
of the presence and severity of SDB, with reduced dimen-
sions of the pharynx being strongly associated with obstruc-
tive sleep apnea [22]. In addition, there are significant 
changes to the mucosa of the nasopharynx and oropharynx 
during pregnancy. The mucosal changes in the upper airway 
include hyperemia, edema, leakage of plasma into the 
stroma, glandular hypersecretion, increased phagocytic 
activity, and increased mucopolysaccharide content. All of 
these result in nasal congestion, often called rhinitis of preg-
nancy, that can worsen OSA symptoms [23].

23.3  The Effects of Sleep Disorders 
on Pregnancy Outcomes

The association between SDB symptoms and adverse gesta-
tional outcomes has been consistently demonstrated over 
multiple studies and is correlated with gestational hyperten-
sive disorders [3–6, 24], preeclampsia [6], and gestational 
diabetes [25]. In addition, preexisting sleep-related hypoven-
tilation has shown to potentially impose additional stress on 
pregnant woman and the fetus [26]. Therefore, accurate 
diagnosis and quick intervention are crucial in order to 
improve maternal and fetal outcomes.

23.3.1  Endothelium Insult

Pregnancies complicated by OSA are at an increased risk 
for preeclampsia and hypertensive disorders [4–6, 27, 28]. 
Periods of hypoxia and hypercapnia in OSA result in sym-
pathetic activation, with elevated catecholamines. 
Baroreceptor sensitivity may also be altered, resulting in 
sustained hypertension [29]. OSA directly affects the vas-
cular endothelium by promoting inflammation and oxida-
tive stress while decreasing NO availability and repair 
capacity [30]. Similar mechanisms are known to occur dur-
ing trophoblastic implantation insults. Yinon et  al. [28] 
found that pregnant women with preeclamptic toxemia 
(PET) had a significantly higher respiratory disturbance 
index (RDI) and lower endothelial function index (EFI) 
than those without hypertensive pregnancies. Blood pres-
sure was significantly correlated with RDI and with 
EFI.  EFI tended to correlate with RDI.  Dysregulation of 
pro- and antiangiogenic factors is thought to be causally 
linked to the condition. Before and during PET, maternal 
serum concentrations of antiangiogenic soluble fms-like 
tyrosine kinase-1 (sFlt-1) were increased and levels of pro-
angiogenic placental growth factor (PlGF) were decreased. 
In 2002, Levine et al. [31] showed that the sFlt1/PlGF ratio 
was associated with the clinical diagnosis of preeclampsia. 
Participants with gestational hypertension had moderately 
elevated sFlt1/PlGF ratios, whereas participants with pre-
eclampsia had markedly elevated sFlt1/PlGF ratios com-
pared with participants who had no hypertensive disorder. 
Another study showed that in women with suspected pre-
eclampsia before 34 weeks of gestation, the presence of a 
higher circulating sFlt1/PlGF ratio predicted adverse out-
comes occurring within 2 weeks [32]. The same endothelial 
dysfunction was found in pregnant women with OSA [33]. 
Specifically, the ratio of VEGF-R1 and PlGF was signifi-
cantly higher in pregnant women with OSA compared to 
controls, even after adjusting for gestational age, BMI, and 
chronic hypertension when women with preeclampsia were 
excluded from the analyses. It has also been shown that the 
use of CPAP can eliminate the nocturnal increments in 
blood pressure in pregnant women with OSA and PET [34]. 
Furthermore, in pregnant women with hypertension and 
chronic snoring, nasal CPAP use during the first 8 weeks of 
pregnancy combined with standard prenatal care is associ-
ated with better blood pressure control and improved preg-
nancy outcomes [35].

An alternative explanation would be that preeclampsia 
might lead to the development of OSA; women with pre-
eclampsia have lower oncotic pressures than normal preg-
nant women, have a larger neck circumference and a smaller 
upper airway size [36]. Additional studies are needed to 
evaluate this theory further.
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23.3.2  Metabolic/Inflammatory Mechanism

Multiple studies have demonstrated an association between 
SDB, diabetes mellitus, and abnormal glucose metabolism 
outside of pregnancy. OSA has been linked to decreased 
insulin sensitivity [37], with the degree of SDB severity cor-
related with insulin resistance [38–41]. These findings were 
independent of age, BMI at delivery, multifetal pregnancy, 
and smoking (adjusted odds ratio [OR] 2.1, 95% CI 1.3–3.4) 
[4]. When snoring, gasping, and apnea symptoms were com-
bined, the association was stronger (adjusted OR 4.0, 95% 
CI 1.4–11.1) suggesting that the association was greater with 
a higher likelihood of OSA [4].

Hypoxia and sleep fragmentation may increase cortisol 
secretion with abnormalities in insulin and glucose metabo-
lism. This continued cortisol secretion reduces glucocorti-
coid receptor sensitivity, resulting in chronic 
hypothalamic-pituitary-adrenal axis activation [29]. Izic- 
Balserak and Pien [42] suggest a model in which habitual 
poor sleep quality or short sleep duration (SSD), specifically 
insufficient slow wave sleep (SWS), can lead to impaired 
glucose tolerance. As has been described in sleep deprivation 
studies, SSD and decreased SWS may augment the inflam-
matory response by increasing circulating concentrations of 
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF- 
alpha), and C-reactive protein (CRP), which are involved in 
the pathogenesis of insulin resistance and type 2 diabetes. It 
is possible that the physiological increase in insulin resis-
tance during pregnancy, when compounded by OSA, might 
lead to less favorable obstetrical outcomes. In a study using 
rats, gestational intermittent hypoxia altered offspring 
response to a subsequent postnatal inflammatory challenge, 
increased their ventilation and lowered their hypoxic ventila-
tory responses [43].

Studies evaluating the association between SDB symp-
toms and fetal outcomes are scarce, with inconsistent results. 
Definitions of outcomes may contribute to the inconsisten-
cies, and further studies to clarify these observations are 
needed.

23.4  CPAP Intervention

Despite the lack of research on the subject, it remains reason-
able to treat pregnant patients with the same indications as 
nonpregnant patients. All women should consider behavioral 
modifications prior to other methods of intervention. 
However, due to the fact that weight loss is the recommended 
change in the general population and is not as practical in 
pregnant women, other methods should be considered.

CPAP with good adherence might significantly improve 
the gestational results of those who develop gestational OSA 
and is the first-line treatment of OSA.  It reduces the fre-

quency of respiratory events during sleep, limits hypoxic 
episodes, decreases daytime hypersomnolence, and improves 
quality of life [44, 45]. The diagnosis and severity of the con-
dition should be well established before making decisions 
regarding management, and be reevaluated as the pregnancy 
progresses. The predictable weight gain during pregnancy 
might cause an increase in pressure requirements by 1–2 cm 
[46]. The general first night effect may mask sleep apnea in 
pregnancy and may be an argument for doing full polysom-
nography in a home environment.

Nocturnal CPAP treatment has been shown to improve 
blood pressure in all sleep stages in a group of women with 
severe preeclampsia compared with nontreatment in the 
same patients [34].

Both the acute and chronic effects of CPAP have been 
studied in subgroups of pregnant patients. Successful treat-
ment of OSA has been shown to lead to many clinical 
improvements, including better quality of life, decreased 
daytime sleepiness, lower blood pressure [35, 44, 45, 47–
50], decreased vascular morbidity and mortality [34, 51–53], 
improvement in gestational diabetes [54], and improved fetal 
outcomes when compared with controls [35]. Treatment of 
OSA has also been shown to result in a reduction in health-
care utilization [55, 56].

In conclusion, the physiological changes that women 
encounter during pregnancy place pregnant women at an 
increased risk for SDB. When a pregnant woman has SDB, 
she is at a higher risk for adverse obstetrical outcomes. 
Therefore, SDB assessment, accurate diagnosis, effective 
treatment, and high adherence to treatment is crucial in this 
short but important period. The use of CPAP is generally 
safe and well tolerated during pregnancy. It may be initiated 
after an in-laboratory titration, or one can prescribe an auto- 
titrating device. The latter may be better suited to pregnant 
women, because it allows the clinician to increase the range 
of therapeutic pressure during the course of pregnancy.
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Pathophysiology of Obstructive Sleep 
Apnea in Children

Relevance to Treatment Approaches

Ian MacLusky

Historically, for the majority of children with obstructive 
sleep apnea syndrome (OSAS), the etiology (and hence 
treatment) was nasal obstruction due to adenoid hypertrophy. 
Adenoidectomy (usually with tonsillectomy) has been the 
primary treatment modality, usually with a high degree of 
therapeutic success [1]. Obstructive sleep apnea syndrome 
is, however, a heterogeneous condition, especially in chil-
dren, with a marked variability in both presentation and clin-
ical severity [2]. Even with similar degrees of adenoid 
hypertrophy, the presence and severity of obstructive sleep 
apnea is highly variable, arising as a consequence of a com-
bination of multiple factors (below), with only a loose cor-
relation between adenotonsillar size [3] and severity of 
OSAS. Consequently, though adenoidectomy is an effective 
treatment for the majority of children with obstructive sleep 
apnea, approximately 20% of children will have persisting 
OSAS post adenotonsillectomy [4–6], the precise number 
depending upon the exact definition of “success” [1, 4, 6], 
age and severity of OSAS at time of surgery [7], duration of 
follow-up [8], as well as presence of other associated condi-
tions, such as obesity [7, 9] or craniofacial anatomy [4], with 
ongoing debate regarding the long-term success rate [8, 10]. 
Consequently, the increasing numbers of children with obe-
sity, as well as increased recognition in other, high- risk 
groups, such as Down’s syndrome, has resulted in increasing 
numbers of children with OSAS for whom adenoidectomy is 
either ineffective [7] or not a therapeutic option [9]. For these 
children continuous positive airway pressure (CPAP), by 
using positive pressure to “stent” open the airway during 
inspiration (using either nasal or full-face mask), remains the 
primary treatment alternative [2, 4, 9]. However, although 
nasal CPAP has a proven effectiveness [11], as discussed in 
the other chapters of this book, there are, however, signifi-
cant technical issues, as well as problems with both short- 

and long-term compliance, that limit its use in children. It 
should be noted that, despite this, one of the advantages of 
CPAP is that it is an undoable therapy (compared to surgical 
intervention) and hence is amenable to a therapeutic trial. If 
well tolerated, and effective, they can persevere, but if inef-
fective, or poorly tolerated, can simply be discontinued, and 
alternative treatment options considered.

 1. Compliance. Compliance with CPAP therapy remains an 
ongoing issue, even in adults. Compounding this is a 
child’s ability to understand the necessity for CPAP 
(though compliance is actually better in children with 
developmental delay [12]), as well as the fact that chil-
dren normally wake up and move several times during 
the night, resulting in repeated episodes of dislodgment, 
leading to sleep fragmentation not only of the child, but 
the whole family [13]. Consequently, long-term compli-
ance is generally only around 50% of those in whom 
CPAP is prescribed [9, 12], the precise rate again being 
somewhat dependent upon definition of treatment suc-
cess [14].

 2. “Side effects”
 (a) Skin breakdown. There is very little soft tissue over 

the nasion and forehead, persistent pressure from 
nasal CPAP frequently been associated skin break-
down at these sites [15]. Improved mask design, as 
well as judicious skincare, can minimize this risk, but 
not completely abolish this risk.

 (b) Long-term nasal CPAP has been associated with sig-
nificant craniofacial remodeling [16] (primarily in 
younger children), resulting in maxillary retrusion, 
with not only adverse impact on dentition but also 
narrowing of nasopharynx, potentially perpetuating 
OSAS.

 3. Duration of therapy.

Although nasal CPAP is usually an effective treatment, 
it is not “curative” – it is only effective if worn. The ques-
tion is therefore how long is treatment going to be required, 
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with neither parents nor child looking forward to lifelong 
CPAP therapy. It is therefore important in children, if at all 
possible, to treat the underlying etiology, with CPAP, if 
required, used as a temporizing device until the child has 
outgrown their OSAS or a definitive treatment becomes 
available.

Consequently, CPAP, particularly for long-term use, is a 
less than ideal treatment for children with OSAS, and alter-
native therapies should be considered. Given the marked het-
erogeneity of the patient population, an understanding of the 
pathophysiology of OSAS in children is useful to be able to 
identify the specific cause(s) in individual children [17] and 
hence hopefully allow for a tailored treatment approach. 
Complicating this, however, is the fact that the alternative 
therapies have their own problems, both in terms of effec-
tiveness and potential side effects. Treatment decisions 
therefore need to be based on a balance between both short- 
and long-term morbidity associated with untreated OSAS [2] 
versus the risks associated with treatment [4, 9], though 
admittedly these issues are frequently hard to quantify any 
one child. This chapter will briefly review the pathophysiol-
ogy of OSAS in children, with reference to alternative treat-
ment options, with more detailed reviews available [4, 6, 18].

24.1  Pathophysiology of OSAS in Children

The presence and severity of OSAS in children arises as a 
complex interplay of processes both causing increased upper 
airway resistance, reduction in oropharyngeal diameter, 
increased collapsibility of oropharynx, and blunted arousal 
response to upper obstruction [17].

 1. Nasal obstruction.
 (a) Adenoid hypertrophy. As noted, although adenoid 

hypertrophy is historically the primary cause of 
OSAS in children, there is limited correlation 
between adenoid size and presence and severity of 
OSAS. Part of the explanation is due to variability in 
cross-sectional diameter of the nasopharynx, with 
children with reduced nasopharyngeal diameter obvi-
ously, being at increased risk [17, 19].

 (b) Other causes of nasal obstruction (nasal septal devia-
tion, allergic rhinitis). Airway resistance is propor-
tional to the fourth power of the radius – halving the 
diameter causing a 16-fold increase in airway resis-
tance [20]. As a consequence, in children (with small 
nasal diameter) even a small additional reduction 
(such as due to mucosal edema due to parental smok-
ing/allergic rhinitis) can cause a significant increase 
in the upper airway resistance.

 (c) Hard palate. Patients with high arched or narrow hard 
palates, by causing narrowing in his loss of volume 

of the nasopharynx, are at increased risk of obstruc-
tive sleep apnea.

 (d) Maxillary hypoplasia  – there are a number of syn-
dromes in which maxillary hypoplasia is a frequent 
component (Crouzon’s/Apert’s). Inevitably a change 
in maxillary structure that leads to loss of cross- 
sectional diameter of the nasopharynx (above) will 
be associated with an increased risk of OSAS.

 (e) “Adenoid facies.” Chronic nasal obstruction is asso-
ciated with chronic, mouth breathing, and a classic 
facial pattern, with high arched palate, narrow maxil-
lary arch, and class II malocclusion [21]. Although it 
is unclear whether the “adenoid facies” is a cause, or 
a consequence of the chronic nasal obstruction [21], 
mouth breathing, due to associated changes in airway 
anatomy, might potentially propagate the OSAS [22]. 
Moreover, by bypassing the nasal obstruction, mouth 
breathing might potentially lead to a “false-negative” 
polysomnography  – absence of significant obstruc-
tive sleep apnea inferring the absence of any signifi-
cant airway occlusion.

 2. Loss of volume of oropharynx. As noted, OSAS is typi-
cally multifactorial, arising as not simply as a result of 
upper airway (nasal) obstruction but also dependent upon 
a combination of retropositioning of the tongue base (ret-
rognathia, inferior positioning of the hyoid bone), crowd-
ing of the oropharynx (obesity), loss of oromotor tone, 
and decreased sensory response [10] and blunted arousal 
response (below) all contributing to the risk of developing 
OSAS in any one child [19]. Increased collapsibility 
appears to arise as a result of both reduction in tissue tone 
[2] and reduction in laryngeal dilator muscle tone [23]. 
Consequently, in patients with lower oropharyngeal vol-
ume, and lower tissue tone, reduced negative pressures 
are required to cause collapse of oropharynx (pCrit), with 
correlation both with severity of OSAS and CPAP pres-
sures necessary for correction [24].

 (a) Obesity. As with adults, the increasing incidence of 
obesity in children is an increasing cause of OSAS in 
children, resulting in a changing pattern of disease 
[10, 25]. Obesity is believed to increase the risk of 
OSAS not simply by change in upper airway anat-
omy (with correlation of neck size and OSAS risk 
[26]) but also adversely affect respiratory mechanics 
and (at least in adults) respiratory drive [25].

 (b) Posterior positioning of tongue base. Either enlarge-
ment or posterior displacement of the tongue will 
cause narrowing of the hypopharynx and hence 
increased risk of OSAS [19].

 (i) Mandibular size. Multiple studies have shown an 
association between both mandibular size, 
 relative position of mandible in relation to max-
illa and cranial base, and increasing risk of 
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OSAS [19]. Loss of volume or oropharynx, with 
retropositioning of tongue base, causes crowding 
of posterior oropharynx and hence potentiating 
risk of OSAS (above). Micrognathia is associ-
ated with multiple genetic syndromes.

 (ii) Macroglossia. In any condition in which there is 
“overgrowth” of the tongue relative to the oro-
pharynx (Down’s syndrome, Beckwith- 
Wiedemann syndrome), causing crowding of the 
posterior oropharynx is inevitably associated 
with increasing risk of OSAS.

Consequently, there is a correlation between both 
mandibular size, relative tongue size, and risk of OSAS 
[27]. Three-dimensional MRI has been used to objec-
tively assess airway anatomy (awake and asleep) [28], 
but is obviously difficult to use in routine clinical prac-
tice. Clinical assessment supported by lateral face Xray 
can, however, provide significant clinical information on 
facial anatomy, and ororopharyngeal and nasopharyn-
geal airway patency [19, 29], and is more readily 
available.

 3. Reduced tone of oropharynx. OSAS arises as a conse-
quence of a combination of upper airway obstruction, 
blunted arousal response (below), loss of volume of oro-
pharynx, and increased oropharyngeal collapsibility. 
Increased collapsibility appears to arise as a result of 
both reduction in tissue tone [2] and reduction in laryn-
geal dilator muscle activity [23, 30]. Consequently, in 
patients with lower oropharyngeal volume, and lower 
tissue tone, reduced negative pressures are required to 
cause collapse of oropharynx (pCrit), with correlation 
both with severity of OSAS and CPAP pressures neces-
sary for correction [24].

 (a) Reduced tissue tone. As noted, obesity is increas-
ingly a factor in the development of OSAS in 
children.

 (b) Reduced sensory appreciation. At least in adults, 
there is evidence of not only chronic inflammation 
but also sensory denervation of upper airway recep-
tors [31], potentially contributing to the blunted 
arousal response seen in patients with chronic 
OSAS [32].

 (c) Reduction in motor tone. Maintenance of airway 
patency (and reopening of upper airway post closure) 
requires a coordinated activation of laryngeal dila-
tors. As noted, the pressure required to cause airway 
collapse (pCrit) is reduced in individuals with OSAS, 
suggestive of reduced oromotor tone (also explaining 
the predilection for OSAS in REM sleep, which is 
associated with reduced laryngeal muscle tone [33]). 
Patients with diffuse reduction in skeletal muscle 
tone (spinal muscle atrophy, muscular dystrophies) 
are obviously at increased risk of OSAS, though typi-

cally present more with obstructive hypoventilation, 
rather than overt apneas [34]. Of note, disorders 
involving brainstem respiratory nuclei (such as 
Arnold-Chiari malformation [35]) may not only pro-
duce central sleep apnea but also obstructive sleep 
apnea, presumably due to dysfunction in 9th, 10th, 
and 11th cranial nerve nuclei, resulting in decreased 
sensory/oromotor control of pharyngeal dilators [36].

 4. Arousal response. The role of cortical arousal, and hence 
sleep fragmentation, in the spectrum of OSAS is com-
plex [32]. Classically, with collapse of the upper airway 
causing obstruction, resolution is dependent upon return 
of normal upper airway motor tone, but with resulting 
sleep fragmentation [37]. In patients with OSAS, there is 
evidence of adaptation of the upper airway dilator mus-
cles, with hypo responsiveness of upper airway sensory 
fibers [31], and hence blunting of arousal threshold. 
There is, however, significant variability in the arousal 
threshold between different individuals – the degree (and 
duration) of obstruction that is required to trigger an 
arousal [38], particularly in children in whom partial 
obstruction tending to result in hypopneas rather than 
overt apneas [17]. As well, in some children partial 
obstruction may trigger an arousal before development 
of either hypopnea or apnea. This will result in signifi-
cant sleep fragmentation, in the absence of overt obstruc-
tive sleep apnea – termed by Guilleminault et al. “upper 
airway resistance syndrome” (UARS) [2, 39]. This might 
explain the divergence between clinical severity as 
assessed by parents, compared to the OAHI score on 
polysomnography [2]. Consequently the “gold standard” 
evaluation of sleep- disordered breathing by polysom-
nography should therefore be taken as one (though sig-
nificant) component in the overall assessment of OSAS 
severity.

24.2  Treatment Options

 1. Adenotonsillectomy.
 2. Nasal CPAP.
 3. Elimination of environmental factors, such as irritants/

allergens (parental smoking, cat dander, house dust 
mite allergen) that might be contributing to nasal 
obstruction [40].

 4. Topical nasal steroids are frequently prescribed, even in 
children with obvious adenoid hypertrophy, as “a thera-
peutic trial.” The precise effectiveness of this therapy 
(especially long-term) remains a matter of debate [4] and 
is probably dependent upon issues in addition to adenoid 
hypertrophy (allergic rhinitis). Topical nasal steroids are 
safe and can certainly be used as a temporizing treatment, 
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until more definitive treatment (adenoidectomy), or in 
children with milder degrees of or seasonal OSAS.

 5. Leukotriene antagonists. Leukotrienes are key inflamma-
tory mediators in the respiratory system. Cysteinyl leu-
kotriene receptor-1 expression is elevated in the tonsillar 
tissues of children with OSAS [41] and has been impli-
cated in adenotonsillar hypertrophy. Use of the leukotri-
ene receptor antagonist montelukast appears to have an at 
least short-term, therapeutic effect in children with mild 
OSAS [42].

 6. Orthodontic treatment. Narrowing of the hard palate, by 
reducing nasopharyngeal volume, and mandibular hypo-
plasia, by causing posterior placement of tongue, and loss 
of oropharyngeal volume are both associated with 
increased risk for OSAS.  A variety of orthodontic 
approaches have been suggested as a means for correct-
ing these anatomical issues [43], used alone or in combi-
nation with adenotonsillectomy [44].

 (a) Rapid maxillary expansion (RME), using an orth-
odontic device to cause political widening, with flat-
tening of the palatal arch, and inferior displacement 
of the maxilla, by increasing cross-sectional diameter 
of the nares appears to be an effective therapy in 
selected patients [45], with potential long-term 
benefit.

 (b) Orthopedic mandibular advancement (OMA). For 
the majority of children with small or reclusive man-
dibles, particularly when associated with specific 
syndromes, mandibular advancement surgery 
remains the primary treatment modality [46]. 
Nonsurgical devices have been suggested, but there 
is limited evidence to support the effectiveness of this 
approach [19].

In summary, although there is evidence of benefit, the 
studies available to date have been heterogeneous in both 
design and patient population, and it is therefore difficult to 
derive any generalized conclusions [43].

 5. Weight loss. Childhood obesity is an ever-increasing 
problem worldwide, leading to a shift in both etiology 
and clinical spectrum for pediatric OSAS [2, 25]. 
Moreover, not only does obesity increase risk of OSAS 
in children; it also (if present) reduces success rate for 
adenotonsillectomy, even in patients with significant 
adenotonsillar hypertrophy [25]. Although weight loss 
in these children will lead to improvement in their sleep- 
disordered breathing [47], weight loss programs require 
intensive and ongoing intervention, though, even then, 
with limited long-term success [48, 49]. Thus, many 
children with morbid obesity as the primary etiology are 
faced with the prospect of requiring lifelong nasal CPAP 
for management of their obstructive sleep apnea, which 
is obviously a far from satisfactory outcome.

 6. Supplemental oxygen. Supplemental oxygen, by increas-
ing intrapulmonary oxygen, will reduce severity of 
desaturations [50], but may result in more prolonged 
apneas [51], and potential hypercapnia, and is therefore 
not recommended as a routine treatment [4, 50].

 7. Myofunctional therapy. As noted, reduction in oromotor 
muscle tone appears to be a significant contributor to 
risk of OSAS. A series of oropharyngeal exercises have 
been developed to improve upper airway muscle tone 
[52], which do appear to have a significant (though vari-
able) therapeutic benefit [53]. The long-term effective-
ness, as well as patient selection, for this therapy, 
however, remains to be clarified.

 8. Other surgical options. A variety of alternative surgical 
approaches have been suggested, such as tongue reduc-
tion surgery and maxilla and mandibular advancement/
reconstruction [18]. Evidence for their success is some-
what anecdotal, being used in very specific clinical situ-
ations (most commonly children with craniofacial 
syndromes), usually within tertiary care centers, where 
other, more “conventional” treatment options have been 
exhausted [54].

 9. Tracheostomy. If none of the above is effective, or an 
option, in patients with severe OSAS, tracheostomy (by 
bypassing the site of the obstruction) may be the only 
remaining treatment option. Given the known risks (both 
short and long term) associated with tracheostomy, as 
well as the resulting marked increase in caregiver work-
load and training required, it is usually considered only 
in the more severe cases, where other treatment options 
have been excluded [24].

 10. Do nothing. Given the issues with long-term CPAP ther-
apy, sometimes, particularly in children with mild 
OSAS, the question then is whether treatment (such as 
CPAP) is actually causing more harm than the disease 
(OSAS), especially since, in a significant number of 
children, the OSAS will resolve with age and time [1, 
55]. This has to be balanced against the concerns that 
there does appear to be a critical age (early childhood) 
when sleep fragmentation may have a long-term impact 
on neurocognitive development and learning [56], even 
once the OSAS has resolved [9, 57]. Consequently, if 
therapy is indeed to be instituted, it should probably be 
started in early childhood, rather deferring until it is 
obvious that spontaneous resolution is not going to 
occur.

In summary, the large number of available treatments for 
pediatric OSAS testifies to both the heterogeneity of the 
syndrome and that no single treatment is universally effec-
tive. Although nasal CPAP has a high degree of success (if 
worn), given both short- and long-term issues associated 
with CPAP therapy, consideration should be made for treat-
ment options other than nasal CPAP. This requires an appre-
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ciation of the precise pathophysiology behind the 
development of OSAS in any specific child, with a tailored 
approach to therapy depending upon the child’s individual 
circumstances.
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PAP Management and Adherence 
for Children and Adolescents with OSAS

Anna C. Bitners and Raanan Arens

25.1  Introduction

Obstructive sleep apnea syndrome (OSAS) is a respiratory 
disorder characterized by recurrent partial or complete air-
way obstruction during sleep leading to sleep fragmentation 
and ventilation abnormalities. The estimated prevalence rate 
of OSAS in childhood ranges from 1.2% to 5.7%, peaks 
between 2 and 8 years of age, and is usually associated with 
adenotonsillar hypertrophy [1]; however, OSAS can occur in 
children of all ages, even children with normal size tonsils 
and adenoids, including those who have undergone adeno-
tonsillectomy (AT). As early as the neonatal period, underly-
ing conditions such as craniofacial anomalies affecting upper 
airway structure and neurological disorders affecting upper 
airway neuromotor tone may lead to airway obstruction dur-
ing sleep. Later onset of symptoms, particularly when asso-
ciated with obesity, may be seen during school-age and 
adolescent years, and in some populations the incidence may 
exceed 50% [2]. The process of diagnosing childhood OSAS 
continues to progress as more morbidities are recognized 
and more evolved diagnostic methodologies become avail-
able [3].

The American Academy of Pediatrics (AAP) recom-
mends routine screening for OSAS at each health mainte-
nance visit [1]. Nocturnal symptoms include snoring, 
gasping, respiratory pauses, and restless sleep. Daytime 
sleepiness is less common in children; however, chronic 
sleep deprivation and intermittent hypoxia associated with 
OSAS may lead to behavioral problems and neurocognitive 
impairments. Polysomnography is the gold standard for the 
diagnosis of OSAS and establishes both the presence and 
severity of the disorder.

The AAP recommends AT as the first-line treatment for 
OSAS [1]. This recommendation is supported by the results 

of a large randomized clinical trial which found that surgical 
intervention with AT was associated with significant 
improvements in behavior, quality of life, and polysomno-
graphic findings as compared to watchful waiting [4]. While 
AT improves respiratory parameters, it is not universally 
curative, and as many as 70% of children still exhibit resid-
ual disease following surgery [5]. This statistic is predicted 
on the population being served and will differ depending on 
the referral base and if the facility is a tertiary care center.

For persistent OSAS following surgery, positive airway 
pressure (PAP) therapy is recommended [1]. PAP therapy 
may also be used in cases where AT is not indicated, such as 
in children with non-obstructive tonsils and/or adenoid and 
those with OSAS due to comorbid conditions such as cranio-
facial abnormalities restricting upper airway size or neuro-
logic disorders increasing upper airway collapsibility [6]. In 
addition to AT and PAP, adjunctive therapies such as intrana-
sal corticosteroids and weight loss (for overweight or obese 
children) may also be indicated. A summary of management 
strategies for children with OSAS is presented in Table 25.1.

25.2  Indications for PAP

PAP may be indicated for OSAS—and other forms of sleep 
disordered breathing—in a variety of clinical scenarios 
including management of residual OSAS following AT, 
OSAS associated with obesity, craniofacial anomalies, 
genetic disorders affecting upper airway structure and func-
tion during sleep, and OSAS in infancy. Each of these will be 
discussed in further detail.

25.2.1  Residual OSAS Following AT

A common indication for PAP in otherwise healthy children 
with OSAS is for the management of residual OSAS follow-
ing AT. Only 27.2% of children experience complete resolu-
tion of OSAS following surgery [5]. When persistent OSAS 
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is suspected, a repeat polysomnogram should be performed 
to confirm the diagnosis. While there is no absolute apnea- 
hypopnea index (AHI) cutoff, treatment of residual OSAS 
may be indicated if the postoperative AHI is above 5 events/
hour. Risk factors associated with persistent OSAS follow-
ing surgery include age >7 years, severe disease, asthma, and 
obesity [5, 7]. In the immediate postoperative period, chil-
dren are at risk for respiratory complications and oxygen 
desaturations—particularly those with age <2 years, cranio-
facial anomalies, hypotonia, obesity, and high-risk PSG 
 findings [8, 9]. These patients may require overnight obser-
vation following surgery for monitoring and can be treated 
effectively with PAP if oxygen desaturation occurs [8].

25.2.2  OSAS Associated with Obesity

Obesity itself increases the risk of OSAS more than fourfold 
[10]. With the current epidemic of childhood obesity, the 
number of children affected by residual OSAS following sur-
gery is significant and likely to rise. The exact reason for 

persistent OSAS in that population is multifactorial and 
includes anatomical risk factors such as increased size of the 
parapharyngeal fat pads and increased visceral adiposity 
which reduce upper airway size and stability during sleep 
[2]. As with non-obese children, AT is considered first-line 
therapy; however, OSAS may persist in up to 76% of chil-
dren following surgery [11]. This may be due in part to resid-
ual adenotonsillar tissue and/or increased volume of the soft 
palate which have been observed following AT in children 
with obesity [12].

25.2.3  OSAS Associated with Craniofacial 
Anomalies

Children with conditions which affect development of the 
facial skeleton are at increased risk of developing 
OSAS. While AT may be useful in widening the upper air-
way, it is not always considered first-line therapy and is 
rarely sufficient to treat OSAS in these children.

Craniosynostosis is caused by premature closure of one or 
more cranial sutures. It may be an isolated finding or occur in 
the context of genetic syndromes such as Apert, Crouzon, or 
Pfeiffer syndrome. OSAS is present in 40–84% of these chil-
dren [13–15] and is predominantly due to midface hypopla-
sia, although choanal atresia and adenotonsillar hypertrophy 
can also contribute [16]. Surgical management of OSAS—
including AT and midface advancement—are not always 
successful and can be associated with high complication 
rates [14, 17]. Furthermore, many children remain dependent 
on PAP or require tracheotomy following surgery [14]. PAP 
therapy can be used for children awaiting surgery or those 
who responded only partially to surgical management. 
Because there is some evidence that OSAS resolves over 
time [18], PAP therapy should be considered as an alterna-
tive to invasive surgical procedures. While PAP is effective in 
reducing the severity of OSAS [19, 20], its use presents cer-
tain challenges. Achieving an appropriate mask fit can be dif-
ficult in children. This problem may be exacerbated in 
children with craniofacial anomalies. PAP adherence in chil-
dren with craniosynostosis is not well-studied but appears to 
be high with reported rates of 4/5 (80%) [19] and 10/12 
(83%) [20].

Pierre-Robin sequence is characterized by a triad of 
micrognathia, glossoptosis, and upper airway obstruction 
which may be accompanied by cleft palate. There is a high 
prevalence of OSAS at 46–83% [21]. Children with mild 
upper airway obstruction may be adequately managed with 
lateral or prone position and nasopharyngeal stenting [22]. If 
further respiratory support is required, a trial of PAP therapy 
is warranted. PAP is shown to be effective in children with 
Pierre-Robin sequence [23, 24] and is a good alternative to 
invasive surgical treatment, particularly because many chil-

Table 25.1 Management of the child with OSAS

Otherwise healthy children
Mild OSAS Moderate OSAS Severe OSAS
AT vs watchful 
waiting for 6 months
Intranasal 
corticosteroid
Weight management, 
if overweight/obese

Specialist referral 
(e.g., sleep medicine, 
otolaryngology)
AT
PAP therapy
Weight management, 
if overweight/obese

Specialist referral (e.g., 
sleep medicine, 
otolaryngology)
Cardiology evaluation
AT with overnight 
observation
PAP therapy
Weight management, if 
overweight/obese

Children with complex comorbidities
Mild OSAS Moderate OSAS Severe OSAS
Specialist referral 
(e.g., sleep medicine, 
otolaryngology)
AT
Intranasal 
corticosteroid
Weight management, 
if overweight/obese

Specialist referral 
(e.g., sleep medicine, 
otolaryngology)
AT with overnight 
observation
Other airway and/or 
craniofacial surgery
PAP therapy
Weight management, 
if overweight/obese

Specialist referral (e.g., 
sleep medicine, 
otolaryngology, 
craniofacial team)
Cardiology evaluation
AT with overnight 
observation
Other airway and/or 
craniofacial surgery
PAP therapy
Weight management, if 
overweight/obese

Children with residual OSAS following AT
Mild OSAS Moderate OSAS Severe OSAS
Intranasal 
corticosteroid
Weight management, 
if overweight/obese

PAP therapy
Weight management, 
if overweight/obese

PAP therapy
Weight management, if 
overweight/obese
Secondary surgical 
intervention
Tracheostomy

Modified from Bitners and Arens [79]
AT adenotonsillectomy, OSAS obstructive sleep apnea syndrome, PAP 
positive airway pressure
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dren do not require prolonged PAP use [24] and some chil-
dren experience relief of upper airway obstruction with time 
[25, 26].

25.2.4  OSAS Associated with Down Syndrome

Up to 70% of children with Down syndrome have OSAS, 
and about half exhibit severe disease [27]. Risk factors lead-
ing to OSAS in children with Down syndrome include mid-
face or mandibular hypoplasia, macroglossia, lingual tonsil 
hypertrophy, decreased airway neuromotor tone, and 
 hypopharyngeal collapse. AT is considered first-line treat-
ment, but success rates can be as low as 20% [28]. Persistent 
OSAS may be treated with PAP therapy.

25.2.5  OSAS in Infancy

OSAS can occur in very young children, including in the first 
year of life. Due to their unique anatomy and physiology, 
infants are predisposed to obstructive events and desatura-
tions during sleep. This includes high nasal resistance, 
reduced airway stiffness, increased chest wall compliance, 
and ventilatory control instability [6, 29]. A propensity for 
upper airway obstruction can be exacerbated by gastroesoph-
ageal reflux, which can lead to upper airway edema and 
laryngospasm. OSAS in infancy may also develop in the 
context of craniofacial abnormalities and genetic syndromes, 
as discussed above. Neuromuscular disorders which affect 
upper airway tone may also contribute to OSAS. PAP has 
shown to be effective in improving respiratory parameters 
for infants with OSAS [30, 31]. Although initiation of PAP 
therapy may be challenging in this age group, many infants 
can acclimatize and tolerate PAP therapy well.

25.3  Mechanisms of PAP Ventilation

Simplistically, the upper airway can be modeled as a collaps-
ible tube, whereby obstruction occurs when the pressure sur-
rounding the airway exceeds the pressure within the airway. 
PAP therapy serves as a pneumatic splint for the soft tissues 
of the upper airway by maintaining the intraluminal pressure 
above the airway critical closing pressure (Pcrit), which is 
the intraluminal pressure required to maintain patency. 
Children with OSAS have a high Pcrit compared to controls, 
which explains their propensity for airway collapse during 
sleep [32, 33]. Studies using magnetic resonance imaging 
(MRI) in adults demonstrate that effective PAP therapy 
increases the mean airway cross-sectional area (CSA), mini-
mum airway CSA, and upper airway volume [34, 35] thereby 
protecting the airway from collapse and obstruction. In addi-

tion to the pneumatic splinting effect, PAP therapy exerts a 
variety of other effects on the upper airway. For example, 
effective PAP increases end expiratory lung volume, and the 
resultant thoracic inflation exerts a tracheal “tug” effect 
which stiffens the upper airway and reduces its propensity 
for collapse [36]. Addition benefit with PAP may be derived 
from anatomic changes to the upper airway soft tissues, 
including reduced airway edema and decreased thickness of 
the lateral pharyngeal walls [35].

PAP also has measurable effects on cardiopulmonary 
physiology. In patients with OSAS, the negative intratho-
racic pressure generated during apneas leads to decreased 
left ventricular filling and stroke volume [37]. CPAP 
increases intrathoracic pressure with a consequent reduction 
in ventricular preload and afterload [38]. With time, noctur-
nal CPAP therapy may confer a cardioprotective effect and 
has been associated with improved exercise tolerance in 
adults with heart failure [38] which may be attributable to 
decreased left ventricular stroke work and myocardial oxy-
gen consumption in PAP users [39].

25.4  Forms of PAP Ventilation

For treatment of OSAS, PAP therapy can be utilized in a 
variety of modes. Continuous PAP (CPAP) and bilevel PAP 
(BPAP) are most common, but automatic PAP (APAP) and 
adaptive servo ventilation (ASV) may also be employed. The 
various forms of PAP ventilation and their indications are 
displayed in Table 25.2.

CPAP delivers constant pressure throughout the respira-
tory cycle. In BPAP, the inspiratory pressure and expiratory 
pressures are adjusted separately to allow for increased pres-
sure during the inspiratory phase. There is no significant dif-
ference in adherence rates between CPAP and BPAP in 
adults [40] or children [41, 42]. While there are no specific 

Table 25.2 Forms of PAP ventilation

Form Method Indications
CPAP Applies continuous 

pressure during both 
inspiration and expiration

OSAS due to upper airway 
obstruction

BPAP Applies two pressure 
levels: Inspiratory and 
expiratory

OSAS with obstructive 
hypoventilation, non- 
obstructive hypoventilation

APAP 
(auto 
PAP)

Applied pressure is 
adjusted to the patient’s 
respiration

Positional OSAS, sleep 
stage-dependent OSAS

ASV Pressure is adjusted to the 
patient’s respiration to 
deliver a set ventilation

Complex sleep apnea, central 
sleep apnea

Modified from Nandalike and Arens [80]
CPAP continuous positive airway pressure, BPAP bilevel positive air-
way pressure, APAP (Auto PAP) automatic positive airway pressure, 
ASV adaptive servo ventilation
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criteria for use of BPAP in pediatric OSAS, a trial of BPAP 
may be warranted for children with poor CPAP adherence 
secondary to pressure intolerance as BPAP provides pressure 
relief during expiration and may reduce the mean airway 
pressure during the respiratory cycle. Some children with 
pressure intolerance may also benefit from using a PAP 
device with a “ramp” function which slowly increases the 
pressure and allows children to fall asleep without the full 
force of therapeutic PAP.

Whether CPAP or BPAP is used, the pressure settings are 
initially determined during an overnight attended sleep study 
with PAP titration [43]. Respiratory and sleep parameters are 
monitored as pressure is increased with the goal of eliminat-
ing respiratory events and gas exchange abnormalities while 
maintaining patient comfort. Titration may be performed on 
the same night as the initial polysomnogram to diagnose 
OSAS (split-night study) or during a second full-night study. 
In children, split night studies are not recommended because 
it does not allow the child to become acclimatized to the 
mask prior to usage. Unfamiliarity and discomfort with the 
mask in this setting may lead to decreased PAP adherence in 
the future.

Auto-titrating PAP (APAP), also known as auto-adjusting 
PAP, is an alternative to CPAP or BPAP.  Based on the 
patient’s airflow, APAP delivers a variable pressure between 
two pre-determined set points at the level required to prevent 
apneas and hypopneas. Pressure is decreased in the absence 
of obstructive events and increased when obstructions occur, 
as in REM sleep or with positional changes. APAP is less 
commonly used, but has been shown to be safe and effective 
in children [44–46].

25.5  Adherence to PAP Therapy

25.5.1  Defining Adherence

PAP therapy is a highly effective for treatment of OSAS in 
children across age groups and with a range of underlying 
pathophysiological mechanisms; however, effectiveness is 
limited by poor adherence. When PAP is prescribed, it is 
typically intended to be used every night for the duration of 
sleep. For a variety of reasons, PAP is often not used for all 
hours of sleep, but at present there is no standardized defini-
tion of adherence to PAP therapy. In the adult literature, stud-
ies of CPAP often define adherence as 4 hours per night on at 
least 70% of nights [47, 48]. This definition emerged after 
several early studies reported that average nightly CPAP use 
was approximately 4.7  hours/night [49]. Similarly, studies 
analyzing adherence rates in children typically define adher-
ence as >4 hours/night for at least 50–70% of nights [50, 51]. 
This definition has been operationalized in studies investi-
gating the factors associated with adherence to therapy. 

Because insurance companies often require adequate adher-
ence as a prerequisite to coverage, adherence surveillance 
has become standard of care for adults using PAP [40, 52]. 
While this benchmark is a useful metric for comparing 
adherence between study groups or across clinical trials, it is 
important to acknowledge that its clinical significance is not 
clear. Studies in adults have shown that some benefits of PAP 
require nightly use of six or more hours/night, which is sig-
nificantly longer than the 4-hour benchmark used to report 
adherence. For example, improvement in blood pressure and 
quality of life require greater than 5.6 and 7.5  hours per 
night, respectively [53, 54]. Furthermore, improvement in 
Epworth Sleepiness Scale exhibits a dose-response relation-
ship with CPAP therapy, such that increasing benefit is gar-
nered from additional use [54, 55]. As a further example, in 
a historical cohort of 871 patients with OSAS, the 5-year 
survival rate of PAP users with high adherence (>6 hours) 
was 96.4% as compared to 85.5% in users with low adher-
ence (<1 hour) [56]. A meta-analysis of RCTs later found no 
relationship between CPAP use and cardiovascular mortality, 
but some included studies had low CPAP use (<3.5 hours/
night) which raises the possibility that poor adherence influ-
enced the findings [57]. There is also growing recognition 
that OSAS is a heterogenous disorder with a multifaceted 
pathophysiology and that individual phenotypes may respond 
differently to treatment [58, 59].

When CPAP was first used in the treatment of OSAS in 
children, measurement of adherence was limited to patient 
self-report or parental recall, which may overestimate usage 
as compared to objective data [60]. Technological advance-
ments have since enabled objective measurement of adher-
ence. PAP machines are now equipped with software which 
tracks nightly usage as the number of hours that the mask is 
on and therapeutic pressure is provided. This was developed 
both to track adherence with PAP and to assess outcomes of 
treatment on end-organ disease.

25.5.2  Quantifying Adherence

In studies of adults using PAP, reported adherence to PAP 
therapy ranges from 2.9 to 6.5 hours/night, with many stud-
ies reporting 4.4–5.4 hours/night [40]. Reports of % nights 
used range from 78 to 98%, with many studies reporting use 
on 81–94% of nights [40]. The percentage of adult patients 
using CPAP >4 hours per night is 66–73% [61, 62].

In the extant literature, adherence rates for children vary 
widely depending on the study population and definition of 
adherence. In a report of 50 children (aged 6 months–18 years), 
mean daily use of CPAP was 4.7 hours (IQR 1.4–7.0), and 
mean daily use on days used was 6.4 hours (IQR 3.3–8.3). 
While sleep requirements vary with age, 4.7 hours is signifi-
cantly less than optimal sleep duration, suggesting that many 
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children used CPAP for only a portion of the night. There 
was also high variability between days: 24% of children used 
CPAP (defined as at least 1 hour/night) on less than half the 
nights. In a randomized, controlled trial of pressure release 
(Bi-Flex) compared to CPAP, Marcus et al. noted suboptimal 
adherence in both groups, with no difference in effectiveness 
or adherence [60]. In the first month of use, mean daily use 
of CPAP and Bi-Flex were 3.4 and 3.1 hours, respectively, 
and declined to 2.1 hours for CPAP and remained 3.1 hours 
for Bi-Flex in the third month of use. There was also marked 
variability between patients, with average nightly use during 
the first month ranging from 1 to 536 minutes/night. Simon 
et  al. reported average daily use of 3.35  hours/night, with 
participants using CPAP for at least 4 hours/night on only 
41% of days [63]. They developed a CPAP-specific question-
naire to identify barriers to adherence and found that not 
using the machine when away from home and the child not 
feeling well were the most frequently reported barriers to 
use.

When interpreting adherence data, it is important to dis-
tinguish between “time on” and “time at pressure,” the latter 
being indicative of therapeutic use. In their cohort, DiFeo 
et  al. found that average time with the device on was 
4.9  ±  2.7  hours/night, whereas the average time that the 
device was on and delivering full pressure was 3 ± 3 hours 
[64]. In a cohort of 141 children, Xanthopoulos et al. mea-
sured adherence using three metrics: average use per night 
(2.94 hours), percentage of days used (74.2%), and duration 
of use on days used (4.5 hours) [65]. They found that adher-
ence variables were highly correlated with each other, sug-
gesting that children with high adherence tend to use PAP 
routinely and consistently throughout the night. This obser-
vation is supported by the findings of Hawkins et al., who 
compared average daily use in adherent vs non-adherent 
children [66]. They defined adherence as >70% nightly use 
and average usage ≥4 hours/night. Of 140 participants, 69 
(49%) were adherent to therapy. The mean daily use was 
7.4 hours/night in the adherent group and 1.7 hours/night in 
the non-adherent group. PAP was used on 94% of nights in 
the adherent group compared to 52% of nights in the non- 
adherent group. Overall, studies show that while some chil-
dren are highly adherent to PAP therapy, there is an overall 
trend of suboptimal adherence to PAP.

25.6  Factors Predicting and Associated 
with PAP Adherence

In a review of PAP adherence in children which examined 
factors influencing PAP use from 16 studies, only three fac-
tors were associated with increased PAP usage in more than 
one study: younger age (5/13 studies, 38%), female sex (2/11 
studies, 18.2%), and presence of developmental delay (2/5 

studies, 40%) [50]. Another recent systematic review and 
meta-analysis which evaluated factors associated with adher-
ence similarly identified younger age, female sex, and pres-
ence of developmental delay but also found Caucasian race, 
increased level of maternal education, and higher AHI to be 
predictive [51]. A meta-analysis was performed for several 
characteristics revealing on odds ratio (OR) of 1.48 and 1.26 
for female sex and Caucasian race, respectively. The mean 
difference in AHI between adherent and non-adherent groups 
was 4.32 events/hour.

While individual studies have reported associations with 
race [64], BMI [67], medical comorbidities [68], mask type 
[69], device type [68], disease severity [41], duration of PAP 
use [63], household income [70], and maternal education 
[64], none of these factors was found to be significant in 
more than one study [50]. Individual studies have reported 
increased adherence in children who underwent titration at 
age  <  6  months [70], had caregivers with increased self- 
efficacy [65] or concern [67], experienced fewer treatment 
barriers [63], and received monetary assistance in purchas-
ing the machine [68]; however, these factors have only been 
evaluated by a single study. Further studies exploring these 
associations are needed to corroborate the findings and 
assess their generalizability in larger samples. Of note, the 
factors found to be associated with PAP adherence in chil-
dren vary considerably from those in adults (Table 25.3). A 
summary of studies assessing PAP adherence in children and 
adolescents is presented in Table 25.4.

Because increasing age is routinely associated with 
decreased PAP use, adolescents are at high risk for PAP non- 
adherence. O’Donnell et  al. found that adolescents age 
13–18 years had a mean daily use of just 3.6 hours and used 
PAP on only 57.9% of nights compared to 74.2% (age 6–12) 
and 94.6% (age ≤  5) in younger children [69]. Similarly, 
DiFeo et al. found that older children and adolescents were 
less likely to be adherent to therapy after excluding children 
with developmental delay from the analysis [64]. Poor adher-
ence in this age group may be related to their unique stage of 

Table 25.3 Factors which may be associated with PAP adherence in 
adults and children

Children Adults
Baseline characteristics
Younger age [64, 69]
Female sex [66, 68]
Developmental delay [66, 70]
Financial support/resources [68, 
70]

High AHI, ODI [81–83]
High Epworth Sleepiness Scale 
[84]
Low nasal resistance [85]
Early PAP adherence [74]

Interventions
Interdisciplinary intervention 
programs [75, 76, 78]
Behavioral therapy [75, 76, 78]
Token economy [77]

Telemonitoring [40]
Device troubleshooting [40]
Educational or behavioral 
interventions [40]

AHI apnea-hypopnea index, ODI oxygen desaturation index
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development marked by increased autonomy, shifting social 
pressures, feelings of invincibility, desire to conform to peer 
group norms, and challenge of authority figures [64]. 
Accordingly, reasons for PAP non-adherence in adolescents 
may differ from those for younger children.

Qualitative studies exploring perceptions of PAP use and 
challenges to adherence in adolescents specifically provide 
insight into the adherence patterns in this age group. Prashad 
et  al. analyzed semi-structured interviews with adolescent 
PAP users (age 12–18) and their caregivers [71]. They identi-
fied four key issues that played a role in adherence: degree of 
structure in the home, social reactions, mode of 
 communication among family members, and perception of 
benefits. Adolescents with high PAP adherence had a stable 
family structure which incorporated PAP into the family’s 
daily routine and allowed for parental assistance with trou-
bleshooting PAP problems. They described being motivated 
to use PAP out of personal fear of the consequences of 

untreated OSAS and to alleviate caregiver concern. Parents 
of adolescents with high adherence described using an 
authoritative—as opposed to authoritarian—parenting style. 
Based on their findings, the authors suggested that interven-
tional strategies which address health education, offer peer 
support groups, and provide developmentally appropriate 
individualized support may be successful in improving 
adherence in this population. Another qualitative analysis of 
adolescent PAP users performed by Alebraheem et al. also 
highlighted the importance of identifying the patient’s 
desired level of family involvement and providing develop-
mentally appropriate support [72]. In their study, participants 
noted that an adjustment and acclimatization period was 
important to address issues with PAP and that the perception 
of challenges to PAP use were emphasized over symptom 
relief. Based on their findings, the authors suggest that inter-
ventions to improve adherence in adolescent PAP users could 
include anticipatory guidance regarding potential barriers, 

Table 25.4 Factors associated with PAP adherence in children and adolescents

Author/year N Study type Factors associated with adherence Factors not associated with adherence
DiFeo 2012 
[64]

56 Prospective observational Younger age, maternal education, race, 
family social support

Sex, obesity status, developmental delay, 
disease severity, nasal symptoms, 
sleepiness, child behavior, parental stress, 
pressure setting

Hawkins 2016 
[66]

52 Retrospective review Female sex, developmental delay Age, ethnicity, obesity status, disease 
severity, pressure setting, device mode, 
insurance status, presence of residual OSAS

Kang 2019 [70] 177 Retrospective review Developmental delay, higher median 
neighborhood income, higher PAP pressure, 
titration at <6 months of age

Not reported

Lynch 2019 
[67]

25 Prospective observational Younger age, lower BMI, higher baseline 
OSA-18 score, decreased sleep disturbance 
and decreased caregiver concern after 
initiation of PAP

Sex, race, household income, maternal 
education, disease severity, physical 
symptoms, emotional disturbance, daytime 
function

Marcus 2006 
[60]

21 Randomized double-blind 
clinical trial

Not reported Age, sex, race, disease severity, device 
mode, OSAS symptoms, pressure setting, 
indication for PAP

Marcus 2012 
[42]

56 Randomized double-blind 
clinical trial

Not reported Age, obesity status, device mode

Nathan 2013 
[68]

51 Retrospective review Female sex, asthma, genetic syndrome, 
BPAP (compared to CPAP), funding from 
social work

Obesity status, disease severity, 
polysomnogram indices, counseling prior to 
treatment initiation, air humidification

Nixon 2011 
[86]

30 Prospective observational Smaller difference between initial prescribed 
pressure and final treatment pressure

Age, sex, disease severity, comorbidities, 
intellectual disability, socioeconomic status, 
location of CPAP initiation (home vs 
hospital)

O’Donnell 2006 
[69]

50 Retrospective review Younger age, nasal mask Sex, disease severity, prior surgical 
treatment, typical cognitive ability, 
psychology referral and support

Simon 2012 
[63]

48 Prospective observational, 
development of screening 
tool (ABCQ)

Greater length of time prescribed PAP, fewer 
greater to adherence (as measured by ABCQ 
score)

Device mode, device brand, mask type, 
home health-care provider

Uong 2007 [41] 27 Retrospective review Higher baseline AHI, greater improvement in 
AHI on PAP

Age, sex, race, BMI, device mode, OSAS 
symptoms

Xanthopoulos 
2017 [65]

141 Retrospective review Greater caregiver-reported self-efficacy Caregiver-reported risk perception and 
outcome expectations. Patient-reported risk 
perception, outcome expectation, or 
self-efficacy
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encouragement of patient-caregiver dialogue regarding chal-
lenges, and hospital- moderated peer support forums.

In adults, there is no difference in adherence rates between 
CPAP and BPAP or CPAP and APAP; however certain 
patients may prefer BPAP or APAP and tolerate it better [73]. 
In children, two studies have shown that adherence is greater 
in CPAP users compared to BPAP users, but the difference 
was not significant [41, 42]. Similarly, preliminary adher-
ence data in children showed no difference between APAP 
and CPAP [44].

25.7  Interventions to Improve Adherence

The American Academy of Sleep Medicine recently com-
missioned an expert task force to conduct a systematic review 
and meta-analysis of PAP therapy in adults which found that 
telemonitoring, device troubleshooting, and educational or 
behavioral interventions were associated with a clinically 
significant improvement in adherence [73]. Although some 
of these interventions may also be useful in the pediatric 
population, the myriad of differences between the pediatric 
and adult populations imply that findings may not be corre-
lated across age groups. While specific strategies and inter-
ventions may vary, there is a general trend—in both adults 
and children—of improved adherence following behavioral 
interventions. Particularly because adherence rates in the 
first days-weeks of therapy predict long-term adherence 
[74], many interventions target initiation and early utiliza-
tion of PAP.  Although side effects do not predict non- 
adherence [49], providers should troubleshoot adverse 
effects with individual patients in order to improve comfort, 
and this may increase usage for some individuals. Screening 
for mask discomfort, mask leak, nasal congestion, and eye 
dryness at clinic visits can identify potential problems which 
may be impacting adherence. Providing children and their 
families with psychosocial support (through PAP education 
and close clinical follow-up) and assistance with trouble-
shooting (through device adjustments) is key. In pediatrics, a 
desensitization process can help children accommodate to 
the mask. Prior to the PAP titration study, parents can intro-
duce their child to the mask at home, while they are partici-
pating in an enjoyable activity to allow the child to acclimatize 
to the mask before the introduction of pressure delivery. If 
the child experiences discomfort from the mask, a different 
interface or mask type can be trialed. While the number of 
studies specifically addressing interventions to improve PAP 
adherence in children is modest, behavioral interventions, 
reward tables, and financial support have shown promise.

Several studies have described behavioral interventions 
and reported on their success in promoting adherence to PAP 
in children. For example, Harford and colleagues described 
an interdisciplinary adherence clinical program which used 

individualized assessment and behavioral intervention to 
improve adherence [75]. The program was staffed by an 
interdisciplinary team including a clinical psychologist and 
respiratory therapist, with supervision from a physician. The 
initial visit included PAP education, familiarization with the 
PAP machine, mask selection with desensitization, and 
assessment of patient/family strengths and barriers to adher-
ence. Initially, patients returned every 2  weeks. Of seven 
patients who were referred to the program for non- adherence, 
three (43%) saw improvement in adherence with average use 
improving from 20.8% to 92.3%. In another behaviorally 
oriented intervention of children with poor adherence, indi-
vidualized counseling, recommendations, and behavioral 
therapy led to improved PAP usage in 75% of participants 
[76]. Average nightly use in patients whose families partici-
pated in a 1.5-hour behavior consultation session increased 
from 1.7 to 8.6 hours per night. While these studies are mod-
est in size—with 19 and 20 patients, respectively—they 
demonstrate that relatively brief periods of intensive, indi-
vidualized behavioral interventions can have a dramatic 
impact on adherence for some children and their families.

To evaluate the efficacy of utilizing a “token economy” 
reward system to improve adherence, Mendoza-Ruiz et  al. 
compared usage data from before and after the introduction 
of a weekly chart that children used to indicate the days they 
had (green token) or had not (red token) used PAP [77]. The 
study included six children with poor baseline adherence and 
a control group for comparison. After 3  weeks using the 
reward system, average PAP use in the poorly adherence 
children increased from 4.7 to 6.4 nights/week and from 1.0 
to 5.5 hours/night. Although the sample size was small, the 
increase in hours used per night reached statistical signifi-
cance. These results suggest that reward systems and token 
economy can motivate children to accept PAP treatment, 
although this effect may diminish with increasing age.

Large-scale intervention programs have also been suc-
cessful in increasing attendance at PAP-related clinical vis-
its. For example, an interdisciplinary intensive PAP program 
which included 274 patients over 4 years demonstrated suc-
cess in improving attendance at follow-up visits and titration 
polysomnograms [78]. This comprehensive PAP program 
included pre-visit preparation to secure the PAP machine, 
addition of a psychologist and respiratory therapist into the 
care team at clinic visits, and follow-up phone calls. After 
implementation of the enhanced services, the percentage of 
patients who appeared for a follow-up visit increased from 
68% to 81%, and the percentage of children who received a 
titration polysomnogram rose from 38% to 84%. Although 
adherence data was not recorded prior to the initiation of the 
program, children who participated and attended a follow-up 
visit wore PAP an average of 63.6% nights for an average of 
4.3 hours on nights used in the first month. The cost associ-
ated with expanded services is an important barrier to wide-
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spread implementation of comprehensive intervention 
programs. A cost analysis using national salary estimates and 
Medicare reimbursement levels indicated that the program 
cost was greater than projected reimbursement. To fully 
cover program costs, the required reimbursement would be 
1.92 times the Medicare rate, making it economically unfea-
sible for some centers. Additionally, the effect of such pro-
grams on adherence to PAP use at home is still unknown.

25.8  Summary

PAP therapy is a safe and effective treatment for OSAS in 
children, particularly those with persistent disease following 
surgery or OSAS associated with obesity, craniofacial abnor-
malities, or genetic syndromes. Adherence to therapy 
remains a significant barrier to adequate treatment. Factors 
associated with improved adherence in children include 
younger age, female sex, presence of developmental delay, 
Caucasian race, increased level of maternal education, and 
higher AHI.  Behavioral interventions are successful in 
improving adherence, particularly when implemented at ini-
tiation and during early utilization of PAP, as early adherence 
predicts future utilization of therapy.

Funding Dr. Arens is supported by grant number NIH-
1R01HL130468-A1 from The National Institutes of Health.
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26.1  Sleep Disordered Breathing 
in Children with Special Health-Care 
Needs

Children with special health-care needs (CSHCN) is defined 
as “those who have or at risk for chronic physical, develop-
mental, behavioural, or emotional conditions requiring 
health and related services of a type or amount beyond that 
required by children generally” [1]. CSHCN are a particu-
larly vulnerable population that rely on multiple health-care 
providers and health-care services to enhance their health 
[2]. The estimated prevalence of this population in the United 
States is between 12 and 18% [3]. Worldwide, there are an 
estimated 93 million or 4% of children living with disabili-
ties [4]. Though the population is diverse in terms of the 
range of levels of functional abilities, they all share the con-
sequences of their conditions, namely, their reliance on med-
ications or therapies, special educational services, or assistive 
devices or equipment [5].

The most complex CSHCN are described as children with 
medical complexity (CMC) [6]. CMC children share four 
characteristics: the presence of one or more complex chronic 
conditions that are often multisystem and severe; functional 
limitation that is significant and often reliant on technology 
such as feeding tubes, NPPV, and/or tracheostomies; high 
health-care utilization; and significant familial social and 
financial impact. Important determinants of health outcomes 
in the CSHCN population include social health determinants 
such as socioeconomic status [7], accessibility to family- 
centered care, the availability and adequacy of health insur-
ance coverage, and the presence of a usual source of care 
available to families when the child is sick [5]. In addition, 

families of the CSHCN population often require support in 
coping with the consequences of their children’s health con-
ditions. The term children with “typical development” (TD) 
is used to describe children who do not have special health- 
care needs.

26.1.1  Prevalence

Within the group of CHSCN particularly within CMC, there 
are specific populations that are particularly prone to distur-
bances of sleep, specifically SDB. These include children 
with neurodevelopmental disorders, genetic conditions, cra-
niofacial anomalies, and neuromuscular disorders. The prev-
alence of sleep disordered breathing that has been reported in 
these conditions is outlined in Table 26.1.

26.1.2  Mechanism of SDB

In general, SDB, in particular OSA, results from structural 
factors that reduce the size of the airway as well as deficits 
that impair the ability to maintain a patent airway during 
sleep [41]. The other factors that contribute to SDB in the 
CSCHN population include craniofacial features, muscle 
weakness, and obesity. In neurologically impaired children, 
additional factors include seizures, esophageal reflux, and 
excessive oral secretions.

26.1.2.1  Craniofacial Features
Craniofacial conditions are highly variable and can exist in 
isolation or as part of a syndrome [41]. Craniofacial features 
that increase the risk of OSA include mandibular retrusion, 
maxillary deficiency or hypoplasia, inferior displacement of 
the hyoid bone, and cranial base abnormalities [42–45]. 
These abnormalities can lead to a compromised airway 
space and increased risk of upper airway collapsibility thus 
leading to OSA.  This may be further exacerbated by 
increased collapsibility of the upper airway secondary to 
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muscle fatigue (related to the upper airway muscles working 
constantly against an increased mechanical load), a factor 
that is not unique to this population [41, 46, 47]. Co-occurring 
motor dysfunction has been found in children with cleft pal-
ate and micrognathia and can further contribute to OSA 
[48]. Some conditions in which craniofacial features 
increase OSA prevalence include PRS, TCS, DS, and achon-
droplasia [42–45].

26.1.2.2  Muscle Weakness
In conditions associated with neuromuscular weakness, 
diaphragm weakness and REM-related atonia can lead to 
“pseudocentral” or “diaphragmatic” sleep disordered 
breathing in which suppression of the intercostal muscle 
activity and decreased contribution of the ribcage in tidal 
volume leads to increased burden of breathing for the dia-
phragm (which is already weak) [49]. Low lung volumes 
in the supine position during sleep and decreased ventila-
tory response to hypercarbia (either from neuromuscular 
weakness in the presence of an intact central drive or from 
a decrease in chemosensitivity with chronic hypercapnia) 
can lead to hypoventilation evidenced by increased car-
bon dioxide (CO2) levels [49]. Pharyngeal hypotonia or 
neuropathy as well as bulbar symptoms and low lung vol-
umes contribute to OSA [19, 28, 50–52], for example, in 
children with CP.  Their presentation includes abnormal 
muscle tone of the upper airway including laryngeal dys-
tonia, severe laryngomalacia due to reduced tone in the 
supraglottic structures, and concurrent pseudobulbar 
palsy [53–55]. Epilepsy may further increase the risk of 
OSA in cerebral palsy, especially in children with more 
severe CP [56]. The exact etiology by which this occurs is 
not clear [56].

26.1.2.3  Obesity
Obesity occurs at a higher incidence in the CSHCN posing 
an additional risk factor for SDB. Youth with CSHCN have 
an obesity rate of 22% compared with 16% without CSHCN 
and is an additional risk factor severity of OSA [52, 57]. For 
example, obesity prevalence is estimated to be 24.6%, 
31.2%, and 18.6% in children with autism, DS, and spina 
bifida, respectively [58]. This is in comparison to obesity 
rates between 8 and 18.2% in Canadian youth [59]. In chil-
dren with autism, weight was identified as the only indepen-
dent predictor of severe OSA in children when compared to 
other factors such as age, tonsil size, history of allergies, 
asthma, seizure disorder, gastroesophageal reflux disease, or 
ADHD [8].

The mechanistic factors involved in OSA in the obese 
CSHCN population have not been well studied. However, in 
children with typical development, several anatomic and 
functional factors contribute to OSA. These include adeno-
tonsillar hypertrophy which may occur at a higher frequency 
in obese children [60]. Adipose tissue deposited around the 
pharynx and neck limit airway patency and increase airway 
resistance both of which are important contributors to the 
development of OSA in obese youth [61–64]. In addition, 
there may be other soft tissues that contribute to obstruction 
of the upper airway such as the soft palate, lateral pharyngeal 
walls, tongue, and pharyngeal fat pads which have been 
found to be larger in obese children [64–67]. Functional fac-
tors in obese children include altered neuromuscular tone 

Table 26.1 Prevalence of sleep disordered breathing in pediatric 
patients with special needs

Condition SRBD condition Prevalence
Neurodevelopmental
Autism [8–11] Obstructive sleep 

apnea
8–58%

Cerebral palsy (CP) [12] Obstructive sleep 
apnea

14–15%

Genetic
Achondroplasia [13–21] Obstructive sleep 

apnea
10–87%

Central sleep apnea NR
Angelman syndrome [22] Obstructive sleep 

apnea
30%

Down syndrome (DS) [23] Obstructive sleep 
apnea

30–79%

Central sleep apnea 12%
Nocturnal 
hypoventilation

NR

Prader-Willi syndrome (PWS) 
[24–26]

Obstructive sleep 
apnea

0–100%

Narcolepsy 35%
Central sleep apnea 12%

Mucopolysaccharidosis (MPS) 
[27, 28]

Obstructive sleep 
apnea

69–95%

Rett syndrome [29, 30] Obstructive sleep 
apnea

41–69%

Central sleep apnea 7–8%
Craniofacial
Treacher Collins syndrome 
(TCS) [31, 32]

Obstructive sleep 
apnea

37.5–54%

Pierre Robin sequence (PRS) 
[33, 34]

Obstructive sleep 
apnea

80–85%

Crouzon syndrome [35] Obstructive sleep 
apnea

64–65%

Neuromuscular
Duchenne muscular dystrophy 
(DMD) [36, 37]

Obstructive sleep 
apnea

31–64%

Central sleep apnea 34%
Nocturnal 
hypoventilation

16–21%

Myotonic dystrophy type 1 [38] Obstructive sleep 
apnea

55%

Congenital muscular 
dystrophies [39]

Central sleep apnea 40%
Obstructive sleep 
apnea

10%

Obstructive and 
central sleep apnea

15%

Pompe disease [40] Nocturnal 
hypoventilation

75%

NR  not reported
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which leads to greater upper airway collapsibility [68]. 
Additional mechanistic factors include altered chest wall 
mechanics (reduced lung compliance) and reduced lung vol-
umes which lead to decreased oxygen reserve and increased 
likelihood of hypoxemia [69, 70]. An important metabolic 
factor in obesity-related OSA is increased leptin and leptin 
resistance. Leptin is a satiety hormone that is produced by 
adipose tissue and plays multiple roles in metabolism, immu-
nity, and inflammation. In obesity, leptin levels are high, and 
OSA can induce leptin resistance which is thought to impair 
the regulation of the upper airway and diaphragmatic control 
[71].

26.1.3  Impact of Untreated OSA

OSA impacts several outcomes in CSHCN that include car-
diovascular, behavioral, and metabolic effects in addition to 
effects on quality of life (QOL) and sudden death.

In children with PWS, growth hormone (GH) may 
improve OSA in the short term; however mounting evidence 
suggests that the GH-mediated growth of lymphoid tissue 
can increase risk of OSA and sudden death [72–79]. There is 
also an increased risk of sudden death in infants with achon-
droplasia particularly between the ages of 1  month and 
1 year [80, 81]. From a cardiovascular perspective, there is 
evidence of a direct relationship between elevated pulmo-
nary pressure and upper airway obstruction in children with 
DS [82–88]. Co-occurring pulmonary hypertension (PHTN) 
and OSA have been described in children with other condi-
tions including MPS [79, 89, 90], PWS [91], and achondro-
plasia [92]. Treatment of residual OSA improves nocturnal 
gas exchange and resolved pulmonary hypertension in these 
patients [83, 84, 86, 87, 93].

Language development, executive function, and cognitive 
outcomes (particularly in verbal intelligence quotient and 
cognitive flexibility) have been found to be worse in DS chil-
dren with OSA than those without [93–98]. This may be 
more significant in children with congenital heart disease but 
improves with OSA treatment [97, 99]. Treatment of OSA 
with adenotonsillectomy significantly improves behavioral 
problems, sleep, social communication, attention, and repeti-
tive behaviors in CSHCN [100–102].

Daily life functions, QOL, and parental quality of life are 
negatively impacted by OSA in DS children [103–105]. 
Treatment of OSA in this population improves their sleep, 
mood, and functioning [106]. Similar QOL improvements 
have been seen in children with cerebral palsy whose OSA is 
treated in that they experience an improvement in sleep dis-
turbance, daytime functioning, and caregiver concern. 
Parental QOL score also improves [107, 108]. The presence 
of OSA may also lead to comorbidities such as metabolic 
syndrome and hepatic steatosis [109–112] in children.

26.1.4  Therapeutic Interventions

Adenotonsillectomy is the first-line treatment for OSA in 
children and is usually successful in close to 80% of other-
wise healthy children [113]. However, in the CSHCN popu-
lation there is persistent OSA despite adenotonsillectomy 
with a requirement for PAP therapy post surgery [37, 94, 
114, 115]. Though PAP is the main therapy, there are 
adjunctive therapeutic interventions frequently used in this 
population such as uvulopalatopharyngoplasty (UPPP), 
aggressive management of seizures, esophageal reflux, and 
excessive oral secretions as well as the application of man-
dibular distraction and skeletal expansion whenever feasi-
ble [50, 108]. Oral appliances or functional orthopedic 
devices are potential adjunctive therapies; however, their 
effectiveness is not well established. There may be specific 
cases such as children with craniofacial anomalies where 
these devices may serve as auxiliary in the treatment of 
OSA [116, 117]. The focus of this chapter will be on the 
use of NPPV in the CHCSN population.

26.1.4.1  PAP
PAP is a common treatment modality in CSHCN who have 
SDB especially in children in whom the prevalence of OSA 
may continue to be high despite repeated upper airway sur-
gery [13, 16, 18, 118–121]. PAP describes the delivery of 
pressurized air to the lungs via an external interface worn 
on the face. There are two main modes of PAP therapy: 
continuous positive airway pressure (CPAP) and bilevel 
positive airway pressure (BiPAP or BPAP). Both CPAP and 
BPAP are highly efficacious in the treatment of pediatric 
sleep disordered breathing. Long-term PAP is indicated in 
children with sleep and respiratory disorders including 
upper airway obstruction, musculoskeletal weakness and 
chest wall restriction, chronic lung diseases, central ner-
vous system disorders, and other systemic disorders with 
respiratory insufficiency [122]. Some of the relative contra-
indications include failure to protect the upper airway, 
uncontrolled bulbar dysfunction, significant GERD and 
aspiration risk, inability to tolerate PAP therapy, lack of 
sufficient caregiver support in the home, ventilatory depen-
dency that exceeds 16 h/day, inability to find an interface of 
adequate fit, and recent upper airway or craniofacial sur-
gery [123].
The effectiveness of PAP therapy is limited by poor adher-
ence in the pediatric population [124]. CPAP is most com-
monly used; however in some children with OSA as well as 
other sleep disordered breathing conditions, BPAP is also 
used [125]. PAP significantly improves obstructive apnea-
hypopnea index (OAHI), respiratory disturbance index 
(RDI), oxygen nadir and arousal index. In addition, BPAP 
improves in daytime and nocturnal symptoms irrespective of 
mode of ventilation [126, 127]. The use of PAP therapy to 
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treat pediatric OSA improves neurobehavioral function, 
decreases nocturnal symptoms of sleep disordered breathing, 
and improves daytime somnolence and school performance, 
attention, and academic functioning [127–136]. The factors 
related to suboptimal PAP adherence in children are multi-
factorial and are explored further below.

26.2  Positive Airway Pressure in Children

There are different modes of PAP therapy used in pediatrics, 
and these are summarized below in Table 26.2 [137]. CPAP 
provides a constant distending pressure at a single prescribed 
pressure level during both inspiratory and expiratory phases 
of the respiratory cycle [123]. CPAP works by preventing 
alveolar collapse which leads to an increase in the functional 
residual capacity (FRC) while minimizing work of breathing 
by the muscles of inspiration. The overall effect is an 
improvement in gas exchange in patients with an adequate 
respiratory drive [138]. CPAP does not provide tidal breath-
ing support, and patients on this therapy must be able to 
maintain airway patency and have adequate respiratory mus-
cle strength and neurological drive to breathe [138].

BPAP provides a cycling, pre-set pressure support which 
is higher during inspiration (inspiratory positive airway pres-
sure [IPAP]) than during expiration (expiratory positive air-
way pressure [EPAP]). The IPAP augments the patient’s 
inspiratory effort and should be delivered in synchrony with 
the patient’s respiratory efforts [139–141]. Provision of IPAP 
is intended to minimize work of breathing and decrease the 
respiratory rate as well as the paCO2. EPAP functions to elim-
inate upper airway obstruction, reduce intrinsic PEEP, and 
improve oxygenation [124]. BPAP devices provide up to four 
different modes of ventilation: spontaneous mode, spontane-
ous/timed mode, pressure control mode, and timed mode. In 
addition to IPAP and EPAP, other BPAP settings include rate, 
inspiratory time, and sensitivity [123]. No significant rela-
tionship between a particular mode of noninvasive ventilation 
and adherence has been found [127, 132, 142, 143].

All devices have a water chamber with temperature con-
trol for heated humidity or cool passive humidity. In addi-
tion, CPAP devices have an in-line heat and moisture 
exchanger device [137]. PAP devices have features to facili-
tate sleep onset and acclimatization such as ramp and pres-
sure reduction during exhalation. The ramp setting allows 
the therapeutic pressure level to be achieved from a subthera-
peutic baseline at the time the machine is turned on. This 
usually occurs over a period of 15–30  minutes. In cases 
where there is discomfort related to exhaling against a high 
pressure, there is the option for pressure reduction during 
exhalation. This is done through the diversion of airflow 
from the patient once the beginning of exhalation is detected 
by the machine. Alternatively, the motor speed is reduced to 

Table 26.2 The indication and functionality of PAP in children. 
Reproduced with permission from Parmar et al. [137]

Mode
Primary indication and 
clinical utility Functionality

CPAP: fixed 
pressure CPAP 
mode

OSA Distends upper airway 
preventing pharyngeal 
collapse

Auto-CPAP: 
auto-titrating 
CPAP mode

1. OSA
2.  Positional or 

REM-related OSA
3.   PAP therapy 

acclimatization prior 
to PSG

4.  CPAP patients 
with sudden 
change in OSA 
severity due to 
surgery or rapid 
weight change

Auto-adjusting CPAP 
pressure within a 
prescribed range, upon 
detection of upper airway 
resistance/airflow 
limitation. Provide higher 
pressures only when 
required during varying 
sleep stages or positions

BPAP-S: 
spontaneous 
BPAP mode

1.  Patients with OSA 
who are intolerant to 
CPAP at high 
pressures due to 
discomfort exhaling, 
not mitigated by 
comfort features

Two pressures prescribed: 
higher inspiratory 
pressure and lower 
expiratory pressure to 
provide cycling levels of 
pressure which is 
synchronized with the 
patient breath

Auto-BPAP: 
auto-titrating 
spontaneous 
BPAP mode

1.  Positional or 
REM-related OSA 
where patient is 
intolerant to high 
auto-PAP pressures

2.  BPAP therapy 
acclimatization prior 
to PSG

Auto-adjusting EPAP 
level as in Auto-CPAP 
with a fixed pressure 
support level allowing 
for higher pressures 
upon inhalation. 
Cycling pressure is 
synchronized with 
patient effort

BPAP-ST: 
spontaneous- 
timed BPAP 
mode

1.  Children with OSA 
who present with 
mixed apnea

2.  CPAP emergent 
central apneas

3.  Persistent 
hypoventilation 
following resolution 
of OSA with CPAP

Similar to BPAP-S with 
the addition of a back-up 
respiratory rate setting to 
ensure a minimum 
number of breaths per 
minute are delivered

VAPS: volume 
assured 
pressure 
support BPAP 
mode

1.  Obesity 
hypoventilation 
syndrome

2.  Congenital central 
hypoventilation 
syndrome

Auto-titrating pressure 
support allows delivery 
of a constant target 
volume in the presence of 
changing lung mechanics 
and patient effort 
resulting from changes in 
sleep position or sleep 
stage

Data from the PAP device can be wirelessly transferred to a cloud- 
based software system on a daily basis allowing for the patient to view 
therapy data online via smartphone applications or on the device itself. 
The physician can remotely monitor cloud-based data or manually 
download the data from the device via a data card, USB, or data cable. 
The PAP data available includes usage and efficacy data. Of note is that 
the algorithms for apnea-hypopnea index (AHI) on current PAP devices 
are derived from adult criteria so care should be taken when 
interpreting.
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decrease the treatment pressure based on the reduction level 
that is selected by the clinician [123, 137].

26.2.1  Definition of PAP Adherence

There is variability and inconsistency in the definition of 
PAP adherence. Data from several seminal papers on PAP 
adherence in adults in the mid-1990s led to a common 
assumption that CPAP use of 4 hrs/night on 70% of nights 
was the clinical and empiric benchmark of PAP adherence 
[144–147]. However, a threshold of CPAP usage 4 hrs/night 
may have limited applicability in evaluating health and func-
tional outcomes in this population [144]. In general, it has 
been observed that increased CPAP usage improves out-
comes (e.g., subjective sleepiness, verbal, and executive 
function) for adults with OSA [144], and similar findings 
have been reported in children [144].

In children, the optimal definition of PAP adherence is not 
clear. Parents tend to overestimate their child’s PAP usage, 
and so it is important to obtain objective adherence data 
when assessing usage [131, 132]. In a systematic review of 
PAP adherence in pediatric OSA, of 1079 participants from 
20 studies, the average adherence that was reported in the 
studies was less than 60% although adherence was not 
defined in a homogenous way across the studies [148]. On 
average, PAP was used 4 hours per night to 5.2 hours per 
night (non-naïve/existing PAP users). A recent cross- 
sectional big-data analysis in over 20, 000 children (mean 
age 13  years +/−3.7  years) showed that only 46.3% were 
adherent [148]. The criteria for adherence in this study were 
PAP use for 4 h or more per night on at least 70% of the 
nights since therapy onset during a consecutive 30-day 
period during the initial 90  days of use [149]. Further 
research is needed to define the target CPAP usage in chil-
dren that optimizes important health outcomes especially as 
children sleep longer than adults, with variation depending 
on developmental stage. Thus, average PAP use of 4 hours/
night across all age groups is likely significantly below the 
ideal time needed to optimize the clinical benefit of PAP 
[124, 144, 150–152].

26.2.2  Interfaces and Devices

The PAP device consists of a machine which provides the 
airflow and the hose which connects the flow generator 
(sometimes via an in-line humidifier) to the interface. The 
routine use of pressure ramping and humification may be an 
important factor in adherence [153].

Recently, there has been an expansion of available pediat-
ric interfaces, and there continue to be efforts to create new 
options [154]. However, there are still limitations as it per-

tains to the options for facial masks and headgear [155]. 
There are four types of PAP interfaces as illustrated in 
Fig. 26.1: nasal, nasal pillow, oronasal, and total face. More 
recently, personalized 3D-printed CPAP mask designs have 
become an option for children with craniofacial anomalies 
[156]. The choice of interface depends on the characteristics 
of the patient and include but are not limited to underlying 
disease age, ventilatory mode, facial characteristics, safety 
risks (related to the potential development of skin ulcer-
ations, claustrophobia, gastric insufflation, and aspiration), 
degree of cooperation, and severity of respiratory impair-
ment [138, 141, 157]. Features of an acceptable interface 
include good adhesion, a low resistance to airflow and light-
weight, minimal dead space volume, and minimal pressure 
on the skin [158]. Accessories to the interface include head-
gear and chin straps.

An unpleasant initial exposure to PAP can affect early 
attempts to use therapy and can cause a prolonged period of 
treatment rejection from both child and caregiver [159]. The 
main reason for a change in the interface is facial discomfort 
[155]. In patients with tactile aversions such as children with 
developmental delay (DD), initial acceptance of the interface 
is often challenging. Parents should be educated about the 
significant time investment and patience involved in the suc-
cessful initiation and maintenance of PAP [160]. Mask fit has 
been found to be highly predictive of PAP use [149]. PAP use 
was found to be the lowest in 20, 553 children when the 
median mask leak (averaged over 90 days) exceeded 24 L/
min (282 [43·7%], p < 0·0001) [149]. Children that use a face 
mask as opposed to a nasal mask may take a longer time to 
be established on PAP [153].

Nasal masks (Fig.  26.1a) are the most commonly used 
interface in children [122]. This interface rests on the nasal 
bridge and both sides of the nose. When worn, it allows com-
munication and use of a pacifier and reduces risk of aspira-
tion. In children with high nasal resistance, there is a risk for 
mouth leak, nasal dryness, bleeding, and skin injury. Nasal 
pillows (Fig. 26.1b) rest on the inner rim of the nostrils and 
carries less risk for skin injury because of lack of contact 
with the nasal bridge as well as less overall contact surface 
area. The limitations with use are similar as that for the nasal 
mask. The oronasal mask (Fig.  26.1c) covers the mouth, 
nose, and part of the chin. It has the advantage of reduced 
mouth leak but increases aspiration risk and subsequent air-
way obstruction as well as skin injury. The total face mask 
(Fig. 26.1d) covers the entire face and has similar limitations 
as the oronasal mask. However, this interface carries less risk 
for skin injuries [155].

All noninvasive devices have a built-in or intentional leak 
to prevent re-breathing of carbon dioxide [123]. The issue of 
unintentional leak can be addressed with the use of pacifiers 
in infants and chin straps in older children as well as ensur-
ing adequate interface fit. Ensuring continued proper inter-
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Fig. 26.1 Types of PAP interface.  
(a) Nasal mask. (b) Nasal Pillows.  
(c) Oro-nasal mask (d) Full Face Mask
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face fit can be achieved through thorough assessment for 
signs of mask replacement (spotted surfaces, weakened mask 
structures, loose materials, or poor cushion seal). In some 
cases, a custom-made interface may be necessary to achieve 
adequate fit [161]. In children (n = 62) treated with NIV at 
home for at least a month, the level of unintentional leak was 
not different between patients using a nasal mask or a facial 
mask. There was no correlation between level of uninten-
tional leak, nocturnal gas exchange, and treatment adherence 
[142].

Reported complications of PAP use include short-term 
issues related to the interface such as skin breakdown, skin 
erythema, nasal congestion, rhinorrhea, epistaxis, feeling 
of suffocation, conjunctivitis, and rhinitis [123, 124, 126, 
131, 132]. In children with single ventricle physiology 
and/or hypovolemic states, special care must be taken to 
avoid  cardiorespiratory compromise [123]. However, seri-
ous complications from PAP use are not frequently 
reported and do not seem to play a role in PAP adherence 
[124, 162]. It is important to note that minor side effects 
may impact adherence [126, 145]. Nasal symptoms tend to 
be the most frequently reported side effects and interest-
ingly tend to occur more commonly in patients using 
CPAP than in those using BPAP [124, 126, 127]. A signifi-
cant long-term complication is that of midfacial bony 
deformation or hypoplasia thought to be related to long-
term mask pressure [163, 164]. This complication is not 
frequently reported in the literature; however children with 
underlying craniofacial conditions that are compliant with 
nasal PAP may be at increased risk of this issue [163]. The 
apparent rare occurrence of this complication may be 
related to the relative short duration of assessment in most 
adherence [132].

In up to 20% of children initiated on PAP, the initial 
interface is changed because of facial discomfort. Children 
with underlying maxillofacial deformity issues may 
require more frequent mask changes [157]. In some cases, 
custom- made masks are necessary for adequate fit and 
comfort in children with craniofacial abnormalities [132]. 
The interface should be changed or modified at the first 
sign of intolerance, discomfort, and inefficacy of PAP 
because of leaks or facial deformity [155]. There is limited 
data on the effect of mask interface on adherence [148]. In 
one study, better PAP adherence was achieved in children 
with DS who were changed from nasal to full face mask 
[153]. In another cohort of CSHCN with OSA (n = 62), no 
significant differences in adherence to PAP was found 
between nasal cannula, face mask, and nasal mask [142]. 
Similarly, in a study by Simon and colleagues i(n  =  51) 
68% who were labeled as CSHCN, there was no signifi-
cant difference in adherence between the use of a full face 
mask versus nasal mask [143].

26.2.3  Current Data and Challenges to Positive 
Airway Pressure Adherence in Children

Adherence to PAP in children seems to be multifactorial 
with inconsistency in the identification of predictive factors 
for adherence across studies [144]. This may be related to 
the retrospective nature of pediatric studies as well as the 
small sample sizes (ranging from 29 to 140 patients) [148]. 
In a comprehensive review of PAP adherence in 46 studies 
with 3000 participants between these studies from across 
the globe, the following inclusion criteria were used: age 
0–21  years; participants with OSA treated with PAP 
(including CPAP, APAP, BPAP); studies reporting outcome 
measures of hours of PAP use or frequency of adherence; 
and studies reported in English [148]. More than two thirds 
of the participants had complete PAP use/adherence data. 
The factors associated with adherence include individual 
factors, family and social factors, disease and mode of ther-
apy, and PAP technology factors. Children with DD are 
included in many of the studies looking at PAP adherence. 
These are reviewed in the following section. The largest 
dataset of pediatric adherence data comes from the United 
States where a retrospective cross-sectional analysis of the 
Airview database was carried out in children between the 
ages of 4 and 18 years old (n = 12,699) from 2014 to 2018 
[149]. The criteria for adherence in this study was PAP use 
for 4 h or more per night on at least 70% of the nights since 
therapy onset during a consecutive 30-day period during 
the initial 90 days of use. 61.8% of the cohort used PAP 
over the 90-day monitoring period with only 46.3% being 
adherent [149]. The factors that were found to be associ-
ated with adherence included younger age, residual AHI, 
use and onset of patient engagement programs, PAP pres-
sure, and nightly median PAP mask leak [149].

In the few randomized control trials that have assessed 
adherence in the pediatric population, significantly lower 
usage among youth has been observed. Marcus et al. com-
pared the effectiveness and adherence of CPAP and BPAP in 
newly diagnosed OSA children (n = 29) that had never used 
PAP before. The authors arbitrarily defined adherence as 
>3 h/night of PAP use even though 3 hours of use was noted 
to be suboptimal by the authors [124]. Of the 29 participants, 
1 had a craniofacial anomaly, and 12 (2/3 of the patients) 
were obese. Eight patients dropped out of the study without 
providing final downloads despite receiving intensive sup-
port (use of free equipment and frequent telephone and clinic 
follow-up). Adherence outcomes were assessed at 6 months, 
and no difference was found between the two treatment 
groups (16 in BPAP group and 13 in CPAP group). Adherence 
was concluded to be suboptimal at 3.83  ±  3.3  hours/night 
among the 29 participants. There was also no difference in 
resolution of OSA (as documented by PSG) between the two 
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modes of pressure delivery [124]. Other randomized con-
trolled trials looking at PAP adherence similarly report poor 
adherence to PAP irrespective of mode of therapy and the use 
of shared decision-making tools [125, 128, 165].

As stated earlier the factors that influence PAP use have 
been explored in mostly retrospective studies. These factors 
can be categorized into facilitators and barriers to PAP use 
and adherence and can be further classified into four groups: 
PAP technology, caregiver/family unit, individual, and 
disease.

26.2.3.1  Individual Factors

Age
Younger children generally tend to be more adherent to PAP 
compared to older children [136, 149, 162, 166, 167]. Avis 
and colleagues found that 3-month CPAP adherence was bet-
ter among younger (mean age  ±  SD, 10.7  ±  2.2) vs older 
children with a mean age of 14.7 ± 1.1 (t = 5.1, P = 0.01) 
[166]. O’Donnell et  al. found that not only were younger 
children (6–12 years old vs 13–18 years old) more likely to 
be adherent to therapy, they were also more likely to accept 
nasal CPAP (nCPAP) [153]. Of the children that accepted 
PAP, there was a statistically significant decrease in adher-
ence (% of days nCPAP used and mean daily use on days 
nCPAP was used) [153].

Sex
In two separate retrospective studies, female gender was sig-
nificantly associated with PAP adherence [126, 168]. In one 
study, adherence data for 140 patients was examined – 76 
male and 64 female. The average age (±SD) in the adherent 
and nonadherent groups were 12.0  ±  5.7  years and 
12.7 ± 4.7 years, respectively. Females were 1.5 times more 
adherent to CPAP (60.9% vs 39.5% odds ratio  =  2.41, 
95%CI = 1.20–4.85; p = 0.01).

Underlying Medical Conditions
DD may be associated with better adherence in children. 
Hawkins and colleagues found a diagnosis of DD was asso-
ciated with CPAP adherence (OR  =  2.55, 95%CI  =  1.27–
5.13; p = 0.007). In this study, DD was defined as any form 
of non-typical development from mild (e.g., speech delay) to 
severe (e.g., static encephalopathy). Associated comorbidi-
ties and sex were not found to be significant factors influenc-
ing adherence [168]. Patients with obesity or atopic illness 
trended toward poor adherence in this study, but these factors 
did not reach statistical significance [168]. Kang et al. simi-
larly found that PAP adherence in children with developmen-
tal disabilities was better than in those without [169]. 
Children with DD at both 3- and 6-month timepoints had 
higher percentage adherence usage compared to children 
with TD [169].

Race
There are limited data in children on the impact of ethnicity 
on adherence. In large retrospective studies (n > 20,000 par-
ticipants), participant characteristics such as race were not 
available for analysis [149]. Smaller studies assessing how 
race affects adherence have not been well powered. Children 
who were African American (AA) (33 out of a total of 59 
children) had PAP usage of (2.5 ± 2.4 vs 4.2 ± 2.8 h in month-
 1, p  =  0.021) at the 1-month assessment timepoint when 
compared to other races [Caucasian (n = 20) and children of 
more than one race (n = 3)]. There was no significant differ-
ence in the number of nights that PAP was placed on or the 
number of hours of use at 3 months [162].

26.2.3.2  Family and Social Factors
DiFeo et al. found that higher number of PAP nights used cor-
related with a higher level of maternal education (p = 0.002) 
[162]. PAP use is higher for children who have a family mem-
ber that is on PAP therapy, a higher average nightly hour of 
PAP use for all nights (p = 0.04), and nights used at 3 months 
(p = 0.04) after PAP was initiated [167]. Additional important 
factors that influence PAP adherence include the structure in 
the home, social reactions, style of communication (e.g., nag-
ging/fighting, trust or respect, desire to please) within the 
family, and perception of benefits of therapy [170].

Factors that have consistently been associated with non-
adherence in children and adults include being asymptom-
atic of daytime symptoms of SDB, nasal obstruction, low 
self-efficacy, lack of risk perception, and lower socioeco-
nomic status [171]. In adolescents, home and family struc-
ture, style of communication, social reactions and attitudes, 
adolescent perception of PAP benefits, and design of 
machine were important factors influencing adherence [170, 
172]. Additional factors include the importance of an adjust-
ment period to therapy, individual-specific family support 
based on the unique needs of adolescents, and perceived 
challenges to therapy outweighing perception of symptom 
relief [170, 172].

26.2.3.3  Disease and Mode of Therapy
Subtherapeutic CPAP pressures and hence inadequate treat-
ment of OSA may impact early adherence to therapy [150]. 
Contrary to the previously described randomized trials 
described above that did not find any difference in mode of 
PAP therapy [125, 128, 165], a study in an Australian 
cohort of children found better adherence with BPAP.  In 
this study 136 children (mostly non-obese) were initiated 
on PAP therapy (46 BPAP and 90 CPAP) with the intention 
of long-term use [173]. After exclusion of patients in both 
arms, 19 BPAP patients had downloadable data at 1 year 
compared to 17 CPAP patients. Patients in the CPAP and 
BPAP group were lost to follow-up for a variety of reasons 
including death (n = 1; n = 5), transition to adult services 
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(n = 2; n = 5), lost to follow-up (n = 10; n = 2), non-tolerant 
(n  =  4; n  =  4), symptom resolution, and no longer using 
(n = 16). Ninety- one percent of BPAP users were adherent 
(defined as using the machine for ≥4 hours/night for 70% 
of the days) compared with 75% of CPAP users. The 
authors attribute this difference to the diagnostic profile of 
the patients with most patients in the BPAP group having 
neuromuscular and/or central nervous system disorders. 
However, the significance of these findings should be inter-
preted with caution due to the low numbers studied. The 
BPAP group were also older (9.8 ± 5.9y) than the CPAP 
group (6.9 ± 5.5y), and this could have contributed to their 
tolerance in terms of greater ability to reason with these 
children as to the importance of their therapy [173]. The 
CPAP use (70% adherence rate) in this study was similar to 
the findings by Uong et al. when compared to BPAP in pri-
marily obese children at follow-up [127].

Children with obesity-related SDB with lower nocturnal 
oxygen saturation nadir were more likely to adhere to PAP 
therapy [174]. Subtherapeutic PAP pressures which lead to 
suboptimal therapy seem to decrease individual motivation 
to use PAP therapy. Bhattacharjee et  al. found that higher 
PAP pressures had better adherence and that an increased 
residual AHI specifically of at least 5 events/hour had the 
lowest PAP use (1822 [55·6%], p < 0·0001) which concur 
with data from other studies [150]. In another study, patients 
with a higher baseline AHI and a greater change in AHI on 
PAP were more likely to be adherent [127].

26.2.3.4  PAP Technology

Interventions
Predictors of long-term adherence to PAP are the length of 
time that the child is prescribed PAP, and the consistent early 
attempts to use it [143, 150] especially with use of parent and 
patient engagement programs (PEP). These programs pro-
vide real-time daily feedback to patients about their PAP use 
while simultaneously coaching them based on the data col-
lected. Information can be accessed via a proprietary website 
or mobile app. The use of a PEP at the initiation of PAP 
therapy has been associated with increased PAP adherence 
(63.2%) in children that used this technology [175]. 
Additionally, children in a patient adherence program are 
less likely (20.9%) to terminate therapy compared to those 
not enrolled in a patient engagement program [149]. Better 
PAP usage of 7 hours per night for 73% of the week for a 
mean of 18.1 months has been reported in school aged chil-
dren and adolescents between 7 and 19 years, n = 46 [127]. 
In the PEP, patients can access information related to PAP 
use time and duration, mask leak, respiratory events per hour 
of use, and the number of times that the mask is placed and 
removed. Patients receive suggestions and coaching aimed at 
troubleshooting issues and encourage usage. Messages are 

designed to enhance self-management, recognize success 
through award, and permit patients to identify and solve 
treatment issues on their own [149].

Behavioral interventions may be beneficial in promot-
ing CPAP adherence [106]. In one study, participants 
between 1 and 15 years (n = 20) self-selected to one of 
three treatment arms: behavior consultation and recom-
mendation session (CR+), behavior consultation and rec-
ommendations plus a course of behavioral therapy (BT), 
and a group for whom behavior therapy was recommended 
after consultation but the family did not follow-up (CR-). 
A behavior consultation consisted of trained staff observ-
ing CPAP application, a structured interview about prefer-
ences and dislikes of the child, and recommendations for 
a one-week treatment trial were then provided in the CR+ 
group. Participants in the first two groups showed higher 
CPAP use than those in the third group [106]. The CR+ 
group showed significantly longer PAP usage at post-
treatment compared to the CR- group (average of 8.58 hrs 
vs 0.67 hrs, respectively).

In addition to other forms of behavioral intervention [176, 
177], other factors have shown to have a positive impact on 
PAP adherence. Of note is that these factors were explored in 
pilot studies with very small numbers. Mendoza-Ruiz and 
colleagues assessed the effect of a table based on token econ-
omy [178]. In this study children (n = 6) placed a green or red 
token to indicate whether CPAP was used or not, respectively. 
An objective number of nights of use were decided between 
parent and child, and a reward was chosen. The use of this 
table was found to be effective in improving CPAP adherence 
at 1 month [178]. In a study assessing the effect of medical 
hypnosis on PAP adherence, nine children between 2 and 
15 years old had sessions of hypnosis techniques performed 
by a nurse trained in administering these techniques. Hypnosis 
techniques based on distraction in the youngest to indirect or 
direct hypnotic suggestions in older children to obtain a pro-
gressive psychocorporal relaxation were employed [161]. All 
patients studied accepted the interface within three sessions 
and had a median use of 7.5 h per night at a 6-month assess-
ment timepoint. Access to a pediatric PAP team with exper-
tise in therapeutic education and CPAP/PAP may also lead to 
better adherence [93, 179, 180]. Access to a respiratory thera-
pist (RT) trained in PAP use at clinic visits [181] and PAP 
desensitization are additional factors found to have a positive 
effect on PAP use and adherence [182].

In summary, the pediatric studies assessing PAP adher-
ence in children are limited to mostly retrospective studies 
with small numbers conducted in centers with differing clini-
cal practices as it pertains to multidisciplinary care. However, 
findings from these studies suggest that the developmental 
components of childhood, socioenvironmental factors, initial 
PAP exposure, and degree of SDB are important factors in 
pediatric PAP adherence.

26 CPAP Adherence in Children with Special Health-Care Needs
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26.3  Specific PAP Adherence Factors 
in Children with Special Health-Care 
Needs

Several studies show that adherence to PAP in CSHCN is 
similar if not better to that seen in children without special 
health-care needs [106, 150, 162, 168, 169, 183], data sum-
marized in Table 26.3. The use of PAP in CSHCN may be 
fraught with similar challenges to implementation as seen in 
children with typical development. The incorporation of PAP 
use into their schedule, getting accustomed to the device, and 
the requirement for caregiver support are examples of similar 
challenges [169].

In the largest study assessing adherence to PAP in chil-
dren with developmental disabilities to date, Kang and col-
leagues found that among 103 children with DD, percentage 
of nights of PAP was used at 3 (86.7% in DD and 62.9% in 
TD, p  =  0.01) and 6  months (90% in DD, 70.7% in TD, 
p = 0.003) was higher than in children with DD. Adherence 
was expressed as percentage nights used and hours of usage 
on nights used. The spectrum of developmental disabilities 
(DD) ranged from genetic syndromes (n = 48), CNS abnor-
malities (n = 24), autism  spectrum disorder (n = 12), and a 
variety of other conditions such as idiopathic/global DD, 
epilepsy, craniosynostosis, mucolipidosis type II, neurofi-
bromatosis type I, Renpenning syndrome, and unspecified 
intellectual disability (n = 19). The hours of usage between 
groups were similar. Both measures of adherence improved 
with time. Predictors of PAP usage in both groups included 
higher median neighborhood income and higher PAP pres-
sures. There were 55 patients that dropped out of the study 
with a missing rate that was similar between groups [169].

The initial acceptance of PAP therapy in the CSHCN 
population may be challenging. In a successful outpatient 
PAP initiation program in children with complex OSA at 
the Hôpital Necker-Enfants Maldes in France, there was an 
90% success rate for PAP acceptance and adherence, 4 of 
the 31 children did not accept PAP. These four children all 
had some degree behavioral problems and three of them 
were adolescents with DS [184]. The cohort of children 
with complex OSA in this study had medical conditions 
that included DS (most common diagnosis with n  =  7), 
achondroplasia, crouzon syndrome, PWS, chiari malforma-
tion type 2, PRS, and MPS type II [184]. Twenty-seven par-
ticipants achieved excellent adherence after 2 months with 
a median use of 8h21min (range 05h45min-12 h20 min) per 
night. CPAP was used a median of 25 nights per month 
(range 18–30) and 4 h/night during a median of 82 ± 17% 
of nights. The authors credit the high adherence rate in their 
program to the integrated, age-adapted education program 
and strict follow-up as well as close collaboration with 
home care providers that perform regular home visits and 
transmit adherence data to the team allowing for prompt 

adjustments in the first weeks of treatment [184] similar to 
observations in other studies [97]. The authors suspect that 
of the patients that did not accept PAP, lack of a supportive 
family structure as well as deficient adaptive behavior, 
visual-motor integration and academic achievement could 
be potential factors. However these were hard to elucidate 
due to the restrospective nature of the study.

Brooks and colleagues assessed PAP therapy in 25 chil-
dren with DS who underwent polysomnography, multiple 
sleep latency testing (MSLT), and a battery of neuropsy-
chological tests. The patients who were not able to tolerate 
PAP were deficient in tests of adaptive behavior (Vineland 
p  <  0.05) visual–motor integration (Beery p  <  0.01) and 
achievement (Woodcock-Johnson p  <  0.05) compared to 
those successfully treated [97]. These findings suggest that 
inattention may be a barrier to CPAP adherence and sug-
gest considering the evaluation and treatment of any atten-
tion deficit disorders in children having difficulty tolerating 
PAP [185]. In another cohort of DS patients initiated on 
NIV for OSA, 9/11 patients (82%) used CPAP/BIPAP for 
>4 h/night with average usage >8 h/night. Similar to previ-
ous findings, five patients did not tolerate PAP treatment 
because of major behavioral disorders and family dysfunc-
tion [93].

Better adherence in the short term may be predictive of 
longer-term adherence in the CSHCN population [186]. In a 
group of 24 young children with DS [mean age of 2.4 years 
old (IQR 0.7–6)] that were initiated on NIV for OSA, 11/24 
(45.8%) had good adherence as defined by 4  h/night for 
>50% of the nights examined with average use of 8 h/night) 
with early adherence predicting long-term adherence. 
Regular follow-up was thought to be a key factor in main-
taining adherence along with a multidisciplinary effort 
involving parents, nurses, psychologists, doctors, and 
play-specialists.

In children with neuromuscular disease, initial detailed 
education of youth and caregivers about the benefits of PPV 
and rapid access to troubleshooting and support early on in 
treatment were found to be possible key elements to pro-
mote adherence [183]. In their qualitative assessment of 
BPAP adherence in children with neuromuscular disease, 
Ennis et al. found that adherent youth were more likely to 
experience symptom benefit compared to nonadherent 
youth who also reported more adverse side effects. 
Nonadherent youth were found to display elements of rebel-
lion against authority and challenge limit setting [183]. 
Pascoe and colleagues found poor adherence in 41 children 
with DMD on PAP for OSA.  These patients were main-
tained on glucocorticoids and had preserved lung function 
[187]. The mean age at the time of PAP initiation was 
12.2 ± 1.9y. Patients endorsed mask discomfort and sleep 
disruption (which may have been related to mask discom-
fort, leak, or pressure intolerance) as adherence barriers. 
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Child internalizing symptoms such as depression and anxi-
ety were found to be predictors of lower PAP adherence as 
well as more adherence barriers [187].

In CSHCN that fail PAP initiation, a guided, gradual 
approach in a supportive setting with anticipatory guidance 
for assessing and managing challenges of children with com-
plex medical needs may be helpful [144]. The initial PAP 
experience starts from the introduction of the device and 
machine to the patient, the fitting of an appropriate interface, 
and wearing that interface while awake with varying pres-
sures prior to the integration of PAP placement into the bed-
time routine and PAP use while asleep. Introduction to the 
PAP interface and machine with relaxation or distraction 
techniques while the child wears the device as well as allow-
ing the child to play with the interface are some examples of 
creating a positive initial experience [184]. Children with 
craniofacial conditions who have had multiple facial surger-
ies may have increased sensitivity to a mask on their face 
[41]. In addition, CSHCN may experience the added diffi-
culty of sensory and behavioral concerns as well as increased 
reliance on caregiver support [168].

The use of a CPAP age-appropriate educational program 
at the time of PAP initiation, behavioral assessments prior to 
initiation, close follow-up for the first few months of use, 
prompt assessment and management of issues, and side 
effect of PAP use are important factors linked to successful 
adherence in the CSHCN population [93, 106, 184, 188]. 
The use of an intensive CPAP program for patients with obe-
sity, trisomy 21, and genetic syndromes which included 
more frequent follow-up phone calls and follow-up clinic 
visits compared to standard care had favorable outcomes 
[184]. The follow-up rate for clinic visits and titration poly-
somnograms was found to be higher compared to patients in 
the standard CPAP program [188].

Education and behavioral strategies can yield adherence 
improvement [189–191]. Behavioral-based adherence pro-
grams had shown promising results in PAP adherence [106, 
176, 192]. In a group of 19 children with OSA and other 
conditions such as DS, obesity, and DD, an individualized 
treatment plan was associated with improvement in their 
average usage. The behavioral components of the treatment 
plan included positive reinforcement, positive coaching, 
behavioral rehearsal, stimulus cues, and relaxation training 
[176]. In the patients that did not show improvement, poor 
maternal buy-in to therapy and depressive symptoms were 
barriers to adherence. In another study that assessed adher-
ence in 20 children with OSA and underlying complex medi-
cal conditions, behavioral intervention improved PAP 
tolerance and documented hours of use [106]. In this study, 
behavioral intervention consisted of positive reinforcement, 
graduated exposure, counter conditioning, as well as escape 
or avoidance prevention strategies [106]. Strategies to 
improve adherence in children with physical and cognitive 

delays include follow-up phone calls to assess and remotely 
address adherence barriers [153]. Similar efforts may be 
effective if psychologists provide more intensive behavioral 
therapy [106].

The PAP pediatric education team plays an important role 
in the patient’s first encounter with PAP and at follow-up vis-
its. In most studies, this team consists of a nurse with PAP 
expertise and therapeutic education, pediatrician, and pulm-
onologist [93]. The availability of a clinic RT trained in PAP 
use improved adherence in patients whose adherence was 
<50% [181, 182].

Supportive family during the patient’s initial PAP experi-
ence is an equally important factor in achieving successful 
adherence [162, 165]. In this regard, the use of shared 
decision- making tools for counseling families regarding 
treatment options may improve agreement on treatment plan 
and PAP adherence [165]. This was found in a group of chil-
dren with OSA without tonsillar hypertrophy. These children 
had comorbidities such as DS and Pierre-Robin sequence 
[165]. A strong partnership between the family and patient, 
the health-care center, and home care provider are crucial. 
Family dysfunction and social issues have been important 
factors in poor PAP adherence among CSHCN [93, 176]. 
Specific parental barriers to PAP adherence are low maternal 
education, parental nonadherence to implementing a reward 
system, and encouraging PAP use [162].

In summary, acceptable adherence to PAP can be achieved 
in the CSHCN population with resources to support initia-
tion and close follow-up which may need to be increased 
from the standard protocol for children with typical develop-
ment. The availability of a PAP education team to promptly 
troubleshoot issues with PAP usage as well as the use of a 
behavioral-based adherence programs are likely important 
factors in successful adherence in the CSHCN population.

26.4  Approach to PAP Use in Children 
with Special Health-Care Needs

The introduction of long-term PAP therapy in the CSHCN 
population can be broken down into three phases: initiation, 
acclimatization, and maintenance. These steps are outlined 
in Fig. 26.2 and in Table 26.4. The ideal candidate for PAP 
therapy should be cooperative and have stable upper airway 
obstruction and/or chronic respiratory failure [123]. 
Tailoring PAP treatment as individualized to the specific 
patient has significant potential to improve adherence to 
PAP therapy in children, specifically children with special 
health-care needs. A personalized approach to PAP therapy 
would take into consideration differences in individual pref-
erences and response to treatment leading to identification 
of the risk of nonadherence and prescribing individualized 
goals for PAP use.
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26.4.1  Initiation Phase

Once a patient is identified as being a candidate for NPPV, 
the first step is to decide if the patient should be initiated on 
PAP in an inpatient or outpatient setting. Some of the consid-
erations for inpatient initiation include failure to initiate PAP 
in the home or very severe sleep disordered breathing. In 
both cases, the first step is education of the patient and parent 
by the PAP team. Members of the PAP team should at mini-
mum consist of the sleep specialist and technical personnel. 

Other members of the team that have been showed to play an 
important role in adherence are RTs, behavioral psycholo-
gists, and nurses specialized in PAP and therapeutic educa-
tion [181, 182, 184, 188]. The goal of the initiation phase is 
to achieve child and parent/caregiver acceptance of PAP 
therapy [160]. Child and parent/caregiver engagement is a 
crucial component in achieving this goal. To this end, main-
tenance of a positive and supportive approach by everyone 
involved is important [160]. This approach may be particu-
larly important in the CSHCN population for whom gradual 
PAP exposure in a supportive setting is particularly impor-
tant [144].

Patient education consists of four main categories: (1) 
patient and parent education; (2) review of parent/caregiver 
concerns and expectations; (3) goals for treatment; and (4) 
anticipatory guidance about common side effects, problems, 
and device issues and how to treat and troubleshoot them 
[144]. Crucial to this first step of patient and parent/caregiver 
education is engagement. Patient and parent education should 
include a review of SDB diagnosis and symptoms and the 
benefits of PAP. Specific age-adapted educational tools may 
be particularly useful and can include educational boards and 
cartoons, a booklet explaining PAP, and a teddy bear or doll 
breathing with a PAP device [184]. Healthy sleep hygiene and 
bedtime routine should be reviewed along with parental 
behavior management strategies, monitoring, and expecta-
tions. Concerns and questions by the parent should be 
addressed. It is particularly important to dispel inaccurate or 
incomplete information that the parent or caregiver may have 
as this can be a barrier to initial PAP acceptance [159]. It is 
important to identify potential limitations or barriers to incor-
porating PAP into the daily life of the child and address them.

Table 26.4 Summary of steps in the initiation, acclimatization, and 
maintenance phases

Initiation
1. Identify the suitability of a patient for the long-term use of NPPV
2. Discuss parental/caregiver concerns and beliefs
3.  Provide education about the therapy, indication, and steps 

involved in NPPV therapy
4. Select appropriate interface and headgear
5. Assess the readiness and acceptance of therapy by the child
6.  Use of a behavior modification-based approach; desensitization 

procedures; treatment of attention deficits; and/or stepwise 
positive reinforcement techniques as indicated

Acclimatization
1. Integration of PAP into bedtime routine
2. Positive reinforcement by family members
3.  Close follow-up to identify mask and machine comfort and 

barriers to use
4. Promptly address specific issues that are identified
5.  Plan for a titration study once the patient is using therapy 

regularly
6. Re-visit steps in the initiation phase as needed
Maintenance
1. Reinforcement strategy
2. Re-visit steps in the initiation and acclimatization phase as needed

NPPV
Candidate

Integration into
bedtime
routine

Parent/
Caregiver
Education

Yes

Close follow-
up and

review of
adherence

Patient
accepts
PAP?

PAP
Titration

Study

No

No

Yes
Adherent?

Consider
behavioural

interventions
and/or

desensitization
procedures

Patient
accepts
PAP?

Yes

No
Consider
inpatient
initiation
program

Reassess barriers to adherence
Reassess troubleshooting

strategies
Consider reinforcement
behaviour techniques

Close
follow-up

and review

Consider advanced
surgical airway

interventions and/or
multi/interdisciplinary

consultations

Patient
does not
accept

Not adherent

Adherent

PAP

Patient and

Fig. 26.2 The Approach to PAP use in CSHCN
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Initial acceptance with first exposure is a crucial next step 
as an unpleasant initial first experience can lead to prolonged 
period of treatment rejection from both child and caregiver 
[159]. In children with tactile aversions, consideration should 
be made for a full-face mask and/or minimal nasal airflow. 
This is provided the child can independently dislodge the 
mask from the face when necessary, but this may not always 
be necessary specifically if there is a caregiver at the bedside 
to monitor the patient during sleep [159]. Desensitization 
procedures in addition to behavioral conditioning can be use-
ful tools to help achieve PAP acceptance and adherence for 
patients in whom initial acceptance and adherence are not 
achieved [106]. Personalized strategies in the initiation phase 
of PAP use include personalizing the PAP interface to 
improve PAP effectiveness through reducing discomfort 
related to skin irritation and minimizing leak. This can be 
done through the use of fitting material between the mask 
and interface specifically in focal areas of increased pressure 
on the underlying skin [123]. More recently personalized 
three-dimensional PAP interfaces have been created 3D 
mask models are created with use of computed tomograpy, 
magnetic resonance imaging, or use of a 3D scanner. The 
model is then converted into a mold which is 3D printed and 
can then be filled with medical grade material to create the 
final interface [194]. These devices allow for objective mea-
surements of the face in order to design a personalized fitting 
device for each patient [156]. In a pilot study assessing 
3D-printed CPAP mask use in a child with Treacher Collins 
syndrome and severe OSA (baseline AHI = 16.4/hr), there 
was a 9% increase in compliance and a 24% decrease in 
residual AHI. There was a significant improvement in mea-
sured median mask leak from 25.2 L/min vs 6.6 L/min and 
leak at the 95th%tile (70.6  L/min vs 47/3  L/min). All 
improvements were sustained after 3  months of use. 
Additional patients have been enrolled, in this study and fur-
ther data is pending [194].

Desensitization procedures that allow slow habituation by 
gradual exposure to the mask and machine may be necessary 
in some children with tactile aversions [160]. One example 
of how this would play out would be to divide procedures 
into daytime and nighttime practices to establish PAP as a 
part of routine activities for the child [195]. An example of 
daytime practice includes gradually introducing the mask 
(placing the mask in the position of the child’s face) with the 
air turned on for increasing periods of time over a few days 
to wearing the mask with airflow, while the child lies down 
for increasing periods over a few days. Nighttime use starts 
with turning on the PAP machine at night without attaching 
it to the child so that they can get used to the noise to placing 
on and having the child fall asleep with the mask on. If the 
child is not able to fall asleep, 15 minutes of practice can be 
done, and the PAP can be placed after the child falls asleep. 
The goal is to have the child fall asleep with PAP on and use 

it for the majority of the night. Daytime and bedtime practice 
should be continued until that goal is achieved [195]. 
Individually tailored behavioral interventions should be con-
sidered for children having challenges with acclimatizing to 
therapy and/or those with poor adherence during the mainte-
nance phase such as inpatient admission and/or a short 
2–4  week intervention with home nursing [160]. These 
approaches have been shown to be successful and demon-
strate to the family that the child can tolerate the therapy. In 
addition, successful acclimatization to PAP therapy through 
in-patient admission or in-home intervention tends to break 
the cycle of patient refusal to use PAP and parental annoy-
ance and apprehension related to lack of PAP use [160]. 
Treatment of attention deficits in children prior to the initia-
tion of PAP may improve their adherence [97].

In children without tactile aversions, the interface can be 
tried first without the PAP device, and training can be pro-
vided for putting on and taking off the interface. If the 
patient is accepting of this first step, CPAP can be started at 
a minimal pressure and progressively increased to the high-
est tolerated level [184]. The patient should be encouraged 
to try different interfaces before determining which is most 
comfortable. The suitability of the interface and headgear 
should be assessed with pressure turned on to assess leak 
and comfort. During this time, the patient should be lying 
down calmly, and the pressure can be kept for a specified 
period like 30  minutes. Relaxation or distraction can be 
offered according to the age and preference of the child, 
while this is being done. Introducing the mask to the child 
can be made enticing with the use of stickers, videos, and 
picture books and allowing the child to play with the mask. 
Personalized books to follow the child’s PAP journey can 
also be used. If the patient can tolerate the mask on for the 
period during which the machine is turned on and a pressure 
is applied and/or varied, this implies acceptance by the 
child. The final step of the initiation phase is deciding on a 
set pressure or a range of pressures (AutoPAP) and setting 
the patient up with the therapy in the home. The parent/care-
giver should be provided with available resources for prob-
lem solving [144, 196].

26.4.2  Acclimatization Phase

This phase of PAP use begins after PAP acceptance and typi-
cally starts once the patient has taken home the device and 
starts to use it. Early follow-up and follow-up that occurs 
frequently is important during this phase [159]. Close fol-
low- up with the team is important for the identification and 
prompt treatment of specific side effects of PAP use such as 
dryness, skin irritation, interface discomfort, and nasal con-
gestion. Clinical follow-up within the first 4–6 weeks is ideal 
[184]. PAP should be integrated into bedtime routine to 
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allow the patient to get accustomed to sleeping with PAP 
therapy which may take weeks to months. If the child is 
unwilling to wear PAP at night, using the mask and machine 
can be integrated into play time during the day with the child 
and parent, allowing stuffed animals, dolls, and parent to 
wear the mask [160]. It is crucial for regular positive rein-
forcement by the family during this phase. Adherence should 
be evaluated weekly during this phase. Home care providers 
trained in pediatric PAP that can perform regular home visits 
and transmit adherence data to the home team to allow for 
prompt adjustment during the first weeks of treatment and 
can be an important component of excellent CPAP adher-
ence [184]. The same can be achieved with remote monitor-
ing of data like Airview which has made data easily and 
readily accessible for download. If there is poor adherence, 
the barriers to use should be reassessed and managed by the 
team with regular follow-up. In children with good and 
excellent adherence, the progress should be rewarded and 
encouraged. Once the patient is using PAP regularly, con-
sider planning for a PAP titration study with simultaneous 
PSG in a sleep laboratory. With the growth of telemonitoring 
and telemedicine, timely ongoing monitoring of PAP use is 
both viable and necessary. The frequency of follow-up 
should be personalized to the needs of the individual patient 
particularly in the CSHCN. Intensive initial inpatient support 
for PAP initiation may positively influence long-term adher-
ence [150]. This protocol may include play therapy, cogni-
tive behavioral therapy for older children, as well as further 
education and support of parents [150]. These strategies but 
may not be feasible and generalizable to all comers because 
of the high cost and limited resources of inpatient care [197]. 
However, this may be a consideration in specific circum-
stances and can be employed in specific scenarios.

26.4.3  Maintenance Phase

During this phase of PAP use, reinforcement of PAP use is 
the focus. The reinforcement strategies include ongoing 
encouragement and rewarding of good adherence and con-
tinued frequent follow-up and availability of the supportive 
network of the sleep physician and technical personnel to 
address challenges and issues.

26.5  Future Directions

PAP is an important therapy for the treatment of sleep disor-
dered breathing in the CSHCN population. However, there is 
a paucity of higher level and quality studies that are ade-
quately powered to assess factors that affect PAP adherence 
in this population as well as in children in general. Important 
parameters that still need to be defined for further large-scale 

studies are the optimal adherence for positive clinical out-
comes in children. This definition is crucial in setting a target 
for PAP usage and allow for more comprehensive assess-
ment of facilitators and barriers to PAP use and adherence. 
These findings will ultimately help with designing studies to 
test for the efficacy of PAP adherence interventions.

Additional data on protocols outlining the introduction of 
PAP therapy and surveillance of PAP use in the pediatric 
population will help to tailor and personalize PAP initiation 
and use in children. Specifically, the impact of desensitiza-
tion protocols, behavioral interventions, PAP education pro-
grams, and ideal follow-up times in each phase of PAP 
introduction are needed. Among adolescents, some of the 
gaps in knowledge as it pertains to PAP adherence include 
the inclusion of peer support groups in the promotion of 
adherence, understanding the influence of parenting style, 
family dynamics and communication, and lastly the benefit 
of health education and family involvement in PAP adher-
ence strategies [170].

Future research is needed to assess the contributions of 
socioeconomic factors such as maternal education, race 
and socioeconomic status, and cultural and personal beliefs 
to PAP use. These findings may allow for a more targeted 
and customized emphasis on education of families around 
the use of PAP. Other specific tailored or targeted interven-
tions for nonadherers and specific age groups of children 
within the group of CSHCN are important areas to 
understand.

Despite the technological advances in PAP interfaces, 
there is still limited availability of interfaces for children, 
specifically for CSHCN. Functional interfaces such as 
3D-personalized masks may increase PAP therapy effective-
ness and are a promising first step in the creation of more 
personalized therapy to increase PAP adherence through the 
improvement in patient comfort.
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Monitoring of the Patient on CPAP 
and When Should Alternative Treatment 
Modalities Be Considered

Kin M. Yuen and Rafael Pelayo

While understanding PAP therapy is the “gold standard” for 
the treatment of obstructive sleep apnea, many patients find 
its use challenging. This chapter will explore possible con-
tributing factors to PAP adherence and alternative or adjunc-
tive treatment options.

27.1  Introduction

The “gold standard” treatment for obstructive sleep apnea is 
the use of positive airway pressure devices. In 1981 when 
Colin Sullivan and colleagues first published the successful 
use of this treatment in five patients, the clinical practice of 
sleep medicine was irrevocably changed [1]. Of note, they 
described the treatment as “comfortable,” and none of their 
patients had “difficulty sleeping” with their new “vacuum- 
cleaner blower motor”-based device. The patients had an 
average apnea index of 62 events per hour in NREM sleep 
(not an apnea hypopnea index, which presumably would 
have been higher). In addition, none of the patients, which 
included a 13-year-old boy, needed pressures greater than 
10  cm to resolve their obstruction. Despite this propitious 
beginning, concerns about patients’ adherence to this form 
of therapy have been present ever since. Challenges range 
from patients rejecting PAP initiation, continuing its use, and 
discontinuing its use all together. This chapter will help sum-
marize the current data regarding factors that influence the 
successful use of PAP devices, their level of efficacy, and 
strategies to increase adherence. We will review the literature 

of PAP adherence while keeping in mind the limitations of 
arbitrary definitions when working with individual patients. 
In addition, since positive airway therapy is an evolving ther-
apeutic modality with frequent improvements in mask design 
and pressure delivery systems, it is important to be cautious 
when applying the older literature to the current situation. If 
medical advances allow for PAP to be retired as a treatment 
for OSA, historians may look back at this current time as the 
golden era of PAP therapy.

27.2  Overview

Adherence to positive airwave pressure therapy has become 
a fundamental measurement of the success of the treatment 
of obstructive sleep apnea. Yet, the yardsticks used can be 
somewhat arbitrary. Adherence is not typically discussed nor 
mandated by insurance providers concerning other more 
expensive treatments for OSA.  For example, measuring 
adherence does not apply to surgical interventions, though 
with the development of hypoglossal nerve stimulators it 
may be useful [2, 3]. With custom-fabricated oral appliances, 
there is no mandated demand for an arbitrary minimal 
amount of hours of use. Insurance companies have used 
adherence in factoring whether to pay for PAP treatment. Yet 
if a patient does not wear their prescription eye glasses, 
nobody from the optometrist offices knocks on their door to 
ask for the glasses back. Nor does somebody from the phar-
macy refuse to refill medications because one skipped prior 
doses. Why is PAP, which is relatively inexpensive, com-
pared to other OSA treatments, singled out this way? There 
are likely a confluence of historical reasons that are not 
entirely medical or evidence-based, and other technological 
and economic factors likely contribute [4]. For example, 
PAP devices can be refurbished and used by other patients, 
unlike the other common treatment options for OSA. This 
allows the devices to be reclaimed and reissued. Furthermore, 
unlike an automobile dealer, durable medical equipment 
vendors are not required to inform their patients they have 
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been sold a previously used CPAP device. Thus, the proper 
functioning of these preowned units may not be optimal.

Secondly, what does treatment success mean clinically? 
Certainly, for a clinician, there is value in monitoring and 
adjusting the therapy of patients with chronic condition to 
enhance his/her health. However, there is more than one way 
to think about whether the PAP treatment is successful. If 
one thinks about it from the patient’s perspective, then the 
success of the treatment could be based on the resolution of 
the initially presented chief complaint. For example, if a 
patient says he/she is seeking medical attention because his/
her snoring is disturbing the bed partner, then any measure of 
success would have to include elimination of the snoring. If 
the PAP data download shows a reduced apnea-hypopnea 
index, but that patient is still snoring, or the PAP’s noise is 
still disturbing the bed partner, that patient is unlikely to be 
satisfied with the treatment and may in the end abandon 
PAP. Alternatively, if PAP is to eliminate the bed partner’s 
complaints about snoring, then when the patient is sleeping 
alone, or during travel, he/she is less likely to use the PAP 
device. In this situation, despite the patient’s data download 
might indicate poor adherence, the patient is fully satisfied 
that the PAP therapy has fully addressed the primary reason 
for seeking treatment.

Another way to think about the treatment adherence and 
ultimate success is not based on the chief complaint but on 
prevention of consequences of untreated obstructive sleep 
apnea. This is analogous to the treatment of hypertension. 
The patient may have little awareness that some new hyper-
tension treatment has lowered the average blood pressure by 
10 mm Hg unless measured. But this could have a positive 
impact on possible cardiovascular sequelae. A patient may 
tell you that they do not feel any different when they use PAP 
despite having excellent measured adherence data based on a 
PAP download. The motivation for that patient to continue to 
use the PAP treatment may be simply the peace of mind that 
treatment will lower the risk of OSA-related complications. 
This scenario is not uncommon for patients with recent car-
dioversion or ablation for atrial fibrillation. Some view the 
PAP as an insurance against arrhythmia recurrence without 
perceiving any other benefit. As long as patients remain in 
sinus rhythm, PAP treatment is a success regardless of device 
efficacy data.

In clinical practice, there may be more than one motivat-
ing factor for patient to use PAP and those factors may 
change with time, and with it how patients gauge the success 
of their treatment. Therefore, out of necessity, arbitrary defi-
nitions of PAP adherence success were created [5–7]. This 
allows for research methods and results to be more uniformly 
applied to various populations. The arbitrary nature of these 
definitions must be kept in mind when working with indi-
vidual patients. For example, a common parameter for PAP 

adherence is using the device for at least 4 hours per night 
[8]. It would seem intrinsically self-evident that 4 hours on 
PAP for a patient that habitually sleeps only 5 and a half 
hours would be different from the same hours on PAP for a 
patient that habitually sleeps 9  hours. Yet if we apply the 
typical PAP adherence definitions, both patients would be 
viewed as being adherent.

In an older review, it was estimated that up to 15% of 
patients discontinue CPAP after their first-night trial but that 
patients receiving automated PAP devices had some small 
increase in usage as compared to fixed pressure PAP. In that 
study, the improvement in PAP use with the automated sys-
tem was of unclear clinical significance [9]. A more recent 
review by the same group again found that automated PAP 
had higher nightly usage when measured at 12 and 16 weeks; 
both machine types reduce symptoms, but that the difference 
between them is unlikely to be clinically important. The 
studies measure relatively short-term results and may not 
predict long-term outcomes [10]. It is worth pointing out that 
even if automated PAP had the same usage as fixed pressure 
PAP, it would still result in a potential healthcare cost saving 
if the automated PAP decreased the need for sleep lab PAP 
titrations. Our surgical colleagues tell us that only about half 
the patients advised to use PAP will be adherent [11]. Yet the 
evidence in support of using PAP as treatment for OSA is 
strong as reviewed by the American Academy of Sleep 
Medicine [12, 13]. The evidence goes beyond the United 
States, and PAP is used throughout the world. An interna-
tional study from Saudi Arabia reported that with support 
and education at follow-up, PAP was successfully used 
among 83% of their patients during the first 10 months of 
being started [14]. Problems with PAP adherence do exist, 
and there is much room for improvement. In one study, 
46–55% of those diagnosed with OSA either refuse PAP 
therapy outright or do not adhere to treatment [15].

Traditionally, when discussing treatment of OSA with a 
patient, we may offer a range of choices such as PAP, sur-
gery, and oral combined in an individual patient to optimize 
their sleep health. For properly selected patients, upper air-
way surgery may improve the subsequent PAP adherence. 
Surgical intervention may play a role even in patients who 
are unlikely to be fully cured of their OSA by surgery, which 
indicates that surgery may have an adjunctive role in the 
management of OSA.

To further understand the challenges patients face in the 
use of PAP devices, first we have to understand how patients 
are diagnosed, their level of psychological acceptance and 
barriers, their underlying anatomical morphology, other 
comorbid conditions and support system for PAP use, 
patients’ symptomatology, and subsequent training and fol-
low- up to increase efficacy and to provide feedback on PAP 
usage.
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27.3  First Thing First: Testing

A Kaiser study published in 2018 found that their patients 
who presented with symptoms, such as daytime sleepiness 
(OR 0.86; 95% CI 0.82–0.91) and snoring/gasping/choking 
(OR 0.87; 95% CI 0.82–0.92), were more likely to follow 
through with sleep testing than those without. But, those 
with cognitive impairment (OR 0.74; 95% CI 0.67–0.82) and 
obesity (OR 0.89; 95% CI 0.85–0.93) were less likely to get 
tested. Patients who had visits to the emergency department 
(ED) during the 6-month baseline period were less likely to 
get tested than those without visits to the ED (OR 1.15; 95% 
CI 1.08–1.22). The medical specialty of provider influenced 
the results. Among the same set of Kaiser patients, if the 
ordering medical provider were pulmonologists (OR 0.72; 
95% CI 0.68–0.76) or sleep specialists (OR 0.74; 95% CI 
0.68–0.81), their patients were more likely to pursue testing 
compared to those whose tests were ordered by primary care 
providers [16]. How these results would apply to a different 
medical delivery system than Kaiser’s is unclear.

27.4  Chief Complaint

When a patient first starts using CPAP, at the initial follow-
 up visit, it is important to have a conversation about what the 
patient is experiencing. At this visit, it is good to take a step 
back to discuss what the original reason the patients sought 
evaluation for their sleep in the first place was. As mentioned 
above, circling back to the original chief complaint will help 
both the patient and healthcare provider put in perspective 
the patient’s experience with CPAP. This is especially help-
ful if the provider at the follow-up visit is different from the 
provider at the initial visit prior to starting CPAP. For exam-
ple, if a patient first came in because of snoring, then it is 
important to know if the snoring has gone away completely.

If instead the patient came in originally with a complaint 
of insomnia, and their insomnia is persisting, then the CPAP 
may be viewed as a further hindrance to their sleep. If a 
patient is adapting well to CPAP, and enjoying their sleep, 
then continuing with CPAP is a straightforward process. 
However, some patients will struggle with the device at first. 
A good question to ask the patient at that first follow-up visit 
is: “what would help them continue?” Most patients will tell 
you that they want help to make the necessary adjustment to 
make the device more effective and comfortable.

However, some patients when asked will tell you that 
even if the device works, they do not want to use it. Even if a 
patient tells you the device is comfortable and effective, they 
will not use it. If they tell you they would rather remain 
symptomatic than use CPAP, then the clinic encounter must 
pivot to a discussion of alternative treatment modalities.

At this point in the encounter, it is worthwhile to let the 
patient know that even if they do not want to use CPAP at the 
current time, that CPAP technology has progressively 
improved over time and that OSA is a chronic condition that 
can worsen over time. Therefore, although you will review 
alternative treatment options, it is important that the patient 
stay open minded to perhaps using CPAP in the future. Most 
patients will agree to this contingency. At this point a discus-
sion of alternative treatment modalities for that individual 
patient is also appropriate.

27.5  OSA Is Different Despite “Severity” 
Ranking

The definition of obstructive sleep apnea has evolved to 
include obstructive hypopneas and respiratory effort-related 
arousals, RERAs. Similarly, the severity criteria have been 
modified. Regardless, the severity is still dependent on the 
frequency of obstructive events. Often, patients with similar 
severity may have different composites of obstructive 
apneas relative to obstructive hypopneas and RERAs. 
Therefore, we rely on frequency and severity of hypoxemia 
as a further guideline: oxygen desaturation index. Clinically, 
a “severe” patient with an AHI of 30 events per hour of sleep 
that is comprised of more obstructive apneas, high degree of 
oxygen desaturations, and low oxygen nadirs is different 
from a patient who had predominantly obstructive hypop-
neas with little oxygen desaturations. Based on current clin-
ical guidelines, both patients are offered automatic or 
continuous PAP as initial treatment. Purportedly, the effi-
cacy of PAP use increases linearly with hours of use per 
night by patients. Use of PAP over 5 hours per night was 
reported to reduce subjective sleepiness [17]. Thus, clini-
cians generally encourage usage of PAP over 4–5 hours per 
night for their patients [18].

An international study that evaluated 24-month PAP 
adherence among moderate-to-severe OSA patients with 
cardiovascular diseases (SAVE trials) reported that early 
adherence at 1 month, fixed CPAP pressure, and loudness 
of snoring were independent predictors of subsequent 
continual use [19]. However, in this same SAVE trial, 
despite moderate- to- severe OSA (mean ODI of 28.3 per 
hour; SD 14.1), the study population had not reported sig-
nificant daytime sleepiness before treatment (mean 
Epworth score was 7); they were older (mean age 61.34; 
SD 7.58) and overweight to obese (BMI 28.67; SD 4.46) 
and were predominantly male (81%) [20]. Of note, this 
was an open trial, and the average nightly usage was less 
than 4 hours per night; thus, these results can be viewed as 
an intention to treat study rather than a treatment efficacy 
study.
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27.6  Automatic Mode

Not all patients tolerate the default settings with automatic 
PAP devices. Some patients with a strong hyperarousal 
response tolerate PAP better with a narrow range of pressure 
or “CPAP” mode during adaptation. The rise in pressure noc-
turnally contributes to the patient’s awakenings. This can be 
reflected in an increased “central apnea” index as recorded in 
PAP devices.

27.7  Anatomical Challenges

Often patients with OSA complain of nasal congestion or 
blockage which predisposes them to oral breathing. Yet, the 
same patients who may have narrow or constricted nasal pas-
sages are offered devices that pipe in high-flow air through 
the same spaces that had resistance. Exacerbation of nasal 
congestion is not a surprising result. Medication and nasal 
sprays that were inadequate in controlling these symptoms to 
begin with are not likely to be helpful after initiating PAP 
therapy. Admittedly, heated humidification lessens the work 
of breathing in these areas. Anatomical blockages include 
deviated septum; sinus congestion may further reduce moti-
vation to initiate and maintain PAP use {inoue, nasal func-
tion and CPAP compliance} [21]. Surgery may play a role in 
helping a patient increase PAP adherence [22, 23].

27.8  Special Population

There is limited literature regarding long-term PAP adher-
ence for children or adolescents with developmental delays, 
craniofacial abnormalities, and social interaction challenges 
[24]. A recent report from France using outpatient PAP titra-
tion for 31 children whose median (range) age was 8.9 years 
(0.8–17.5), with Down syndrome (n  =  7), achondroplasia 
(n  = 3), and obesity (n  = 3) [25]. They were followed for 
12.3 months (median of 2.2 and range of 25.2). The median 
baseline obstructive apnea-hypopnea index (OAHI) was 12.5 
events/h (range 5–100). Patients had follow-up visits 1 month 
after PAP initiation, then 2 months after, then every 3 months 
thereafter for those who remained on PAP therapy. 
Comparing the initial 2 months’ PAP usage in 27 subjects, 
the median compliance was 08:21  h:min/night (05:45–
12:20), and a median number of 25 was used out of 30 nights 
[17–30] during this follow-up visit. However, for the same 
time period, three adolescents with Down syndrome used 
PAP <4 hours per night after 2 months (a boy of 16.2 years 
and two girls of 16.6 and 10.2 years) [25]. The fourth subject 
was an 8-year-old girl with “an arteriovenous cervico-facial 
malformation.” Psychosocial stressors were reported for 

these four subjects with “variable degrees of developmental 
delay and behavior problems.” A promising consideration 
for CPAP non-adherent children with Down syndrome is 
hypoglossal nerve stimulator implant [26].

27.9  Symptomatology

Patients present to a sleep clinic with varying degree of day-
time sleepiness, cognitive impairment, and discomfort. 
Those that present because others complain of their snoring 
exhibit varying degree of motivation for treatment. Some are 
not aware of any subjective daytime deficit and often lack 
comorbid conditions. If they are amenable for a trial of PAP, 
it is also unclear what types of improvement are expected 
since they were asymptomatic to begin with. Similarly, 
patients who are referred by their primary care providers, 
dentists, allergists, and cardiologists may be resistant to 
treatment if they have not felt any daytime function 
decrement.

27.10  Comorbid Conditions

In 2017, an Italian study reported that “adherence was posi-
tively associated with OSAS severity and negatively associ-
ated with cigarette smoking and previous cardiovascular 
events at baseline.” The study extended over a median of 
74.8 (24.2/110.9) months, and long-term compliance to 
treatment was present in less than half of the patients [27].

A French study that looked at those with cardiovascular 
disease compared to their peers found participants whose age 
<60 years and lower maximal positive airway pressure levels 
were less likely to be compliant with PAP after 3 years: age 
<60 years and diabetes were independent factors predicting 
low compliance [28]. Cardiovascular events were defined as 
myocardial infarction, stroke, coronary artery disease, and 
atrial fibrillation. Patients were followed with “short-term” 
evaluation at 5 months, and “long term” at 3 years. “There 
was no significant impact of the presence of CV disease on 
compliance at 5 months. There was no significant associa-
tion between gender, mask types, 90th centile positive air-
way pressure level, apnea/hypopnea index and short- or 
long-term compliance in our population.”

Among those with resistant hypertension, a Spanish study 
similarly reported that lower adherence at 1-month follow-
 up for PAP therapy decreased the likelihood of future use in 
a population with cardiovascular risks: poor adherence was 
the presence of previous stroke (hazard ratio 4.00, 95% con-
fidence interval 1.92–8.31). Sufficient adherence at 1 month 
also predicted good adherence at the end of the follow-up 
(hazard ratio 14.4, 95% confidence interval 4.94–56). Both 
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variables also predicted adherence at a threshold of 6 hours 
per night [29].

27.11  Psychological Acceptance

Psychological acceptance is a continuum. Studies have 
shown that the presentation of disease spectrum, how patients 
relate the given information to their specific circumstance, 
their social support structure, the availability of equipment, 
how instructions of the use and cleaning of PAP devices are 
delivered, and scheduled follow-up as well as the patients’ 
time availability all affect the “outcome measures.” The 
more labor-intensive programs with frequent telephone, vir-
tual, or in-person follow-ups yield better adherence rates. 
However, the costs of such programs can be prohibitive to be 
generalizable to smaller institutions or independent sleep 
clinics.

The acceptance and support of family members or the 
absence of support is also important. For teens or young 
adults who may be subject to peer pressure and being social 
accepted by peers, the use of PAP device during sleep can 
lessen the appeal. Acknowledgement of a sleep disorder may 
also further alienate someone having daytime symptoms.

27.12  Socioeconomic Status

Accessibility of care yields another layer of challenge to 
those that rely on public transit to reach medical providers. 
The costs to travel, time off from work, and childcare respon-
sibility may interfere with motivation to go to a PAP care 
follow-up or compliance check. The process of appealing for 
medical insurance coverage for office visits, medical sleep 
apnea testing, and subsequent treatment may be daunting 
and exhausting for some patients.

Depending on the supply chain for PAP equipment, in the 
United States, the reliability and timeliness of receiving PAP 
devices and correctly sized mask interface from durable 
medical equipment companies can be highly variable. While 
those with private medical insurance may have an entire 
spectrum of PAP machines, mask types, and climate- 
controlled hoses available, those with limited resources or 
governmental support may have a small selection.

27.13  Gender Differences

Post-menopausal women may see a steady rise in risk of 
OSA [30]. Onset of events may be confined to REM sleep. 
The use of PAP during other stages of sleep when there is no 
or only mild obstructive event may awaken them more often 
than usual. Despite exhalation relief, and improved sensitiv-

ity to air flow obstruction, the physical act of being con-
nected to a long hose that is attached to a fixed machine 
presents challenges [31–33].

Women tend to present with symptoms of insomnia more 
than men. In some, the hyperarousal response is stronger 
[34]. Wearing the mask, regardless of improvements in its 
construction, is still disruptive to the sleep of women with 
hyperarousal responses.

27.14  Environmental Factors

Some patients worry that the air blows directly onto their bed 
partners while using PAP devices. Others may co-sleep with 
their children, grandchildren, or pets. Disapproval of wear-
ing masks from their family or significant others, discomfort 
of the masks, air leaks from mask displacements, noise from 
the machine or air leaks, dry eyes from errant air flow, and 
patient’s unconscious mask removal in sleep may further 
reduce the efficacy of PAP devices. Newer and lighter PAP 
mask designs have been introduced to divert the air away 
from the bed partner, and these also make less noise. These 
would be expected to improve adherence.

27.15  Patient Acceptance

Whether from claustrophobia or perception of being less 
appealing bed partner, physical discomfort of being entan-
gled with the hose, difficulty during travel with their home 
devices, and recurring expenses of refurbishments of PAP 
supplies, patients express various objections to PAP use. 
Often education and setting expectations and prompt 
response to patients’ concerns help reduce non-adherence. 
Nonetheless, there is a population with a low hyperarousal 
threshold for whom PAP therapy is not possible despite best 
efforts. Newer PAP mask designs have been introduced to be 
less confining and to lower claustrophobic feelings. There is 
also short and effective psychological treatments (exposure 
therapy and cognitive behavioral therapy) for claustropho-
bia; see Chap. 6. These measures are expected to improve 
adherence as well.

27.16  Education

By involving family members early, this will help build a 
supportive environment through the treatment phase. To 
properly gauge patients’ expectations and explain possible 
problems along the way often will ease transition to more 
successful outcomes. If there is one or two dedicated staff 
members (rather than rotating staffs) in the clinic responsible 
to help patient navigate the paperwork to qualify for PAP 
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use, coordinate transfer of report data and prescriptions, 
troubleshoot questions about PAP use, obtain masks and/or 
return PAP equipment, assist with PAP setting changes, 
obtain replacement parts including distilled water, and pro-
vide feedback data to medical insurances, then patients usu-
ally report a more positive experience.

27.17  What Is Acceptable Adherence Level?

Traditionally, obtaining a follow-up appointment in a sleep 
clinic could take at least 1 month. Often, this is scheduled as 
an appointment for “adherence check” or efficacy assess-
ment. Clinicians may help change settings of PAP machines, 
comfort features, or mask types during these appointments. 
Patients may report any improvements, air leaks, aerophagia, 
or other experiences to the clinicians. An artificial bench-
mark of 70% usage of 4 or more hours with a low apnea- 
hypopnea index is considered an acceptable adherence rate 
[35–37]. While it may be important for medical insurance to 
decide whether to further financially support patients for the 
continual use of PAP devices, studies have shown that further 
monitoring and encouragement from clinicians is needed 
beyond the first 30 days. “Drop-out” after the initial 30 days 
has been reported to be significant [13].

While some patients achieve 100% compliance, others 
could have sporadic use. Yet others may present years later to 
inquire for alternatives or when new equipment or technol-
ogy for treatment becomes available. Follow-up frequency is 
also highly variable. Medicare criteria in the United States 
require that patient visits their sleep providers annually in 
order to obtain prescriptions for CPAP supplies. Private 
medical insurances may have different requirements. 
Commercial operators often have a set requirement for work 
allowance. Independent sleep centers may have different 
schedules from academic or tertiary medical centers in avail-
ability for follow-up appointments as well. Often, the fre-
quency of follow-up rests on the patients. Those that can 
afford to purchase the device out of pocket may not have any 
follow-up at all.

27.18  What Is Acceptable Apnea-Hypopnea 
Index?

With the latest automatic positive airway pressure devices, 
an AHI of below 5 is realistically achievable provided these 
are predominantly obstructive in nature. Small numbers of 
central apneas may co-occur due to sleep instability or arous-
als during PAP use. Often, an even lower AHI is possible. 
Ultimately, patient’s perception of improvement of symp-
toms, reduction of comorbid conditions, and lessening of 

observed snoring and apneas in sleep by family would be 
determinant whether the patient would continue its use.

27.19  CPAP Versus Bilevel PAP

In a study published in BMJ in collaboration with ResMed 
Science Center, of the 1496 patients with non-compliant 
OSA subjects identified, “30.3% used CPAP, 62.3% APAP, 
and 7.4% both APAP and CPAP before switching to a bilevel 
mode; 47.8% patients switched to Spontaneous mode and 
52.2% to VAuto mode. PAP usage significantly improved by 
0.9 h/day (p < 0.001) and all other device metrics (residual 
apnea–hypopnea index and unintentional mask leak) also 
improved after the switch. No patients had achieved US 
CMS criteria for compliance before the switch, and 56.8% 
did after” [38].

Another study of obese Asian patients who required 
higher PAP pressures benefitted from the use of bilevel PAP 
(BPAP) therapy with higher adherence [39]. The mean was 
AHI: 51.1/hour; CPAP needs were >15  cm H2O and were 
non-adherent to CPAP therapy. When changed to bilevel, 
75.7% of the cohort showed nightly adherence of >4 hours 
per night versus 42.9% with CPAP.

An editorial comment stated that the patient cohort that 
benefitted had characteristics that would make them more 
likely candidates for BPAP use such as: “higher BMI, comor-
bid congestive heart failure, higher blood CO2, greater OSA 
severity and lower oxygen nadirs.” However, due to higher 
cost of BPAP machines, that BPAP should not be considered 
as first-line therapy over CPAP devices [40].

27.20  Adaptive Servo Ventilation (ASV)

For patients with central sleep apnea, either as treatment 
emergent or complex in origin, adaptive servo ventilation 
may be considered if their left ventricular ejection fractions 
are above 45% [41].

Central apnea affects about 0.9% of patients with con-
gestive heart failure [42]. Loop gain mechanism delays con-
tribute to the mismatch of ventilator drive and apneic events. 
Javaheri et al. reported the prevalence of patients who devel-
oped PAP treatment-emergent CSA was about 8% (range 
3.5–19.8%) often resolving spontaneously in 4–5 weeks to 
28 weeks [43]. However, about one third will have treatment- 
persistent CSA: “0.9%–3.2% of all patients treated with 
PAP therapy for OSA will exhibit treatment persistent CSA 
on a long-term basis. They represent 14.3%–46.2% of treat-
ment emergent CSA patients, who continue to experience 
PAP therapy-related central sleep apnea over a protracted 
period” [43].
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Patients that exhibit central sleep apnea index of >/−5 
events per hour or Cheyne-Stokes breathing pattern during 
polysomnography may be considered candidates for bilevel 
PAP treatment or ASV if they do not respond well with 
CPAP therapy and correction of the underlying etiology. In a 
recent analysis, prevalence of treatment-emergent CSA was 
between 0.7% and 4.2% of patients undergoing PAP treat-
ment after 1  month or longer. Those exhibiting treatment- 
emergent CSA that had a higher AHI and CAI at baseline, 
and a higher residual AHI at their titration study, may be 
associated with increased likelihood of conversion to 
treatment- persistent CSA in the long run. However, the 
authors reported a statistically significant increase in compli-
ance and improvements in daytime sleepiness among those 
that were transitioned from CPAP to ASV in an Australian 
study [44].

Regardless of etiology for CSR, the AHI was reduced 
from baseline AHI of 52.0 ± 29.3 vs. CPAP use at 21.3 ± 14.8* 
and ASV use 9.7 ± 8.5 with ASV events per hour. Epworth 
values also decreased from ESS baseline values of 12.2 ± 6.2 
to CPAP use of 9.6 ± 5.6 and ASV use of 7.9 ± 4.6. Length 
of ASV use varied from 28 [16–56] days. Usage per night 
increased from CPAP time of 4.8  ±  2.4 to ASV time of 
5.4 ± 2.2 hours [44].

Whether to change a patient with treatment-emergent or 
treatment-persistent central sleep apnea will depend on the 
patient’s daytime symptoms and underlying cause. If there is 
persistent daytime sleepiness, elevated AHI/CAI, and hypox-
emia, it is worth consideration to switch to a trial with an 
ASV device.

27.21  When to Refer to Dental/Oral 
Appliance?

Dental or oral appliances (OA) are indicated for mild-to- 
moderate cases of OSA as per AASM guidelines [46]. For 
those patients who either would not use or unable to use PAP 
devices, one study reported compliance rates of 83% of oral 
appliance usage over 4 hours per night 70% of the time in 
1 year [47]. A prospective study of 21 subjects with compli-
ance monitoring showed that the mean usage time was 
5.49  hours/night, with nightly compliance (defined as 
>4  hours per night for 70% the nights per week) at 33%. 
Furthermore, compliance increased from 26% to 50% from 
week 1 to week 4 [48].

Patients that have some degree of bruxism but no acute 
temporomandibular joint pain and can increase the size of 
their oral airway by protruding their tongues/mandible for-
ward may be potential candidates for mandibular advance-
ment devices (MAD) custom manufactured by our dental 
colleagues. A thorough examination is recommended to 
exclude anatomical protrusions such as torus/tori palatini, 

mandibulari, gum diseases, or TMJ abnormalities [46]. Tori 
will make physically fitting of dental appliances onto the 
gums or hard palate difficult. Exiting gingivitis or receding 
gums may need the mouth to be closed for proper healing or 
risk loss of dentition. Qualification and experience of the 
dental provider in manufacturing such devices also factor 
into the success of these patients. In some cases, expertise in 
TMJ pain is needed for determined patients that have ongo-
ing issues but wish to proceed with this form of treatment. 
Frequency of follow-up and titration studies are best 
addressed elsewhere.

27.22  When to Refer to Surgery?

Despite positive airway pressure being the gold standard or 
first-line treatment for obstructive sleep apnea, it is important 
to remember that the first effective treatment for OSA was 
surgery. Tracheostomy was the standard until it was sup-
planted by CPAP. Thankfully, we no longer need to rely on 
tracheostomy for the vast majority of OSA patients. But just 
as CPAP has improved over time, so have our surgical 
options. CPAP technology and surgical technique improve-
ments have perhaps spurred each other on to the benefit of 
our patients. It is beyond the scope of this text to review the 
surgical advances of OSA and excellent reviews are avail-
able [24, 45]. We will briefly discuss the role of hypoglossal 
nerve stimulators since PAP non-adherence is a prerequisite 
to their application.

When patients are unable or unwilling to continue PAP 
therapy, and when there are anatomical challenges to breath-
ing, surgical intervention may be considered. A review of all 
the current surgical techniques is beyond the scope of this 
chapter [45] (Verse and de Vries, Current Concepts of Sleep 
Apnea Surgery (ISBN 978-3-13-240119-8), Some of the 
common approaches include nasal turbinate reduction, nasal 
valve repair, upper airway radiofrequency reduction, tonsil-
lectomy, and uvulopalatopharyngoplasty (UPPP) as part of 
upper airway surgery (UAS) [23].

Surgery typically does not “cure” OSA altogether. If there 
is reduction of OSA by 50% with an overall AHI below 20, 
or the elimination of the need for CPAP, then it is considered 
successful. The aforementioned meta-analysis of 10/11 stud-
ies suggested UAS reduced the need to use CPAP. However, 
due to the heterogeneous site procedure, ranging from single 
UAS to multiple levels, it was difficult to report conclusively 
the individual procedure’s success rate.

Two newer techniques worth mentioning include distrac-
tion osteogenesis maxillary expansion (DOME) or 
endoscopically- assisted surgical expansion (EASE) per-
formed by different surgeons in the San Francisco Bay Area. 
The basis of each is to help expand the width of the maxilla 
[49–53].
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Anatomical corrections to improve nasal congestion will 
improve daytime function as well as tolerance of PAP use 
nocturnally. Those patients that have consistently maximized 
nasal irrigations; inhaled nasal steroid sprays [45], nasal 
antihistamine sprays, or daily use oral montelukast to help 
control rhinitis; and continued to exhibit nasal congestion are 
likely candidates for an evaluation by an otolaryngologist. 
Furthermore, those that experience recurrent sinusitis and 
nasal polyps despite optimum medical treatment can simi-
larly benefit from ENT consultation. Some patients are more 
risk averse compared to others. Some patients do not have 
adequate recovery time available after a surgical procedure 
to ensure complete recovery. Some patients may not have the 
social support to monitor eating needs for 2–4 weeks post- 
operatively. The ability to have a reliable transport to appoint-
ments for follow-up can also be a source of concern.

27.23  Bariatric Surgery

For patients that have been unsuccessful with PAP therapy, 
are not candidates for UAS, and have comorbid conditions 
such as morbid obesity (BMI ≥ 40 kg/m2) or cardiovascular 
risk factors such as type 2 diabetes and hypertension, then 
bariatric surgery may be indicated [54].

The National Institutes of Health consensus in 1991 that 
detailed guideline requires that patients should have 
attempted to lose weight by “nonoperative means, including 
self-directed dieting, nutritional counseling, and commercial 
and hospital-based weight loss programs [55].” Additionally, 
there not ought to be any psychological diseases [55]. 
Although the surgical literature is mixed in whether pre- 
operative weight loss helps post-operative weight loss, medi-
cal insurances often mandate pre-op weight loss before 
approval for bariatric surgery [56].The most commonly per-
formed techniques include Roux-en-Y and sleeve gastrec-
tomy. Of those undergoing bariatric surgery, mean excess 
weight loss was around 70% with the target BMI as 25 kg/
m2. Apnea-hypopnea index reduced from 66 to 25/hour in 
the severe OSA group, from 21 to 9/hour in the moderate 
OSA group, and from 10 to 5/hour in the mild OSA group. 
At least 75% of moderately severe OSA patients achieve 
AHI levels below 15/hour after surgery [57–59].

27.24  Surgery

27.24.1  The Road to Inspire…

A newer intervention is the use of a pacemaker-type device 
being implanted into the right side of the chest; one of its 
electrodes is attached to the hypoglossal nerve on the right to 
stimulate the genioglossus muscle activity, and the other 

electrode to intercostal area to synchronize with breathing 
during sleep.

What is known as the STAR (Stimulation Therapy for 
Apnea Reduction) trial reported reduction of AH, in 126 
OSA patients with CPAP intolerance, from 29.3 to 9.0 events 
an hour at the end of 1 year. Sixty-six percent of subjects 
achieved a reduction of at least 50% and an AHI of less than 
20 events an hour. The AHI reduction was accompanied by 
improvements in daytime sleepiness and functional out-
comes of sleep. The rate of serious adverse events was less 
than 2 percent. Furthermore, “90% of bed partners reported 
soft or no snoring for their partner, as compared to only 17% 
of bed partners at baseline” [60].

The Inspire website indicates that patients who may 
qualify include those that have “moderate to severe 
obstructive sleep apnea (AHI 15-65), are unable to use or 
get consistent benefit from CPAP, are not significantly 
obese, are age 22 or above” (https://www.inspiresleep.
com/am- i- eligible/) [61–64].

Higher success rates were found with a body mass index 
(BMI) generally <35  kg·m−2 and an absence of complete 
concentric collapse at the level of the velopharynx during 
drug-induced sleep endoscopy (DISE) examination [65, 66]. 
Exclusion of neuromuscular disease, hypoglossal nerve 
palsy, severe cardiopulmonary disease, active psychiatric 
disease, grade 3–4 tonsils, and anterior-posterior predomi-
nant retropalatal collapse on drug-induced sleep endoscopy 
was recommended to increase success and to lower risk of 
complications.

27.25  Conclusion

Finally, despite the many challenges a patient may face from 
the initiation presentation to following through with sleep 
testing, then beginning the journey with PAP therapy, many 
succeed with improved quality of life and lessened daytime 
symptoms and snoring.
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28.1  IF SLEEPY

The IF SLEEPY questionnaire is used to screen for obstruc-
tive sleep apnea in children. There is a parents’/guardian’s 
version and a child version of the questionnaire, both having 
the same set of questions.

The parents’/guardian’s version is shown in the (Fig. 28.1).
The questionnaire includes some of the most common 

features of sleep apnea in children, i.e., enlarged tonsils and/
or adenoids, and the most commonly experienced symptoms 
of obstructive sleep apnea such as breathing difficulties, 
hyperactivity, irritability, and excessive daytime sleepiness. 
A score of 3 out of 8 indicates a 70% risk of having obstruc-
tive sleep apnea and the risk increases by 5% for every 
increase in score.

During the validation study, a total of 150 children 
referred to a children’s sleep clinic and their parents com-
pleted the IF SLEEPY questionnaire and had a sleep study 
[1]. The sensitivity was 78% for the parents’ version and 
45% for the child’s version [1]. The IF SLEEPY, although 
not widely used, is a simple and sensitive screening tool for 
detecting obstructive sleep apnea in children [1] and per-
forms better than most alternatives (Fig. 28.1).

28.2  STOP BANG

The STOP BANG questionnaire screens for obstructive 
sleep apnea in adults. It is being widely used at sleep clinics, 
CPAP clinics, and hospitals to screen for obstructive sleep 
apnea. STOP BANG is particularly useful in ruling out the 
anesthetic risk for patients before the surgery [2] (Fig. 28.2).

The questionnaire focuses on the main symptoms of 
obstructive sleep apnea such as snoring, breathing pauses, 
and excessive daytime sleepiness and also includes some of 
the common risk factors including hypertension, obesity, 
neck circumference, and male sex. The validation process 
involved surgical patients with a mean age of 57 ± 16 [2]. 
When only the first four items of STOP BANG are used, a 
total of two or more indicates significant risk for obstructive 
sleep apnea [2, 3]. When using the complete 8-item STOP 
BANG, a score of 3 out of 8 indicates a 70% risk of having 
obstructive sleep apnea and the risk increases by 5% for every 
increase in score. STOP BANG has both excellent sensitivity 
and specificity of more than 90% in screening patients with 
moderate-to-severe obstructive sleep apnea [2]. STOP BANG 
has less validity in some clinical populations for sleep apnea 
screening, including individuals with glaucoma [4]. To date 
there are over 450 citations relating to STOP BANG.

28.3  Epworth Sleepiness Scale (ESS)

ESS is an eight-item self-assessing questionnaire that evalu-
ates the degree of subjective daytime sleepiness [5]. In the 
original validation study ESS scores were noted to be on par 
with the readings recorded during the multiple sleep latency 
test (MSLT) [5]. ESS scores also correlate with the apnea- 
hypopnea index (AHI) and improvement in ESS scores cor-
relates with CPAP adherence [5, 6]. However, when evaluated 
in traumatic brain injury (TBI) population, the ESS failed to 
provide a strong correlation with the readings on the MSLT 
[7]. Further studies are needed to test its relevance in the TBI 
population.

The questionnaire assesses how likely a person is to “fall 
asleep” in eight different situations as opposed to feeling 
“just tired.” The total score ranges from 0 to 24 with higher 
scores indicating more significant daytime sleepiness as 
compared to lower scores [5]. A score of 10 and above is 
considered significant for daytime sleepiness.
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The ESS has vast utility in clinical medicine and research. 
The ESS has been used to assess daytime sleepiness in 
diverse age groups, occupations, and health conditions 
including military personnel [8], children and adolescents 
[9], commercial drivers [10], and patients with Down syn-
drome [11]. Choi et al. (2006) showed that a higher score on 
the ESS in sleep apnea patients was independently associ-
ated with impaired cardiac function [12]. The eight questions 
of ESS are shown in the Table 28.1.

28.4  Fatigue Severity Scale (FSS)

FSS is a nine-item self-administered questionnaire that mea-
sures tiredness or fatigue in contrast to excessive daytime 
sleepiness. The scale was developed and validated by Krupp 
et al. in 1989 [13]. The process involved completion of the 

FSS by 25 patients with multiple sclerosis (MS), 29 patients 
with systemic lupus erythematosus (SLE), and 20 healthy 
adults [13]. The results showed that FSS was reliable and 
accurate in differentiating healthy adults from patients with 
MS and SLE [13]. The scores of FSS in patients with SLE 
and MS were substantially higher (usually > 4) than healthy 
adults, indicating that it can be used to detect fatigue in 
patients with comorbid conditions [13]. The questionnaire 
evaluates fatigue by assessing the impact of fatigue on daily 
life activities such as exercise, sustained physical function-
ing, social life, and work life. It is particularly useful in dif-
ferentiating excessive daytime sleepiness as measured by 
ESS from fatigue in people who describe themselves as 
“sleepy and tired.” Learmonth et al. (2013) used FSS in their 
study and established that FSS has adequate reliability to 
assess fatigue in patients with multiple sclerosis for a 
6-month period [14]. FSS has also been used in the evalua-

Fig. 28.1 The IFSLEEPY/
IMSLEEPY are two versions 
of the same questionnaire. In 
older children, the 
IMSLEEEPY is more 
appropriate, so the M [body 
mass index] replaces the F 
[fidget] [1]. In younger 
children, the IFSLEEPY is 
more appropriate, so the F 
[fidget] replaces the M [body 
mass index] Copyright © 
Kadmon et al. [1] Reprinted 
with permission
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Fig. 28.2 The STOP BANG 
questionnaire screens for 
obstructive sleep apnea in 
adults. A score of 3 out of 8 
indicates a 70% risk of having 
obstructive sleep apnea and 
the risk increases by 5% for 
every increase in score
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tion of fatigue in patients with other comorbid conditions 
such as cirrhosis [15], myasthenia gravis [16], and lung dis-
ease [17]. Fatigue presented a strong correlation with depres-
sive symptomatology and quality of life. The complete FSS 
questionnaire is shown in the Table 28.2.

28.5  Toronto Hospital Alertness Test 
(THAT)

THAT is a ten-item self-administered questionnaire that 
helps to measure alertness over the past 1 week [18]. The 
questionnaire uses a 6-point Likert type scale and assesses 
for psychological features of alertness, including the ability 
to feel alert, refreshed, energetic, concentrate, think of new 
ideas, and focus on the task at hand [18]. A score of <20 
indicates poor subjective alertness and higher numbers indi-
cate greater levels of alertness [18]. Shapiro et  al. showed 
that THAT has an internal consistency of 0.96 and a test- 
retest reliability of 0.82 [19] (Table 28.3).

The clinical utility of THAT has been shown in different 
studies. Moller et al. (2006) used the THAT questionnaire and 
evaluated variances in subjective states of alertness and sleep-

Table 28.1 The Epworth sleepiness scale (ESS)

Situation
Chance of 
dozing

Sitting and reading 0 1 2 3
Watching TV 0 1 2 3
Sitting inactive in a public place (e.g., theater or a 
meeting)

0 1 2 3

As a passenger in a car for an hour without a break 0 1 2 3
Lying down to rest in the afternoon when 
circumstances permit

0 1 2 3

Sitting and talking to someone 0 1 2 3
Sitting quietly after a lunch without alcohol 0 1 2 3
In a car, while stopped for a few minutes in the 
traffic

0 1 2 3

Copyright © Murray Johns. Reprinted with permission from Murray 
Johns
0 = would never doze, 1 = slight chance of dozing, 2 = moderate chance 
of dozing, 3 = high chance of dozing

Table 28.2 Fatigue severity scale (FSS) 

During the past week, I 
have found that:

Completely 
disagree

Neither 
agree nor 
disagree

Completely 
agree

1. My motivation is 
lower when I am fatigued

1 2 3 4 5 6 7

2. Exercise brings on my 
fatigue

1 2 3 4 5 6 7

3. I am easily fatigued 1 2 3 4 5 6 7
4. Fatigue interferes with 
my physical functioning

1 2 3 4 5 6 7

5. Fatigue causes 
frequent problems for me

1 2 3 4 5 6 7

6. My fatigue prevents 
sustained physical 
functioning

1 2 3 4 5 6 7

7. Fatigue interferes with 
carrying out certain duties 
and responsibilities

1 2 3 4 5 6 7

8. Fatigue is among my 
three most disabling 
symptoms

1 2 3 4 5 6 7

9. Fatigue interferes with 
my work, family, or social 
life

1 2 3 4 5 6 7

Copyright © Krupp et al. [13]. Reprinted with permission

Table 28.3 Toronto Hospital Alertness Test (THAT)

During the last 
week I felt:

Not 
at 
all

Less 
than 
¼ of 
the 
time

¼ to 
½ of 
the 
time

½ to 
¾ of 
the 
time

More 
than ¾ 
of the 
time

All the 
time I 
was 
awake

0 1 2 3 4 5
1. Able to 
concentrate
2. Alert
3. Fresh
4. Energetic
5. Able to think 
of new ideas
6. Vision was 
clear noting all 
details (e.g., 
driving)
7. Able to focus 
on the task at 
hand
8. Mental 
facilities were 
operating at 
peak level
9. Extra effort 
was needed to 
maintain 
alertness
10. In a boring 
situation, I 
would find my 
mind wandering

Reprinted from Shapiro et  al. [19]. Copyright 2006, with permission 
from Elsevier
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iness in patients with different sleep disorders and showed 
that alertness is more the opposite of fatigue than is sleepiness 
[20]. Shapiro et  al. (2017) used THAT questionnaire and 
identified that different levels of alertness exist for self-
described anxious and non-anxious individuals [21]. The 
Chinese version of THAT has been validated as well [22].

28.6  Adherence Barriers to CPAP 
Questionnaire (ABCQ)

The ABCQ is a unique questionnaire that illustrates the 
causes of CPAP noncompliance in children and adolescents 
in contrast to adults [23]. It is a lengthy questionnaire (31 
items scored on a 5-point Likert scale) and has both child’s/
youth’s and parents’ version that assesses a wide variety of 
barriers to CPAP adherence [23]. It was validated by Simon 
et al. (2012) [24]. The questionnaire was administered to a 
sample of 51 youth (age 8–17 years) at their regular appoint-
ments and compared with the usage data downloaded from 
the CPAP machine in a 90-day period of CPAP use [24]. The 
ABCQ scores had sufficient accuracy and the higher num-
bers of “barriers” on the questionnaire were associated with 
poorer compliance [24].

According to Simon et al. (2012), overall, three biggest 
reasons for CPAP non-adherence were:

 1. Does not use when away from home
 2. Child not feeling well
 3. Just want to forget about obstructive sleep apnea (chil-

dren in particular had more prominent psychological bar-
riers about CPAP treatment with 43% of them scoring 
positive on this item) [24]

The ABCQ can be used as an effective screening question-
naire to recognize patient-specific reasons for CPAP non-
adherence in children and adolescents diagnosed with 
obstructive sleep apnea [24]. Carmody et al. (2020) also stud-
ied the ABCQ on a sample of 181 children and determined 
that the ABCQ has robust psychometric properties and can be 
used to assess and predict non-adherence in pediatric popula-
tion [25]. The full questionnaire is not reproduced but some 
of the items of the parents’ version [24] include:

 1. The CPAP makes my child’s nose stuffed up 
(congested).

 2. My child forgets to use their CPAP.
 3. My child is embarrassed that they have to use their CPAP.
 4. I don’t understand why my child has to use their CPAP.
 5. The CPAP makes my child feel sick (e.g., headache, dry 

mouth, stomachache).
 6. My child is worried their friends will find out about their 

sleep apnea.

 7. My child just wants to forget about their sleep apnea.
 8. My child can stay healthy without using their CPAP.

28.7  Self-Efficacy Measure for Sleep Apnea 
(SEMSA)

The SEMSA is a 26-item self-administered questionnaire 
that assesses three elements: perceived risk of obstructive 
sleep apnea, advantages and outcome expectancy of CPAP 
use, and self-efficacy (the trust to take part in CPAP use) [26, 
27]. Weaver et  al. (2003) determined that SEMSA has an 
internal consistency of 0.92 and test-retest reliability between 
0.68 and 0.77 [26, 28].

The questionnaire uses a 4-point Likert scale to assess 
patients’ agreement with items in regard to perceived risks of 
obstructive sleep apnea, outcome expectancy of CPAP use, 
and self-efficacy of using CPAP [28]. Higher scores are con-
sistent with better risk awareness, better treatment expec-
tancy, and improved confidence to use CPAP [26, 27]. The 
SEMSA can be utilized to assess health awareness about 
obstructive sleep apnea and CPAP to improve CPAP adher-
ence [26, 27]. The questionnaire has been cited in another 
Springer book STOP, THAT and One Hundred Other Sleep 
Scales, published in 2012 [28]. The French and Chinese ver-
sions of the SEMSA have been validated as well [27, 29]. 
The complete questionnaire could not be reproduced here 
but a few questions of the SEMSA are shown below.

Self-Efficacy Measure for Sleep Apnea (SEMSA)

My chances of having high blood pressure compared to peo-
ple my own age and sex who do not have sleep apnea are:

Very low Low High Very high

My chances of falling asleep while driving compared to peo-
ple my own age and sex who do not have sleep apnea are:

Very low Low High Very high

If I use CPAP, then I will not snore.

Not at all true Barely true Somewhat true Very true

If I do not use CPAP, I will be less alert during the day.

Not at all true Barely true Somewhat true Very true

28 Questionnaires Evaluating Sleep Apnea and CPAP Adherence
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I would use CPAP, even if I have to wear a tight mask on my 
face at night.

Not at all true Barely true Somewhat true Very true

I would use CPAP, even if it made my nose stuffy.

Not at all true Barely true Somewhat true Very true

Copyright © Terri Weaver et al. [26, 28]. Reprinted with permission

28.8  Index for Non-adherence to Positive 
Airway Pressure (I-NAP)

The I-Nap is a 19-item screening questionnaire that 
helps to measure the CPAP non-adherence risk prospec-
tively among patients diagnosed with obstructive sleep 
apnea [30]. This detailed questionnaire includes a com-
bination of other questionnaires and information such as 
Health Literacy Screening (HLS) questionnaire, Social 
Cognitive Theory Questionnaire in obstructive sleep 
apnea (SCT), the SEMSA, body mass index (BMI), 
marital status, and presenting complaints [30] to address 
the different risk factors that affect CPAP compliance. 
The questionnaire assesses risk factors such as risk 
awareness, daytime functioning, health literacy, and 
outcome expectancy to CPAP treatment [30]. Sawyer 
et  al. (2014) conducted a study that tested I-NAP in 
patients newly diagnosed with obstructive sleep apnea 
(after CPAP titration study) and determined that I-NAP 
successfully identifies patients at risk of non-compli-
ance at 1  month after CPAP initiation [30]. A cutoff 
point of > −4.8 for I-NAP gives a sensitivity (87%), 
specificity (63%), positive predictive value (60%), and 
negative predictive value (88%) for detecting non-
adherers to CPAP (<4  hours of CPAP use) [30]. The 
questionnaire helps detect non-compliant patients early 
during CPAP treatment and can be used to plan and 
implement strategies to improve CPAP adherence [30]. 
However, there is a scarcity of the use of this question-
naire in other studies, and further validation in a more 
heterogeneous sample is needed to prove the clinical 
efficacy of I-NAP [30].

The questionnaire is shown in the Table 28.4.

28.9  CPAP Perception Questionnaire

The CPAP Perception Questionnaire is a six-item question-
naire that predicts CPAP adherence 1 month after CPAP ini-
tiation when administered in the morning after a CPAP 

titration sleep study [31]. The complete questionnaire is 
shown below:

 1. How much difficulty did you have tolerating CPAP?

No difficulty                        Some difficulty                            Great difficulty

1           2           3           4           5          6           7           8           9           10 

 2. How uncomfortable was the mask?

Not comfortable                  Somewhat comfortable                  Very comfortable

1           2           3           4           5          6           7           8           9           10

 

 3. How uncomfortable was the CPAP pressure?

Not comfortable                   Somewhat comfortable                  Very comfortable

1           2           3           4           5          6           7           8           9           10  

 4. What is the likelihood of you wearing the equipment at 
night almost every night?

Table 28.4 INAP items and subscales [30]

Item or subscale

Format and 
number of 
items 
included Source

Self-Efficacy Measure for Sleep 
Apnea (SEMSA) – outcome 
expectancies subscale

4-point 
Likert scale; 
9 items

Available with 
permission from 
the authora

Social Cognitive Theory 
Questionnaire in sleep apnea – 
self-efficacy subscale

5-point 
Likert scale; 
5 items

Publicly 
availableb

Health Literacy Questionnaire
   How often do you have 

problems learning about your 
medical condition because of 
difficulty understanding written 
information?

5-point 
Likert scale; 
1 item

Publicly 
availablec

BMI 1 item –
Marital status
   Married
   Not married
Presenting symptoms for seeking 
care at sleep center
   Restless sleep
   Snoring
   Breathing stops in sleep
   Sleepiness during day
   Other

–

Gender
   Male
   Female

–

Copyright © Sawyer et al. [30]. Reprinted with permission
aWeaver et al. [26]
bStepnowsky et al. [34]
cChew et al. [35]
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Very likely                                  Likely                                    Highly unlikely

1           2           3           4           5          6           7           8           9           10 

 5. How beneficial do you think CPAP is going to be for your 
health and sleep?

Very beneficial                    Somewhat beneficial                      Not beneficial

1           2           3           4           5          6         7           8           9           10  

 6. What is your attitude toward CPAP therapy?

Greatly like CPAP         Somewhat like CPAP        Intensely dislike CPAP

1           2           3           4           5          6           7           8           9           10 

The retrospective study done by Balachandran et  al. 
(2013) included 403 patients who completed the CPAP per-
ception questionnaire after the overnight CPAP titration 
study and had nightly reports (downloaded from the machine) 
for the first 30 days of CPAP use [31].

Balachandran et al. (2013) determined that four out of six 
questions (questions 1, 3, 4, and 5) were better at predicting 
CPAP adherence post-30 days than the other two questions 
[31]. The questions were scored on a 10-point Likert-type 
scale. A score of 16 and higher was associated with difficulty 
tolerating CPAP and higher rates of non-adherence 
(p < 0.001) [31].

The questionnaire is unique in that it is very short, vali-
dated in a study that includes a substantial number of women 
and members of the African American population (groups 
that are often underrepresented in other CPAP adherence 
studies) [31]. It accurately predicts CPAP adherence after 
1 month of CPAP use [31]. This makes it a very useful and 
handy tool to screen for patients who likely will have diffi-
culties with adhering to CPAP treatment at the very begin-
ning and to organize strategies to improve CPAP adherence 
in these patients [31]. However, this questionnaire has not 
been put into test in other studies and further studies are 
required to establish its clinical utility.

28.10  Motivation to Use CPAP Scale (MUC-S)

The MUC-S is a brief questionnaire with strong psychomet-
ric properties that assesses the behavioral aspects of motiva-
tion to use CPAP [32]. It is the first tool in its category that 
measures perceived motivation in patients who are pre-
scribed CPAP [32]. The questionnaire has a total of nine 
items; the first six items are under the category of 
“Autonomous motivation”  – regarding self-motivating rea-
sons to use CPAP such as improvement in apnea, alertness, 
and overall health [32]. The next three items are grouped 

under “Controlled motivation” which screens for people 
who would want to use CPAP not due to their personal pref-
erence but rather due to other people’s concerns such as 
spouse or personnel [32]. The score ranges from 9 to 45 and 
elevated scores are associated with higher motivating force 
to use CPAP [32].

Broström et  al. (2020) included 193 newly diagnosed 
patients with obstructive sleep apnea in their validation study 
[32]. The Cronbach’s alpha values of 0.88 and 0.86 for both 
autonomous and controlled motivation factors indicated 
good internal consistency of the MUC-S [32]. The study 
indicates that physicians can utilize the MUC-S as a psycho-
metric tool to assess motivation to use CPAP and improve-
ment with CPAP treatment. However, further studies are 
needed to prove its clinical utility (Table 28.5).

28.11  Attitudes to CPAP Treatment 
Inventory (ACTI)

The attitudes to CPAP treatment inventory (ACTI) is a five- 
item self-administered scale developed and validated by 
Broström et al. (2011) that assesses the beliefs and attitudes 
to CPAP treatment [33]. The questions assess five different 
types of attitudes to CPAP treatment (analyzed on a 5-point 
Likert scale) – regarding the beliefs about the effectiveness 
of CPAP for problems caused by sleep apnea, improvement 
in overall health, improvement in quality of life, perception 
of CPAP as being the best treatment, and patient self- 
expectation of using CPAP [33] (Table 28.6). The ACTI was 
made by conducting detailed interviews with 23 patients, 
analyzing relevant research literature, and consensus of a 
multidisciplinary team [33]. The ACTI has been used in the 
validation study for the Motivation to Use CPAP Scale 
(MUC-S) described above.

The total sample size used in the validation process was 
289 although the complete data was available for only 142 
participants after 6 months [33]. The cutoff of 10 showed a 
high sensitivity (93%) but comparatively lower specificity 
(44%) at detecting CPAP use at 2 weeks and non-adherence 
after 6 months [33]. Unfortunately, there have not been other 
studies validating the clinical use of this questionnaire and 
further research is necessary.

CPAP adherence remains a challenge despite the recent 
advancements in screening and treatment strategies. From 
our evaluation of different questionnaires that predict CPAP 
adherence, we conclude that there are a variety of reasons 
contributing to non-adherence including behavioral factors, 
psychological factors, perceived health risk, outcome expec-
tancy, and subjective factors such as degree of sleepiness, 
health literacy, and marital status. Sleep clinics, CPAP ven-
dors, and clinicians who work with patients with sleep apnea 
can use these screening questionnaires for early identifica-
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tion of patients who will have difficulties with adhering to a 
CPAP treatment plan. It opens the opportunity to strategi-
cally devise targeted strategies to help patients with CPAP 
adherence.
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Compliance and Oral Appliance Use for 
Sleep-Related Breathing Disorders

Michael Simmons

29.1  Compliance vs. Adherence vs. 
Concordance (CAC)

The terms compliance and adherence are often used inter-
changeably in the *SRBD literature, so discussion is war-
ranted as to whether “compliance” or “adherence” is the best 
terminology to describe a patient’s behavior in following a 
prescribed therapy. Each word provides a different emphasis 
when it comes to the agency of the patient in the said treat-
ment. Compliance is considered to be the degree to which 
the patient follows the therapy as prescribed by the clinician; 
adherence is thought to be more appropriate when the patient 
participates in concert with their healthcare provider in the 
choice of therapy out of a number of viable alternatives. 
Accordingly, if a patient does not agree to try a prescribed 
therapy, then compliance is zero, since the prescribed ther-
apy was never used by the patient; in this same instance, 
adherence is not applicable, as the patient never agreed to the 
therapy. “Concordance” is a further element of terminology 
which, according to Chakrabarti [1], “emphasizes a thera-
peutic relationship, which facilitates clinicians’ and patients’ 
views on treatment, and supports an informed choice of 
treatment by patients.” This speaks to the patient arriving at 
their choice of therapy after adequate opportunity to reflect 
upon unbiased information. Concordance ultimately assumes 
that the patient knows themselves best, including which of 
the potential therapies they could and would follow.

When it comes to therapy for *SRBD, there is a drop-off 
in compliance at each stage following diagnosis and some-
times earlier on (e.g., if the patient refuses to accept a recom-
mended diagnostic test that might lead to an unwanted 
diagnosis). A large amount of the *SRBD literature reports 
on adherence, as the patient has often agreed, through a for-
mal informed consent procedure  in a clinical study, often 

overseen by an institutional review board, to use the therapy. 
Published reports on adherence rates do not typically address 
the subjects who did not agree to the proposed therapeutic 
trial and therefore do not reflect compliance measures. In 
reality the measure of compliance may be a better indicator 
of how effective a therapy is, since a patient unwilling to 
explore or try a therapy is a treatment failure in of itself. 
Whether the reason for non-use of a therapy is social stigma, 
perceived difficulty, or any other rational or other choice, it 
ultimately undermines the overall effectiveness of that spe-
cific therapy. Put another way, if an effective therapy is 
refused by a patient, its overall efficacy rate goes down. 
While the nuanced differences between compliance, adher-
ence, and concordance should be acknowledged as they shape 
approaches to treatment, the abbreviation CAC will be used 
as a helpful abbreviation for the reader.

The goal of achieving better treatment outcomes  in 
addressing *SRBD has received more attention, especially in 
terms of better CAC through a focus on individualized 
patient care approaches. One example of trying to achieve 
better outcomes uses a P4 model in healthcare [2, 3], which 
takes into consideration the four Ps: (i) predicting whether an 
illness is likely to exist, (ii) prevention of an illness when 
possible, (iii) personalizing the care to that individual patient, 
and (iv) participation of the patients as the most important 
stakeholder. The latter two Ps speak to an interest in higher 
patient engagement and improved treatment CAC.  The P4 
model in sleep medicine described by Pack [4] appears to be 
specifically consistent with the tenets of patient concordance 
in that the patient chooses their therapy from a list of viable 
alternatives, and this emphasis of patient choice potentially 
leads to better engagement in the therapy.

In the context of improving CAC, it should be acknowl-
edged that prescribed or offered therapies are not only influ-
enced by the unique circumstances of the patient but often 
depend upon the healthcare provider’s specialty. 
Hypothetically, a patient consulting a surgeon has a surgical 
remedy expectation, especially since a surgeon is more likely 
to provide a surgical intervention. In the same context, a 
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 psychologist consult would likely result in the recommenda-
tion for behavioral treatment interventions. If the problem at 
hand is not readily addressed by the consulted healthcare 
provider, the patient is potentially referred to providers 
skilled in other areas of sleep healthcare. In this way, the 
patient self-selects care as they must agree either to move in 
the recommended direction or self-seek alternative therapies. 
Helping patients make informed decisions and overcome 
obstacles to care may be more important than the therapy 
itself since the informed decision process includes patient 
engagement, responsibility, and ownership in their own care. 
In this regard, reconciling simpler therapy, which is more 
likely to be followed, with more efficacious therapy, which 
possesses better outcomes when followed, is a difficult bal-
ance to strike (see Fig. 29.1).

A public health perspective of care often utilizes a com-
pliance model where all individuals are expected to follow 
the directives such as vaccination schedules and health safety 
regulations. In these domains there is little to no individual 
discussion or alternate choice of acceptable options, and 
compliance at a high percentage of the time is necessary for 
survival of the individual and population. An overlap between 
public health and individual *SRBD care approaches is dem-
onstrated in specific populations such as commercial aircraft 
pilots or truck drivers that are obliged to fulfill specific 
*SRBD hours of therapy, rest, and sleep time, and their com-
pliance is monitored as part of job requirements. Compliance 
in the public health sector is more of a requirement than a 
choice especially since there are potential penalties in 
noncompliance.

While the overall contention is that compliance is the 
most accurate measure of outcome efficacy of a single thera-
peutic option, there is seldom only one successful approach 
to a problem  – indeed, the more viable treatment options 
available to manage a problem, the better from a CAC per-
spective. In treating *SRBD conditions such as obstructive 
sleep apnea (OSA), sleep academies have historically advo-

cated strongly for positive airway pressure (PAP) therapy as 
a favored first-line treatment [5] consistent with a compli-
ance model. This privileging comes at the expense of other 
possible treatments, such as oral appliance therapies (OATs) 
and positional and surgical treatment options. It is a reason-
able argument that patients may not have sufficient depth of 
understanding, even with informed consent and its intrinsic 
biases, to make the best choice of therapy. Nevertheless, 
every reasonable attempt should be made to satisfy an unbi-
ased consent process allowing for treatment choices, in an 
effort to reach concordance. Presumably the outcome of 
therapy chosen by the patient results in more consistent use 
of the therapy but not necessarily the best efficacy of 
therapy.

One final but important consideration is how to define 
CAC in terms of various therapies for *SRBD. Notably the 
threshold for CAC sufficiency  in PAP use is arbitrarily set 
very low at 4 hours per night for 5 nights per week (70% of 
nights) for civilians. This adds up to 20 hours of protected 
sleep time using PAP out of a recommended 49–56 sleep 
hours per week for adults, i.e., less than 50% (35.7–40.8%) 
of normal adult sleep time use. From a public health perspec-
tive, this would be similar to wearing a seat belt less than half 
the time when driving in a car. In an ideal situation, every 
time the patient sleeps, whether during their main sleep cycle 
or naps, they should have protected sleep. If the bar for PAP 
use were at 6 hours per 24-hour period or at 75% of sleep 
time usage, the CAC values reported for PAP would be dra-
matically less. The arbitrary benchmark choice of 4  hours 
per night of PAP usage [6, 7] makes little sense, is poorly 
validated, and completely ignores PAP’s dose-dependent 
therapeutic impact on important health measures such as car-
diovascular, metabolic, mood, and cognitive function [8, 9] 
as well as all-cause mortality [10]. Since the greatest reduc-
tion in mortality rates is associated with >6 hours of daily 
PAP use, the 6-hour minimum use standard for PAP would 
be at least somewhat substantiated [10]. Even with its privi-
leged status, limited use requirement, and extensive list of 
improvements over the past 40 years, PAP has not proven to 
be the magic bullet answer to *SRBD conditions for most 
patients. Due consideration for alternative therapies, espe-
cially those favored by patients, must therefore be explored 
and OAT has the existing infrastructure and potential provid-
ers to dramatically augment PAP options to improve popula-
tion-level CAC for *SRBD care.

In this chapter, the focus is on the many ways to improve 
CAC for *SRBD, but the overall theme is how to improve 
population-level care as this speaks to the largest improve-
ment outcome. There is elaboration on improving CAC in 
the following ways:

 A. Reducing barriers to care
 B. Bridging bias in therapeutic options

                                        Abandon Therapy Continue Therapy 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram of the projected relationship between compliance, adherence and concordance
and ongoing use of therapy 
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Fig. 29.1 Impact of CAC spheres on continuing therapy
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 C. Increased efficiency in providing effective therapy
 D. Reducing bias in restrictive definition of OAT
 E. Continued OA evolution as monotherapy and combina-

tion therapy

29.2  Improving CAC by Reducing Barriers 
to Care

There are many barriers to *SRBD care, but they are readily 
split into diagnostic barriers and treatment barriers. The cur-
rent gold standard system of diagnosing and treating those 
with obstructive sleep apnea (OSA), according to the 
American Academy of Sleep Medicine (AASM), may have 
been beneficial at the individual patient care level but appears 
poorly effective at the population level. While improving 
CAC is critical for the “20% diagnosed” with OSA as deter-
mined by the AASM Frost and Sullivan report (F&S) [11], it 
would also be prudent to engage the other 80% as yet undi-
agnosed into therapies with the aim of improving the CAC 
for *SRBD at the population level. More diagnostic path-
ways through more primary sleep health providers allow for 
increased population impact and increased diversity in treat-
ment options. This would include overall success in diagno-
sis and treatment of milder *SRBD conditions such as 
primary snoring and upper airway resistance syndrome, 
which are often overlooked by the medical community as not 
clinically significant. Current AASM guidelines for more 
medically troubling *SRBD conditions such as OSA also 
utilize an inefficient trial-and-error approach that is biased 
toward a poorly validated gold standard. This standard of 
care limits diagnosis only through physicians, and perhaps 
their advanced practice surrogates, with the medical com-
munities, predetermined preference for PAP as a universal 
all-purpose first-line therapy. The current treatment journey 
for OSA can be unduly restrictive in options, costly, frustrat-
ing, time consuming, and lacking in personalized care; as a 
result, many patients are untreated, undertreated, dropped 
from care, or lost to follow-up [12]. Reliance on one pre-
ferred treatment option PAP for *SRBD is like reliance on 
one approach or medication class to manage all patients with 
one disorder such as hypertension. The consequences of 
such an approach are potentially deadly.

29.3  Improving CAC by Bridging Bias 
in Therapeutic Options

If the goal were to improve population-level care of *SRBD 
and especially OSA, then more treatment options would be 
routinely prescribed and provided to patients. If CAC were 
evaluated for the condition being treated as opposed to reli-
ance on a single treatment option for a condition, we would 

see much better CAC measures. Additionally, by focusing on 
a single objective efficacy measure of success to determine 
which is the gold standard therapy, we overlook additional 
and equally important success measures that might be pro-
vided by other “non-gold standard” therapies.

For OSA, treatment outcome improvements using the 
apnea hypopnea index (AHI) show PAP possesses the high-
est treatment efficacy per hour of use among nonsurgical 
therapies. Consequently, over the past 40 years the most pre-
scribed treatment for OSA is PAP which is reflected in the 
F&S report [11] as 85% of OSA therapy with PAP, 10% with 
oral appliance therapy (OAT), and 5% with surgical therapy 
(Fig.  29.2). Unfortunately, the over-reliance on PAP may 
prove to be a poor choice since PAP may only be effective on 
specific subgroups with OSA and not at a general population 
level for those with an AHI at or above five events per hour.

If “efficacy per hour” were the only and most important 
measure of a therapy, and AHI the most relevant measure of 
efficacy, there might be some justification for the over-
whelming therapy recommendation of PAP. However, effi-
cacy per hour is by no means the only or most useful metric. 
Clearly “overall efficacy” is a more valid measure of treat-
ment effect as it takes into consideration both efficacy per 
hour and hours of use. In addition, several other important 
factors which impact CAC ought to be considered:

Current *SRBD Therapy Apportionment

PAP OAT Surgery

Fig. 29.2 Current therapy pie for *SRBD
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 (i) Willingness to try a therapy: PAP therapy is not readily 
accepted, tolerated, or chosen by patients, in part 
because of its intrusive nature of tethering, bulkiness, 
and cumbersome interface with the human anatomy; 
surgical options may have low CAC in that patients are 
likely to opt out from an invasive versus conservative 
therapy due to surgical risk and recovery issues.

 (ii) Untoward side effects from the therapy (short and long 
term): OAT is limited to patients that do not have a high 
gag reflex; it contributes to dentition changes that are 
cumulative over time [8], and it may not be consistently 
effective in a number of OSA cases; upper airway sur-
geries in particular take time to heal where swelling 
during recovery can aggravate airway patency for 
months, leaving the patient in a transitionally worse 
situation than their pre-treatment status.

 (iii) Time to adapt to therapy and for therapy to be effective: 
the minimum time necessary for the patient to incorpo-
rate the intervention into their daily routines and titrate 
to reach an effective outcome can be delayed in PAP 
and OAT; weight loss may be an effective therapy in a 
subpopulation of *SRBD patients who range from over-
weight to superobese, but the time to reach an effective 
outcome is likely prolonged, even if supplemented by 
bariatric surgery and for many the weight loss goal is 
hardly ever maintained.

Therefore, in any discussion of CAC for *SRBD, all potential 
therapies, including surgical, nonsurgical, combination, and 
observation/no therapy, must be included and compared as 
part of a standardized informed consent process. The dispro-
portionate use of PAP relative to other effective therapies for 
*SRBD should be revisited in light of CAC levels, proof of 
effect for specific patient presentations, scientific develop-
ments, and patient preference. While there is more research 
literature supporting PAP as the highest efficacy of therapies 
per hour of use, other developing nonsurgical therapies for 
patients should be considered, including the following:

• Oral appliance therapy
• Positional therapy
• Medication management
• Nasal expiratory positive airway pressure devices
• Oropharyngeal exercises
• Non-ablative laser tightening of oropharyngeal tissues
• Orthodontic tooth and/or skeletal expansion of the tongue 

space
• Negative air pressure devices pulling tongue/adjacent 

upper airway tissues anteriorly

There has been limited discussion on specific criteria for 
selecting these various treatment options. For instance, 
Camacho et al. reported on a meta-analysis of 35 non-PAP 
options to address *SRBD which were subdivided by ana-

tomical subsites: nose, palate and oropharynx, tongue, skel-
etal surgery and jaw repositioning, and other surgical and 
medical interventions [9]. Each approach has various levels 
of proof of effect, CAC data, individual efficacy per hour of 
use, and overall efficacy at various *SRBD severities for 
various population subtypes. Others looking to improve indi-
vidual CAC suggest more targeted therapies based upon phe-
notyping since OSA is a heterogeneous disorder [13]. 
However, from a cost perspective the targeted approach 
would be challenging and certainly is not an easy solution to 
address at the population level, especially since each targeted 
therapy would still be subject to the same CAC issues found 
in therapy trials.

Consideration for the body of scientific support for any 
therapy is not only critical in the therapeutic decision tree, 
but using targeted/personalized approaches where that ther-
apy has higher impact is also a critically important aspect of 
future care [13, 14]. Currently a progression of PAP followed 
by OAT has the most substantial scientific validation of over-
all treatment efficacy for all severities of *SRBD. There are 
many reasons to choose PAP therapy, such as its high effec-
tiveness, remote monitoring capability, customized pressure 
ramping, heating, humidification, ability to auto-titrate intra- 
and internight, and potential feedback to patients on a daily 
basis. Despite enormous technical advances over 40 years of 
use, including reduced noise and more options in interface 
designs, there has been little improvement in the percentage 
of patients able to use PAP devices in the long term. Even 
behavioral and support programs have not proven dramati-
cally effective in increasing PAP CAC.

Thus, other therapies must become readily available as 
alternative first- and second-line options. There should also 
be more focus on using PAP as part of combined therapies. 
In addition, alternative rescue therapies should be immedi-
ately available to patients should their PAP therapy be inter-
rupted for any reason. Interruptions are always an issue with 
PAP since they include the many unpredictable vagaries of 
life such as power or equipment failure, airway congestion, 
otalgia, facial trauma or procedures, transient insomnia, 
claustrophobia, disenchantment with the therapy, equipment 
noise disruption to bed partner, napping, or sleeping away 
from home. Since no specific therapy for *SRBD has proven 
itself vastly superior in overall efficacy, more consideration 
to the CAC potential for each viable therapy is necessary to 
achieve population and cost containment solutions. When 
viewed from this perspective, OAT stands as a tried-and-true 
alternative.

29.4  Why Consider OAT

There are two generally accepted reasons to consider con-
ventional OAT for *SRBD – the treatment’s overall efficacy 
and its preference as a therapy by patients.
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 1. OAs have demonstrated their clinical validity and in 
many cases match PAP health outcomes. Since the first 
case series publication, their acceptability in medical cir-
cles has increased: they began in 1982 [15] as an unvali-
dated, unaccepted treatment for *SRBD; by 1995 they 
were an acceptable treatment for primary snoring [16]; by 
2005 they were a potential second-line treatment for 
mild-to-moderate OSA should the patient fail or refuse 
PAP [17]; and by 2015 they were a viable alternative for 
severe OSA should the patient refuse PAP [18]. The 
future is likely to include more evolved options for OAT 
as first-line optional treatment for all levels of obstructive 
*SRBD, including first-line treatment for severe OSA, 
based upon success rates of about 40–61% with severe 
OSA cases using a mandibular advancement design 
(MAD) OA [19–22]. In one PAP-OAT comparison study, 
success with severe OSA cases was 50% for OA versus 
74.1% PAP [21]. Haviv et  al. studied 52 severe OSA 
patients (AHI > 40) that had failed PAP with a trial of 
OAT.  While many PAP failures with severe OSA were 
successful with OAT, 17.3% of the 52 users of OAT 
reverted back to using PAP therapy; of these, one-third 
would still use their OA when sleeping away from home 
[23]. The success of a significant portion of patients using 
OAT for severe OSA demonstrates that OAT should no 
longer be considered the rescue therapy for those who are 
intolerant to PAP, but as another first-line therapy option 
for all severities of OSA.

With this perspective, PAP would act as rescue therapy 
for failed or non-adherent OAT just as much as the reverse. 
One study showed that patients would also ideally have both 
of these options and potentially other conservative therapies 
during transient periods, during which one therapy cannot be 
used and alternate therapies would be available as a rescue 
[24]. As stated above, having multiple therapies increases the 
potential for adherence to overall therapeutic efficacy, inde-
pendent of therapeutic choice for that specific patient and 
their circumstance during that sleep cycle. Treatment param-
eters that dictate patients must fail one therapy (e.g., PAP) in 
order to try another therapy (e.g., OAT) push a compliance 
monotherapy model of care and hinder patient choice and 
self-efficacy.

The overall success rates of OAT in addressing comor-
bidities of *SRBD are also similar to PAP.  Proof includes 
high-level evidence, such as randomized controlled trials, 
systematic reviews, and meta-analyses [25–37]. Studies have 
shown that OAT improves cardiovascular function [38, 39] 
and hypertension [40–43], with one study showing this ben-
efit in severe OSA patients at 1 year follow-up [37]. Another 
study showed statistically greater improvement in cardiac 
function by OAT relative to PAP therapy [44]. Both OAT and 
PAP have been shown to be equally effective in reducing car-
diac event fatality with severe OSA when compared to non- 

treatment groups [45], and reducing AHI to below 15, which 
might favor PAP therapy, is not necessary to achieve signifi-
cant cardiovascular improvement [21]. Improvements from 
OAT in addressing *SRBD also include improved quality of 
life, reduced sleepiness (i.e., a lower score in the Epworth 
Sleepiness Scale), and improvement in neuro-behavioral 
measures [45–52]. Moreover, the effects of OAT have been 
shown to be long term [53, 54]—for instance, a recent study 
showed good and stable treatment effects by both PAP and 
OAT after a 10-year follow-up period, confirming both thera-
pies provide similar health benefit at 10 years (albeit slightly 
better for CPAP), and therefore both therapies are appropri-
ate for long-term management of OSA [55].

 2. OAT is less cumbersome, more portable, easier to use, 
better tolerated, and consistently reported in comparison 
studies as the preferred therapy for *SRBD over PAP by 
most patients. The evidence supporting this includes over 
20  years’ worth of publications showing higher CAC 
rates with OAT [24, 56]. OAT is chosen by more patients 
who tried both therapies and were given either option [21, 
57, 58]. Adherence to OAT is over 80% at the end of 
1 year [59] which is better than PAP’s overly optimistic 
adherence values of 60% by F&S [11]. One well- 
controlled study included 108 treatment naïve/newly 
diagnosed moderate-to-severe obstructive sleep apnea 
participants, who completed both OAT and PAP arms of 
the study with a washout period. Study findings indicated 
nonsignificant difference in overall efficacy with both 
therapies, which included objective and subjective out-
come measures (arterial blood pressure, sleepiness, qual-
ity of life, and driving simulator performance), but 51% 
of participants preferred OAT versus 23% who preferred 
PAP therapy [46].

This preference for OAT occurs despite a more involved 
titration process than that required for PAP. In general, it can 
take from a few days to a few months to arrive at the most 
effective mandibular position for those using OAT, although 
noticeable effects can be present on the first night. In most 
cases, delays in achieving best effect occur because OA ben-
efit potentially increases through advancing the mandible 
gradually to determine the best effect. The best mandibular 
target position is typically not known or predictable for each 
individual  although  there is some evidence that there is a 
dose-dependent effect with more effect as the mandible is 
advanced further anteriorly [60, 61]. Tan et al. [58] found 17 
out of the 21 mild-to-severe OSA subjects who completed 
both arms of their CPAP and OAT crossover study preferred 
the OAT.  Both therapies had statistically similar improve-
ments in the AHI and Epworth Sleepiness Scale. Another 
study by Yamamoto et al. [57], which included 40 moderate- 
to- severe OSA participants who finished both CPAP and OA 
arms of therapy, showed similar cardiovascular and symp-
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tom improvement, but the OAT was preferred by participants 
on all 9 subjective measures with 8 of the 9 measures statisti-
cally significant. These subjective preference measures 
included: simplicity in setting and removal, comfortability, 
stability, time needed to get used to the device, simplicity of 
maintenance, appearance of the device, bed partner’s accep-
tance, and overall satisfaction.

If the reader accepts that compliance with therapy is king, 
then OAT should be used more often than the 10% reported 
by F&S [11] and closer to double the rate that PAP is used for 
OSA. Like any therapy for *SRBDs, OAT has pros and cons 
to consider in addition to the patient’s informed comparisons 
to other potential interventions. Some of the many areas to 
consider for OAT are shown in Table 29.1; they include ease 
of use, time to reach efficacy, overall efficacy, cost, durability, 
and maintenance. In addition, for any determination of suc-
cess involving therapy such as OAT, there must be clarity as 
to the valid measures of success, both on a subjective and 
objective basis, short term and long term. For example, using 
AHI measures as the metric of success with therapy is increas-
ingly suspect; there is evidence that the time under 90% oxy-
gen saturation or oxygen desaturation index improvement 
may be more reflective of health benefits [62].

29.5  Improving CAC Through Efficiency 
in Providing Effective Therapy

Better efficiency in arriving at effective therapy is likely to 
result in more use of that therapy but not necessarily 
improved overall efficacy. For example, a recent Cochrane 

study found  positional therapy had better adherence than 
CPAP with immediate effects but still had less overall effi-
cacy [63]. In order to speed up attaining an effective thera-
peutic dose, both PAP and OAT can be titrated over a single 
night in a lab setting. Such titration can help to solve some of 
the adaptation issues and initial barriers to use. In the case of 
OAT, a lab titration can result in increased normalization of 
breathing parameters in about 30% of subjects who were 
otherwise considered OA failures [64].

The concept of a home-based, self-, or auto-adjusting PAP 
or OAT has been explored. This process requires feedback on 
objective successful sleep parameters through connection to a 
home-based sleep testing device. Such a device has a feedback 
loop which automatically adjusts or gives the user information 
on how to self-adjust the device. This can be accomplished 
using an OA over multiple nights with feedback guidance 
from a sleep testing device as simple as a snoring app on a 
smart phone, a pulse oximeter, or a more sophisticated sleep 
monitor. Waking the patient within single sleep cycles to 
adjust an OA leads to sleep fragmentation and a more difficult 
process, but the OA protrusion can readily be adjusted on a 
night-by-night basis without this additional sleep disruption. 
By comparison, an auto-PAP can change air pressure within a 
single night automatically without waking the patient, which 
has a distinct advantage over any current OA titration. There 
has been one home-based auto-OAT on the market for use as 
an auto-adjusting theragnostic device over several nights. This 
system, called the home MATRx, had a small motor connected 
to an adjustable temporary oral appliance, which was moved 
in tiny 0.2 mm increments during the sleep cycle to determine 
the best mandibular protrusion to manage *SRBD events with-
out causing awakenings [65].

The temporary MATRx OA used to determine the best 
mandibular advancement was bulky with associated lip seal 
issues and the process was not tolerated by all patients; nev-
ertheless, it allowed for hundreds of incremental 0.2  mm 
machine-driven titrations during one night, designed to be 
so small as to not fragment the patient’s sleep. Independent 
testing showed good predictability of this device in deter-
mining the effective mandibular protrusion, although about 
8 out of 33 (24%) participants had inconclusive results in 
predicting response [66]. The MATRx auto-titrating OA 
could also test effectiveness with no mandibular protrusion 
before advancing the mandible. This should be compared to 
the standard recommended titration process of OAT, which 
typically starts at 50–70% of maximum mandibular protru-
sion. Starting the mandibular protrusion at a minimum of 
50% of maximum protrusive range may overshoot the 
needed protrusive position of the mandible  in managing 
*SRBD, putting more strain on the patient’s stomatognathic 
system than necessary and potentially leading to reduced 
CAC.  This is of interest since at least one study showed 
some patients may need 25% or less protrusion [67] to be 

Table 29.1 Some factors to consider in Mandibular Advancement 
Device (MAD) oral appliance options to manage *SRBD 

Pre-conceived 
beliefs Perceived benefits Realized benefits
Candidacy for 
therapy

Ease of use Overall efficacy

Time to achieve 
effectiveness

Maintenance Repairability

Problem-solving 
adaptation

Patient 
expectations of 
benefits

Getting physician 
prescription for OAT (in 
the USA)

Access to care Offered as 
treatment option

Design choices

Adaptability to 
dentition change

Adjustability Side effects

Past experience with 
OAs

Co-treating sleep 
bruxism

Bed partner expectation

Combination with 
PAP therapy

Combination 
positional therapy

Other combination 
therapy

Hypoallergenic 
material options

Durability Cost

Objective feedback 
on effectiveness

Independent 
compliance 
monitoring

Temporary failure 
contingency planning
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effective; and in another study, 10 out of 26 patients had a 
greater than 50% reduction in AHI without any mandibular 
protrusion, speaking to an effect from preventing mandibu-
lar retrusion as the mechanisms of action [68].

No system of titration or calibration is perfect, but the 
auto-titrating process of auto-PAP remains superior as an 
ongoing therapeutic remedy in instances where increased 
PAP pressure is indicated. This would be of potential benefit 
intranight during specific sleep architecture and/or body 
position, or over time due to severity progression of the 
*SRBD and specifically to overcome internight variability. 
However beneficial this auto-PAP technology may appear in 
effectiveness, it is not associated with statistically significant 
increased PAP adherence compared to conventional CPAP 
[69]. It is also important to recognize that while efficacy and 
overall sophistication of PAP may be higher than OAT per 
hour of use, the overall mean disease alleviation of PAP and 
OAT has been determined to be similar [21, 70, 71]. The 
mean disease alleviation is a combination of efficacy per 
hour of use and the number of hours used per night. More 
efficacy per hour by PAP is matched by more hours of use 
with OAT [21]. Despite the limits of OA titration, most OA 
adaptation problems can be mitigated and ultimately result in 
a high percentage of OAT hours of use during sleep.

29.6  Increased CAC by Reducing Bias 
in Restrictive Definition of OAT

Although OAs are evolving at a fast pace, the definition of an 
OA is overly restrictive, which limits the OA treatment 
options supported by medical reimbursement and conse-
quently reduces CAC.  The definition of an OA has been 
addressed by the American Academy of Dental Sleep 
Medicine (AADSM) several times since 2014 and updated 
most recently in March 2019 [72, 73]. As currently defined:

An oral appliance is custom fabricated using digital or physical 
impressions and models of an individual patient’s oral struc-
tures and physical needs. A custom-fabricated oral appliance 

may include a prefabricated component; however, it is not a 
primarily prefabricated item that is subsequently trimmed, bent, 
relined, or otherwise modified. It is made of biocompatible 
materials and engages both the maxillary and mandibular 
arches. The oral appliance has a mechanism that advances the 
mandible in increments of 1  mm or less with a protrusive 
adjustment range of at least 5 mm. This mechanism may or may 
not include fixed mechanical hinges or metallic materials. In 
addition, reversal of the advancement must be possible. The 
protrusive setting must be verifiable. The appliance is suitable 
for placement and removal by the patient or caregiver. It main-
tains a stable retentive relationship to the teeth, implants, or 
edentulous ridge, prevents dislodging, and retains the pre-
scribed setting during use.

OAT for *SRBD is clearly much larger than this narrow defi-
nition, which was probably developed for insurance stan-
dardization and reimbursement purposes. The narrow OA 
definition by the AADSM limited to mandibular advance-
ment devices (MAD) was attributed to insufficient high- 
quality evidence to support other OATs such as tongue 
retaining/guiding devices (TRDs) and non-adjustable appli-
ances, such as monobloc and single arch OAs [18]. MAD 
devices can be divided into customized versus prefabricated 
OAs. Prefabricated OAs can be provided and adjusted by 
dentists as a temporary or trial OA but other prefabricated 
OAs include designs are  available over the counter (OTC) 
and are used as self-treatment by patients. Customized appli-
ances have been shown to be superior to prefabricated OAs 
in efficacy due to better retention (fit and comfort) and range 
of protrusion available [74, 75]. Although the AADSM 
rejected OA designs, such as TRDs, monoblocs, single arch 
designs, trial appliances, and even OTC models, these 
options have a place in care, and consideration should be 
given as to which patient population would benefit most 
from each type (Tables 29.2 and 29.3).

A completely different consideration design in OA ther-
apy is incorporating active orthodontic approaches to 
increase the size of the upper airway. This approach would 
include orthodontic tooth and skeletal expansion devices that 
may include pediatric growth and development of both the 
maxillary and mandibular dental arches, in an anterior poste-

Table 29.2 Some of the many options with MAD-type OA designs

Type OTC Premade Custom Others
Base material Acrylic Nylon Metal Others
Retention Soft or hard liner Metal clasps Distal tooth wrap Others
Adjustability Infinite 0.5–1 mm Unilateral Others
Action Push Pull Lock Others
Connector Metal bar or hook Nylon/acrylic Rubber/elastic Others
Coloration Clear White Single color Others
Interarch movement Horizontal or vertical only Vertical and horizontal No movement Others
Durability Up to 1 year Up to 3 years 3–5 years >5 years
Modify/repair None In office In lab Others
Add-ons Anterior disclusion vertical height Tongue lifts/nares spreaders Elastic bands/air tubes Others
Component parts One Two Three > three
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rior as well as transverse aspect [76, 77]. The dental arches 
can also be potentially addressed in adult upper airway 
enlargement using midface skeletal expanders, sometimes 
using temporary anchorage devices or removable orthodon-
tic devices [78–80]. This is a long-term therapy but may be 
potentially curative or preventive as opposed to the *SRBD 
management-type approach utilized in MAD therapy. 
Expanding dental arches may require surgical assistance in 
addition to temporary anchorage devices.

One final aspect to OAT that is not often discussed is the 
ability of OAs to increase the CAC of PAP therapy; in this 
way, OAT functions as part of a combination therapy. There 
are three situations in which this is helpful:

 (i) A strapless interface of PAP therapy, by using an oral 
appliance to securely hold the nasal or oronasal PAP 
interface, allows for less irritation of PAP straps and 
less leaking from positional changes that that may break 
the mask interface seal. This designation would also 
include the OPAP or Oventus designs of blowing PAP 
air through the oral appliance or an OA air channel 
allowing inspired air to bypass the tongue [81, 82].

 (ii) Concurrent use of an oral appliance which holds the 
mandible forward to help partially open the airway and 
can result in lower and potentially more tolerable PAP 
pressure by about 30% up to 45%, resulting in easier 
adherence to PAP therapy [82, 83].

 (iii) Stabilizing the mandible during sleep with an oral 
appliance  allows the facial contours to remain more 
stable during all sleep stages, which contributes to a 
more consistent PAP interface air seal.

Sadly, the narrow AADSM definition of OAT is restricting 
the many options within this OA therapeutic group that can 
be effective as stand-alone and combination therapy. This 
limitation detracts from the ultimate goal of improved 
*SRBD outcomes.

29.7  Increased CAC Through Continued OA 
Evolution

While evolution of PAP therapy has been the main thrust of 
research for *SRBD, there have been significant but less 
robust inroads with surgical interventions (e.g., multilevel 
approaches) [84] and if considering  OAT’s broader defini-
tion. While PAP appears to be nearing its zenith of treatment 
acceptance, other alternative therapies continue to develop.

OAT started many years before the first published use of 
CPAP by Sullivan et al. in 1981 [85]; Pierre Robin is credited 
with first using oral appliances in treating breathing issues in 
1923 [86]. However, OAT in its broader definition still remains 
in its infancy in regard to impact on upper airway function and 
development. Future improvements are possible through modi-
fying old OA designs, tweaking current designs, adding new 
designs, and development of new paradigms of OA therapy in 
the upper airway growth and development arena.

Even TRDs, which fell out of favor in part because they 
are less reliable and not adjustable, still continue to be used 
today for a small number of patients such as the edentulous, 
those with limited range of mandibular protrusion or with 
significant temporomandibular joint disorders. Chang et al. 
reported results of a systemic review and meta-analysis of 
conventional TRDs effects as decreasing the AHI by 53% 
and decreasing the Epworth Sleepiness Scale scores by 2.8 
points [87]. High-tech companies have tried to emulate and 
improve the effects of a passive TRD in tongue protrusion 
during sleep, using an active negative suction to pull oral soft 
tissues away from blocking the upper airway. One product 
named Winx was reported to be 30–40% effective [88], but 
the company is no longer in business. A more recently pub-
lished device specifically addressing anterior suctioning of 
the tongue showed positive clinical effects while still in the 
development stage [89]  and a newer intraoral negative air 
pressure therapy is currently commercially  available by 
prescription.

Table 29.3 Some of the many options in a broader definition of OAT

Type of OAT Option A Option B Option C Option D Option E
Trial OTC MAD Prefab MAD TRD MATRx No protrusion
Monobloc Maxillary Mandibular Fused/locked Max/

Mand
Variable lock of Max/
Mand

Increased vertical mouth 
opening, tongue space

Bibloc Connected 
push

Connected pull Separate Multiple connectors Ability to protrude into passive 
range

Combination OA 
therapy

Connect PAP
to oral airway

Connect PAP to nasal 
airway

Connect to PAP 
oronasal airway

MAD/TRD 
combination

Tongue lift, nares spread, air 
suction

More OAT 
combinations

OAT/EPAP OAT/body positional OAT/soft tissue 
surgical

OAT/oral exercise OAT/non-ablative laser

Orthodontic OAT Growth in 
children

Development in 
adults

Surgical assist Use of temp 
anchorage devices

With orthognathic surgery
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When comparing various types of OA designs for insights 
into improved  CAC, Deane et  al. found treatment success 
(AHI < 5) with TRDs to be about 45% in a cohort of 22 OSA 
patients (5 mild, 11 moderate, and 6 severe OSA; 16 male) 
and 68% of subjects with a MAD [90]. Compliance was rela-
tively poor with the tongue retention device, and 91% of sub-
jects preferred the MAD design OA.  Johal et  al. [75] 
compared custom-made OAs to OTC designs, which are a 
subset of pre-fabricated OAs, and found that the custom 
designs had greater patient preference. The advantages of the 
custom OA include patient comfort, smaller size, greater 
range of mandibular protrusion, more precise adjustment, as 
well as overall better fit and retention. Custom OAs were 
also more effective. A treatment outcome of AHI < 5 was 
found in 64% of patients with mild OSA using custom OA as 
compared to 24% with the premade OAs. In addition, the 
custom OAs were worn more than their premade counter-
parts (on average 7 versus 3 nights/week; 5 versus 3 hours/
night) and were preferred at a rate of 21 to 1.

In some cases, an OA may have its design tweaked for 
improvement by addition of tongue guidance straps/buttons/
prongs, nares spreaders under the upper lip, changing verti-
cal height of the oral appliance and adding tubing to attach 
oxygen or PAP. Several designs of OAs have been used as 
carriers to specifically attach PAP, or as novel strapless and 
stable PAP interfaces in multiple head positions that may 
deliver air through the mouth, the nose, or both. These com-
bination approaches, while useful, are more the exception 
than rule and often require more advanced training to deliver 
this level of therapy. There is also scant evidence to support 
any notion that they impact CAC or overall efficacy beyond 
the individual patient.

To address specific patient preferences and achieve high 
CAC levels, mechanisms to advance the mandible provided 
by dentists have been developed to include adjustable screws 
or guiding ramps with infinite settings, advancement bars, or 
straps providing 0.5–1 mm increments of change. Each of 
the many designs speaks to ease of use, durability, size, com-
fort, and calibration/titration. Some devices are better 
adjusted by the dentist, others by the patient. For example, an 
oral appliance may be “monobloc” in design, where the 
maxillary and mandibular arch components are joined 
together, whereas others are “bibloc,” so that the maxillary 
and mandibular arches have readily adjustable connection 
systems. While the simpler options involving less adjustment 
are preferred by some patients, one recent design of OA, 
took an opposite approach that allows for different types of 
adjustment systems that can be attached to the same maxil-
lary and mandibular arch components. These variable adjust-
ment systems allow for changes in the flexibility and range 
of motion of the interarch connectors to address unwanted 
side effects, such as temporary TMJ arthralgia, which might 
otherwise reduce ongoing OA usage (Photo 29.1).

To increase the number of people that can be successfully 
treated with OAT, various OAs have different attributes: ranges 
in and ease of titration of the mandible anteriorly and vertically, 
ease of repair, types of materials used to account for allergies 
(e.g., acrylic or metal), and ease of adaptation to a changing 
dentition should the patient have dental work. Nevertheless, 
there are some patients for whom OAT is not the most easy or 
effective option. For patients with poor dexterity or hand 
strength, some OAs may not be usable without help. For 
patients with exaggerated gag responses or orofacial pain con-
ditions, there may be intermittent OA use and limited range of 
adjustment, and, in some cases, no OA may be tolerable. For 
patients that are edentulous, or have very few remaining sound 
teeth, there may be inadequate retention to keep an OA in 
place, requiring use of dental adhesives or supplementation of 
OA anchorage by dental implants. For patients with cognitive 
challenges, dementia, or motor dyskinesias, support by a care-
giver may be required for any chance of success. In some of 
these challenging cases, the OAT is an easier therapy than 
CPAP, but no conservative therapy is consistently successful. 
At this time, most OA modifications are made by trial and error 
and utilized by dentists with more experience in applying OAT 
as there are insufficient studies demonstrating clear advantages 
for specific subtypes of OSA or specific populations. 

29.8  Increasing CAC with OAT

Reasons that patients will not start or try OAT once it is intro-
duced through an impartial informed consent process can 
range from lack of insurance approval for this therapy, 
 out- of- pocket costs, access to care, barriers in getting US 

Photo 29.1 Image of an OA (MAD) with added ball clasps for rubber 
bands, nares spreaders, and tongue lifts. Rubber bands may be used to 
help keep the upper and lower components together and encourage a 
mouth closed position. Rubber bands may cover over the body of the 
tongue to restrict tongue movement
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physician approval and prescription for OAT, pre-conceived 
biases from patients and physicians against OAT, recent orth-
odontic or planned dental work, heightened gag response, 
dental disease or orofacial pain, or dysfunction conditions. 
There is no currently published research that addresses the 
percentage of drop-off in trying OAT for the various reasons, 
once recommended, but this aspect is important to identify 
and address in increasing CAC.

Once OAT is started the two main reasons for patients to 
stop using their OA are lack of efficacy, often subjectively 
determined by the continued presence of snoring, and untow-
ard side effects, which can be short- or long-term and range 
from mild to severe. OATs can fail to meet a patient’s expec-
tations of efficacy through subjective and/or objective find-
ings, such as an insufficiency of effect, otherwise termed a 
partial effect. This could mean there is a normalized AHI, but 
snoring is still disruptive to the bed partner or snoring is nor-
malized and the AHI with OAT is not acceptable to the care 
provider. In this instance, the uninformed patient may pro-
verbially throw in the towel rather than supplement the par-
tial effect by modifying the OA or combining OAT with 
another therapy. Even in the case of highly validated MAD 
devices, it is still difficult to predict the OAT’s overall effi-
cacy and CAC, as it requires a multidimensional assessment 
of both anatomy and physiology, together with ample time to 
address potential side effects and resolve adaptation prob-
lems [66, 91].

Best predictions of OA effect are by actual use of an OA 
during sleep, with measures of outcome over a period of days 
to weeks. Pre-emptive OA trials can be performed with drug-
induced endoscopy using midazolam or propofol, which 
mimics non-REM sleep [92] or a home or sleep lab based 
testing of various mandibular protrusions while using a tem-
porary OA. While these best predictions of efficacy indicate a 
high likelihood of effect, they do not predict the patient will 
continue to wear the OA, as side effects may not have revealed 
themselves until several months of use. Additionally, discon-
tinued use due to lack of objective measures of improvement 
may only reflect a single night’s poor performance effect and 
not the average improvement noted over a week or longer. 
Therefore, over-reliance on limited objective data can result 
in abandoning an otherwise helpful therapy.

Untoward side effects that reduce CAC may be divided 
into short term (up to 2 months) and long term, as well as 
be separated by mild to severe impact. Side effects that impact 
CAC should be addressed as early into treatment as possible 
and especially during the titration period, when patients may 
be naïve to potential untoward outcomes of using an OA dur-
ing sleep. Some side effects are frequent and occur early into 
treatment, such as excess salivation, but these are considered 
mild and usually they dwindle over time. A salivary response 
is expected with initial placement of an oral appliance, as the 
brain perceives the OA as something to be digested. With 

time, this autonomic response wanes; thus, excess salivation 
is not a typical reason reported in the literature to discontinue 
use of the OA. Severe side effects, such as headaches, jaw 
pain, temporomandibular joint dysfunction symptoms (e.g., 
jaw joint noises), arthralgia, or myalgia, can greatly impact 
use and may be acute enough to warrant discontinuation of 
use for weeks to months or indefinitely. However, once 
resolved, even the more severe side effects may permit the 
patient to return to OA use. This type of treatment “holiday” 
can be alternated with another *SRBD therapy should the 
patient have multiple options of care.

Some commonly expected side effects in addition to 
hypersalivation include dry mouth, especially if lip incompe-
tency is present or aggravated by the OA, chewing difficul-
ties for a short time after removal of the OA, and temporary 
bite challenges in bringing the posterior teeth into the normal 
bite. These typically resolve within a few hours following 
use and often reduce in frequency and severity with tine and 
frequency of use of the OA. A morning mandibular reposi-
tioning device, tooth index matrix, or exercise routine can 
mitigate short- and long-term bite changes accompanying 
OA use.

Mullane and Loke [93] reported on short-term side effects 
on 21 non-PAP-compliant OSA subjects who subsequently 
used OAT for 4 weeks. The first 4 weeks are typically a titra-
tion period in which the OA has increased mandibular protru-
sion and the time when side effects would be more frequently 
expected. The study goal was to determine which side effects 
impact OA use and also if there was a discrepancy between 
subjective and objective reports of length of time of OA 
use per night. Subjects were therefore blinded as to the OA 
having a use compliance chip and were told the attached sen-
sor in the OA was a “pressure sensor” to detect tooth move-
ment. Subjective and objective measures of OA hours of use 
were not statistically different. This outcome, while different 
to the significant discrepancies in PAP subjective and objec-
tive use, has been confirmed by several other studies that used 
covert OA compliance measurement for varying periods of 
time [94, 95]. Mullane and Loke also noted that usage time of 
the OA almost doubled over the 4 weeks once the untoward 
side effects were addressed. They reported reduced compli-
ance hours of use with OAs with moderate-to-severe side 
effects, such as jaw discomfort and noises or soft tissue (gum) 
discomfort. More frequent side effects of excess salivation, 
xerostomia, or tooth discomfort had less impact on OA hours 
of use. In this regard, more than 50% of their subjects 
endorsed some level of discomfort with: 67% excess saliva-
tion, 62% xerostomia, 61% tooth discomfort, 56% chewing 
difficulties in the morning, 55% jaw discomfort, and 51% jaw 
joint noises. Tooth movement and bite changes were never 
reported as severe by any of the subjects.

In terms of compliance and specific hours of therapy use, 
there is literature on both PAP and OAT that may be com-
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pared. Dieltjens et al. [96] evaluated 51 subjects after OA use 
for a year finding objective average daily OA use of 
6.4+/−1.7 hours, which was subjectively overestimated by 
participants by 30 minutes. The regular use rate of the OA 
was 83% and the discontinuation rate at the 1-year follow-up 
was 9.8%. Other research of covert measuring of OA use 
allowing comparison of objective to subjective OA use has 
shown no significant time difference of subjective versus 
objective hours of OA use per night and no anthropometric 
or polysomnographic parameters correlated with compli-
ance. There was also no correlation found between objective 
compliance and reports of excessive daytime sleepiness, sug-
gesting that improved sleepiness is not a strong enough sub-
jective improvement to continue using an OA.  Snoring, 
however, showed increased objective compliance with a 
larger decrease in socially disturbing snoring. Dry mouth 
was the only adverse effect that correlated with less objective 
compliance at the 3-month follow-up. Newer compliance 
methods for OAT are being clinically proven as effective 
should the need arise to validate hours of OA usage [97]. By 
comparison Kribbs et al. [98] covertly monitored PAP use in 
35 patients for an average of 106 days finding average use for 
66% of the days with a mean duration of use of 4.88 hours. 
Subjectively, these same patients over-reported PAP use by 
69 mins. The researchers noted that the more regular PAP 
users had significantly more years of education.

As well as the general advantages and disadvantages of 
OAT already discussed, there are specific OAT advantages 
and disadvantages as listed in Table 29.4.

29.9  Comparing OAT and PAP Therapy 
for Future Overall *SRBD CAC

Comparing OAT to CPAP has been done by various authors 
and the conclusions are consistent in showing CPAP is more 
efficacious per hour of use and has a broader reach in the 
range of OSA severities that it brings back into the normal 
range when used (Tables 29.5 and 29.6). Other positive attri-
butes of PAP include adherence monitoring which may be 
seamlessly uploaded to healthcare providers. In addition to 
immediate machine algorithm-driven feedback on the effec-
tiveness of therapy, time of use, air leakage, apnea hypopnea 
index during each sleep cycle, PAP measured objective out-
comes may also be shared with the end user (see 
Table 29.1) which can help the end use patient stay engaged 
in treatment. Of course, there is also a litany of negative attri-
butes associated with PAP usage as listed in Table 29.3, any 
and all of which can impact CAC. A 20-year review of PAP 
shows a persistently low adherence despite efforts toward 
behavioral intervention and patient coaching [99]. Other 
authors have opined that “new PAP modes do not appear to 
be the “magic bullet” to improve “suboptimal adherence to 
PAP” [100]. This addresses the question whether CPAP 
should continue to be considered the gold standard of ther-
apy for OSA [99].

Using the phenotypic conceptual framework of targeted 
OSA therapy, the authors estimate that >50% of all OSA 
patients could be treated with one or more non-PAP interven-
tions [101, 102]. Since multiple authors report fewer than 
50% of patients adequately tolerate the first-line therapy of 
PAP, there should be other first-line treatments [103, 104]. 
For instance, an OSA patient can nap in a semi-recliner chair 
and otherwise  provide positional therapy if they are posi-
tional apnics or use an OA if camping or backpacking and 
needing to travel light. One single first line  therapy for 
*SRBD neither fits all patients for a single circumstance nor 
fits all circumstances for any one patient. The ability to have 
multiple optional therapies to choose between, depending on 
circumstances, would help overall CAC especially as a short- 
term alternative [105]. The improved therapeutic outcomes 
would be based upon the reasonable assumption that more 
options of effective therapy will be associated with higher 
overall efficacy and treatment CAC as opposed to a spe-
cific doctor dictated therapy CAC.

While little has been reported on barriers to the various 
alternative treatment options for *SRBD in the USA, the 
F&S report [11] illustrates the deficit in use of OAT. In 
France, low socioeconomic status (SES) constitutes a barrier 
to access to OAT that speaks to inequalities in healthcare 
access [106]. According to the authors, even though the cost 
of the OA is reimbursed by the national health insurance, 
OAs are not prescribed as they should be due to a require-
ment for adequate oral health of candidate patients that pre-

Table 29.4 Advantages and disadvantages to the various types of OAT

Type of OAT Advantages Disadvantages
OTC Cost, availability, self- 

help remedy. Helpful for 
benign conditions

Often lacks professional 
diagnosis and misses 
pathology. Poor: fit, 
retention, comfort, efficacy, 
durability

Pre- 
fabricated

Cost, trial device Poor: comfort, durability

TRD Cost, trial device, may 
help with compromised 
TMJ/teeth

Lacks adjustability, less 
efficacy and comfort

MAD Highest efficacy, options 
of design, materials, 
add-ons

Relatively high cost, lack 
of clarity as to the best 
design for individual 
patients

Combination More improvement in 
greater range of severity

High cost, often requires 
multiple providers, not 
patient-friendly

Orthodontic Potentially curative in 
specific populations: 
children or narrow or 
retruded dental arches. 
May need surgical 
assistance for effect

Most: costly, invasive, 
required time to complete, 
time to reach efficacy. May 
not resolve *SRBD 
requiring management 
with PAP or other OAT
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cludes many with low SES [106]. In a 2014 paper, the 
barriers to more use of OAT were identified as related to 
organizational issues, industrial development, different 
effectiveness, contraindications, side effects, and both dental 
and medical professional organizational issues [107]. These 
issues have all been addressed to some degree in this chapter 
and it is clear that the public will benefit from elimination of 
these barriers.

Given that the F&S report [11] indicates management of 
OSA in the best light and finds that 80% of those with OSA are 
undiagnosed and that PAP adherence for those that accept this 
therapy is 60%, it follows that the current gold standard proto-
cols of diagnosis and management miss not only the undiag-
nosed 80% but also a substantial proportion of the remaining 
20% who try therapy. According to F&S [11], this would be 
about another 7% of the population with OSA (40% non-
adherent  ×  85% receiving PAP therapy  ×  20% diag-

nosed  =  approx. 7%). Therefore, current gold standards of 
treatment of OSA using PAP as first-line gold standard therapy 
are not providing care for a minimum of 87% of the population 
with OSA. In reality, even the 87% with OSA not getting care 
is a conservative figure; since PAP is not 100% effective when 
used, PAP use adherence values are set at 4 hours when at least 
6  hours/night is indicated, resulting in CAC values  for PAP 
usage closer to 25% as a long-term measure. Most importantly, 
the F&S estimate of 12% of the US adult population with OSA 
dramatically underestimates epidemiologists’ assessment that 
over 25% of US adults have OSA [11, 108] and countries such 
as Switzerland show over 35% of adults with OSA [109]. In 
effect it would appear that only a few percent (<5%) of the 
population with OSA are managed long-term with current gold 
standards and better solutions are indicated.  

Another sad reflection of the CAC failure to treat the pub-
lic health problem of *SRBD was revealed by Russel et al. 

Table 29.5 Positive attributes of PAP and OAT

Positive attributes of PAP Positive attributes of OAT
Highest efficacy/hour of use Highest compliance/hours of use per 24 hours
Off the shelf – premade Requires no power source for use
Broader range of severities that it brings back to normal Pt. preference over PAP, surgery, and positional therapy
Objective daily feedback information for the patient Highly portable and self-contained
Remote objective feedback for health provider Easy maintenance
Can self-adjust according to need – intra- and inter-night Can only be worn by the patient it was prescribed for
Adjustable controls for heat, humidification, ramping, etc. Can collect compliance data
Effective starting on first night of use Many designs and adjustment mechanisms

Ability for bed partner to adjust during sleep
Components can deliver other therapies (topical medications)
Works with nasal congestion
Works with prone sleeping
Can concurrently treat temporomandibular disorders
Can mitigate some headaches
Can act as a stable strapless PAP interface connector
Eliminates tooth wear and fractures from sleep bruxism
Can stabilize mandible for better full face PAP seal
Readily monitored objectively by patient-driven self-testing

Table 29.6 Negative Attributes of PAP and OAT

Negative attributes of PAP Negative attributes of OAT
Lowest adherence in hours of use per 24 hours Ineffective in 15–60% related to severity and individuality
May be worn by someone other than the patient Can move teeth – crowd maxillary and splay mandibular
Claustrophobia in some Can stress teeth, restorations, and aggravate soft tissues
May dislodge with movements during sleep Can contribute to temporomandibular dysfunction
Not compatible with prone sleep position May need refitting/remake after new dental restorations
High maintenance Will not work in those with heightened gag reflex
Requires periodic filter and interface replacement Usually requires sufficient number of stable teeth or implants
Noise of equipment can disturb bed partner Usually requires sufficient ability to protrude mandible
Aerophagia in some Outcome dependent on provider skill level
Tethering to face is required Mandible may stay mildly protruded after use for hours
Power source is required Self-treatment options confound proper use
Not readily portable (e.g., difficult to use in airplane travel) Lacks self-adjustment intra-night
Unflattering cosmetics Lacks real-time remote monitoring of use or efficacy
Leaves temporary facial marks from straps
Long-term intrusion of mid face from mask retention straps
Difficulty in maintaining air seal
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[110], who reviewed the outcomes of a cohort of 616 partici-
pants receiving treatment in an academic hospital that met 
OSA inclusion criteria. While 42% of patients had docu-
mented adherence to PAP, about 50% of the non-adherent 
group did not have continued treatment or even referral for 
alternative care, and only 35% of the non-adherent group 
were referred for further attempts at management of the diag-
nosed OSA. This points to an enormous gap in the  continuity 
of care for those patients that are non-adherent to PAP ther-
apy, indicating a knowledge gap in viable alternative thera-
pies, over reliance on PAP therapy when other therapies are 
available and increasingly chosen and/or a lack of follow- up 
and resources for those that cannot tolerate PAP (Fig. 29.3).

Despite positive attributes both PAP and OAT have sig-
nificant limitations and side effects that reduce compliance. 
See Table 29.6.

Overall, OAT is a much simpler therapy and has very 
limited features in comparison to CPAP.  OAs can be 
adjusted internight  but  not easily  intranight without typi-
cally waking the patient and contributing to fragmented 
sleep. Although OAs have options for compliance monitor-
ing, there is no immediate feedback or remote short-range 
wireless communication technology as to the OA effective-
ness and hours of use. Patients are currently required to 
bring their OA to the dentist to upload compliance data, if 
tracked, although such data may be stored for a month or 
more. Furthermore, there is no auto-adjusting of OAT as 
needed, such as during REM sleep, after drinking alcohol, 
smoking, or when the sleeper is in a supine position. Night-
to-night variability in sleep breathing parameters cannot be 
automatically addressed, since no “smart oral appliance” is 
currently marketed. The closest contemporary oral appli-
ance to a self-adjusting design would be by using the 

MATRx system for an off-label indication. In June 2021 the 
MATRx home system was discontinued by the developers/
manufacturers.

Table 29.2 compares the differences between PAP and 
OAT. The obvious differences include less untoward side 
effects of OA, less tethering, less reliance upon a power 
source, and less background equipment noise to nearby 
sleepers. Additionally, an OA provides fringe benefits to the 
user such as protection of the teeth from sleep bruxism wear 
patterns and some tooth splinting as well as some effects as 
a tooth retainer. For both OAT and PAP there are a litany of 
side effects which patients may state prevents them from 
using therapy more frequently. In both therapies, a period of 
adaptation is normal and the need for support by the health-
care provider is essential to enable ongoing utilization of 
therapy (Table 29.7).

29.10  Improving CAC for *SRBD

After discussion of the two most frequently prescribed con-
servative *SRBD therapies with highest overall efficacy, the 
question remains as to why choose one  therapy over the 
other. If cost containment principles allowed for both of 
these and other treatment options to be used, with the end 
goals of higher CAC and lower overall healthcare costs asso-
ciated with treated *SRBD, then consideration should be 
given for multiple primary, backup, and rescue therapies. 
Certainly, OAT has many options available within this cate-
gory of therapy when considering both management and 
potentially preventive/curative OA  approaches along with 
the possibilities of combination therapy with other *SRBD 
therapies.

Table 29.7 Comparative advantages of PAP vs. OAT

Measure PAP – advantage OAT – advantage
Compliance/adherence +
Patient preference +
Durability of components +
Maintenance +
Portability +
Power requirement +
Ease of use +
Intrinsic noise +
Tethering +
Only fits intended user +
Mean disease alleviation + +
Cost + +
Funding and research +
Efficacy +
Success with all severities +
Data connectivity to provider +
Direct user feedback +
Auto-adjusting option +
Compliance monitoring +

*SRBD Projected Future Therapy Apportionment

OAT PAP Surgery Other

Fig. 29.3 Future therapy pie for *SRBD
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While there has been a great deal of attention to discov-
ering the predictors of OAT success, including morpho-
metric features, cephalometric measures, BMI, symptoms, 
behaviors, comorbidities, and sleep index severities, no 
concrete predictors have been found. Even if a high posi-
tive predictive value of OA effectiveness were determined 
for an individual, there would still be the challenge of 
CAC with that OA design over time. While there are pat-
terns for prediction,  success  with OAT is best deter-
mined  from a therapeutic trial. This OA trial  can be 
self-assessed by the patient using an OA and getting feed-
back from a bed partner or monitoring device over multi-
ple nights or with an intranight trial at various mandibular 
protrusive positions in an auto-titrating or lab setting. This 
is akin to a medication trial for other chronic health condi-
tions. Trials may result in early termination of a medica-
tion just as for an OA due to side effects or lack of efficacy, 
or only found effective if used in combination with other 
medications or therapies.

29.11  Improving CAC for OAT (Top 10 
Approaches)

 1. Overcome SES barriers to receiving OAT including the 
elimination of the requirement for physician prescrip-
tion for OAT.

 2. Increase the number of therapeutic options for patients 
including multiple primary therapies, backup, and res-
cue therapies.

 3. Application of health behavior models and behavioral 
techniques such as motivational interviewing to enable 
success with OAT and more development of concor-
dance in care.

 4. Educate healthcare providers on an impartial list of 
effective *SRBD therapy options with pros and cons for 
each therapy. Update the gold standard of care to include 
both personalized care at the individual level and at the 
population level by attention to population and disease 
phenotypes.

 5. Increase the number of primary sleep healthcare provid-
ers from neuroscience, dentistry, and pharmacy able to 
manage SRBD using a stepped care model and develop 
better measures of success with therapy.

 6. Enable trial, OTC, and auto testing OA design options to 
overcome resistance to trying OA along with pre-testing 
to determine nonresponders to OAT.

 7. Increase medical insurance reimbursement for OAT both 
MAD and non-MAD alternatives along with encourag-
ing a wider definition of OAT to include more interest in 
both management and curative approaches to *SRBD.

 8. Increase patient self-testing options to support objective 
as well as subjective changes when using OAT.

 9. Frequent coaching, remotely or in-person, to overcome 
adaptation hurdles along with increasing patient self- 
efficacy in OAT by providing up-front solutions to com-
mon side effects.

 10. Address night-to-night variability with formalized 
adjustment protocols of the OA and supportive alternate 
therapies.

29.12  Conclusion

There are large gaps in current protocols to diagnose and 
treat those with *SRBD.  There is a need for population- 
based solutions involving many different portals of entry into 
diagnosis and flow of care with staged care. The simple cases 
may be managed entirely by primary care sleep providers, 
including those in family medicine, neuroscience, pharmacy, 
and dentistry, whereas the more complicated *SRBD cases 
may require care coordinated by a sleep specialist. Better 
population-level solutions for *SRBD are needed that reflect 
a sensitivity to CAC measures, and coordinated therapies to 
increase overall effectiveness. The solution is not a better 
CAC single therapy outcome but a coordination of all thera-
pies for better *SRBD disorder outcome. OAT has an 
increasingly important future role in *SRBD care.
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Utilization of Wake-Promoting Drugs 
in Patients on CPAP Therapy

Russell Rosenberg

30.1  Introduction

30.1.1  Prevalence of Excessive Daytime 
Sleepiness in Obstructive Sleep Apnea

The prevalence of obstructive sleep apnea (OSA) has contin-
ued to increase over the last few decades, likely in part due to 
the growing obesity and diabetes epidemics, with recent esti-
mates suggesting that nearly 1 billion adults worldwide have 
OSA [1–3]. Excessive daytime sleepiness (EDS) is a key 
symptom of OSA, but estimations of its prevalence have 
been inconsistent, and due to its multidimensional nature, it 
is difficult to establish sleepiness accurately [4]. Some 
reports approximate that 50–80% of patients with OSA 
report EDS prior to initiating therapy [5, 6], whereas others 
claim that 60–70% do not report EDS [7]. These discrepan-
cies could be due to a number of reasons, such as under- 
recognition in the clinic due to ambiguity in patient reporting 
of symptoms, prevalence overlap with other comorbid etiol-
ogies of EDS, insufficient screening questionnaires, and low 
agreement among various EDS assessment tools. 
Alternatively, there is increasing recognition that OSA is a 
heterogenous disorder with different patterns of clinical 
presentation.

Among those who do report EDS, studies have shown that 
the severity of EDS does not correlate with the severity of 
OSA (as determined by apnea hypopnea index [AHI]), sug-
gesting that factors other than respiratory events and arousal 
contribute to EDS in this population [8–11]. Indeed, EDS 
has been shown to persist in some patients despite normal-
ization of breathing, oxygenation, and sleep quality with 
continuous positive airway pressure (CPAP) therapy (the 
gold standard treatment for OSA) [12, 13] Population- based 
studies have estimated that 9–22% of CPAP-treated patients 
continue to experience EDS, even when other potential 

causes of sleepiness, such as medications, comorbidities, and 
inadequate sleep duration, are controlled [14, 15]. There is a 
dose- response relationship between objectively measured 
CPAP adherence and persistence of sleepiness on treatment.

To complicate matters, prevalence rates of EDS based on 
self-report measures are often inconsistent with rates based 
on objective measures. Prospective studies have suggested 
that 22–34% of patients self-report EDS after CPAP use; 
however, objective measures of EDS indicate that, within 
those populations, up to 65% of patients may experience 
residual EDS [16–18]. This discrepancy suggests that some 
patients may not be aware of their sleepiness.

30.1.2  Consequences Associated with EDS 
in OSA

The adverse effects of EDS are multifactorial and extend 
beyond the individual patient, also impacting the patient’s 
family, workplace, and society. At the individual level, EDS 
diminishes mood, quality of life, and cognitive functioning 
[19–21]. In the workplace, EDS debilitates daily functioning, 
productivity, and social interactions [19, 22]. Specifically, 
individuals with EDS have been shown to have impairments in 
work productivity and activity, such as difficulties with time 
management, work quantity and quality, and on- the-job social 
interactions [19, 22]. At the societal level, impairments in cog-
nitive functioning can lead to increased risk of motor vehicle 
and occupational accidents, thereby posing a safety risk to 
patients and the community. It has been estimated that indi-
viduals with OSA have a 2.5- and 1.8-fold increased risk of 
getting into a motor vehicle and workplace accident, respec-
tively, when compared to those without OSA [23, 24]. This is 
particularly concerning considering some patients may be 
unaware of their sleepiness [16–18]. Indeed, recent evidence 
demonstrated that OSA was associated with increased motor 
vehicle crash risk even among those without self-reported 
EDS, indicating that these individuals failed to recognize the 
presence or severity of their cognitive impairments [25].
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30.1.3  Unmet Need and Objective

Despite emphasis on EDS as a key feature of OSA and the 
accompanying physical and mental burdens, EDS is often 
overlooked and underdiscussed in the primary care setting 
[26]. Given the potential deleterious consequences that EDS 
may have on patient and public safety, it is critical for physi-
cians to recognize EDS in order to give patients the opportu-
nity to access to diagnosis and receive treatment. Furthermore, 
the high prevalence of OSA may exceed the capacity of ter-
tiary sleep centers, and with advances in assessment and 
treatment technologies, it is being advocated that primary 
care may need to manage simpler cases, reserving referrals 
to sleep specialists for more complex cases [27]. Thus, it is 
vital that HCPs be informed on how to manage EDS along 
the clinical pathway, including how to appropriately screen 
for and diagnose EDS, when to intervene to enhance adher-
ence to primary OSA treatment, when to use pharmacother-
apy, how to choose a suitable agent, and when to refer to a 
sleep specialist.

Recent reviews have provided thorough reports of the 
definition, prevalence, pathophysiology, assessment tools, 
and treatment options associated with EDS in patients with 
OSA [28, 29]; however, there is a need for step-by-step guid-
ance for practice procedures to help HCPs and respiratory/
sleep specialists appropriately evaluate and manage EDS in 
the OSA population. This review aims to provide sugges-
tions for procedures that can be implemented into routine 
clinical practice to screen for, identify, and manage EDS in 
patients with OSA.

30.2  Screening for EDS

30.2.1  Risk Factors for EDS in OSA

Risk factors for EDS in patients with OSA are not well 
defined, but some have been identified (Table  30.1) [6, 7, 
18]. Among patients who have already been diagnosed with 
and treated for OSA, those with severe EDS at diagnosis are 
more likely to experience residual EDS after CPAP treatment 
[6, 14, 15, 18]. Other possible risk factors include younger 
age and depression [14, 15]. Interestingly, baseline severity 
of OSA, based on AHI, and body mass index (BMI) do not 
appear to be risk factors for residual EDS in patients who are 
adherent to CPAP therapy [6, 14, 15, 18]. It is inconclusive 
whether comorbid diabetes and hypertension influence the 
risk of residual EDS, as some [6], but not all [14, 15, 18] 
studies have reported an association.

30.2.2  Subjective Symptoms of EDS

In theory, the easiest way for a HCP to identify whether a 
patient with OSA has EDS is through recognition of subjec-
tive symptoms. Unfortunately, patients’ complaints are not 
always straightforward and illuminating. A patient may use 
terms other than EDS to express their sleepiness or they may 
describe associated consequences, such as feeling tired, 
unrefreshed awakening, lack of energy, feeling fatigued, 
napping, morning headaches, irritability, or difficulty con-
centrating [1, 30, 31]. In fact, patients are more likely to 
report fatigue, tiredness, and lack of energy than sleepiness 
[30]. Furthermore, they tend to consider lack of energy to be 
a bigger problem than sleepiness per se [30]. As previously 
discussed, some patients may simply be unaware of their 
sleepiness or may not perceive their sleepiness to be trouble-
some [16–18, 25]. In these cases, symptomatic indications of 
EDS may be even more subtle. To reduce ambiguity, initial 
screening for EDS should begin with a clinical consultation, 
during which the clinician can obtain a thorough past medi-
cal history and physical examination. However, the most 
effective way to ensure EDS is not missed is to use specific 
screening tools. Patients suspected of having OSA should be 
assessed for EDS. In addition, since EDS can persist in some 
patients despite treatment with CPAP therapy, all patients 
diagnosed with OSA and treated should be assessed for EDS 
as well.

Table 30.1 Risk factors for EDS in patients with OSA based on a 
combination of available studies

Risk factor Odds ratio
Diabetes [6] 6.9
Baselinea EDS [6, 18] 1.3–5.1b

Not getting enough sleep [7] 4.6
Heart disease [6] 2.9
Awaken with leg cramps [7] 2.4
Chronic pain [18] 2.3
COPD [7] 2.0
Wake up too early [7] 1.8
Wake up during night [7] 1.8
Respiratory disease [7] 1.8
Depression [18] 1.8
Habitual snorer [7] 1.6
Trouble falling asleep [7] 1.5
Asthma [7] 1.2
Lower respiratory disturbance index [6] 1.0

COPD chronic obstructive pulmonary disease, CPAP continuous posi-
tive airway pressure, EDS excessive daytime sleepiness, OSA obstruc-
tive sleep apnea
aPre-CPAP treatment
bOdds of experiencing residual EDS after CPAP treatment
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30.2.3  Self-Report Assessments of EDS

Self-report questionnaires are brief, inexpensive tools, mak-
ing them convenient for routine clinical practice to screen for 
EDS (Table 30.2).

The Epworth Sleepiness Scale (ESS) is the most com-
monly used self-administered assessment for EDS. The ESS 
is a validated, patient-reported questionnaire for EDS that 
assesses the propensity to fall asleep in real-world situations 
[32]. Specifically, patients are asked to rate, on a scale of 0–3 
with higher numbers indicating more sleepiness, how likely 
they would be to doze off or fall asleep in various situations, 
such as while sitting and reading, watching television, or rid-
ing as a passenger in a car. The questionnaire consists of 
eight items and can be self-administered, making it conve-
nient for use in the clinic. Instructions while administering 
the ESS can be tailored depending on the time period of 
interest. For example, patients can be asked to answer the 
questions based on their level of sleepiness over the last few 
days, week, or month.

Total scores can range from 0 to 24, with higher scores 
representing greater levels of sleepiness. To identify a patient 

with EDS, scores ≤10 are considered within the normal 
range, whereas scores >10 indicate EDS [32, 33].

Advantages of the ESS include its brevity, accessibility, 
and widespread use in clinical and research studies. The 
eight-item questionnaire takes ~2–3 minutes to complete and 
has been translated, tested, and validated in many languages, 
making it convenient and accessible to clinicians and 
researchers around the world [34]. In addition, the ESS has 
been shown to have high internal consistency in measuring 
EDS in patients with OSA [11, 35]. Some [11, 36], but not 
all [37–39], studies have found the ESS to have good test–
retest reliability in controlled clinical trial settings or when 
administered in similar clinical settings, with less reliability 
when administered across different primary and secondary 
care settings (e.g., between a PCP and sleep specialist visit). 
Finally, the widespread use of the ESS has produced exten-
sive evidence for normative scores in clinical and nonclinical 
samples, facilitating interpretation of results. The main dis-
advantage of the ESS is its reliance on self-report, making it 
susceptible to patient’s self-awareness of their sleepiness.

The Stanford Sleepiness Scale (SSS) is another self-report 
assessment tool that can be used to quantify EDS. In contrast 

Table 30.2 Tools for evaluating EDS

Tools Characteristics assessed

Findings
suggestive of 
EDS Utility Administrator

Self-report measures
Epworth Sleepiness 
Scale (ESS)

Sleep propensity in daily situations (trait 
sleepiness)

Score >10 To screen for and/or diagnose EDS Any HCP

Stanford Sleepiness 
Scale (SSS)

Degree of sleepiness at point in time (state 
sleepiness)

Score >3 Not ideal for clinical purposes Any HCP

Karolinska 
Sleepiness Scale 
(KSS)

Degree of sleepiness at point in time (state 
sleepiness)

Score ≥7 Not ideal for clinical purposes Any HCP

Objective measures
Multiple Sleep 
Latency Test (MSLT)

Ability to fall asleep Mean sleep 
latency
<8 minutes

To make a differential diagnosis (e.g., 
rule out EDS associated with 
narcolepsy)
To confirm severity of EDS to justify 
pharmacotherapy

Sleep 
specialist

Maintenance of 
Wakefulness Test 
(MWT)

Ability to stay awake Mean sleep 
latency
≤19 minutes

To characterize response to wake- 
promoting treatment
To evaluate functional severity of EDS 
(i.e., if patient’s ability to remain awake 
is a safety risk)

Sleep 
specialist

Oxford Sleep 
Resistance (OSLER)
Test

Ability to stay awake N/Aa Simplified behavioral-based version of 
the MWT

Sleep 
specialist

Psychomotor 
Vigilance Test (PVT)

Sustained vigilance (reaction time; lapses in 
attention)

N/Ab To evaluate functional severity of EDS 
(i.e., if patient’s ability to remain awake 
is a safety risk)

Any HCP

Actigraphy Graphical summary of sleep and wakefulness 
patterns; estimates of sleep parameters (e.g., 
sleep latency, TST, WASO, SE)

N/A To improve diagnostic accuracy (e.g., 
rule out insufficient sleep as cause of 
EDS)

Sleep 
specialist

EDS excessive daytime sleepiness, HCP healthcare provider, SE sleep efficiency, TST total sleep time, WASO wake after sleep onset
aNo standard cutoff; however, OSLER test mean sleep latency has been shown to be consistent with MWT mean sleep latency
bNo standard cutoff; however, patients with EDS have been shown to have lower reaction times, greater variability in reaction times across a task, 
and longer and more frequent lapses
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to the ESS, which measures trait EDS over a period of time 
(e.g., the previous weeks), the SSS measures state EDS at a 
specific point in time. The SSS asks patients to rate, on a 
Likert-type scale of 1–7, their level of sleepiness at the cur-
rent moment. Patients are asked to select the statement that 
best describes their current perceived state, ranging from [1] 
feeling active, vital, alert, or wide awake to [7] no longer 
fighting sleep, sleep onset soon, and having dream-like 
thoughts [40, 41]. Since the SSS measures situational EDS, 
it can be administered repeatedly (e.g., every 15 minutes) to 
observe changes in sleepiness across the day. As such, the 
SSS is more often used in research settings and is for the 
most part impractical for clinic settings. Experimentally 
induced chronic sleep restriction and total sleep deprivation 
have been shown to increase SSS scores; however, widely 
available normative data are sparse [41–43]. As a result, the 
SSS is not well suited for making clinical judgments regard-
ing EDS, especially if administered at a single clinic visit 
only.

Similar to the SSS, the Karolinska Sleepiness Scale (KSS) 
is another state focused self- report questionnaire that mea-
sures EDS. Patients are asked to rate their sleepiness on a 
9-point Likert-type scale by selecting the statement that best 
reflects their current psycho-physical state (within the prior 
10 minutes). Statements range from [1] extremely alert to [9] 
extremely sleepy – fighting sleep. Scores ≥7 correspond to 
physiologic signs of sleepiness, such as increased alpha and 
theta activity or difficulty keeping one’s eyes open as deter-
mined by electroencephalography (EEG) and electrooculog-
raphy (EOG), respectively [44]. Similar to the SSS, the KSS 
is sensitive to fluctuations in prior sleep and time of day and 
typically is not used for clinical purposes [45].

30.2.4  Choosing a Screening Tool

To summarize, self-report questionnaires place little burden 
on time, cost, and other resources and can be administered in 
conjunction with the clinical interview, making them conve-
nient for routine clinical practice. The ESS is the best option 
available for PCPs to realistically implement into day-to-day 
practice to assess for EDS, although it is limited by a patient’s 
perception of their sleepiness and the potential for lower 
test– retest reliability along a clinical pathway from primary 
care to specialist settings, a consideration that warrants fur-
ther research. Some of these limitations can be overcome if 
the ESS is filled in separately by the partner of the patient.

30.3  Evaluation

If a patient with OSA is suspected of having EDS, several 
additional steps should be considered prior to making a diag-
nosis. Firstly, the HCP should confirm the nocturnal upper 

airway obstruction is being optimally treated. If the patient 
continues to experience EDS despite adherence to primary 
OSA therapy, the HCP should rule out other potential causes 
of EDS, including lifestyle factors and other competing eti-
ologies. Only after the completion of these evaluation steps 
should a diagnosis of residual EDS be made.

30.3.1  Optimization of OSA Therapy

The first step in managing a patient with OSA who appears 
to have EDS is to determine whether the underlying airway 
obstruction and associated sleep fragmentation is being 
optimally treated. To start, the clinician should assess 
whether the patient is adherent to his/her primary OSA 
therapy, such as CPAP or a mandibular advancement 
device (MAD). Although some patients who are adherent 
to CPAP continue to experience EDS, residual EDS has 
been shown to significantly improve with increased CPAP 
use, signifying that residual EDS is not completely resis-
tant to CPAP treatment [14]. However, an estimated 
30–40% of patients with OSA do not use CPAP as recom-
mended (i.e., are nonadherent) [46]. Data from random-
ized controlled trials (RCTs) suggest that this prevalence 
may be even higher, with 50% and 75% of patients being 
classified as nonadherent after 1 and 5 years of treatment, 
respectively. Patient adherence to CPAP may depend on 
several factors, such as demographic characteristics (e.g., 
age, sex, marital status, socioeconomic status), disease 
characteristics (e.g., AHI, nocturnal hypoxemia, EDS), 
technologic factors, patient experience of diagnostic pro-
cedures and initial CPAP exposure, psychosocial factors 
(e.g., risk perception, treatment outcome expectations, 
self- efficacy), and patient perception of response to CPAP 
(e.g., symptom improvement) [47].

To determine whether a patient is using their device as 
recommended, the clinician should ask the patient (and, 
when available, their bed partner) how many hours per night 
and nights per week the device is used. For those using 
CPAP, telemonitoring devices are available that can provide 
clinicians with objective data on usage [27]. A variety of 
interventions are available to help improve adherence, such 
as troubleshooting technical issues (e.g., airway leaks, pres-
sure adjustments, humidity settings), improving side effects 
(e.g., mask discomfort, dry mouth), and cognitive- behavior 
therapies such as framing. Detailed approaches to imple-
menting these interventions have been published and are 
beyond the scope of this review [48–51]; however, establish-
ing whether the HCP or sleep specialist is responsible for 
optimizing adherence is relevant. Studies have shown that 
clinical management of patients with OSA, including adher-
ence to CPAP, tends to be better when the patient is treated 
by a board-certified sleep specialist rather than a HCP [52, 
53]. For example, some patients may not be sufficiently 
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adherent to CPAP, despite the best efforts by both patient and 
HCP.  In these cases, referral to a sleep specialist may be 
appropriate.

30.3.2  Differential Diagnosis

If the patient is still experiencing EDS after optimal adher-
ence to primary OSA therapy has been confirmed, the next 
course of action is to rule out other potential causes of EDS, 
beginning with lifestyle factors. The most common cause of 
EDS in the general population is insufficient sleep, with 
more than one third of American adults sleeping less than is 
recommended to prevent cognitive, health, and safety-related 
impairments [54, 55]. Indeed, patients with OSA who do not 
get enough sleep have a 4.6-fold increased risk of having 
EDS (Table 30.1) [6, 7, 18]. HCPs should advise patients to 
get at least 7 hours of sleep each night [55], maintain a con-
sistent sleep/wake, create a comfortable sleep environment 
(e.g., dark, quiet bedroom with a cooler temperature; elec-
tronics, including cell phones, turned off or silenced), and 
practice good sleep hygiene (e.g., avoid electronics and 
arousing/stressful activities, such as social media, email, 
finances, or an action movie, prior to bed). In addition to 
optimizing sleep, HCPs should evaluate a patient’s diet (e.g., 
caffeine consumption) and exercise habits.

In addition to lifestyle factors, EDS can have many other 
etiologies, such as medications, substance abuse, other sleep 
disorders, psychiatric disorders, or medical disorders 
(Table  30.3). For instance, OSA and depression can both 
cause EDS and have many other overlapping symptoms, 
such as poor concentration, irritability, psychomotor impair-
ments, and weight gain; also see Chap. 19 [56]. If the HCP 
assumes EDS is due to OSA before making a differential 
diagnosis, the patient may miss an opportunity to receive 
treatment for depression. In most cases, a differential diag-
nosis can be made based on a clinical interview (health his-
tory and physical examination); however, further testing with 
questionnaires, laboratory tests, or objective assessments 
may be needed in other cases.

30.3.3  Objective Assessments for EDS

Several objective assessments are available to evaluate EDS 
(Table 30.2). Unfortunately, most objective assessments are 
time consuming, expensive, and complex to administer (i.e., 
require an experienced technologist and/or sleep laboratory). 
For these reasons, it is not feasible to use these assessments to 
assess EDS in routine practice; however, they may be helpful 
when attempting to make a differential diagnosis (e.g., rule 
out narcolepsy as the cause of EDS) [57, 58], justify use of 
pharmacotherapy, or evaluate response to treatment.

The Multiple Sleep Latency Test (MSLT) and Maintenance 
of Wakefulness Test (MWT) are the most commonly used 
objective assessments for characterizing an individual’s abil-
ity to fall asleep or stay awake, respectively. Prior to under-
going the MSLT, a full polysomnogram is required. The 
clinical MSLT protocol consists of five 20-minute nap 
opportunities, performed at 2-hour intervals with the first 
nap opportunity occurring 1.5–3 hours after awakening from 
the nocturnal sleep episode (recorded by in-laboratory poly-
somnography). During each nap opportunity, the patient is 
asked to try to fall asleep in a sleep-inducing environment 
(i.e., lying down in a dark, quiet bedroom). When using the 
MSLT to diagnose EDS, the outcome of interest is mean 
sleep onset latency, or the average amount of time it takes the 
patient to fall asleep, as determined by EEG and EOG.  A 
mean sleep latency <8 minutes is considered indicative of 
EDS [57, 59]. When using the MSLT to determine whether 
narcolepsy is a potential cause of EDS, the presence of sleep 
onset rapid eye movement periods (SOREMPs) is consid-
ered in combination with mean sleep onset latency [57].

A PSG is not required prior to an MWT. The MWT is 
similar to the MSLT; however, rather than assessing a 
patient’s ability to fall asleep, it assesses a patient’s ability to 

Table 30.3 Differential diagnosis of EDS

Lifestyle factors
   Insufficient sleep
   Diet
   Exercise
Sleep disorders
   Narcolepsy (type 1 or 2)
   Idiopathic hypersomnia
   Kleine–Levin syndrome
   Circadian rhythm sleep–wake disorders
   Restless legs syndrome
   Periodic limb movement disorder
Psychiatric disorders
   Depression
   Anxiety
   Substance use
Medical disorders
   Diabetes
   Hypothyroidism
   Renal disease
   Hepatic encephalopathy
Medications
   Antihistamines
   Anxiolytics
   Antidepressants
   Anticonvulsants
   Beta blockers
   Mood stabilizers
   Antipsychotics
   Opioids
   Sedative–hypnotics

EDS excessive daytime sleepiness
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stay awake [58]. To do so, the patient is instructed to remain 
awake for as long as possible while seated in a dark, quiet 
environment. A variety of MWT protocols have been used, 
but a four-trial 40-minute test is recommended for clinical 
purposes [58]. Similar to the MSLT, the trials are performed 
at 2-hour intervals, with the first beginning 1.5–3 hours after 
awakening, and the outcome of interest is mean sleep onset 
latency. A mean sleep latency ≤19 minutes on the 40-minute 
MWT has been suggested to indicate EDS [60]; however, the 
American Academy of Sleep Medicine (AASM) advises that 
the MWT should not be used for diagnostic purposes [57]. 
Instead, it may be useful to evaluate response to treatment or 
assess whether an individual’s ability to remain awake poses 
a public or personal safety risk, such as those employed in 
public transportation [58]. It is important to note that MSLT 
reflects sleepiness and MWT reflects wakefulness on a single 
day. As such, they are most informative when performed 
while the patient is well rested (i.e., has adhered to his/her 
typical sleep/wake schedule for at least a week and has 
obtained optimal sleep the night prior to the test) and compli-
ant with primary OSA therapy [58].

The use of EEG to determine sleep latency renders the 
MSLT and MWT burdensome, labor intensive, and complex 
for settings other than a sleep laboratory. Although less stan-
dardized, there are tests that use methods other than EEG to 
objectively quantify EDS.  The Oxford Sleep Resistance 
(OSLER) Test and Psychomotor Vigilance Task (PVT) use 
simple behavioral-based methods to measure sleep latency 
and sustained vigilance, respectively. Similar to the MWT, 
the OSLER test measures a patient’s ability to stay awake in 
a non-stimulating environment during four 40-minute trials 
[61, 62]. Instead of using EEG to determine sleep onset, the 
OSLER instructs patients to press a button each time a flash 
of dim light appears on a device; sleep onset is determined 
by failure to respond after 21 seconds. Studies have shown 
that the OSLER test can estimate mean sleep latency and 
discriminate patients with EDS associated with OSA from 
healthy participants as accurately as the MWT [61]. Although 
still time consuming, this method is less expensive and 
requires less training for administration and interpretation 
than the MWT.

The PVT is a simple behavioral task that assesses a 
patient’s ability to sustain attention by measuring reaction 
time. Participants are instructed to attend to a focal point and 
press a button as quickly as possible in response to a ran-
domly reoccurring visual stimulus over a period of 10 min-
utes, although variations of the test have been used (e.g., 
auditory or tactile stimuli and durations other than 10 min-
utes) [63–65]. Various outcomes can be assessed, such as 
median reaction time or lapses in attention (defined as reac-
tion times >500 ms). Studies have shown that patients with 
OSA have impaired PVT performance compared with healthy 
controls [66], and patients with more severe EDS (i.e., higher 
ESS scores) have significantly longer reaction times and more 

lapses in attention than those with less severe EDS [67]. 
Although slowed reaction time and lapses in attention can be 
applicable to real-world outcomes, such as driving off the 
road or going through a red light [68], thresholds indicative of 
EDS have not been established, making it difficult for HCPs 
to use PVT results to make clinical decisions.

One advantage of the PVT is that it is available on a por-
table device and, more recently, as an app for mobile devices 
[63, 69]. In theory, this accessibility would be convenient for 
routine clinical care; however, to date, the PVT has had lim-
ited utility outside research and clinical trial settings.

Finally, home-based wearables, such as actigraph 
watches, can provide insight into sleep and wakefulness pat-
terns in the home environment. Sleep diaries are often used 
to estimate at-home sleep/wake schedules, but they are sus-
ceptible to bias, cumbersome to complete, and impractical 
for patients with impaired cognition, literacy, or motivation. 
Actigraphy estimates sleep parameters based on activity and 
light exposure levels, providing an objective alternative to 
sleep diaries [70]. Actigraphy is less obtrusive and less 
expensive and requires less expertise to administer and ana-
lyze than the MSLT or MWT. In addition, actigraphy can 
capture 24-hour sleep habits over long periods (weeks or 
months) in the real world, as opposed to a single day in the 
laboratory. Typically, actigraphy is used to improve diagnos-
tic accuracy of the MSLT or MWT (i.e., to ensure the patient 
has obtained sufficient sleep prior to test day), rather than as 
a diagnostic test in and of itself [57, 70, 71]. However, a 
recent meta-analysis conducted by an AASM task force 
determined that actigraphy-based sleep latency estimates are 
reliable enough to be used for clinical decision-making, 
including assessment of treatment-related changes, in 
patients with insomnia [70]. However, its reliability in esti-
mating sleep latency in patients with OSA has not been 
examined and few studies have directly compared the diag-
nostic reliability of actigraphy with polysomnography-based 
assessments, especially in regard to EDS.  Nonetheless, 
actigraphy may serve as a useful tool when attempting to 
make a differential diagnosis (e.g., to rule out insufficient 
sleep as a cause for EDS).

30.3.4  Correlation Between Subjective 
Symptoms, Self-Report Assessments, 
and Objective Assessments

Subjective symptoms and self-report measures of EDS often 
do not correlate with objective measures of EDS. In patients 
with OSA, complaints of sleepiness, tiredness, lack of 
energy, and fatigue have been found to have no association 
with MSLT mean sleep latency [30]. In addition, a system-
atic review concluded that there was only a moderate asso-
ciation between the ESS and MWT and a weak association 
between the ESS and MSLT [11]. There are several possible 
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explanations for the low agreements between self-report and 
objective measures of EDS. As previously discussed, patients 
may simply be unaware of the severity of their sleepiness, 
especially if their baseline reference for feeling “normal” has 
gradually shifted. On the other hand, patients may be reluc-
tant to report negative feelings associated with disease, for 
fear of work- or driving- related implications. Indeed, 
research has shown that close relatives often describe the 
patient as having more severe levels of sleepiness than the 
patient themself reports [72]. Another potential reason may 
be that these assessments measure different dimensions of 
EDS.  For example, objective PVT performance has been 
shown to be associated with ESS scores, but not with MSLT 
sleep latency [73]. The authors postulated that the PVT and 
ESS may predict impaired performance, whereas the MSLT 
may predict physiologic sleep propensity [73].

30.3.5  Choosing an Evaluation Method

To summarize, objective assessments can be useful when 
attempting to make a differential diagnosis. EEG-based 
objective assessments of EDS are not practical options for 
primary care settings. If the HCP suspects their use is neces-
sary, the HCP should refer the patient to a sleep specialist for 
further evaluation; the sleep specialist will determine what 
additional testing is appropriate. Behavioral-based objective 
assessments show promise for use in routine care as they are 
less influenced by patient perception than self-report assess-
ments and are more accessible than EEG-based assessments; 
however, to date, their clinical utility has been limited and 
additional research is needed to establish cutoff values indic-

ative of EDS.  Once the clinician has confirmed that the 
patient’s symptoms are indeed residual EDS associated with 
OSA, the severity of EDS should be evaluated with the ESS 
or objective assessments.

Characterizing the severity of the residual EDS will be 
helpful for making treatment decisions.

30.4  Treatment

Only after a diagnosis of residual EDS and altered quality of 
life associated with OSA has been confirmed and other con-
tributing conditions have been ruled out should pharmaco-
logic treatment with a wake-promoting agent or stimulant be 
considered. The decision to prescribe a trial of pharmaco-
therapy can be based upon EDS severity. In general, ESS 
scores ≥10 indicate that the patient’s EDS is burdensome 
and interfering with daily life; however, this threshold is not 
absolute. Clinical judgment should be made on an individual 
basis, especially for patients whose occupations may pose a 
personal and/or public safety risk (e.g., those working in 
public transportation, healthcare, or childcare). As previ-
ously discussed, several objective assessments are available 
to help evaluate the functional severity of EDS. If pharmaco-
logic treatment is determined to be appropriate, it is impor-
tant to note that pharmacotherapy for EDS should not replace 
primary treatment of the underlying airway obstruction. 
Moreover, there is the risk for pharmacotherapy to decrease 
CPAP use. Clinicians should monitor patients’ CPAP use 
after initiating pharmacologic treatment to confirm adher-
ence. Key information for the treatment options discussed 
below is summarized in Table 30.4.

Table 30.4 Pharmacotherapy options for EDS in OSA

Agent Dosing Side effects Drug interactions/contraindications
FDA-approved
Modafinil (Provigil®) 
[74]

200 mg/day
   Initiate at 100 or 

200 mg/day
Administer once daily in 
morning

Serious rash, including 
Stevens–Johnson 
syndrome
Headache
Nausea
Nervousness
Rhinitis
Diarrhea
Back pain
Anxiety
Insomnia
Dizziness
Dyspepsia

Steroidal contraceptive
Cyclosporine
CYP2C19 substrates (e.g., omeprazole, phenytoin, diazepam)

Armodafinil 
(Nuvigil®) [75]

150 or 250 mg/day
   Initiate at 150 mg/day
Administer once daily in 
morning

Serious rash, including 
Stevens–Johnson 
syndrome
Headache
Nausea
Dizziness
Insomnia

Steroidal contraceptive
Cyclosporine
CYP2C19 substrates (e.g., omeprazole, phenytoin, diazepam)

(continued)
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Table 30.4 (continued)

Agent Dosing Side effects Drug interactions/contraindications
Solriamfetol 
(Sunosi™) [85]

37.5, 75, or 150 mg/day
   Initiate at 37.5 mg/day
Administer once daily on 
waking

Headache
Nausea
Decreased appetite
Insomnia
Anxiety

Monoamine oxidase inhibitors
Drugs that increase blood pressure and/or heart rate
Dopaminergic drugs

Off-label
Pitolisant (Wakix®) 
[90]

17.8–35.6 mg/day
   Initiate at 8.9 mg/day
Administer once daily in 
morning

Insomnia
Nausea
Anxiety
QT interval prolongation

Patients with severe hepatic impairment
CYP2D6 inducers
CYP3A4 substrates, including hormonal contraceptives

Methylphenidate 
(Ritalin®) [96]

5, 10, or 20 mg/day
Administer 20–30 mg 2 or 
3 times daily, preferably 
30–45 minutes before 
meals (maximum dose of 
60 mg/day)

Tachycardia
Palpitations
Headache
Insomnia
Anxiety
Hyperhidrosis
Weight loss
Decreased appetite
Dry mouth
Nausea
Abdominal pain

Monoamine oxidase inhibitors
Antihypertensive drugs
Halogenated anesthetics

Amphetamines (e.g., 
Adderall® [97] and 
Dexedrine® [98])

5–60 mg/day
   Initiate at 10 mg/day
Administer at the lowest 
effective dose and adjust 
on an individual patient 
basis
Administer in divided 
doses; first dose upon 
awakening with subsequent 
doses at intervals of 
4–6 hours
Avoid late evening doses 
due to resulting insomnia

Palpitations
Tachycardia
Blood pressure increased
Sudden death
Cardiomyopathy
Overstimulation
Restlessness
Dizziness
Irritability
Insomnia
Euphoria
Dyskinesia
Dysphoria
Depression
Tremor
Headache
Exacerbation of motor 
and phonic tics and 
Tourette’s syndrome
Aggression
Anger
Logorrhea
Dermatillomania

Patients with advanced arteriosclerosis, symptomatic 
cardiovascular disease, moderate-to-severe hypertension, 
hyperthyroidism, known hypersensitivity or idiosyncrasy to 
the sympathomimetic amines, glaucoma, or agitated states
Patients with history of drug abuse
Monoamine oxidase inhibitors
Acidifying agents, adrenergic blockers, alkalinizing agents, 
tricyclic antidepressants, CYP2D6 inhibitors, serotonergic 
drugs, antihistamines, antihypertensives, chlorpromazine, 
ethosuximide, haloperidol, lithium carbonate, meperidine, 
methenamine therapy, norepinephrine, phenobarbital, 
phenytoin, propoxyphene, proton pump inhibitors, veratrum 
alkaloids

Vision blurred
Mydriasis
Dry mouth
Unpleasant taste
Diarrhea
Constipation
Anorexia/weight loss
Urticaria
Hypersensitivity reactions 
(angioedema and 
anaphylaxis)
Serious skin rash, 
including Stevens–
Johnson syndrome and 
toxic epidermal 
necrolysis
Impotence
Changes in libido
Frequent/prolonged 
erections
Alopecia
Rhabdomyolysis
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30.4.1  Modafinil and Armodafinil

Modafinil (Provigil®; Teva Pharmaceuticals, North Wales, 
PA) and armodafinil (Nuvigil®; Teva Pharmaceuticals) are 
approved in the United States to improve wakefulness in 
adults with EDS associated with narcolepsy, OSA, or shift 
work disorder [74, 75]. Both agents have demonstrated effi-
cacy in reducing EDS and improving wakefulness in 
patients with OSA in short-term RCTs [76–79] and long-
term open- label extension trials, improving ESS scores by 
~2 points and MWT sleep latency by ~3 minutes compared 
with placebo [80–82]. Modafinil had previously been 
approved for this indication in the European Union; how-
ever, in 2011, the European Medicines Agency (EMA) 
withdrew the indication for OSA from the marketing autho-
rization due to a poor benefit/risk profile [83]. Specifically, 
the EMA concluded that risk of serious cardiovascular dis-
orders, neuropsychiatric disorders, and skin and hypersen-
sitivity disorders outweighed any potential benefit for EDS 
in patients with OSA [83].

In terms of dosing, modafinil can be initiated at 100 or 
200 mg/day (maximum recommended dose of 200 mg/day), 
taken as a single dose in the morning. Doses up to 400 mg/
day have been well tolerated; however, evidence does not 
suggest additional benefit with doses higher than 200 mg/
day [74]. Similarly, armodafinil can be initiated at 150 or 250 
mg/day (maximum recommended dose of 250 mg/day), 
taken as a single dose in the morning. Although 250 mg/day 
is a Food and Drug Administration (FDA)- approved dose, 
there is limited evidence suggesting additional benefit 
beyond 150 mg/day [75].

The most common side effect experienced with both 
agents is headache, although armodafinil tends to be associ-
ated with a lower rate of headache than modafinil [84]. Other 
common side effects include nausea, dizziness, insomnia, 
upper respiratory tract infection, and anxiety [84]. In addi-
tion, serious skin rashes, such as Stevens–Johnson syndrome 
and toxic epidermal necrolysis, and hypersensitivity, includ-
ing angioedema and anaphylactoid reaction, have been 
reported. Therefore, the EMA withdrew approval due to 
potential adverse cardiovascular effects, and the FDA issued 
a warning for use in patients with known cardiovascular dis-
ease [74, 75]. A recent meta-analysis concluded that 
modafinil and armodafinil may slightly increase blood pres-
sure, but not by a clinically significant amount [82]. 
Regardless, clinicians should monitor patients’ blood pres-
sure prior to initiating and routinely during treatment with 
modafinil or armodafinil. Particularly relevant to a large 
number of patients is modafinil and armodafinil’s interaction 
with hormonal contraceptives. These agents can reduce the 
effectiveness of birth control; therefore, if prescribed to pre-
menopausal women, alternative methods of contraception 
are recommended and should be discussed.

30.4.2  Solriamfetol

Solriamfetol (Sunosi™; Jazz Pharmaceuticals, Inc., Palo 
Alto, CA) is a dopamine/norepinephrine reuptake inhibitor 
approved in the United States and European Union to 
improve wakefulness in adults with EDS associated with 
narcolepsy or OSA [85, 86]. Solriamfetol has demonstrated 
efficacy in reducing EDS and improving wakefulness in 
patients with OSA in short-term RCTs [87, 88] and a long- 
term open-label extension trial, improving ESS scores by 
~2–5 points and MWT sleep latency by ~5–13 minutes com-
pared with placebo [89].

In terms of dosing, solriamfetol can be initiated at 37.5 
mg/day and then titrated up 1 dose level every 3 days to 75 
mg/day or a maximum dose of 150 mg/day [85]. Solriamfetol 
should be administered once daily upon awakening, and 
administration within 9 hours of scheduled bedtime should 
be avoided due to its potential to interfere with sleep.

The most common side effects with solriamfetol treat-
ment include headache, nausea, decreased appetite, insom-
nia, and anxiety [85]. In addition, solriamfetol treatment has 
been associated with small mean increases in heart rate and 
blood pressure in patients with OSA, although increases 
were greatest for the 300 mg/day dose, which is not FDA- 
approved [87]. Regardless, patients’ hypertension should be 
controlled prior to initiating solriamfetol, and heart rate and 
blood pressure should be monitored periodically during 
treatment. The FDA advises that use in patients with unsta-
ble cardiovascular disease, serious heart arrhythmias, or 
other serious heart problems should be avoided.

Solriamfetol is contraindicated with monoamine oxidase 
inhibitors; therefore, clinicians should avoid prescribing sol-
riamfetol with this antidepressant.

30.4.3  Pitolisant (Off-Label)

Pitolisant (Wakix®; Harmony Biosciences, LLC, Plymouth 
Meeting, PA) is a histamine-3 receptor antagonist approved 
in the United States to improve wakefulness in adults with 
EDS associated with narcolepsy [90]. Although not currently 
FDA-approved for EDS associated with OSA, a recent phase 
3 RCT demonstrated the efficacy of pitolisant in reducing 
EDS in patients with OSA who refused CPAP therapy, 
improving ESS scores by ~3 points relative to placebo [91]. 
In contrast to modafinil, armodafinil, and solriamfetol, 
pitolisant was not effective in improving objective 
wakefulness.

In terms of dosing, pitolisant has been tested in Europe at 
doses of 5, 10, and 20 mg/day in patients with OSA, with 
administration occurring once daily upon awakening. 
Treatment was initiated at 5 mg/day, followed by a 2-week 
titration period [91]. These doses are lower than those FDA- 
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approved for patients with narcolepsy, which consists of a 
recommended 8.9  mg initiation dose followed by stable 
doses of 17.8–35.6 mg/day [90].

The most common side effect associated with pitolisant is 
headache. Other common side effects include insomnia, nau-
sea, and vertigo [91]. In patients with narcolepsy, pitolisant 
is contraindicated in patients with severe hepatic impair-
ment. Additionally, the FDA issued a warning for use with 
drugs that increase the QT interval and in patients with risk 
factors for prolonged QT interval, as pitolisant has been 
associated with QT interval prolongation [90]. Similar to 
modafinil and armodafinil, pitolisant can reduce the effec-
tiveness of hormonal contraceptives.

30.4.4  Stimulants (Off-Label)

Stimulants, such as methylphenidate (Ritalin®; Novartis 
Pharmaceuticals Corporation, East Hanover, NJ) and 
amphetamines (Adderall® [Teva Select Brands, Horsham, 
PA] or Dexedrine® [Teva Pharmaceuticals]), have also been 
used off-label to treat EDS associated with OSA. Importantly, 
no RCTs or published data exist to support their use in the 
OSA population. In addition, stimulants are associated with 
extensive side-effect profiles that limit their use. Furthermore, 
there is a high potential for abuse and addiction with stimu-
lants. As such, most are classified as schedule II controlled 
substances.

30.4.5  Follow-Up

After initiating a trial of pharmacotherapy, the clinician 
should follow up with the patient to evaluate efficacy, side 
effects, and adherence to primary OSA therapy. To deter-
mine efficacy, the HCP can re-administer the 
ESS. Determining whether a patient has responded to treat-
ment based on ESS scores can be considered based on the 
absolute score or the degree of change. In the first case, ESS 
scores may have decreased within the normal range (≤10); 
however, significant improvement may not be observable 
until after many weeks of stable treatment [77, 91, 92]. In the 
second case, the clinician can assess the percent reduction 
(improvement) in ESS scores relative to baseline, using a 
reduction in ESS score ≥25% from baseline as a threshold 
for a clinically meaningful response to treatment [93, 94]. 
Alternatively, some data suggest that a 2- to 3-point reduc-
tion in ESS score, corresponding to an effect size of 0.5, rep-
resents the minimal clinically important difference [91].

In addition to evaluating efficacy, the HCP should moni-
tor for adverse events, particularly cardiovascular side 
effects (e.g., hypertension). Heart rate and blood pressure 
should be monitored prior to initiating and periodically 

throughout treatment with any wake-promoting agent or 
stimulant. With modafinil and armodafinil, some side 
effects, such as rashes, may occur weeks after initiation. 
With solriamfetol, the most common early-onset side effects 
(those that occur during the first week of treatment) are 
short-lived (~10 days in duration) [95].

Finally, the HCP should monitor changes in the use of 
primary OSA therapy to ensure the underlying airway 
obstruction continues to be treated. Adherence can be 
assessed through self-report or, in the case of CPAP devices, 
digital recordings of usage data.

30.4.6  Choosing an Agent

To summarize, choosing a pharmacologic agent to treat 
residual EDS in a patient with OSA should be individualized 
to the patient, taking into account the evidence available 
regarding an agent’s efficacy and safety profile, cost, and 
patient characteristics (e.g., cardiovascular conditions, child-
bearing potential, or other comorbid conditions). Among the 
pharmacotherapies available, modafinil, armodafinil, and 
solriamfetol have the most evidence from RCTs to support 
their use in patients with OSA. Pitolisant may be an alterna-
tive, but, to date, data are limited. While stimulants can be 
used, no clinical trials demonstrating their efficacy exist and 
they are associated with more side effects than the other 
agents. For these reasons, wake-promoting agents are likely 
a better treatment option for patients with known cardiovas-
cular disorders, such as hypertension. For women of child-
bearing potential, solriamfetol may provide a better treatment 
option than modafinil, armodafinil, or pitolisant as it does not 
interact with hormonal contraceptives. Regardless of which 
agent is chosen, the HCP should assess a patient’s response 
to treatment during follow-up visits. Efficacy should be eval-
uated with the ESS and tolerability by assessing adverse 
events. In addition, the HCP should periodically monitor 
blood pressure (6-monthly) and heart rate, consider a 12-lead 
ECG annually, and monitor adherence to primary OSA 
therapy.

Whether to treat patients who struggle with adherence to 
primary OSA therapy with a pharmacologic agent warrants 
discussion. First and foremost, treatment of EDS with a 
wake-promoting agent or stimulant is not a replacement for 
treatment of the underlying airway obstruction. For every 
patient, best efforts should be made to optimize adherence to 
CPAP or other airway therapies. Even in patients who are 
adherent, pharmacologic treatment has the potential to 
reduce motivation to use CPAP. This has been demonstrated 
with modafinil and armodafinil, although data suggest that 
adherence to primary OSA therapy remains stable during 
treatment with solriamfetol [84, 87]. Pitolisant has only been 
evaluated in patients with OSA who refused CPAP treat-
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ment; therefore, it is unknown whether pitolisant impacts on 
primary OSA therapy adherence [91]. Sometimes, despite 
the best efforts by clinician and patient, patients remain non-
adherent to primary OSA therapy. In these cases, investiga-
tion of the potential causes for nonadherence is warranted 
and interventions such as changing masks, evaluating pres-
sure, and CBT may be considered.****.

30.5  When to Refer to a Sleep Specialist

In cases when the HCP may be unable to evaluate or manage 
a patient’s EDS, a referral to a sleep specialist for further 
evaluation and/or testing (e.g., an MSLT, MWT, or overnight 
polysomnography) may be necessary. This could be, for 
example, when a HCP may want to confirm that OSA is 
being optimally treated before prescribing wake- promoting 
pharmacotherapy for residual EDS, or a HCP may have 
uncertainty about the cause of EDS, especially in cases that 
may have multiple sources.

30.6  Conclusions

EDS negatively impacts patients’ ability to function in daily 
life and is a risk factor for patient and public health. As such, 
it is important for any physician to be able to recognize, eval-
uate, and manage EDS in patients with OSA in order to pro-
vide patients with the opportunity to receive treatment. Due 
to the high prevalence, it falls to the HCPs to assess patients 
diagnosed with OSA for EDS with the ESS. If a patient is 
suspected of having EDS, the HCP should first confirm the 
nocturnal apneas and hypopneas are being optimally treated. 
If the patient continues to experience EDS despite adherence 
to CPAP or other OSA therapies, the patient should be 
reviewed in clinic, and, when appropriate, questionnaires, 
physical examination, laboratory tests, or objective assess-
ments to rule out other potential causes of EDS should be 
considered. After a differential diagnosis of residual EDS 
associated with OSA has been confirmed, pharmacologic 
treatment using a wake-promoting agent may be considered. 
Consistent use of this proposed approach to screening and 
management can help PCPs identify patients with EDS, 
improve diagnostic accuracy, and enhance management 
strategies in the primary care setting and make optimal use of 
secondary and tertiary resources in specialist centers.
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31.1  Pathogenesis of Obstructive Sleep 
Apnea

Fundamentally we understand that sleep is an integral part of 
our daily health needs. However, what outcomes would arise 
if one did not get the recommended amount of sleep? Those 
that suffer with obstructive sleep apnea (OSA) do have to 
deal with the consequences of disrupted sleep. OSA is a 
sleep breathing disorder that blocks breathing during sleep 
causing sleep to be disrupted and waking up to occur [1]. 
Approximately 6.4% of Canadians were diagnosed with 
OSA in 2017. This number is most likely an underestimate 
of the number of people who have OSA because many peo-
ple with mild OSA do not get tested and therefore are not 
diagnosed [2]. In normal sleep, blood pressure decreases, 
and the body avoids physiological stress as sympathetic 
activity decreases [1]. In OSA patients, [laryngeal and pha-
ryngeal] muscles relax constricting their airway and lower-
ing oxygen intake. The brain is able to sense breathing 
difficulty and the patient will awake from their sleep. Many 
factors ranging from genetics to lifestyle choices affect one’s 
predisposition for developing OSA.

The most common factor that increases the risk of devel-
oping OSA is excess weight. Fat can deposit around the 
upper airway, narrowing the opening, and disrupt breathing, 
enhancing the probability of developing OSA [1]. Also, there 
are cases where the upper airway is narrowed by an inherited 
genetic predisposition. This could include having a thicker 
neck or having other body parts obstructing airflow such as 
tonsils [1]. Men are more likely to develop OSA and the risk 
increases as people get older [1]. Lifestyle modification such 
as smoking cessation, limiting alcohol use, and decreased 
sedative drug use may lower the risk of developing OSA. 
The resultant impact of OSA can be vast, ranging from 

decreased performance to impairment secondary to an acci-
dent, and as such the detection and treatment of OSA is a 
health imperative.

31.2  Obstructive Sleep Apnea: Symptoms 
and Consequences

Many OSA patients do not recall their frequent disruptions in 
nighttime sleep as they occur very quickly. However, these 
constant disruptions can result in excessive daytime sleepi-
ness [3]. OSA taxes the ability to use sleep to restore the body 
and minimize physiological stress. These common symptoms 
can negatively impact one’s concentration and attention 
increasing the risk of injuries [1]. Excessive daytime sleepi-
ness can also affect people’s mood by increasing irritability 
and potentially enhance depressive emotions. OSA also con-
tributes to oxygen levels during sleep and a rise in blood pres-
sure. Repeated increases in blood pressure may eventually 
lead to heart disorders or heart disease. Therefore, OSA can 
negatively impact daily activity as well as long-term health 
and it is crucial to participate in treatments to decrease the 
severity of the disease.

31.3  Obstructive Sleep Apnea: Treatment

Obesity is one of the main causes of OSA development. 
Many clinicians will inform the patient that their top priority 
should be to lose weight. Weight loss has been proven to 
lower the risk of OSA development in vulnerable patients as 
well as lower the severity in already diagnosed OSA patients 
[2]. Additionally, surgeries are available that could either 
widen the upper airway or aid in weight loss. Many anatomi-
cal problems that block the upper airway can be removed to 
allow air to pass through the airway during sleep. Examples 
of anatomical structures that would need surgery to correct 
are enlarged tonsils, restricted nasal cavity, enlarged tongue, 
and more [4]. However, these surgeries are considered the 
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last resort and are not commonly ordered by specialists [4]. 
Surgeries represent an invasive treatment option for OSA; 
however, most prescribed treatments are used to lower the 
severity of the disorder. The most commonly prescribed 
treatment is continuous positive airway pressure (CPAP). It 
can be incredibly effective at improving restorative sleep and 
reducing OSA symptoms. CPAP is prescribed to all OSA 
patients, even patients who have undergone surgery to  correct 
their OSA [4]. All of these treatments are possible, but CPAP 
is the most effective and the safest form.

31.4  Continuous Positive Airway Pressure 
(CPAP)

CPAP is a machine that aids in breathing during sleep for 
patients with OSA.  Most CPAP machines are a mask that 
covers the nose and mouth with a strap that wraps around the 
head to keep it in place. The machine is connected to a tank 
of water which helps increase air pressure in the throat [5]. 
This will prevent apneas and allow OSA patients to obtain a 
restorative sleep. CPAP has been proven to reduce symptom 
severity of OSA. The machine can significantly reduce snor-
ing and breathing disruptions when used properly. In a ran-
domized control trial, patients were assigned to the 
conservative treatment with or without CPAP, and it was 
seen that after 3 and 6 months, patients who received CPAP 
experienced reduced OSA symptoms [6]. These include day-
time fatigue, irritability, and high blood pressure [6]. As well 
this trial presented data that suggests CPAP aids in increas-
ing cognitive function, such as visual memory, and vigilance, 
in OSA patients faster than non-CPAP-related treatment [6]. 
However, more research should be done on this topic. 
Patients who use CPAP regularly will experience reduced 
daytime fatigue, lower blood pressure, and a lower risk of 
developing heart disease. Although CPAP is the most effec-
tive noninvasive treatment for OSA, it still has potential side 
effects. These include dry nose, sore throat, bloating, and 
irritation of the face [5]. However, side effect burden typi-
cally decreases with consistent CPAP treatment. 
Unfortunately, for a multitude of different reasons outlined 
below, adherence to CPAP remains a pivotal challenge.

31.5  CPAP and Adherence

Sleep specialists will often prescribe CPAP to OSA patients 
knowing that it will greatly lower OSA symptoms. Despite 
the large amount of information on how helpful CPAP treat-
ment is for OSA, many patients do not adhere to the treat-
ment. In a meta-analysis about CPAP and compliance, one 
study determined that on average, CPAP is used for 4.6 hours 
a night. With the assumption that the participants were 

receiving 7 hours of sleep a night, the adherence rate was 
34.1% [7]. Also adherence rates for CPAP treatment have not 
changed significantly over the last 15  years, consistently 
hovering around 30–40% [7]. New methods need to be 
explored to increase CPAP adherence. When discussing 
patient adherence, steps are needed to be able to improve 
adherence for all forms of treatment. With medication com-
pliance, clinicians need to provide the simplest presentation 
of the treatment to improve adherence. Patients are less 
likely to comply to the medication when dosing instructions 
become complicated or too frequent. In addition, clinicians 
need to educate the patients about the treatment to increase 
the probability for the patient to follow treatment recommen-
dations. As well in intervening treatments, such as CPAP, 
clinicians should attempt to help the patient understand the 
severity of the disorder and the effectiveness of the treatment 
[8]. These are standard steps to improve adherence that clini-
cians should use early on in the treatment. The first few 
weeks are the most important to establish the habit of using 
the machine regularly. If the patient does not follow the treat-
ment recommendations in the first few months, it increases 
the risk of the patient to never use the treatment [9]. These 
new methods need to address problems and concerns that 
patients commonly have with CPAP. Increasing adherence to 
CPAP is the first step to successfully treating OSA.

There are many potential reasons for why a patient may 
not comply with CPAP treatment. It is important to consider 
the fact that wearing a new apparatus to engage in an activity 
that we find so integral to living will be met with apprehen-
sion. Most patients report the mask being uncomfortable 
while they sleep. When beginning to wear the mask, the irri-
tation frequently wakes people from sleep and then the 
patients do not reapply the mask so they can fall asleep easier 
[10]. Unfortunately, this would render the CPAP machine 
ineffective as it needs to be used throughout the whole night. 
That is a common misconception as many patients believe 
they are using the machine enough and more than they actu-
ally are [10]. Even taking one night off from using the 
machine can result in daytime fatigue and elevated blood 
pressure [7]. Not only does the misconception around the 
treatment lead to lower compliance but there are many other 
social factors as well. Intuitively, the severity of OSA can 
play a role in how motivated patients will be to comply with 
the treatment. In addition, anxiety and lack of social support 
can reduce compliance [11]. That is why it is important to 
motivate patients frequently during the first few months 
starting the treatment to keep their compliance high. 
However, there are not enough sleep specialists or working 
hours to provide each OSA patient with frequent in-person 
meetings. The need for innovative measures to meet patients 
where they are at and help motivate and educate them regard-
ing the use of CPAP can be met using technology to enhance 
the patient experience.
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31.6  The Emerging Method of Telehealth

31.6.1  What Is Telehealth?

In day-to-day life, most people consider using technology a 
daily activity. Telehealth aims to utilize technology to 
 provide healthcare services. Computers and other mobile 
devices can be used to transmit healthcare information and 
provide routine checkups to patients [12]. Although some 
participants may not feel comfortable with the thought of 
online appointments, telehealth can help with saving the 
patient’s and clinician’s time. Anecdotal evidence suggests 
that once patients become familiar with the procedural ele-
ments of telehealth, often this becomes the preferred choice 
with follow-up care. We have seen this fast-forwarded during 
the COVID-19 pandemic with transitions to work from home 
and clinical consultations increasingly being virtual. Smaller 
tasks such as prescription refills and reviewing test results 
can be done quickly through a virtual appointment, saving 
the patient’s time for not having to travel and see the doctor 
and as well the clinician’s time who can keep their practice 
from getting too busy with patients [12]. Telehealth also has 
the capability to have synchronous or asynchronous appoint-
ments . Asynchronous appointments are helpful for patients 
who can lose motivation to continue their treatment, such as 
CPAP treatment, at any point in the day [13]. The patients are 
able to receive the necessary support and coaching required 
to maintain their motivation at any point in the day [13]. With 
a wide range of capabilities and rapidly evolving technology, 
telehealth may be the new method needed to promote CPAP 
adherence.

Telehealth has a number of advantages over in-person 
appointments. Healthcare through telehealth is more acces-
sible to people in isolated communities and for those with 
mobility deficiencies or lack of transportation [14]. Anyone 
who has tried to park in busy urban clinical settings can attest 
to both the financial and time costs of attending in  vivo 
assessments. Medical specialists will be more available to 
patients as not every community has a large number of spe-
cialists [14]. Patients who are deaf or blind can still benefit 
from telehealth. Telehealth provides many benefits for 
patients however; clinicians and specialists also benefit from 
it. Telehealth greatly reduces costs and saves time which can 
allow clinicians to be more flexible in certain situations 
where a patient may need more time commitment [14]. With 
new technology being created, both the clinicians and 
patients will need to adapt to the services. This could lead to 
clinicians refusing to provide telehealth services and patients 
preferring in-person appointments as that is what they are 
accustomed to. However, this has not been the experience 
during the COVID-19 pandemic with many clinicians with 
limited computer know-how pivoting to telehealth. Telehealth 

has a great potential to solve many healthcare issues and it 
may be part of the solution to increase CPAP adherence in 
patients with OSA.

31.6.2  Telehealth and CPAP Compliance

Early adherence to CPAP treatment is the most important to 
lead to regular CPAP use. Telehealth services allow for regu-
lar checkups and informative appointments shortly after 
CPAP has been prescribed. This gives clinicians the opportu-
nity to identify OSA patients who don’t use CPAP suffi-
ciently [3]. Educational interventions have been shown to 
increase CPAP compliance and telehealth offers a variety of 
options on how to deliver these [7]. Synchronous and asyn-
chronous videos and phone calls are commonly used to 
inform patients on the importance of their treatment and 
answer any questions they may have. It is easy to assume that 
patients retain the information we provide after an assess-
ment but it is often not the case. Educational materials via 
telehealth can be useful for patients as reminders of what has 
been discussed and time-saving for providers to use as sum-
maries of information they have provided. OSA does not 
typically require in-hospital evaluation or treatment. 
Telehealth allows patients to get the service they need wher-
ever and whenever it is the most convenient for them. With 
advanced technology, patients are more open to the idea of 
using online resources for their healthcare services, and cli-
nicians see similar, if not better, CPAP compliance results 
when they provide telehealth services [15]. CPAP treatment 
can take a few days to weeks until the patient gets used to it. 
Patients can have facilitated access to specialists who can 
inform them and guide them through problems they are hav-
ing as they arise. Without telehealth patients may be driven 
away from using CPAP before their next in-person follow-
 up. Telehealth has great potential to improve CPAP compli-
ance within OSA patients as supported by many studies.

Telehealth is not only useful for patient clinician interven-
tions, but it also has the ability to transport medical data from 
patients to practitioners. Information such as sleeping pat-
terns and snoring are good indicators of whether or not a 
patient has developed OSA [9]. Through certain apps and 
other storage devices, these data can be transmitted from the 
patient to the clinician to make an effective decision on the 
patient’s status. Once agreement has been established 
between the patient and the clinician to use in telehealth ser-
vices, results show that telehealth is associated with similar 
compliance rates as in-person appointments [14]. This means 
that telehealth is a viable option to promote CPAP adher-
ence. Telehealth also provides service to all communities, 
even in some where sleep specialists may not be available. 
Phone coaching is able to provide support to the patients and 

31 Improving CPAP Adherence Using Telehealth



334

educate them on CPAP quicker, as more appointments can be 
completed in a shorter time frame than in-person appoint-
ments. As coaching becomes less required, patients can con-
tinue to learn about their treatment through a variety of apps 
and asynchronous videos.

31.6.3  Telehealth Programs

Results may show that telehealth promotes CPAP compli-
ance, but the programs need to be properly structured to 
demonstrate positive results. An example of a structured pro-
gram that promotes CPAP compliance is U-Sleep. This 
online application analyzes CPAP data such as total time in 
use and allows the patient to follow their progress [16]. 
Accountability measures such as this are highly impactful 
with regard to improving adherence. Also, calls can be 
arranged if the patient is in need of general advice from a 
practitioner. After the data is analyzed by the app, if the 
patient has met their compliance goal, they will receive a 
message of encouragement and congratulations. If the patient 
does not meet the compliance goal, clinicians will be able to 
easily identify that this patient needs follow-up appointments 
[16]. This will minimize the time necessary for clinicians to 
promote CPAP use. Patients who use U-Sleep demonstrate 
improved compliance with CPAP with resolution of severe 
OSA symptoms with efficient use of clinical time [16]. There 
are many programs available that work in a similar manner 
that help promote CPAP compliance. The biggest barrier to 
effective OSA treatment is insufficient CPAP use and it 
seems telehealth may be able to aid in overcoming some of 
the barriers of CPAP adherence. Well-structured online ser-
vices that provide frequent reminders to use CPAP as well as 
motivational comments are likely to promote compliance. 
With the necessary engagement by patients and clinicians, a 
structured program for the patient to follow, and an availabil-
ity of technology for the patients, telehealth may be one of 
the methods with a potential to improve CPAP adherence 
and to promote sleep quality for patients with OSA.
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The CPAP Machine, Mask and Interface

Julia Lachowicz and Matthew T. Naughton

32.1  Historical Background

Though the modern continuous positive airway pressure 
(CPAP) device, known as an airflow generator, now forms 
the cornerstone of intervention in obstructive sleep apnoea 
(OSA) management, it only becomes established in recent 
decades. CPAP has been described in medical literature from 
the late 1930s, with accounts of its application in the treat-
ment of acute pulmonary oedema [1]. This preceded the use 
of manually delivered intermittent positive pressure ventila-
tion in Denmark during the polio epidemics of the early 
1950s [2]. Renewed interest followed from a description by 
Ashbaugh et al. in 1967 [3] of a series of Vietnam War sol-
diers with acute respiratory distress syndrome, where bene-
fits of CPAP were seen in relation to hypoxaemia and 
atelectasis.

The translation of CPAP from hospital to the domiciliary 
setting remained elusive until the 1980s. Professor Colin 
Sullivan of Sydney, Australia, published a milestone account 
of five patients treated with low-level overnight CPAP via a 
nasal mask to successfully prevent obstructive apnoeas [4]. 
One of the crucial steps was to have a mask with a built-in 
exhalation valve, rather than an under-water seal. At the 
request of patients who had experienced symptomatic bene-
fit from CPAP application during the trials, machines were 
then produced for home use and partnerships with industry 
developed, with a small but substantial number of patients 
using home CPAP devices within 10 years of Sullivan’s pub-
lication [5].

32.2  Technological Advances

Technological advances occurred simultaneously in varia-
tions of positive airway pressure therapy. Non-invasive ven-
tilation with bilevel positive airway pressure (BPAP) became 
recognised during the late 1980s and early 1990s as effica-
cious in the management of chronic severe respiratory fail-
ure secondary to a variety of causes associated with alveolar 
hypoventilation, providing an alternative to tracheostomy 
and intermittent positive pressure ventilation [6, 7].

Inspiratory and expiratory PAP settings (IPAP and 
EPAP) could be made, where the difference between the 
two (IPAP and EPAP) was equivalent to the ‘pressure sup-
port’ term used in the intensive care unit (ICU). Further 
developments came with the introduction of a device 
“back-up” respiratory rate for times of prolong central 
apnea.

The devices were sensitive enough to detect a change in 
flow and thus change from inspiratory to expiratory pres-
sures – the sensitivity being high, medium or low and depen-
dent on the proprietary software. Devices were also able to 
set an inspiratory pressure duration with a minimum and 
maximum time in milliseconds. Another important aspect 
was to ensure the EPAP value be set at a least value of 4 
cmH2O to prevent rebreathing and CO2 inhalation.

It is important to note that the BPAP is a device with set 
IPAP and EPAP pressures and delivers variable tidal vol-
umes. Assuming the patient is breathing 15 breaths per min-
ute with a tidal volume of 500  ml per breath, the minute 
volume of ventilation is 7.5 litres per minute (lpm). The 
intentional leak from most masks is about 25  lpm; thus, 
about 33 lpm air needs to be delivered. The PAP devices can 
deliver up to 200 lpm; thus, there is enormous redundancy in 
the pumps in the setting of excessive leak.

It is also important to differentiate the more elaborate 
ventilators used in ICU with intubated and mechanically 
ventilated patients, where the ventilators often have settings 
for tidal volume with peak and plateau pressures, in addition 
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to PEEP (positive end-expiratory pressure). These ICU ven-
tilators are a closed system: there is no intentional leak at the 
mask.

In the late 1990s auto-setting PAP (APAP) devices were 
developed in the hope of improving adherence and improv-
ing the control of AHI in obstructive sleep apnoea [8, 9]. 
These auto-CPAP devices were developed with the aim of 
facilitating PAP titration outside of a sleep laboratory, with 
implications for the cost and convenience of CPAP initiation. 
Of note was that each industry producer used confidentially 
designed software that dictated pressure changes such that 
significant treatment differences occur between one device 
and another. The APAP technology has been incorporated 
into the BPAP devices as a variable EPAP.

In the 1980s, the original CPAP devices were loud and 
unwieldy, weighing 7 kg and adapted from pump technology 
used for heating swimming pools, spas and jacuzzis [10]. 
Across many iterations, the modern CPAP machine and 
mask interface have been fine-tuned to improve patient com-
fort and ease of use.

Cold passover humidification was initially developed but 
soon deemed to be relatively ineffective. Heated humidifica-
tion was then developed as an additional add-on, now inte-
grated within the device to improve the quality of life and 
symptoms of patients with nasopharyngeal adverse effects of 
conventional CPAP use [11]. Heated tubing was also devel-
oped to minimise precipitation within the tubing. Moreover, 
‘automatic’ humidification has been developed to take into 
consideration external room temperatures.

Ramp functionality has been developed, delivering a 
lower starting pressure of CPAP that eases the transition to 
higher fixed pressures that may contribute to pressure intol-
erance [12]. Some devices can detect arousals from deep 
sleep during the night and thus automatically drop the pres-
sure and begin a ramp function.

Expiratory pressure relief, sometimes referred to as 
C-Flex, reduces the amount of pressure during the latter 
stages of expiration [12].

Modern CPAP machines are significantly smaller and qui-
eter than early designs, with options now existing for battery-
powered, portable devices [13]. Most modern CPAP devices 
create less noise than standard background noise levels.

32.3  Mask Technology

The patient-CPAP interface is customisable with nasal, oro-
nasal (frequently termed ‘full-face mask’) and nasal cushion 
(or ‘nasal pillow’) designs. Influences on the choice of mask 
encompass patient preference, anatomic variation, sex, the 
presence of chronic nasal obstruction and facial hair [12]. 
The quality and comfort of mask fit has implications for 
mask leak and patient adherence [14]. The requirement for 

higher CPAP pressures, lower adherence and elevated resid-
ual apnoea-hypopnoea index has been associated with the 
oronasal mask design [15]. New technologies becoming 
integrated into mask development include computerised 
facial mapping translated to 3D printing to deliver bespoke 
fit [16], suggesting that the CPAP interface of the future will 
be increasingly customised to the individual. Importantly, 
masks are made of silicone and are latex-free, thus minimis-
ing the chance of latex allergy.

32.4  CPAP Initiation

For most adult patients, CPAP is commenced in the outpa-
tient setting following a confirmed diagnosis of 
OSA.  Exceptions to this include the hospitalised patient 
identified as being at high risk of OSA in the perioperative 
setting, and patients in the emergency department or ambu-
lance receiving emergent treatment for acute pulmonary 
oedema.

Various methods can be used to achieve an optimal CPAP 
setting. An overnight in-laboratory CPAP implementation 
study, or split-night protocol that combines a diagnostic 
polysomnogram during early sleep with CPAP implementa-
tion and titration during later sleep, has traditionally been 
favoured [17]. During an overnight PAP titration in a sleep 
laboratory, following mask fitting, pressures commence at 4 
cmH2O (note to avoid rebreathing and CO2 retention) and 
increase in steps of 2 cmH2O every 5–15 minutes in response 
to obstructive apnoeas, and in steps of 1 cmH2O every 
5–15 minutes in response to obstructive hypopnoeas and/or 
snoring. Note that the ‘precise’ pressure to control upper air-
way instability (i.e., snoring or obstructive sleep-disordered 
breathing) will vary with body position and sleep stage. In 
general terms, neck flexion and supine positioning reduce 
airway luminal size (i.e., higher pressures are required). 
Moreover, ‘periodic breathing’ is most likely to occur in 
non-REM stages 1 and 2, uninterrupted snoring in slow- 
wave sleep and hypoxemia during REM sleep. Thus, choos-
ing an optimal CPAP pressure should take into consideration 
sleep stage, body position and mask leak.

With benefits in relation to cost, timeliness and access to 
a sleep laboratory, an alternative method is the use the APAP 
machine [18]. APAP machines calculate the required pres-
sures based on measurement of apnoeas and inspiratory flow 
limitation, with the 90th or 95th percentile pressure after 
1–2 weeks used to guide the fixed CPAP pressure in the long 
term (see Fig. 32.1).

Mathematical models, whereby algorithms incorporating 
patient body mass index, neck circumference and AHI are 
used, have also been developed to establish an optimal CPAP 
pressure. The choice of technique used to establish CPAP 
pressure in moderate-to-severe OSA has not been shown to 
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Fig. 32.1 An illustration of an APAP download over a 2-week period 
during which time auto-PAP was used for 1 week from which a 95th 
percentile pressure was derived from which a CPAP setting was made 

for the second week. Note the four graphs: usage, pressures, leak and 
residual AHI

32 The CPAP Machine, Mask and Interface
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alter clinical outcome, allowing judicious physician prefer-
ence and resource availability to be equally considered [18].

Whilst it is yet to be formally validated, many sleep physi-
cians make use of a ‘ten per cent rule’ as a helpful method to 
clinically estimate an appropriate CPAP starting pressure 
when a formal titration study is not immediately practicable 
[19]. In this method, the CPAP pressure is set based upon 
10% of the patient’s body weight: as such a patient who 
weighs 100 kg, is given 10 cmH2O CPAP. This simple 
approach is supported by the large SAVE [20] and RICCADSA 
[21] randomised controlled trials in which mean CPAP pres-
sures were 9.6 and 9.9 cmH2O, respectively, for mean body 
weights of 81 and 90  kg. Regardless of the initial method 
chosen, an overnight CPAP polysomnogram review study 
remains an option to fine-tune CPAP pressures over time.

32.5  Clinical Conditions

With greater knowledge of cardio-pulmonary physiology 
during sleep, there has been a greater precision as to which 
clinical groups might benefit from PAP beyond OSA.

Patients with neuromuscular weakness and chest wall dis-
eases can respond well with BPAP; however, randomised 
controlled trial support is limited to motor neurone disease 
without bulbar disease where a survival and quality of life 
benefit was shown.

32.5.1  Obesity Hypoventilation Syndrome

For patients with obesity hypoventilation (PaCO2 > 45 with 
BMI > 30 and no other cause identified), a question debated 
has been whether BPAP was superior to CPAP. Three ran-
domised controlled trials have confirmed that both forms of 
PAP are equally effective – see Table 32.1.

32.5.2  Stable Hypercapnic COPD

For patients with stable hypercapnic COPD, the role of 
BPAP has been debated for 20 years. Once factors such as 
excessive oxygen, sedatives and other drugs that might influ-
ence CO2 level are taken into account, the data suggest there 
is a significant role for bilevel PAP; see Table 32.2.

32.5.3  Congestive Heart Failure

Patients with heart failure due to reduced ejection fraction 
and OSA respond well to CPAP.  Many patients however 
have a combination of obstructive sleep apnoea and central 
sleep apnoea with Cheyne-Stokes respiration (CSA-CSR), a 
form of periodic breathing. CPAP has been shown to be effi-
cacious in CSA-CSR; however, adherence has been prob-
lematic. At this point it is important to understand that 
CSA-CSR is a condition associated with hyperventilation 
due to sympathetic nervous system activation, the severity of 
which usually parallels the severity of the heart failure. The 
role of CPAP in CSA-CSR was based mainly upon the obser-
vation studies in which CPAP was effective in patients with 
acute pulmonary oedema.

In order to improve the adherence to PAP therapy in 
chronic heart failure with SDB (either OSA or CSA-CSR), 

Table 32.1 NIV vs CPAP for stable obesity hypoventilation 
syndrome

Piper [22] Howard [19] Masa [23]
Comparator CPAP vs 

BPAP
CPAP vs BPAP CPAP vs 

BPAP
N x duration 36 × 3 months 82 × 3 months 225 × 

5.4 years
Age (mean, years) 50 53 62
BMI (mean, kg/
m2)

53 55 50

AHI (events/h) 16 82 68
PaCO2 (mean, 
mmHg)

51 60 ->45 50 ->44

Settings and 
BURR

14 vs 16/10 
spont

15 vs 19/12 
and 15

11 vs 20/8 and 
14

Outcomes Change in 
CO2

Change in CO2 Hospital, 
survival

BPAP > CPAP? No No No

Note: BURR back-up respiratory rate

Table 32.2 Utility of BPAP vs best medical treatment in chronic 
hypercapnic COPD

Author McEvoy [24]
Struik 
[25]

Kohnlein 
[26] Murphy [27]

Patients Stable on 
LTOT

Stable 
COPD

Immediate 
post- 
AECOPD

2–4 weeks 
post- 
AECOPD

N and 
duration 
(months)

144 × 28 201 × 12 195 × 12 106 × 12

Age – mean 68 63 64 67
Male (%) 65 60 62 47
BMI (kg/
m2)

26 24 25 22

PaCO2 
(mmHg)

54 59 58 59

FEV1 (ml) 600 680 27% 600
LTOT (%) 100 70 65 100
Bilevel 
settings

13/5 and 
BURR = NS

19/5 and 
BURR 
=15

22/5 & 
BURR>14

24/4 and 
BURR 14

Usage (h/
night)

4.5 6.5 5.9 7.6

PSG Yes No No No
CO2 fall Yes No Yes No
Mortality
(NIV vs 
others)

22 vs 31 30 12 vs 33 63% vs 80%

Improved 
HRQOL

No No Yes Yes
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an additional form of PAP known as adaptive servo- 
ventilation PAP (ASV) was developed [28]. The aim was for 
the device to ‘learn’ the patients’ minute volume of ventila-
tion with minimal support, then provide some CPAP and 
variable amounts of pressure support, whilst aiming to main-
tain minute volume of ventilation at about 80% of the 
patients’ prevailing minute ventilation.

The utility of ASV has been overshadowed in heart failure 
with reduced ejection fraction by an unexpected increase in 
all-cause and cardiovascular mortality seen with this treat-
ment in the subsequent SERVE-HF randomised controlled 
trial [29]. Another industry-sponsored trial (ADVENT-HF 
[30]) continues with completion estimated in 2021. 
Importantly, the two trials (SERVE-HF and ADVENT-HF) 
vary in device settings, patient recruitment and study proto-
col (see Table 32.3).

Whether ASV will be useful in other forms of SDB, such 
as CSA due to narcotics, CPAP itself (see later) or unknown 
cause (i.e. idiopathic), remains to be determined.

32.6  Contraindications to CPAP Therapy

There remain circumstances where the use of CPAP is con-
traindicated or should be pursued with caution. Certain sur-
gical procedures, which involve breaching the paranasal 
sinuses, pituitary fossa, skull base, retropharynx or middle 
ear, are at theoretical risk from post-operative CPAP deliv-
ery [31], with reports including cases of pneumoencephalus. 
Facial pathology, including local infection and fracture, 
may render the application of the CPAP mask unfeasible. 
CPAP use is not desirable in the context of a reduced con-

scious state or in patients unable to protect their own 
airway.

32.7  Adherence to CPAP

Critical to the success of CPAP to manage symptoms of OSA 
and improve patient quality of life is adequate patient adher-
ence to therapy [13]. Adherence, a process whereby an indi-
vidual chooses to act in concert with the advice of their 
healthcare provider, has been differentiated from the notion 
of compliance, which conceptualises the degree to which the 
individual follows the medical advice given [32]. Adherence 
implies joint understanding and agreement between patient 
and physician. Convention regards CPAP adherence to con-
fer at least 4 hours of use per night for five or more night per 
week [33]. It is estimated that short-term non-adherence to 
CPAP in the initial 2 weeks of use is approximately 25%, 
comparable to that of complex management paradigms in 
non-OSA disease states [34]. Long-term estimates suggest 
non-adherence varies between 46% and 83% of patients with 
OSA [14].

Crawford et al. [32] have described the complex nature 
of adherence to CPAP, adapting the biopsychosocial model 
of health (Fig.  32.2). Traditional biomedical components 
include the age and sex of patients, symptom burden, AHI 
and CPAP pressure. Psychosocial factors include the 
patient’s understanding and attitude towards their OSA and 
CPAP therapy, self-efficacy and social milieu which contex-
tualise the impact of the disease on the patient. The clini-
cian’s understanding of these patient-related variables is 
integral to the therapeutic relationship and successful navi-
gation of ongoing CPAP adherence and is also a basis for 
inter- disciplinary collaboration with behavioural sleep spe-
cialist, social workers and PAP treatment coordinators to 
help with non-medical factors that interfere with CPAP 
adherence.

On occasions when dealing with non-adherence to CPAP, 
one should stop and reassess the indication to trial CPAP 
(usually one of the following: noise of snoring, an AHI 
threshold, excessive sleepiness in the setting of adequate 
sleep duration, assumed cardiovascular risk or high pre-test 
probability of a post-operative complication). Is there align-
ment between the patients’ priority of problem(s) with yours 
(being an experienced sleep clinician)? See also Chap. 6. It is 
also wise to ensure an ethical behaviour to the provision of 
CPAP, namely, don’t simply treat the AHI, consider alterna-
tive treatments and ensure long-term follow-up with man-
agement of existent medical issues (commonly obesity and 
sleep deprivation). In patients that don’t succeed on any 
treatment, our advice is to continue to follow up and main-
tain contact in case change occurs.

Table 32.3 A comparison of the two large randomised controlled tri-
als of adaptive servo-controlled ventilation

SERVE-HF [29] ADVENT-HF [30]
Commercial sponsor ResMed Philips Respironics
ASV trigger Minute ventilation Peak flow
Default pressure, cmH2O EPAP = 5, 

PSmin = 5
EPAP = 4, 
PSmin = 0

Mask used (FFM, nasal, 
NA)

76, 15, 19 (%) Nasal > FFM

Patients × duration of 
follow-up

1351 × 31 months 860 × 60 months

Entry LVEF (%) <45 <45
Entry AHI >15 >15 (non-sleepy)
SDB type CSA > 50% CSA and OSA
Sleep study Lab PSG and home 

PG
Lab PSG

Central reporting 
laboratory

No Yes

Follow-up Telephone and 
clinics

1-month PSG and 
clinic

Results Negative Not yet available

32 The CPAP Machine, Mask and Interface



342

32.8  Dealing with CPAP Side Effects

Crucial to optimising adherence to CPAP is an awareness of 
the potential clinical side effects of therapy and the approach 
to their management. Side effects are encountered by up to 
two thirds of patients on CPAP [12]. The choice of CPAP 
interface has implications for air leakage and skin irritation 
[35]. As well as adjusting the choice of interface for fit and 
patient preference, adjuncts such as chin straps and different 
manufacturing materials for masks and mask straps can 
impact fit.

Imperfect mask fit can also lead to abrasions of the skin, 
particularly over the nasal bridge. Skin breakage over bone, 
similar to pretibial lacerations, can lead to significant celluli-
tis and potentially thrombosis of the cerebral sagittal sinus. 
Rarely, skin grafts and prolonged courses of antibiotics may 
be required. Employment of barrier creams and mask liners 
can assist with preventing or reversing this [12].

Nasal side effects relate to pressure intolerance and can 
include nasal dryness, ciliary dysfunction and impaired nasal 
mucociliary clearance. Nasal inflammation may manifest as 
rhinorrhoea [36]. Heated humidification is likely to improve 
the symptoms of many nasal side effects, with intranasal ste-
roids also considered.

Pressure intolerance to CPAP can have a range of mani-
festations. Strategies to overcome these include reducing 
CPAP pressure, adopting ramping options and using APAP, 
which gives on average a reduction in pressure in relation to 
fixed PAP [12]. In the context of transsphenoidal surgery, 

CSF leak has been described [37]. More commonly, aeroph-
agy leading to eructation, abdominal discomfort or gastro- 
oesophageal reflux is encountered [38].

CPAP air leakage may also lead to air blowing into the 
eyes or being transmitted from the nasolacrimal duct to the 
eyes [12]. This can lead to hyperaemia of the conjunctiva, 
conjunctivochalasis and endophthalmitis [39]. Glaucoma has 
been shown to be associated with OSA; however, the effects 
of CPAP on glaucoma have not been established [12].

Paediatric and rare adult case reports exist of mid-facial 
hypoplasia postulated to be secondary to CPAP use [40]. It is 
suspected that nasal cushion masks may decrease the fre-
quency of this complication. Dental complications, includ-
ing movement of teeth and tooth chipping secondary to chin 
strap use, have been described [12]; middle ear pain can also 
occur.

An important potential adverse effect of CPAP therapy is 
the development of treatment-emergent central sleep apnoea. 
Mechanisms may include concomitant opioid use, changes 
to respiratory ventilatory control or upper airway reflexes 
[41]. This is commonly seen within the first month of CPAP, 
but usually does not persist for greater than 1 month, reflect-
ing it is probably a result of the changing respiratory drive. 
On occasions, CSA can result from over-zealous CPAP lev-
els (i.e. too high and impeding venous return) – where the 
10% body weight rule can be considered. Management strat-
egies include CPAP reduction or change to ASV therapy.

Further challenges include the noise associated with 
CPAP machines and a sensation of claustrophobia that some 
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Fig. 32.2 Biopsychosocial model of CPAP adherence. (Adapted from Crawford et al. [32])
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patients develop. Graded exposure therapy has been sug-
gested for the latter [42]. Risk of infectious complications, 
particularly in association with humidified machines, has 
been theorised but not consistently demonstrated in the lit-
erature [12]. Education regarding CPAP cleaning and main-
tenance continues to be emphasised.

32.9  CPAP Remote Monitoring

It is well recognised that adherence to CPAP varies from 
20% to 80% depending on patient symptoms, severity and 
type of SDB and co-existent pathology (both psychological 
and physical). As with the pacemaker industry, assessment of 
objective adherence by most devices is extremely helpful. A 
sophisticated digital memory of usage, leak and residual AHI 
(severity and type) can be downloaded directly from the 
device or remotely via the Internet (see Figs. 32.3 and 32.4).

It is our opinion that some patients benefit from APAP 
over CPAP.  These patients include those with positional 
OSA, or where there is considerable night-to-night variabil-
ity of OSA as seen in patients in whom generous levels of 
alcohol are consumed sporadically.

Similarly, there are a group of patients in whom APAP may 
be less effective in our opinion. These patients include those 
who have (a) had a uvulopalatoplasty and continue to have 
OSA, (b) periodic breathing [e.g. due to heart failure or nar-
cotics] and (c) periodic limb movements [periodic limb move-
ments are associated with periodic skeletal movements which 
can trigger additional breaths noted by the APAP device].

Moreover, remote monitoring (which can also allow 
changes to pressure be made remotely) can now make CPAP 
therapy more dynamic. For example, in a recent analysis of 
~2.6 million users with one device manufacturer, the 90-day 
adherence to CPAP was 6 hours per night with a mean resid-
ual AHI of 3.2 events per hour [43].

During the period of analysis [43], 2.62 million patients 
met the inclusion criteria; 23.4% of patients were excluded 
for the following reasons: >1 HME (1.9%), invalid data 
entry (10.1%), more than one PAP modality used or data 
from SD card (9.2%) and age ≤18 years (0.7%). The 95th 
percentile pressure was 10.9 cmH2O and 95th percentile 
leak of 23 lpm. Note however 23% of the population were 
excluded and the modality of therapy was variable, 
namely, APAP in 50%, CPAP in 41%, bilevel PAP in 8% 
and ASV in 1%.

Fig. 32.3 A CPAP download from a ResMed device indicating settings, dates and usage, leak, pressure and AHI across a 4-week period
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32.10  CPAP in the COVID-19 Environment

Recent global virus pandemics including the severe acute 
respiratory syndrome-associated coronavirus of 2003 
(SARS-CoV) and the human coronavirus pandemic of 2019 
(COVID-19) have highlighted the potential role of CPAP in 
treating respiratory failure as well as the theoretical risk of 
aerosol generation and viral spread [44]. Measurement of 
exhaled air dispersion from patient-simulating machines 
receiving non-invasive ventilation has been performed to fur-
ther characterise the risk of nosocomial infection to health-
care workers, demonstrating that the choice of face mask and 
degree of associated patient to CPAP interface leak, as well 
as the level of pressure used, affect the distance of aerosol 
dispersion [45].

In clinical practice, this has incited the use of bacterial- 
viral filters to be utilised in conjunction with the exhalation 
port of CPAP circuits, with the associated transition from 
vented to non-vented facemasks to reduce theoretical noso-
comial spread [44]. The presence or absence of environmen-
tal factors such as sufficient room-air exchanges and 
negative-pressure rooms has been theorised to further aug-
ment the risk infection spread from generated aerosols. 
Robust prospective data to stratify the risk of infection to 
healthcare workers from CPAP applied to patients with acute 
respiratory infections remains unforthcoming, and in its 

absence, the use of extensive personal protective equipment 
by healthcare workers, including use of N95 respirators, has 
become commonly practised [45].

32.11  Summary

The CPAP machine has evolved into a sophisticated device 
for the chronic management of OSA. Best practice is facili-
tated by close observation of barriers to long-term adherence 
across biomedical, social and psychological domains, and 
thorough understanding and attention regarding the potential 
adverse effects of therapy. The future of CPAP therapy is 
likely to promote greater customisation of machine and 
interface variables to the individual patient and will be tem-
pered by the effects of recent global viral pandemics to 
deliver safety and efficacy to both patients and healthcare 
workers.

References

 1. Barach AL, Martin J, Eckman M. Positive-pressure respiration and 
its application for the treatment of acute pulmonary edema and 
respiratory obstruction. Proc Am Soc Clin Invest. 1937;16:664–80.

 2. Andersen EW, Ibsen B. The anaesthetic management of patients with 
poliomyelitis and respiratory paralysis. Br Med J. 1954;1:786–8.

Fig. 32.4 A CPAP download from a Philips Respironics device over 695 days illustrating the settings and a graphic summary of the usage and 
humidification

J. Lachowicz and M. T. Naughton



345

 3. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respira-
tory distress in adults. Lancet. 1967;2(7511):319–23.

 4. Sullivan CE, Berthon-Jones M, Issa FG, Eves L.  Reversal of 
obstructive sleep apnoea by continuous positive airway pressure 
applied through the nares. Lancet. 1981;317(8225):862–5.

 5. Kirby T.  Colin Sullivan: inventive pioneer of sleep medicine. 
Lancet. 2011;377(9776):1485.

 6. Pierson DJ. History and epidemiology of noninvasive ventilation in 
the acute-care setting. Respir Care. 2009;54(1):40–52.

 7. Leger P, Bedcam JM, Cornette A, Reybat-Degat O, Langevin B, 
Polu JM, Jeannin L, Robert D. Nasal intermittent positive pressure 
ventilation. Long-term follow-up in patients with severe chronic 
respiratory insufficiency. Chest. 1994;105(1):100–5.

 8. Berkani M, Lofaso F, Chouaid C, d’Ortho MP, Theret D, Grillier- 
Lanoir V, Harf A, Housset B.  CPAP titration by an auto-CPAP 
device based on snoring detection: a clinical trial and economic 
considerations. Eur Respir J. 1998;12(4):759–63.

 9. Lofaso F, Lorino AM, Duizabo D, Najafi Zadeh H, Theret D, 
Goldenberg F, Harf A. Evaluation of an auto-CPAP device based on 
snoring detection. Eur Respir J. 1996;9(9):1795–800.

 10. Mansfield DR, Antic N, Rajaratnam S, Naughton M, EBSCOhost, 
editors. Sleep medicine. Melbourne: IP Communications; 2017.

 11. Soudorn C, Muntham D, Reutrakel S, Chirakalwasan N. Effect of 
heated humidification on CPAP therapy adherence in subjects with 
obstructive sleep apnea with nasopharyngeal symptoms. Respir 
Care. 2016;61(9):1151–9.

 12. Ghadiri M, Grunstein RR.  Clinical side effects of continu-
ous positive airway pressure in patients with obstructive sleep 
apnoea. Respirology. 2020;25:593–602. https://doi.org/10.1111/
resp.13808.

 13. Galetke W, Puzzo L, Priegnitz C, Anduleit N, Randerath WJ. Long- 
term therapy with continuous positive airway pressure obstructive 
sleep apnea: adherence, side effects and predictors of withdrawal – 
a ‘real-life’ study. Respiration. 2011;82:155–61.

 14. Lebret M, Martinot JB, Arnol N, Zerillo D, Tamislier R, Pepin 
JL. Factors contributing to unintentional leak during CPAP treat-
ment: a systematic review. Chest. 2017;151:707–19.

 15. Deshpande S, Joosten S, Turton A, Edwards BA, Landry S, 
Mansfield DR, Hamilton GS. Oronasal masks require a higher pres-
sure than nasal and nasal pillow masks for the treatment of obstruc-
tive sleep apnea. J Clin Sleep Med. 2016;12:1263–8.

 16. Hsu DY, Cheng YL, Bien MY, Lee HC. Development of a method 
for manufacturing customised nasal mask cushion for CPAP ther-
apy. Australas Phys Eng Sci Med. 2015;38:657–64.

 17. Rosenthal L, Nykamp K, Guido P, Syron ML, Day R, Rice M, Roth 
T.  Daytime CPAP titration: a viable alternative for patients with 
severe obstructive sleep apnea. Chest. 1998;114:1056–60.

 18. West SD, Jones DR, Stradling JR.  Comparison of three ways to 
determine and deliver pressure during nasal CPAP therapy for 
obstructive sleep apnoea. Thorax. 2006;61:226–31.

 19. Howard ME, Piper AJ, Stevens B, Holland AE, Yee BJ, Dabscheck 
E, Mortimer D, Burge AT, Flunt D, Buchan C, Rautela L, Sheers N, 
Hillman D, Berlowitz DJ. A randomised controlled trial of CPAP 
versus non-invasive ventilation for initial treatment of obesity 
hypoventilation syndrome. Thorax. 2017;72(5):437–44.

 20. McEvoy RD, Antic NA, Heeley E, et al. CPAP for prevention of 
cardiovascular events in obstructive sleep apnea. N Engl J Med.  
https://doi.org/10.1056/NEJMoa1606599.

 21. Peker Y, Glantz H, Eulenburg C, Wegscheider K, Herlitz J, 
Thunström E.  Effect of positive airway pressure on cardiovascu-
lar outcomes in coronary artery disease patients with non-sleepy 
obstructive sleep apnea: the RICCADSA randomized controlled 
trial. Am J Respir Crit Care Med. 2016;194(5):613–20.

 22. Piper AJ, Wang D, Yee BJ, Barnes DJ, Grunstein RR. Randomised 
trial of CPAP vs bilevel support in the treatment of obesity hypoven-

tilation syndrome without severe nocturnal desaturation. Thorax. 
2008;63:395–401.

 23. Masa JF, Mokhlesi B, Benitez I, et  al. Long-term clinical effec-
tiveness of continuous positive airway pressure therapy versus non- 
invasive ventilation therapy in patients with obesity hypoventilation 
syndrome: a multicentre open label, randomised controlled trial. 
Lancet. 2019;393:1721–32.

 24. McEvoy RD, Pierce RJ, Hillman D, et al., Australian trial of non- 
invasive Ventilation in Chronic Airflow Limitation (AVCAL) 
Study Group. Nocturnal non-invasive nasal ventilation in sta-
ble hypercapnic COPD: a randomised controlled trial. Thorax. 
2009;64(7):561–6.

 25. Struik FM, Sprooten RT, Kerstjens HA, et  al. Nocturnal non- 
invasive ventilation in COPD patients with prolonged hypercapnia 
after ventilatory support for acute respiratory failure: a randomised, 
controlled, parallel-group study. Thorax. 2014;69(9):826–34.

 26. Köhnlein T, Windisch W, Köhler D, et al. Non-invasive positive pres-
sure ventilation for the treatment of severe stable chronic obstruc-
tive pulmonary disease: a prospective, multicentre, randomised, 
controlled clinical trial. Lancet Respir Med. 2014;2(9):698–705.

 27. Murphy PJ, Rehal S, Arbane G, et al. Effect of home noninvasive 
ventilation with oxygen therapy vs oxygen therapy alone on hospi-
tal readmission or death after an acute COPD exacerbation. JAMA. 
2017;317:2177–86.

 28. Kopelovich JC, de la Garza GO, Greenlee JDW, Graham SM, Udeh 
CI, O’Brien EK. Pneumocephalus with BiPAP use after transsphe-
noidal surgery. J Clin Anaes. 2012;24(5):415–8.

 29. Crawford MR, Espie CA, Bartlett DJ, Grunstein RR.  Integrating 
psychology and medicine in CPAP adherence  – new concepts? 
Sleep Med Rev. 2013;18:123–39.

 30. Sawyer AM, Gooneratne NS, Marcus CL, Ofer D, Richards KC, 
Weaver TE.  A systematic review of CPAP adherence across age 
groups: clinical and empiric insights for developing CPAP adher-
ence interventions. Sleep Med Rev. 2011;15:343–56.

 31. DiMatteo MR. Variations in patients’ adherence to medical recom-
mendations – a quantitative review of 50 years of research. Med 
Care. 2004;2:200–9.

 32. Lebret M, Martino JB, Arnol N, Zerillo D, Tamisier R, Pepin JL, 
Borel JC. Factors contributing to unintentional leak during CPAP 
treatment: a systematic review. Chest. 2017;151:707–19.

 33. AlAhmari MD, Sapsford RJ, Wezicha JA, Hurst JR. Dose response 
of continuous positive airway pressure on nasal symptoms, 
obstruction and inflammation in  vivo and in  vitro. Eur Respir J. 
2012;40:1180–90.

 34. Effect of Adaptive Servo Ventilation (ASV) on Survival and 
Hospital Admissions in Heart Failure (ADVENT-HF). https://clini-
caltrials.gov/ct2/show/NCT01128816.

 35. Teschler H, Dohring J, Wang YM, Berthon-Jones M. Adaptive pres-
sure servo-ventilation: a novel treatment for Cheyne-stokes respira-
tion in heart failure. Am J Respir Crit Care Med. 2001;164(4):614–9.

 36. Cowie MR, Woehrle H, Wegscheider K, Angermann C, d-Ortho 
MP, Erdmann E, Levy P, Simonds AK, Somers VK, Zannad F, 
Teschler H. Adaptive servo-ventilation for central sleep apnea in 
systolic heart failure. N Engl J Med. 2015;373(12):1095–105.

 37. Kuzniar TJ, Gruber B, Mutlu GM.  Cerebrospinal fluid leak and 
meningitis associated with nasal continuous positive airway pres-
sure therapy. Chest. 2005;128:1882–4.

 38. Mystkowski S, Watson N. Association of CPAP related aerophagia 
and gastroesophageal reflux disease. Sleep. 2007;30:A325.

 39. Harrison W, Pence N, Kovacich S.  Anterior segment complica-
tions secondary to continuous positive airway pressure machine 
treatment in patients with obstructive sleep apnea. Optometry. 
2007;78:352–5.

 40. Roberts SD, Kapadia H, Greenlee G, Chen ML.  Midfacial and 
dental changes associated with nasal positive airway pressure in 

32 The CPAP Machine, Mask and Interface

https://doi.org/10.1111/resp.13808
https://doi.org/10.1111/resp.13808
https://doi.org/10.1056/NEJMoa1606599
https://clinicaltrials.gov/ct2/show/NCT01128816
https://clinicaltrials.gov/ct2/show/NCT01128816


346

children with obstructive sleep apnea and craniofacial conditions. J 
Clin Sleep Med. 2016;12:469–75.

 41. Dernaika T, Tawk M, Nazir S, Younis W, Kinasewitz GT.  The 
significance and outcome of continuous positive airway pressure- 
related central sleep apnea during split-night sleep studies. Chest. 
2007;132:81–7.

 42. Means MK, Edinger JD. Graded exposure therapy for addressing 
claustrophobic reactions to continuous positive airway pressure: a 
case series report. Behav Sleep Med. 2007;5:105–16.

 43. Cistulli P, Armitstead J, Pepin J, Woehrle H, Nunez C, Benjafield 
A, Malhotra A.  Short-term CPAP adherence in obstructive sleep 
apnea: a big data analysis using real world data. Sleep Med. 
2019;59:114–6.

 44. Elliot M, Nava S, Schonhofer B, editors. Non-invasive ventilation 
and weaning: principles and practice. 2nd ed. Florida: CRC Press; 
2019.

 45. Hui DS, Chow BK, Lo T, Ng SS, Ko FK, Gin T, Chan MT. Exhaled 
air dispersion during non-invasive ventilation via helmets and a 
total facemask. Chest. 2015;147(5):1336–43.

J. Lachowicz and M. T. Naughton



347© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. M. Shapiro et al. (eds.), CPAP Adherence, https://doi.org/10.1007/978-3-030-93146-9_33

How to Start Using CPAP and Benefiting 
From CPAP Use: The CPAP Vendor’s 
Practical Information to Patients

Alex Novodvorets

Most readers already know that CPAP is the gold standard 
for sleep apnea treatment. There are four types of sleep 
apnea: obstructive sleep apnea (OSA), central sleep apnea 
(CSA), mixed or complex sleep apnea, and hypopnea. The 
severity of sleep apnea is determined by the number of times 
during the night that a person stops breathing for a period of 
over 10  seconds. This is commonly followed by a drop in 
their oxygen level.

Although 75% of the population are not aware of having 
sleep apnea1 when they do have a condition, approximately 
26% of adults have at least mild sleep apnea,2 making it a 
very common but still unrecognized disorder. This means 
one in five people would stop breathing at least five times 
every hour of sleep. The prevalence of sleep apnea in the 
USA is similar to asthma and diabetes.3 While everybody 
knows what snoring is, it is considered a social condition that 
does not require treatment. However, snoring (which occurs 
when there is an obstruction or collapsed airway) is an indi-
cator that one might have sleep apnea – a completely col-
lapsed airway that prevents air movement and causes oxygen 
deprivation with impact particularly on the heart and the 
brain (Fig. 33.1).

In this chapter we will bust a few myths about CPAP:

 1. I don’t need sleep apnea treatment.
 2. CPAP machines are noisy and will disrupt my sleep more 

than snoring would.
 3. A CPAP mask is bulky and not comfortable, my friend 

couldn’t get used to it.
 4. I have been snoring for decades; I’m fine.

1 Young et al. Sleep 2008
2 Peppard et al. J Am Med Assoc 2013
3 US Dep of Health and Human Services, Centers for Disease Control 
and Prevention 2008

Signs and symptoms of obstructive sleep apnea include:

• Morning headache
• Excessive daytime sleepiness
• Loud snoring
• Awakening with a dry mouth or sore throat

There is a need to treat sleep apnea even if there are no 
clear symptoms. If left untreated, sleep apnea can lead to:

• High blood pressure
• Diabetes
• Irregular heart rhythms
• Heart disease/stroke/heart attack
• Driving and work-related accidents

Almost 40  years ago, Dr. Colin Sullivan successfully 
treated sleep apnea for the first time by delivering continuous 
positive airway pressure through the upper airway.

CPAP is a treatment, not a cure …. It helps only as long 
as you use it. The night you stop using the CPAP, your symp-
toms and snoring will return.

33.1  CPAP or Flow Generator

A CPAP machine (Fig. 33.2) creates positive air pressure and 
delivers it through the mask to keep the airway open and 
prevent its collapse. As a result, the snoring stops and sleep 
apnea disappears. There are different types of air pressure 
treatments: fixed-pressure CPAP, auto-adjusting CPAP 
(APAP), and bi-level CPAP (VPAP).

In order to improve compliance with CPAP therapy, 
new CPAP machines have Bluetooth or wireless connec-
tivity to allow remote monitoring and troubleshooting. 
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With compliance monitoring, the provider can check the 
usage, leak level, and apnea index that the CPAP machine 
reported via the manufacturer’s website. Your provider can 
then contact you to resolve the issue or, if required, can share 
the therapy report with the patient’s physician, and this con-
nectivity allows the vendor to adjust the therapy pressure or 
mode based on the prescription from your specialist.

33.2  CPAP Mask: The Key to a Successful 
CPAP Therapy

The upper airway has four compartments: the nose and 
mouth, the pharynx, the larynx, and the trachea. Breathing 
through the nose is normal and healthier because:

 1. The nose purifies small particles and adjusts the air to 
your body’s temperature.

 2. The nose humidifies the air and adds resistance to the air 
stream.

Breathing through the mouth becomes necessary when 
you have nasal congestion due to allergies or a cold, a devi-
ated septum, as well as enlarged adenoids or enlarged tonsils. 
For some people with sleep apnea, it may become a habit to 
sleep with their mouth open to accommodate their need for 
oxygen. However, this does not make them mouth-breathers 
and once they start CPAP therapy, they revert back to nasal 
breathing, which is healthier.

CPAP masks are constantly getting smaller, softer, lighter, 
and more comfortable (Fig. 33.3).

Fig. 33.1 Open and blocked airways

Resmed AirSense10 Philips-Respironics DreamStation Fisher-Paykel SleepStyle

Fig. 33.2 Examples of the current PAP machine brands and models
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Resmed AirFit P10 Philips-Respironics DreamWear Fisher-Paykel Brevida

Resmed AirFit N20 Resmed AirFir N30i Resmed AirFir N30

Philips-Respironics DreamWisp Fisher-Paykel Eson Fisher-Paykel Evora

Fig. 33.3 PAP masks
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The weight of a CPAP mask has reduced in the last 
decade from 300 grams to only 17 grams and has a single 
soft headgear strap that fits all and does not require any 
adjustment.

There are two types of masks: nasal and full-face masks 
(Fig.  33.4). While nasal masks provide air exclusively 
through the nose, the full-face masks need to be more by 
those who breathe through the mouth.

Nasal masks have three configurations (Fig. 33.5):
Another variation of the nasal mask is the hose position: 

this type of mask is placed on top of the head and the tube is 
placed behind the pillow to allow more freedom moving 
without pulling the mask.

The first step in finding the right CPAP mask is to deter-
mine if a nasal mask will be sufficient or if the full-face mask 
is required.

Nasal masks are the lightest and smallest. They tend to 
provide an unobstructed view, allowing the patient to watch 
TV or read before falling asleep. However, there are some 
disadvantages: they are easy to remove during sleep and if 
the strap is not adjustable, it needs to be replaced often 
because it scratches and wears out.

Full-face masks are more complex, making them harder 
to get used to (Fig.  33.6). They have also evolved from a 
large cover for the nose and mouth to going under the chin as 
well as drastically trimming the weight and size.

Fig. 33.4 The two main types of PAP masks

Over the Nose Nasal Pillows under the nose

Fig. 33.5 Nasal masks
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There are over 140 different masks types and sizes. This 
makes the fitting process challenging, but allows one to find 
the best fitting mask to ensure higher compliance and suc-
cessful CPAP therapy.

There are endless articles and “How-to …” videos about 
each and every mask, but you will have the most success if 

you go over your options with an experienced and caring 
CPAP consultant who will spend as much time as you need, 
usually 30–60 minutes, to try on different masks and help 
you understand how they work and which features are 
important.

Resmed AirTouch F20 Vitera Resmed AirFit F30 Respironics Dreamwear Full and F&P 

Fig. 33.6 The most popular full-face masks 
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33.3  Common Problems and Possible 
Solutions

33.3.1  Dry Nose or Mouth

Humidification is not sufficient. You can increase the humid-
ity level on your CPAP machine or even purchase a heated 
hose that will be able to carry more humidity without creat-
ing condensation in the tube.

33.3.2  The Pressure Is Too High

New CPAP machines have advanced ramp functionality that 
starts increasing the pressure only after you fall asleep and 
not during a set time. In addition, the majority of new PAP 
machines are auto-PAP; these machines deliver 30% less 
pressure by monitoring the airway resistance and adjusting 
the pressure to the level required at every moment instead of 
keeping a fixed pressure.

Factors that may lead to a change in pressure requirement 
include a, b, c, d, etc.

33.3.3  Skin Irritation or Red Areas

Although the masks are latex-free and not supposed to cause 
allergic reactions, many people still develop skin irritation. 
First, try to loosen the straps. If the skin irritation does not 
resolve, it is time to replace the mask or cushion. Then, rinse 
the mask thoroughly with running water to ensure no deter-
gent is left on the silicone. Another option is to use cloth 
liners or a cloth mask.

33.3.4  Unconscious Mask Removal While 
Sleeping

Trying to remember and explain your behavior while sleep-
ing tends to be a difficult task. Therefore, you can’t know 
the exact reason why you remove the mask. Whether it’s 
claustrophobia or the mask not fitting, you can try to prevent 
unconscious mask removal by addressing each factor sepa-
rately. There is a very short and effective treatment for 
claustrophobia – if you need help, ask a referral to a psy-
chologist who is trained in cognitive behavioral therapy (for 
more details in claustrophobia treatment, see Chap. 6). If the 
mask is not fitting, ask for a consultation with your PAP 
provider.

33.4  CPAP Care and Equipment Cleaning 
and Maintenance

Daily/weekly routines that only take 5 minutes:

 1. Unplug your CPAP machine from the power source.
 2. Disconnect the mask and air tubing from the CPAP 

machine.
 3. Disassemble your mask into three parts (headgear, cush-

ion, and frame).
 4. Clean your mask cushion and headgear in a sink to 

remove any oils with mild soap without alcohol or anti- 
bacterial chemicals.

Avoid using stronger cleaning products, including dish 
detergents, as they may damage the mask or leave harm-
ful residue.

 5. Rinse again thoroughly with warm, drinking-quality 
water.

 6. Place the cushion and frame on a flat surface, on top of a 
towel, to dry. Avoid placing them in direct sunlight.

SoClean and Lumin CPAP sanitizers are additional alter-
natives to help keep your equipment clean (Fig. 33.7). Both 
options are designed for automated CPAP cleaning and sani-
tizing that kills 99.9% of CPAP germs and bacteria in your 
mask, hose, and reservoir. You don’t need water or any chem-
icals in order to enhance your CPAP cleaning experience.

33.5  SoClean Versus Lumin

SoClean uses ozone gas to disinfect and it takes 2  hours, 
while Lumin uses UV-light technology and has a short 
(5-minute) cycle. The ozone gas can leak everywhere, while 
the UV light can’t get through dark silicone or go inside 
heated hoses. Using either of those devices can give you a 
peace of mind, but they do not replace washing the mask 
regularly and periodic replacement of your CPAP supplies 
every 3–6 or 12  months, based on the manufacturer’s 
recommendations.

33.6  Lifestyle and Traveling 
with Your CPAP

Don’t let sleep apnea stop you from traveling the world. With 
the increase of technology in the field of sleep medicine, 
sleep apnea patients can now travel with ease (Fig.  33.8). 
CPAP shouldn’t impact your travel plans any longer.
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33.7  Conclusion – DO NOT GIVE UP!

Treating your apnea is very important. You will experience 
problems getting used to your CPAP and it will take a few 

weeks or even months to get comfortable wearing the mask. 
However, once you get used to it, your life will change and 
the improvement and lack of fatigue will motivate you to 
keep using the CPAP.

Fig. 33.7 CPAP sanitizers

Portable PAPs for travel are: Resmed AirMini and Philips DreamStation GO

Fig. 33.8 Potable PAP devices
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The CPAP Treatment Coordinator’s Role 
in Helping Patients with CPAP Use

Elaine Huang

As a treatment coordinator, my main role is to work along-
side the treating sleep physicians and assist the clients to 
navigate through their treatment plan. As a team, we have 
been very fortunate to receive much valuable guidance from 
our team of supportive sleep doctors, as well as constructive 
feedback from clients and the different medical suppliers we 
frequently work with. We continue to fine-tune our methods 
to find the best way to effectively steer the clients through 
what may seem like a confusing process and to ensure each 
client obtain the best care for their sleep apnea treatments.

As a CPAP treatment coordinator, my first in-person 
meeting with a client starts after the client has received their 
diagnosis and treatment recommendations from their sleep 
physician. Although the physician has already taken the time 
to explain the client’s diagnosis and the next steps, clients 
may not be able to retain all of the information provided or 
know where exactly to start planning and how to take the 
necessary action. Often clients initially appear agreeable 
with their treating physician’s recommendations, but they 
may be too apprehensive to discuss their hesitation with their 
sleep physicians, or not to know what questions to ask before 
the meeting ended. Furthermore, often there is a waiting 
period until the client can have their next appointment with 
their sleep doctor, and the client would benefit from having a 
resolution to their concerns sooner. My role was created spe-
cifically to tend to this need and act as an additional link 
between the doctor, the sleep laboratory, the client, and the 
medical supplier, to make sure the client proceeds with and 
continues to receive support with their treatment plan. 
Having a treatment coordinator in place gives the clients an 
additional channel to have a more casual conversation and 
have someone with whom they can make a detailed treat-
ment plan. My objective for each patient is that they walk out 
of the sleep clinic feeling confident with their next step and 
have a clear treatment plan in place.

34.1  Different Stages of Grief After 
Diagnosis and Coping 
with the Diagnosis

Once the client has finished their meeting with their treating 
physician, the information that has been provided by their 
doctors slowly starts to sink in, and often clients feel trapped 
and overwhelmed. The client may have seemed agreeable 
with the recommended actions during their meeting with the 
physician, as all the information logically makes sense at 
first. It is usually shortly after the meeting that all their ques-
tions and doubts appear. Often, once I sit down with the cli-
ent, to help them plan for their next step, this is when the 
clients start to go through their emotions and come up with 
questions.

Many clients may feel as though they have been delivered 
with a punishment sentence that they have a sleep disorder, 
being pushed to decide on a major lifestyle change and pur-
chase. Most clients may go through different stages of “grief” 
while coping with their new diagnosis (Table 34.1).

Clients go through some stage of “grief,” and it may not 
be in any specific order. It’s important for me as the treat-
ment coordinator to recognize that their emotions are natu-
ral, to be patient with the clients’ questions, to provide as 
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Table 34.1 Understanding the different post-diagnosis emotions using 
Elisabeth Kubler-Ross’s five stages of grief

Stages of 
grief Examples of expression
Denial It is not true/it can’t be/the testing must be wrong
Anger Why me? Why is my body failing me? Why am I 

being forced to fix this?
Bargaining Is there any medicine that I can take to make this go 

away?
Can I do this after my next big work assignment/
exam/family event?

Depression I am now old and frail and need a device to get proper 
sleep./ My husband will never love me now that I need 
to wear a mask to sleep

Acceptance I will do what needs to be done for my health

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93146-9_34&domain=pdf
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much emotional support as needed, and to recognize which 
“stages of grief” clients are in. Some clients need to be pro-
vided with statistical information to realize that immediate 
treatment is needed. For some others, a review of the infor-
mation that their treating sleep physician has just provided is 
helpful. The primary focus of this initial meeting is to 
emphasize the positive aspects of the treatment and that mul-
tiple treatment options are available for their diagnosis. A 
secondary focus is to establish a solid level of rapport and 
trust so that the clients know they have firm support from the 
sleep laboratory and their doctors to get through the process 
of obtaining treatment. Clients need to know that they are not 
facing their diagnosis alone. Many clients may bargain, 
claiming that they will comply with the treatment once their 
plate is a little less full. The clients need to recognize that 
one’s sleep and therefore health is of utmost importance. A 
simple “Yes, I will do it” will not be sufficient. A solid plan 
with timeline needs to be set in place, so the clients can visu-
alize themselves following a treatment plan. A relatively 
smaller group of clients may respond positively to the diag-
nosis right from the start. The client may be relieved that 
they have an answer to what they have been suspecting for 
years, that their condition has finally been defined, and that a 
single treatment may serve to ease their other chronic illness, 
such as chronic headache and unexplained high blood pres-
sure. It is important for all clients to be reminded that treat-
ment for sleep apnea is not only in place to treat the 
symptoms, such as snoring or waking up to gasp for breath 
but also can help them to reach their long-term health goals. 
Treatment can be presented in a positive light as a resolution 
for a health concern, not as a punishment. It is not only about 
living longer, but to live healthier so one can stay active and 
enjoy life.

34.2  Treatment Options and Accessibility

A common misconception that many clients have is that any 
client attending a sleep clinic, who receives a sleep apnea 
diagnosis, will be prescribed continuous positive airway 
pressure (CPAP) as a method of treatment. PAP therapy 
involves wearing a mask through the night when going to 
sleep; the mask is connected to a machine with a motor that 
generates positive airway pressure to keep the client’s airway 
open. PAP is certainly considered as the “golden standard” 
for clients who have been diagnosed with sleep apnea. 
However, it is not the least intrusive sleep apnea treatment 
method. It is most accessible, and, depending on the jurisdic-
tion, it may be the most affordable option for most clients 
(e.g., if it is the only treatment that receives government 
financial support). PAP is usually the first recommended 
option, but not the only option available. To make the client 
better understand, I often use the analogy to compare treat-

ment for sleep apnea with treatment for vision correction, 
which includes the use of glasses, lenses, or laser eye sur-
gery. PAP therapy is a management treatment, it is not a cure, 
and it is only effective if it is being used. This is similar to 
one using glasses for vision correction. One must always use 
CPAP to get more quality sleep; this is akin to one who 
would always need to put on glasses when they want to see 
clearly. Some clients may consider oral appliance therapy, 
which is also similar to wearing contact lenses to correct 
one’s vision. Oral appliance therapy involves wearing a den-
tal device when going to sleep to ensure that the lower jaw 
protrudes forward in order to open up the airway. This line of 
treatment is more costly in many situations and takes slightly 
longer to fabricate and an additional assessment may be 
needed to make sure the particular patient is a good candi-
date before proceeding. For clients who have sleep apnea 
that occurs mainly in certain positions (e.g., when sleeping 
on their backs), their treating sleep doctor may recommend a 
positional device to promote sleeping on their sides as 
opposed to on their backs, to minimize the apneas. Some 
clients may discuss with their treating sleep physicians the 
possibility of proceeding with an ear-nose-throat (ENT) con-
sultation before deciding on treatment options. (In children, 
this is a first-line treatment but it is not often applicable in 
adults.) Some may decide to proceed with oral and maxillo-
facial surgery, which is similar to having laser eye surgery, as 
a more permanent solution.

The client needs to be reminded that their treating sleep 
physician has recommended what would work best for their 
diagnosis and medical history. Even though the different 
treatment options and reasoning for focusing on one or two 
paths have been explained to the client during their meeting 
with their doctor, the client may not be able to retain all the 
information as there may have been a great deal of informa-
tion covered. As a treatment coordinator, once I see a copy of 
what the client has been recommended, my role is to make 
sure the client have all the available information and 
resources to proceed to the next step. I rehearse the detailed 
steps needed, the approximate cost, whether additional sup-
portive funding is available, and the time frame for obtaining 
the treatment. Once the client has a chance to hear the treat-
ment information again, they may better understand that 
their sleep physician focuses mostly on the one treatment 
option that is most suitable for them and that they are ulti-
mately in control of their treatment. This allows the clients’ 
anxiety to abate. Lower anxiety levels certainly help clients 
to make better informed decisions. Although some clients 
may initially have doubts, once they have had time to process 
the information mentally, so that they can feel comfortable 
with making the next step, most would follow the primary 
recommendation advised by their treating physicians.

The majority of the clients choose to start with PAP ther-
apy, as it is the most effective and accessible treatment for 
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most. Some clients may choose to start with PAP while they 
wait to obtain their oral appliance or arrange oral and maxil-
lofacial surgery at a later date. Some may choose to proceed 
with more than one treatment option before deciding which 
one works best for them. Clients should know that they are 
free to choose what would work for them and that they are 
never at fault and will not be criticized even if they do change 
their mind subsequently. As a treatment coordinator, if the 
client chooses to change their treatment path, I would also 
assist with the necessary steps. For example, if a client 
decides to change between PAP therapy and oral appliance 
therapy, then I would first go over the basic information, 
such as the next steps involved, the necessary correspon-
dence, appointments, cost, and approximate time frame until 
they can be on the new treatment. This ensures that even if 
the initial treatment plan did not work out well, clients do not 
get lost in the process and can be directed onto an alternative 
treatment path that may work better for them.

To motivate clients to proceed with their treatment plan as 
soon as possible, an important part of my role as a treatment 
coordinator is to emphasize the accessibility of all the treat-
ments. For example, clients who need an initial oral appli-
ance therapy may consider discussing it with their dentist or 
see a new dentist to have their initial assessment. Some den-
tists do charge for the initial assessment, while others do not; 
or some may have shorter wait times than others. I often 
assist clients to establish what they would prefer and do a 
comparison to help them decide the best way to proceed. 
Many clients may choose to proceed with a MatrX sleep 
study before investing in the full cost of a customized oral 
appliance. MatrX sleep study is a laboratory sleep study 
involving the use of a temporary dental device; its goal is to 
test whether an oral appliance can indeed be effective in 
treating a client’s sleep apnea. In some cases, given the right 
amount of coordination, clients can have their customized 
oral appliance within weeks from when they have been diag-
nosed, while the regular process can take 2–3  months. To 
give an example with PAP therapy, not all clients are aware 
that PAP therapy is partially funded in the province in which 
I am working, and additional support is available for those 
who are on social assistance. Most private insurance provid-
ers would also cover some or all of the remaining client 
costs. Most clients may not realize how common or accessi-
ble PAP therapy is until they have been prescribed to initiate 
the therapy. If the client is ready to proceed, they can be fitted 
with their equipment and ready to start on the same day as 
when they have been initially diagnosed. Individual clients 
with specific needs, such as language support, or limited 
mobility needs can always be accommodated. Often once the 
individual client’s needs have been identified, I would offer a 
list of nearby providers to the clients for their consideration. 
It is the client’s choice on which medical provider they would 
like to attend for their long-term treatment. My role as a 

treatment coordinator is to make sure the clients have all the 
support and necessary information to do so.

34.3  Medical Suppliers and Equipment 
Manufacturers

It is also helpful for clients to have a brief overview of what 
happens at the next appointment with a medical supplier. 
Many clients may be leery of medical suppliers, thinking that 
they would be pushed to purchase overpriced medical sup-
plies that they don’t need. As a treatment coordinator, my 
role is unique in the sense that I’m not in a position to sell 
any service or products, and therefore, clients often see me as 
an unbiased information resource who is solely there for 
their benefits. Clients are more inclined to attend a medical 
supplier if they have a general expectation of what decisions 
need to be made, and if they are armed with example ques-
tions they may wish to ask the medical supplier before pur-
chasing a CPAP device. For example, finding the right mask 
is crucial for clients to be successful with their PAP therapy. 
Clients can be fitted with a nasal pillow (under the nose), 
nasal (over the nose), or full-face (over nose and mouth) 
mask based on their individual needs and comfort. All the 
masks do the same job, which is to deliver the positive air-
way pressure to the client, and it is up to the client to choose 
the mask at the medical supplier. Most clients would test 
their first mask at the medical supplier’s office before taking 
the equipment and supplies home, but the real test is when 
the clients wear the mask at home on their own. Therefore, it 
is most beneficial for clients to choose a provider that pro-
vides a thorough demonstration on how to properly fit a 
mask by themselves, and has a flexible mask exchange pol-
icy, so that if the first mask being fitted is not working well, 
the clients can go back and exchange for a different mask 
size or style. It is common for clients to take 1–2 attempts 
before finding the right mask fit. Clients also often wonder if 
they should select products from one manufacturer over oth-
ers. All PAP machines, regardless of manufacturer, have the 
same basic function, which is to generate positive airway 
pressure to keep the client’s airway open during sleep. For 
the clients’ ease of access, PAP masks and machines are 
made to be universally adaptable. There are more advanced 
PAP machine models that would allow the client to track 
their treatment progress, adjust the temperature settings on 
the humidifier, or have specific breathing technology that 
would make it more comfortable for clients to breathe out 
against the incoming positive airway pressure.

Some clients who travel often would seek a manufacturer 
that makes travel-friendly PAP units and the client may need 
to consider the compatibility between the unit they use at 
home and the unit they take when they are on the road. Some 
clients may seek to keep the cost low and do not have much 
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interest in having additional features on their PAP unit. Sleep 
clinics should receive the latest information updates from all 
the main manufacturers, so they can pass on the information 
to clients. During my initial meeting with the client, I would 
give a brief overview of what typical features clients could 
have. This information may prompt the client to ask more 
questions and therefore be more prepared prior to their pur-
chase decision. Some clients may prefer to receive all the 
basic information on the different models offered by differ-
ent manufacturers, do their research, and then have a phone 
or in-person discussion with me as an unbiased resource, 
before they see a CPAP provider for their equipment pur-
chase. It is up to the client to decide whether a specific fea-
ture is important to them, and how much they would like to 
invest in a more advanced unit. Going back to spectacles and 
vision analogy, this is similar to choosing a different type of 
glass lenses. Clients can choose basic plastic lenses that 
would do the job and help one see better or transition lenses 
that could bring more comfort or ease but at a slightly higher 
price point. The most important information for me to share 
with the client is that they need to obtain the necessary equip-
ment to be on treatment, regardless if it is the most expensive 
or the most economical model. As long as treatment has been 
initiated, then they have already taken the most difficult step 
in this entire process.

34.4  Therapy Expectation 
and Troubleshooting

Once clients have initiated their sleep therapy of choice, as a 
treatment coordinator, I need to make sure the clients have a 
realistic expectation of their treatment outlook, and to help 
follow through until the client is on a steady path for their 
treatment plan. For example, clients proceeding with the oral 
appliance therapy may initially report that they find morning 
soreness in their teeth or jaw muscles, or that there is more 
drooling than before. The soreness should slowly dissipate as 
the client’s body gets used to the mouthguard, but if the dis-
comfort is causing distress or more disruption than they had 
before the treatment, then the client needs to know they 
should be returning to the dentist for potential adjustments, 
or return to see their sleep physician for a further discussion. 
For clients proceeding with PAP therapy, having a realistic 
expectation is important for clients to be adherent to the ther-
apy. Clients should know that they may take 1–6 months to 
fully get used to the treatment, or the client may only be able 
to use the therapy between 4 and 6 hours for the first month 
or two. Some clients may have unrealistic expectations that 
once they start treatment, they should be able to sleep through 
the night with the treatment in place and waking up feeling 
fully refreshed. Starting any kind of medical treatment is a 
huge change for one’s routine and lifestyle, and it is expected 

to take time and dedication. If the client is too harsh on them-
selves and blames themselves for not being able to tolerate 
the therapy right from the start, then they are more likely to 
give up and jump to the conclusion that the therapy is not 
working at all. A step-by-step process needs to be laid out 
and reasonable goals set for the client. For clients who are 
especially nervous with initiating PAP therapy, they may 
benefit from generating a plan with a treatment coordinator, 
so they have a tangible goal set for each step, and an agreed 
time frame to reach such goal. Clients who have anxiety 
about CPAP use or stay hesitant benefit from a referral to a 
psychologist behavioral sleep specialist (Chap. 6) 
(Table 34.2).

It is important to recognize that starting PAP therapy is a 
major lifestyle change, and it takes a great deal of commit-
ment. Clients should be encouraged once they have reached 
a milestone, such as sleeping through the night for more than 
4–6  hours with the therapy for the first time. At the same 
time, clients need to be motivated to persevere even if they 
have had a slow start.

Once the client is started on PAP therapy, the first month 
is crucial to starting on the right track for the treatment and 
staying on track. If a client has not been fitted with the right 
mask from the start or receives the support to make the ther-
apy more tolerable, it may lead the client into thinking the 
therapy is meant to be uncomfortable. Over time, the client 
may become frustrated and therefore will eventually refuse 
the treatment. In some cases, the client may refuse follow-up 
appointments with their doctors as well. Clients need to be 
encouraged and followed up regularly within the first 

Table 34.2 Example of a step-by-step guide to get used to PAP 
therapy

Step 1 Obtain equipment and supplies; ensure mask fits 
comfortably on the client’s face. Client can wear the mask 
without any tubing or therapy in place during the day while 
preoccupied with an active task to increase familiarity, such 
as when washing dishes

Step 2 Client can put on mask during the day without treatment 
turned on while client is relaxed and preoccupied with 
other tasks, such as watching television or reading

Step 3 Client to put on mask during the day with treatment turned 
on while occupied with other tasks, such as watching 
television or reading, for 10–20 minutes at a time, or for as 
long as they are comfortable with

Step 4 Client to put on mask and turn on therapy at night 
30 minutes before bed time, and try to fall asleep with 
therapy in place if possible

Step 5 Client is able to fall asleep with therapy in place and tries 
to sleep through the night with the therapy as long as 
possible

Step 6 Client is able to fall asleep and maintain sleep through the 
night with the therapy, and nightly usage hours can slowly 
increase with repeat usage

Note: This process is different for clients who have claustrophobia or 
other CPAP-related anxiety; see Chap. 6
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1–3 months to ensure initial obstacles have been tackled. For 
example, mask discomforts are usually discovered within the 
first week or so. There are certain areas that the clients can 
try to fix at home. The client should know that if they have 
attempted all the potential fixes, but the mask is still not 
working well to provide a therapeutic seal, they are not at 
fault and should not be embarrassed to reach out for help. 
Clients should feel comfortable speaking to their PAP home- 
care medical provider and explaining what the difficulty is 
and to find an alternative. If clients are not comfortable with 
connecting with their original medical supplier, they should 
be connecting with a different medical supplier with whom 
the client may have a better rapport. A treatment coordinator 
is helpful in this regard, to step in and bridge the gap between 
the client and the home-care medical provider. Often when I 
contact the client for follow-up, clients will express their dif-
ficulties. We would have a short communication over phone 
or email. Having the initial in-person meeting to establish 
trust and rapport makes it easier for the client to speak about 
their concerns. Once we run through all the basic trouble-
shooting over phone or email, if the client is not comfortable 
with doing it on their own, I would offer to relay the issues to 
their corresponding home-care medical provider. If the client 
expresses that they no longer wish to return to the same pro-
vider, whatever reason it may be, I will simply assist the cli-
ent with finding a new home-care medical provider, so that 
they can receive the care that they need. Ongoing support is 
important for every client who needs treatment.

34.5  Ongoing Therapy Compliance 
Monitoring

For every client, there is ongoing testing or follow-ups to 
make sure the treatment continues to be effective. If the treat-
ing sleep physician sees that the client is doing well, they 
may recommend the client to return for a follow-up in a year 
or two for re-evaluation. During this time, clients proceeding 
with oral appliance therapy may be returning to their dentist 
for routine follow-ups to ensure comfort and therapy efficacy 
monitored via a home sleep test. Clients proceeding with 
PAP therapy can return to their home-care medical providers 
for ongoing follow-up and servicing, or monitor their own 
PAP treatment progress with the monitoring technology that 
is available on most PAP units. Some clients may not be 
comfortable with having their therapy information accessed 
by their home-care provider due to confidentiality concerns 
and may prefer to have their therapy information retained 
solely at their sleep laboratory and doctors’ offices only. For 
clients with severe sleep apnea, their sleep physician may 
direct that the client be followed up more closely, in terms of 
the client having frequent in-person follow-ups with the phy-
sician, additional support for the client to initiate and stay on 

treatment, as well as accessing the client’s compliance report 
on a more regular basis to ensure therapy success. A treat-
ment coordinator can further assist with these goals, such as 
helping clients retrieve their therapy information, ensure rel-
evant testing is on schedule, retaining the client’s therapy 
information for the client’s chart records, and helping the cli-
ent understand the basics from their compliance 
information.

Most of the latest PAP units record valuable information 
on the client’s PAP use, which is helpful for troubleshooting 
and routine monitoring. Clients may benefit from under-
standing their PAP reports, such as the system’s leakage val-
ues or the overall apnea-hypopnea index (AHI) values. The 
system leakage value indicates whether the client’s current 
mask is providing a sufficient seal, or whether there is any 
significant leakage found on the system, which may indicate 
mouth breathing or tubing leakage. The AHI value is an aver-
age record of breathing events per hour. By monitoring 
whether the AHI stays within a normal range, the client can 
self-monitor how well their treatment is working at the cur-
rent parameters. Giving the client the access and ability to 
understand their therapy information often encourages the 
client to achieve their next “personal best” statistical record 
and contributes to improved therapy compliance (Fig. 34.1).

To avoid clients falling off track, every client should get 
a printed or emailed timeline on the next steps at the sleep 
clinic and doctor’s office, and both hard and soft copies of 
the treatment coordinator’s contact info. A phone call or 
email follow-up should be done at the 1-month mark to 
make sure the client is progressing well. If there are any 
obstacles, the earlier they are tackled, the more likely the 
client will be continuing to be adherent to the treatment. 
Additional phone calls, emails, or in-person visits can be 
scheduled at the client’s convenience or based on their pref-
erences. Support from a treatment coordinator should be 
readily available, but not too frequent that it disturbs the cli-
ent’s regular daily schedule or creates a nuisance. A general 
check on the client’s chart progress should be done at around 
2–3 months after initiating the treatment, to ensure that all 
the treating physician’s instructions and recommended test-
ing have been carried out. For clients who are progressing 
well, a general email follow-up at 6 months would be ideal. 
Clients can respond if there is an issue, or retain the clinic’s 
contact info in their email records should a need arise in the 
future (Table 34.3).

Ongoing communication that occurs between the medical 
supplier and the doctor’s office is important to make sure the 
client continues to do well with their therapy. Clients may 
benefit from knowing what happens behind the scenes so 
that they do not feel that they are forgotten once they leave a 
sleep laboratory or sleep doctor’s office. Medical suppliers 
routinely communicate in clients’ progress reports to the 
sleep laboratory. If there is an issue that the medical provider 
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Fig. 34.1 Example of information obtained from a client’s PAP unit. 
Client details are illustrative and not based on any real person. Source: 
ResMed, “AirView™ report guide”, resmedwebinars.com, n.p. 2016. 

May 12th, 2020 < https://resmedwebinars.com/assets/uploads/
AirView_Report_Guide_1018991.pdf>

E. Huang

https://resmedwebinars.com/assets/uploads/AirView_Report_Guide_1018991.pdf
https://resmedwebinars.com/assets/uploads/AirView_Report_Guide_1018991.pdf
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cannot resolve, whether it be a PAP home-care provider or 
the client’s dentist, then the report gets flagged for the sleep 
physician’s attention and advice. This happens, for example, 
if the client has been doing well with their treatment of 
choice for 1–2 years, but now has been observing the same 

symptoms as before treatment was initiated, such as snoring, 
or that they are no longer waking up with refreshed sleep. 
The sleep physician may provide directions for the medical 
supplier to adjust certain settings on the client’s PAP unit; the 
client may be scheduled to return to the sleep laboratory for 
further testing or an in-person assessment with the sleep phy-
sician. At this point, a treatment coordinator can provide 
additional values to ensure all the steps directed by the sleep 
physician have been communicated to and carried out by the 
medical supplier, a continued communication channel is 
opened between the sleep laboratory and the client, and most 
importantly, that the client does not get lost in the progress 
without having their concerns resolved. Once the concern is 
resolved, the client can once again be grouped as routinely 
followed up at the 6-month point for ongoing support or as 
directed by their sleep physicians.

While the sleep doctors, the sleep laboratory, or the medi-
cal suppliers all work in harmony to treat the clients for their 
sleep disorders, a treatment coordinator acts as a catalyst to 
give the extra boost that the clients may often need to achieve 
success with their treatment plan.

Table 34.3 Suggested general follow-up schedule

Time after 
recommended to 
initiate therapy Action
Within 1 week Email client with a list of next steps at the 

sleep clinic and contact info, including:
   Next sleep test date
   Next follow-up appointment
   Date with treating physician

After 2–4 weeks Phone call or email to follow up on 
progress

After 2–3 months General chart check to ensure client has 
proceeded with all recommended 
appointments

Every 6 months or as 
directed by sleep 
physician

Email to follow up on general progress and 
recommendation for client to stay in touch 
if difficulties arise in the future

34 The CPAP Treatment Coordinator’s Role in Helping Patients with CPAP Use
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The Respiratory Therapist 
and the Vendor’s Perspective on CPAP 
Adherence

Barbara Capozzolo, Marcel A. Baltzan, Kateri Champagne, 
and Dave Johnson

Obstructive sleep apnea (OSA) is a common sleep disorder 
characterized by intermittent partial or complete upper air-
way obstruction during sleep, associated with recurrent 
arousals, nocturnal intermittent hypoxia, sleep fragmenta-
tion, and poor sleep quality [1]. Continuous positive airway 
pressure (CPAP) is a well-established and evidence-based 
treatment for moderate-to-severe OSA, which significantly 
ameliorates the symptoms of the syndrome as well as its car-
diovascular consequences [2]. However, CPAP acceptance 
and adherence in daily clinical practice is often problematic 
[2]. Long-term adherence to CPAP therapy is a major con-
cern because diminished adherence or therapy abandonment 
results in diminished benefit and recurrence of OSA [3]. 
Non-adherence rates are reported at 50% with 20–30% of 
patients stopping CPAP during the first 2 weeks of therapy 
[3]. Factors affecting CPAP adherence include patient char-
acteristics such as ethnicity, disease and symptom severity, 
increased nasal resistance, education about therapy benefits, 
patient perception of benefits, social support and partner 
interaction, and psychological and other comorbidities 
(insomnia) [4]. Side effects of CPAP such as aerophagia, 
pressure ulcerations, skin changes on the face, and a sense of 
claustrophobia when using the mask can also inhibit long- 
term use of CPAP.

Several studies show that adherence to CPAP therapy can 
be improved with numerous strategies: patient educational 

training and information at the start of therapy, timely 
approach to the resolution of possible causes of non- 
adherence to therapy, structured follow-up, and motivational 
support [1]. Moreover, CPAP adherence might be improved 
by an intensive follow-up program, including family sup-
port, management of side effects of CPAP therapy, and 
behavioral therapy, where problems may be addressed 
through a multidisciplinary team approach [2]. In addition, 
various methods have been proposed to increase adherence, 
such as achieving proper titration, using the most appropriate 
device, proper humidification of the upper airways, and edu-
cational and psychological programs [5]. These interven-
tions are based on theoretical models and their aim is to 
remove all barriers that the patient perceives in using CPAP 
[5]. This suggests the need for an educational program based 
upon the structured models of adherence developed in the 
hospital setting [5]. Intervention cannot be based only on 
solving technical problems, but must be related to socioeco-
nomic and psychological factors, which may affect the abil-
ity of the patient to manage their health problems and are 
closely linked with daily use of CPAP [5].

OSA management includes assessing the level of adher-
ence with treatment outcomes [3]. CPAP can be a demanding 
therapy to undertake, and patients require a high level of 
input and support during the initial phase of therapy [3]. The 
translation of CPAP clinical assessments needs to include a 
review of subjective and objective use, improvement with 
CPAP in the outcomes with which OSA is associated, 
adverse effects, and any other limitations to therapy [3].

Respiratory therapists, registered nurses, and polysom-
nography technicians play an important role in CPAP adher-
ence. These healthcare professionals (HCPs) are a point of 
reference for the patient and in some cases the only support 
system that they may have. HCPs with the highest adherence 
rates are passionate about the subject; often they or a family 
member wears the device and has seen the positive results 
from therapy. They are patient, persistent, non-judgmental, 
and empathetic. They take the extra time to hold the patient’s 
hand when necessary.
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A good HCP has a solid background knowledge in OSA 
and the consequences that can occur with non-adherence. 
The education a patient receives is the key to adherence. 
Education is the don’t-pass-go step. If the patient doesn’t 
understand sleep apnea and the purpose of wearing CPAP 
each night, the chances of adherence decrease. One of the 
greatest problems that a HCP faces is that often the patient 
doesn’t know they have sleep apnea. They have been told by 
the sleep physician they wake up hundreds of times a night, 
but they do not recall waking up. They are skeptical that they 
have a sleeping problem because they can fall asleep almost 
anywhere. This is where the home care company and the 
sleep physician need to be on the same page. If the sleep 
physician does not convey the severity of OSA to the patient, 
then when the home care company is reviewing all the con-
sequences of untreated OSA and telling the patient this con-
dition is serious, the patient thinks the home care company is 
just trying to sell something. The best scenario is when the 
clinic is educating the patient on OSA and the home care 
company is on the same page and reviewing essentially the 
same information.

The first interaction with the patient provides an opportu-
nity to determine what drove the patient to be evaluated and 
allow those working for a home care company and providing 
CPAP devices to understand the perception and motivation 
towards the therapy. Furthermore, a multidisciplinary 
approach permits the utilization of various tools to aid adher-
ence to therapy. In the following, various sections will be 
expanded upon to permit patients to rise above the difficulty 
they may experience and increase their chances to adhere to 
their CPAP therapy.

35.1  Education and Follow-Up

The role of education in improving CPAP use in the long run 
has only received modest attention until now [5]. Strategies 
to improve CPAP adherence include providing education, 
follow-up, and support during the first 2 weeks of therapy 
when the risk of abandoning therapy is highest [3]. 
Educational programs need to include information on treat-
ments of OSA, the risks and consequences of untreated OSA, 
dispelling myths, sleep hygiene, CPAP therapy, equipment 
management, acclimating to CPAP, desensitization, trouble-
shooting, and managing commonly encountered problems 
[3]. Furthermore, individuals need to know when and who to 
call for assistance before a decision is made to abandon ther-
apy [3]. It has been demonstrated that therapeutic education 
of 2 hours every 6 months increased CPAP use by at least 
1 hour per night in more than 90% of patients [5, 6]. Several 
different education programs have been proposed, including 
information sessions, telephone calls, delivery of audio- 
visual material, CPAP-user group meetings, and training for 

patient’s family members [7]. The notion of providing edu-
cation using different approaches (audio, booklet, feedback, 
psychological) is complimentary. A comprehensive educa-
tional program to improve CPAP adherence is an important 
component in caring for this population [3]. Educational 
interventions which inform patients about CPAP benefits and 
consequences of non-adherence and guide a habitual routine 
of CPAP use may result in improved adherence [3]. Education 
and regular HCP follow-up appointments are essential in 
improving CPAP adherence especially during the first few 
weeks of therapy when the risks of abandoning therapy are 
highest. The use of patient-friendly literature allows the 
patient to rehearse different components [3].

Patients appear to establish their patterns of use in the 
first few days. The CPAP providers’ goal is to make CPAP 
usage a habit and part of the bedtime routine. Patients 
receive a great deal of information at setup and sometimes 
they forget some of their education. A patient that forgets to 
put water in their humidifier chamber may struggle for the 
first night and after a couple hours find their nose dry or 
stuffy and take the mask off. If this goes uncorrected, they 
would try the second night, struggle for a couple of hours 
and take the mask off. They may try again on the third night 
however by about the fourth night they have decided they 
can’t wear CPAP and the device goes into the closet or back 
to the home care company. Therefore, it is important that 
the HCP follows up with the patient in the first few nights 
to deal with any issues, monitor adherence, and provide 
support and encouragement.

As healthcare professionals, time should be spent discuss-
ing the patient’s understanding of OSA – what it is that they 
have been told by their physician and review any questions 
that they may have. Educating them while reviewing that the 
OSA is a chronic syndrome and explaining what happens 
during the night while they are sleeping to the upper airway 
will increase their understanding of the syndrome. HCPs are 
encouraged to use terminology that is both easy to follow 
and also easy to understand. Moreover, consequences of 
untreated OSA as well as their current comorbidities should 
be reviewed with the patient. If the patient can understand 
what the syndrome is and how their comorbidities and their 
quality of life are linked to the syndrome, the chances of the 
patient adhering to the therapy increase. Following these dis-
cussions with the patient, the HCP will use these observa-
tions in order to establish specific goals with the client, 
which will then be followed up on and repeatedly be rein-
forced throughout the initiation of the client’s CPAP 
therapy.

Moreover, in understanding not only their goals but also 
what they expect to gain from using the CPAP, one can 
encourage and empower the patient to attain adherence to 
therapy. The patient requires HCPs to be available to them 
when they not only have difficulty but also when they have 
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questions. Information sheets or booklets, videos to review, 
step-by-step instructions on their equipment, and HCPs with 
expertise are useful troubleshooting tools and resources for 
the patient. This education and support will aid in reducing 
their chances in abandoning the therapy. Continuous encour-
agement when things may not be going well, as well as trou-
bleshooting any issues, permits us to work as a team. This 
approach will hopefully enable the patient to become adher-
ent with therapy.

An HCP needs to put the severity of OSA in perspective. 
An apnea hypopnea index of 20 means nothing to a patient 
but one can use the analogy to explain how much sleep dis-
ruption this may cause. For example, one can say to the 
patient that if someone rang your doorbell every 3 minutes, it 
wouldn’t take you long to call the police. If you allowed it to 
go on all night, you would go to work tired, irritable, and 
complain to your coworkers that someone rang your doorbell 
every 3 minutes all night. Likewise, if your sleep is disrupted 
every 3 minutes by a breathing problem, you will experience 
consequences in your daily life.

You never get a second chance to make a first impression 
with CPAP. That is why the job the HCP does at the initial 
setup is so important. This interaction includes sleep apnea 
education, picking out the right device, and selecting the 
right mask. The setup needs to be flawless. Therefore, as 
HCPs, we should have at our disposal and use various tools 
to educate the patient about OSA. If we are able to properly 
educate and inform the patient on OSA as a chronic syn-
drome, the impact of OSA on their quality of life and the 
importance of their OSA being treated, the first step in man-
agement of the syndrome has been attained. Following this, 
education should focus on their ability to use the device and 
to properly manipulate their device accessories.

35.2  Psychosocial Aspects

Facilitating learning, engaging in self-care practices, and 
developing habitual behaviors help to promote adherence to 
improve health and reduce cardiovascular health in OSA 
patients [3]. Behavioral interventions such as patient educa-
tion, systematic desensitization, and sensory awareness for 
claustrophobia have been shown to improve CPAP adher-
ence [3, 8]. Findings suggest that cognitive perception of 
OSA and CPAP is formulated in the context of receiving 
patient education about the disease and treatment during 
early experiences on CPAP and emphasize the importance of 
assessing and guiding patients’ formulation of accurate out-
come expectancies to promote CPAP adherence [9]. 
Furthermore, studies suggest that patients who experience 
difficulties and proactively seek solutions to resolve prob-
lems (active coping) are more likely to be adherent than 
those who use passive coping styles [9]. In addition, beliefs 

(i.e., cognitive perceptions) about OSA and CPAP formed 
with patients’ confidence in their ability to use this therapy 
influence adherence to CPAP [9]. Once we overcome any 
issues and objections, we get closer to therapy becoming a 
habit resulting in long-term adherence.

Patients need to not only be ready but must also accept to 
begin CPAP therapy. Just as is the case with any change, 
many thoughts may go through a patient’s mind. What will 
others think of me having to wear a mask? Will I frighten 
them because of the mask? How will I travel be it for work or 
pleasure with a device? What will my significant other think 
of me and the therapy? These are all questions and concerns 
that should be addressed by the patient’s HCP.  Moreover, 
patients may feel embarrassed when discussing their sleep 
problems especially when it involves their significant other 
or their friends. Being told that they are disrupting their 
spouse’, friends’, or travel partners’ sleep because of loud 
snoring, for example, can influence their decision to be tested 
for OSA. These same individuals can then also impact their 
decision to be treated with CPAP. The feeling of embarrass-
ment of having to sleep with a mask may also influence their 
usage of the CPAP.  Thoughts of what others may think 
because we are using a CPAP, facial redness from the mask 
in the morning, and even traveling with friends for the first 
time with the CPAP are all realistic preoccupations that the 
patient may have and will have to get through in order to 
properly adhere to the therapy. As HCPs, showing under-
standing towards what they are feeling permits us to devise 
tools that can aid them in overcoming them and help them to 
feel comfortable in these situations. A patient that is men-
tally prepared to make this lifestyle change will result in an 
increased chance in adherence to the therapy.

In addition, as HCPs, time should be invested in under-
standing what has motivated the patient to initially be inves-
tigated and treated for OSA. The information that we obtain 
from them regarding whether they have come of their own 
free will, or because they were pushed or encouraged by 
their spouse, can permit us to also understand their level of 
motivation (or lack thereof) for their treatment. This will in 
turn allow us to organize how we will proceed with our 
patient. The amount of encouragement, follow-up, and guid-
ance that will be required by us to ensure that they can be 
adherent to the therapy long term will also depend on how 
motivated they are towards the therapy.

The HCP should try to understand the patient’s expecta-
tions towards the therapy. What are they expecting to gain by 
using CPAP? They may also believe that weight loss will 
permit them to soon be “cured” of sleep apnea resulting in 
them being able to discontinue the CPAP, and believe that the 
therapy is temporary, influencing adherence. Helping them 
to understand that the therapy is generally long term elimi-
nates any misconceptions that they will be cured of the dis-
ease after a brief period of CPAP usage. It is our job as HCPs 
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to encourage an active lifestyle and sleep hygiene while rein-
forcing that this may not in fact permit them to stop the ther-
apy. Furthermore, it is important that we continue to inform 
them that their OSA will not be cured or eliminated with 
short-term usage of the device and that in fact their OSA is 
being treated because of the therapy.

As HCPs, we need to ensure that realistic goals and 
expectations for symptom improvements are set. Although in 
some cases patients see improvements with the first night of 
therapy, some patients may take longer (3 to 6 months), and 
we must reinforce and continuously encourage the patient to 
not stop the therapy. Reviewing their initial reasons for con-
sulting as well as their symptoms permits us to ask the appro-
priate questions to see if there have been any improvements.

35.3  Spousal Support

Findings are mixed in studies that have examined spousal 
involvement in CPAP adherence. Sharing a bed with a spouse 
or partner has been associated with higher adherence in two 
studies [10]. However, higher marital conflict and seeking 
treatment because of a spouse (rather than self-referral) have 
been associated with poorer adherence [10]. For patients liv-
ing with “spouses,” the spouse will likely be an integral com-
ponent to any successful intervention [11]. Because of the 
dyadic (pairing of two individuals) nature of sleep for many 
adults, the impact of OSA and its treatment extend beyond 
merely the context of the individual patient [11]. Spousal 
influence has been identified as one major factor in patient 
self-efficacy of CPAP use, and a spouse remains the primary 
and foremost resource of social support [11].

Elsewhere in health literature, spousal involvement has 
been related to improvements in a range of health behaviors, 
including diet, exercise, and visiting the doctor, particularly 
when the involvement is viewed as positive and collaborative 
[10]. The most effective types of spousal involvement include 
providing encouragement or helping make changes to facili-
tate the behavior [10]. However, negative types of involve-
ment, such as criticism, have been associated with 
psychological distress or ignoring the spouses’ request for 
behavior change [10]. Thus, it is critical to understand the 
characteristics, role, and impact of spousal involvement in 
CPAP adherence before any successful interventions involv-
ing spouses can be developed to improve CPAP use [11].

Due to the multidimensional nature of CPAP adherence, 
one type of intervention is unlikely to meet the need of all 
patients [11]. For patients living with spouses, spouses can 
be invited to participate in educational, supportive, or behav-
ioral programs aiming to improve CPAP adherence [11]. 
HCPs need to assess the burden of OSA to the spouses early 
in the process of disease diagnosis and educate both patients 
and their spouses as to the positive health benefits of using 

CPAP, including increased sexual function and improved 
marital relations [11]. If the patient knows someone who 
wears CPAP and it has improved their quality of life, that 
helps with adherence. If the person they know doesn’t wear 
their CPAP, it’s important to let them know that sometimes 
people struggle but the majority of patients can get used to 
wearing it.

The patient’s initial evaluation to determine if there is 
OSA is often related to complaints by the spouse because of 
snoring or even concern with them stopping to breathe. Thus, 
once diagnosed, their decision to start CPAP therapy is often 
also related to them. The spouse’s opinion, reaction, and 
expression towards the therapy can at times influence their 
CPAP adherence and decision to start the therapy. The spouse 
may express concern that the device may be noisy and might 
disrupt their sleep. In other cases, they may inform the 
patient that if they sleep with a CPAP they will be doing so 
in a separate bedroom, some may have the opposite perspec-
tive and comment that only if the spouse uses CPAP would 
the partner tolerate sharing a bed. Some may simply associ-
ate CPAP to extra work because of the cleaning of the equip-
ment. These are situations that can influence the patient’s 
decision to not only begin therapy but also their adherence 
should they begin CPAP therapy, hence the importance of the 
HCP considering the spouse’s support when there is the ini-
tial interaction with the patient.

The involvement of the spouse at the first appointment is 
strongly encouraged so that any misconceptions towards the 
therapy and/or any concerns that they may have towards the 
therapy can be addressed. The spouse’s negative feelings 
towards the CPAP are just as important as that of the patients 
as this too can cause the patient to stop. Furthermore, con-
cerns that the patient may have such as intimacy with their 
spouse can negatively influence their adherence to therapy. 
That is, at least at the beginning of the treatment, less inti-
macy with partners related to CPAP can be an obstacle to 
embracing this therapy [12]. This suggests the need to assess 
the impact of CPAP on intimacy and sexual relationships and 
discuss with CPAP users methods to enhance this important 
activity, such as engaging in sexual behavior prior to apply-
ing the headgear and commencing therapy [12]. More than 
many other diseases and treatments, OSA and CPAP treat-
ment affect not only the patients, but also their partners [12]. 
Reviewing and providing tools to overcome these negative 
feelings towards the therapy will permit the patient and their 
spouse to gradually adapt to the therapy and their new bed-
time routine.

As HCPs, we need to understand that any concerns that 
the spouse may have can influence the patient’s daily usage 
of the CPAP. Spending time going over any concerns as well 
as any questions that the spouse may have should be taken 
into consideration when the HCP is going through the CPAP 
education with the patient, hence, once again, the importance 
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of encouraging their presence at appointments. Moreover, 
encouraging the spouse’s participation in the therapy will aid 
the patient as they will have a feeling of being in it together 
or working as a team. The link should be made that if the 
OSA is being treated, there can be an improvement in their 
quality of life not only individually but also as a couple. 
CPAP therapy should be seen as a collaborative process 
between the two.

35.4  Motivational Enhancement

Motivational enhancement therapy (MET) for CPAP is a 
theory-driven approach based on the principles of motiva-
tional interviewing, which aims to elicit critical thought in 
the patient regarding his or her ambivalence towards treat-
ment and highlight the patient’s own motivating statements 
around the therapy [4]. The Motivation to Engage in 
Treatment (MET) model, developed by Drieschner et al. 
[13], can be seen as an adaptation of the SCT to explain and 
predict adherence to different types of treatments [14]. The 
model posits that adherence to a treatment is dependent on 
six cognitive and emotional internal determinants: problem 
recognition, level of suffering, external pressure, perceived 
cost of treatment, perceived suitability of treatment, and out-
come expectancy [14]. Cognitive behavioral therapy and 
motivational strategies positively influence self-management 
of chronic disease and behavioral readiness to change [3]; 
also see Chap. 6.

At the beginning of the initiation to CPAP as well as 
throughout the first month, it is important for the HCP to 
evaluate and determine what stage they are in with regard to 
changing their behavior towards treating OSA and using 
CPAP. Time should be spent exploring if there are any dis-
crepancies between their behaviors and their goals, and if so, 
how we can proceed to motivate them to overcome the issues 
they may have encountered to attain their goals. Furthermore, 
HCPs should avoid any arguments with the patient and 
accept that there may be ambivalence when patients speak 
with us. It is in these situations that the HCP should express 
empathy towards the patient and proceed with open-ended 
questions permitting the patient to inform us on what may be 
causing them to feel this way. Furthermore, positive rein-
forcement should be used to support the patient’s perception 
of their ability to change.

Having the patient verbalize any discomfort with the ther-
apy or the mask itself can give us direction on how we should 
proceed in order to help improve CPAP adherence. The 
patient may feel anxiety, fear, discomfort, pain, shame, or 
even embarrassment towards the idea of having to wear the 
mask. In some cases, patients may require longer periods to 
adapt, thus the importance of the HCP to spend time encour-
aging them to overcome these obstacles.

As HCPs, we should inform the patients we are aware that 
this is an adaptation period and that certain difficulties may 
be encountered along the way. However, it is important to 
stress that they shouldn’t be discouraged should they not 
have the ability to wear the CPAP the entire night the first 
night. Tools to help them overcome difficulty to adapt to the 
therapy should be explained, for example, using the device 
every night with gradual increases in usage, meaning increas-
ing the time by 15–30 minutes a night. Other tools to help 
adapt to the therapy may be turning on the device and using 
it while taking an afternoon nap, while watching TV or even 
reading a book. Familiarizing themselves with not only the 
mask interface on them but also the pressure and algorithm 
of the device will help them to control their breathing while 
using it. These are all cues that can help in reducing their 
stress when faced with the idea of having to sleep with the 
CPAP.

Furthermore, in cases where the patient is having diffi-
culty adapting to CPAP therapy because of claustrophobia, 
time should be spent evaluating which mask interface will be 
possible without them feeling closed in (e.g., using a pillow 
(or direct nasal mask) or even a mask that doesn’t have to be 
secured tightly). In addition, as HCPs, we may have to pro-
vide tools that may result in a step-by-step process which 
may include a desensitization period or refer the patient to a 
psychologist trained in cognitive behavioral therapy who can 
provide a short and effective claustrophobia treatment (see 
Chap. 6).

Asking the appropriate questions (e.g., any anxiety or fear 
they may have, any pain or shame they have) will help us to 
determine what the next course of action should be with our 
patient. The use of open-ended questions such as “Tell me 
how you are doing on CPAP so far?” may permit the patient 
to not only express how they are feeling, but it also permits 
them to feel as if they are involved, helping them value their 
participation in the therapy. Encouraging open communica-
tion with family and friends regarding therapy can also be an 
aid. Discussing the therapy with family members or friends 
that currently use the device can help them to see that they 
are not alone and that they have someone they can turn to in 
case they feel that they aren’t being successful with 
CPAP. When there is a psychological factor (e.g., fear, anxi-
ety, shame etc.) that makes CPAP use challenging for the 
patient, a referral to a psychologist (behavioral sleep special-
ist) is warranted (Chap. 1.6).

New devices with modems permit additional motivational 
tools to help CPAP adherence. HCPs are now able to verify 
how the therapy is proceeding on a day-to-day basis as 
opposed to only when the patient is in their office. This per-
mits them to contact the client immediately when they see 
things are not going well in order to review what issues they 
have encountered or simply positively reinforce the impor-
tance of pushing through their problems. There are also 
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smart phone applications or websites, which permit the 
patient to be more invested in their CPAP adherence as they 
can see how well they have been using the device, as well as 
how their mask adjustment is and how well their OSA is 
being treated. These applications provide the patient with 
encouragement when things are going well and tools when 
they see that they are having difficulty with the therapy. 
Receiving daily updates through these applications empow-
ers the patient, especially when things are going well, and as 
such should be encouraged by the HCP.

35.5  Difficulty with the Mask Interface, 
CPAP Device, and Side Effects

Approximately two-thirds of CPAP users experience side 
effects, though these side effects have not been shown to be 
significantly influential on CPAP adherence [9]. Yet, the ame-
lioration of CPAP side effects has motivated the development 
of comfort-related technological advances in CPAP equip-
ment [9]. These technological advances include nasal and face 
mask innovations, humidified systems, and pressure relief 
modality add-on options [9]. Side effects from treatment, such 
as dry throat, nasal congestion, and mask leaks, tend to be 
common and are believed to reduce adherence [14]. Moreover, 
initial acceptance of CPAP may also be influenced by nasal 
resistance [9]. Various types of CPAP machines are available 
and can monitor the effectiveness of treatment, losses from the 
mask, persistence of snoring, and residual AHI [5]. This sup-
porting system seems to be closely linked to the success of 
adherence with ventilation [5]. Comfort techniques and trou-
bleshooting adverse effects such as mask fit, air leakage, and 
nasal congestion are important aspects of CPAP management 
and contribute to overall adherence [3].

As HCPs, we may encounter situations in which the 
patient expresses their discomfort with the mask. In gen-
eral, the full-face (oronasal) mask should be used as a last 
resort (AASM 2019). Thus, the discussion and evaluation 
of the correct mask by the HCP is of great importance. 
Time should be spent evaluating any possible causes that 
would limit the use of a nasal or direct nasal mask. In some 
cases, a multidisciplinary approach may be necessary in 
order to bring the patient to using these models of masks. 
For example, should nasal congestion be present, regular 
nasal saline rinses or the opinion of an experienced physi-
cian may facilitate the use of a nasal mask by the patient. 
Furthermore, patients may complain of skin irritation in 
the area of the face that the mask is placed or even head-
gear marks on their face in the morning. Items such as a 
cloth barrier between the mask and the skin may aid in 
decreasing the skin irritation or marks on the face. As 

HCPs, if we can reduce or eliminate this issue, chances are 
they will proceed with the therapy, especially if they real-
ize the benefits of the therapy. Mask leaks may also be a 
source of frustration to the patient resulting in them either 
constantly waking up to fix the mask or simply deciding 
that it isn’t worth it and stopping the therapy. As HCPs, 
fixing this problem is important. Reviewing their mask 
adjustment to ensure that it has a proper seal around the 
nose and that the headgear is securely in place will go a 
long way in helping your patient with the therapy. In addi-
tion, items such as CPAP pillows can also facilitate in 
reducing mask leaks.

Another issue that may cause the patient to have difficulty 
with the therapy is the pressure itself. As HCPs, we under-
stand the concept that they are breathing against a positive 
pressure. However, for the patient, this sensation of having 
difficulty or having to actively exhale when they breathe out 
may cause the patient to panic and decide to stop using 
CPAP.  Adding comfort features which will decrease the 
pressure as the patient goes through the expiration phase of 
the breathing pattern can help some patients to adapt to this 
new therapy. In addition, changes in modality may also be 
beneficial in increasing adherence to therapy. Moreover, in 
cases where the patient may have difficulty with the initial 
pressure setting, features such as a ramp may aid in CPAP 
usage. The ramp permits the patient to adapt to a lower pres-
sure setting for a limited time while the device gradually 
increases the pressure. This will not only permit the patient 
to adapt to higher pressure settings but also facilitate falling 
asleep with the therapy. It is important to verify that the 
patient is getting enough air flow even at the lowest ramp 
pressure setting.

Dry mouth, dry throat, and even water in the mask and 
tube are all complaints that patients can have when using the 
therapy. As HCPs, listening to the patients’ concerns when 
this happens to them is important. If we can rectify these 
issues, we not only increase the patients’ comfort with the 
therapy but also help them to increase their usage of the ther-
apy. Using the tools that are available with the new devices 
such as heated tubes can help to regulate the humidity 
required for comfortable therapy, and if all else fails, as 
HCPs we will have to consider the use of a chin restraint or 
even a full-face mask.

Spending time understanding any issues that the patient 
has with their therapy will in the long run help the HCP to 
provide the appropriate tools for patient to continue to use 
their CPAP. If we can help them overcome any technical dif-
ficulties that they have with the device itself, patients will 
feel more at ease with this new bedtime routine. Furthermore, 
troubleshooting mask issues, pressure issues, and humidity 
issues can only aid in their CPAP adherence.

B. Capozzolo et al.
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35.6  Conclusion

The role of respiratory therapists, registered nurses, and 
polysomnography technicians in CPAP adherence is mul-
tifaceted. There is no cookie cutter model that can be 
used for all patients. The HCPs need to ask questions and 
listen to what the patients are telling them about their 
thoughts, feelings, and experiences of the treatment. 
Spending time understanding any concerns that the 
patients and/or their spouse may have with the therapy 
will aid us to provide the necessary encouragement and 
information to facilitate the use of the CPAP. Furthermore, 
providing patients with tools such as smart phone appli-
cations and/or videos will not only permit them to see 
how they are doing and help them if they are having dif-
ficulty with the therapy but also engage them in the ther-
apy. Finally, spending an adequate amount of time 
educating the patient on not only OSA but also the ther-
apy as well as ensuring proper follow-up at the initiation 
to CPAP therapy can aid CPAP adherence. Taking a mul-
tidisciplinary approach is often essential to help patients 
achieve consistent CPAP use.
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Sleep medicine global distribution

Country
Number of people trained in sleep medicine or active 
within the Sleep Medicine Society Number of sleep labs Population (estimate)

Armenia 14 members of the Armenian Sleep Disorders 
Association

3 2,958,000

Australia
New 
Zealand

951 members of the Australasian Sleep Association 73 accredited services (including facilities in 
Australia, New Zealand, and Singapore)

25,360,000
4,917,000

Austria ~200 members of the Austrian Sleep Research 
Association

31 ASRA-certified 8,859,000

Belgium 373 members of the Belgian Association for Sleep 
Research and Sleep Medicine

72 authorized to prescribe CPAP
Additional 28 centers perform sleep studies 
without CPAP license

11,460,000

Bulgaria 45 members of the Bulgarian Society of Somnology 11 centers 7,000,000
China 3000 registered members in the Chinese Sleep 

Research Society
>3000 1,444,216,107

Croatia 40 members of the Society for Sleep Medicine of the 
Croatian Medical Association

2 4,076,000

Czech 
Republic

155 members of the Czech Sleep Research and Sleep 
Medicine Society

50 10,650,000

Denmark 68 members of the Danish Society for Sleep Medicine 4 5,806,000
Finland 201 members of the Finnish Sleep Research Society 11 5,518,000
France 400 members of the French Sleep Research and 

Medicine Society President
52 certified centers 67,060,000

Greece 55 members of the Hellenic Sleep Research Society 33 10,720,000
Hungary 120 members of the Hungarian Sleep Research Society 12 9,773,000
Finland 201 members of the Finnish Sleep Research Society 11 5,518,000
France 400 members of the French Sleep Research and 

Medicine Society President
52 certified centers 67,060,000

India WSS international Sleep Certificate/ABSM: ~70
Trained during residency: ~400
(“Trained” is different from those having a part of 
curriculum only)

~1000 1,366,000,000
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36.1  Iran

36.1.1  Prevalence of OSA in Iran

A nationwide study on OSA in Iran is ongoing and is yet to 
be released. Currently, the prevalence estimates include 
59.9% high risk for OSA among train drivers [4], 8.8% in a 
general population study in North West of Iran [5], and 44% 
in a meta-analysis [6]. Despite the high reported prevalence 
and the fact that diagnosis and management of OSA as a 
disease with several metabolic and cardiovascular conse-
quences is important, OSA in Iran is under-diagnosed and 
under-treated [7].

An investigation by our research center on CPAP adher-
ence has shown that only 33% of participants undergoing 
titration study adhered to CPAP use for at least four hours, 
70% of days of a month for a six-month period [8]. Another 
unpublished survey by our team followed patients advised 
by a physician to use CPAP. The results show that only 30% 
of these patients actually bought a CPAP device, highlight-
ing the important issue of cost and education and the need for 
healthcare authorities to be aware of the potential conse-
quence of untreated OSA. Several factors can be considered 
in Iran that influence CPAP adherence. These include patient- 
specific factors, as well as those related to the devices, 
healthcare system, and government.

36.1.2  Patient-Related Factors

Elderly patients have been shown to have higher rates of 
non-adherence to CPAP [8]. Among our adherent patients, 

weight loss is often reported. Weight loss may have influ-
enced their psychological motivation to comply with 
CPAP. Reports suggest that body mass index (BMI), respira-
tory disturbance index (RDI), education, and marital status 
may influence adherence. Although 92% of adherent patients 
felt more refreshed and satisfied with CPAP device after 
treatment, educational and marital status, BMI, and RDI did 
not show a significant correlation with patients’ adherence 
[8]. Additional polysomnographic characteristics such as 
sleep efficiency, arousal index, and mean O2 saturation were 
also not associated with higher CPAP adherence. Compliant 
patients were more likely to have poor sleep quality than 
non-compliant ones, indicated by sleep efficiency in their 
first night polysomnography; but the trend was not statisti-
cally significant.

Cultural issues in acceptance and adherence of CPAP 
device and insufficient education of patients prior to PAP 
titration study also affect PAP adherence. Before accredita-
tion of sleep clinics by the Ministry of Health in Iran and 
launching training of sleep medicine specialists, the number 
of trained sleep physicians was limited. This had led to non- 
trained physicians and even companies related to PAP 
devices providing services to patients with 
OSA. Nonprofessional training and visit of patients during 
process of diagnosis, management, and follow-up influence 
adherence of patients and lead to loss of follow-up.

In Iran the price of PAP device is three to five times more 
than a salary of a middle-income worker per month. Although 
we have not published data on this issue, in our clinical prac-
tice we see that most patients who are in the low- and middle- 
income range do not buy a CPAP device or it takes them a 
long time (e.g., two–three years) to establish the necessary 

Country
Number of people trained in sleep medicine or active 
within the Sleep Medicine Society Number of sleep labs Population (estimate)

Iran 43 >30 83,992,949
Israel 70 sleep doctors (estimated number due to the absence 

of a subspecialty)
12 9,053,000

Italy 350 members of the Italian Sleep Medicine Society 56 accredited sleep medicine centers 60,360,000
Japan 3700 registered members in the Japanese Sleep 

Research Society
102 approved 126,300,000

Poland 98 members of the Polish Sleep Research Society 9 37,970,000
Russia 97 members of the Russian Society of Somnologists 10–50 144,400,000
Serbia 2 2 6,945,000
Slovenia 30 members of the Slovene Sleep Society 3 2,081,000
Spain 603 members of the Spanish Sleep Society 33 accredited 46,940,000
Sweden 498 members of the Swedish Sleep Society 11 centers provide full PSG services.

Additional 25 centers provide mainly diagnosis 
and treatment of sleep-disordered breathing

10,230,000

Switzerland 301 members of the Swiss Society for Sleep Research, 
Sleep Medicine and Chronobiology

6 8,545,000

Turkey 919 members of the Turkish Sleep Medicine Society 31 82,000,000
USA 7500 board certified

10,000 members of the American Academy of Sleep 
Medicine

>2500 accredited 328,200,000

Data has been obtained from sleep medicine professionals within the respective countries, as well as from the World Sleep Society (https://world-
sleepsociety.org/) and the European Sleep Research Society: Sleep Research and Sleep Medicine Europe (https://esrs.eu/)
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budget for buying a CPAP device. This issue pushes them 
toward other alternative treatments such as position therapy 
and weight loss or upper airway surgery that is much cheaper 
and covered by insurance companies. Although there is regu-
lation regarding management of OSA among commercial 
drivers and posing restrictions in driving when they have an 
untreated OSA, some do not adhere to treatment as they do 
not need their health license after retirement or quitting their 
job. For this group, the problem of funding also exists and 
affects their compliance.

There have not been Iranian studies on the role of psycho-
logical factors in CPAP adherence. However, in a survey by 
Salmani et  al. in our sleep clinic, about 40% of patients 
reported symptoms of depression, and according to the lit-
erature this may affect our patients’ adherence [9].

Family and healthcare support are also important. Albeit 
in our survey marital status was not related to adherence, we 
see in our clinical practice that more adherent patients have 
spousal or family support.

Lack of awareness of the importance of sleep both in the 
health professional and in the lay community is another 
issue that affects the adherence of our patients. Limited 
native language data on sleep problems and in-attention of 
some health sectors to sleep problems as a cause of noncom-
municable diseases have led to less informed and non-
adherent patients.

36.1.3  PAP Device-Related Factors

Complications of PAP treatment, such as mask discomfort, 
nasal drying, nasal irritation, and intolerance of air pressure 
from the CPAP device and other equipment-related factors, 
contribute to non-adherence in our population. The most 
common complaints of patients were snoring and morning 
headache which were reported in 34 (85%) and 12 (30%) 
participants in our survey. Our patients also reported higher 
pressures of CPAP device as a cause of their non-adherence. 
Humidifier use and chin strap use during CPAP therapy were 
reported by 34 (85%) and ten (25%) compliant patients, 
respectively. The most common complication among CPAP 
users was difficulty with breathing and discomfort with full- 
face mask. Full-face mask was used by 30 patients (75%), 
while the rest of the participants used nasal mask [8].

Although not investigated yet, our patients especially 
younger ones mention lifestyle change and stigma especially 
in early years of their marital life as a cause for their 
non-adherence.

36.1.4  Healthcare System and Physician- 
Related Factors

The sleep medicine fellowship training program was 
launched in Iran seven years ago. Although the number of 

trained physicians is now above 40, the distribution and 
number are still limited relative to the population of the 
country. This inequality and disparity in access to sleep med-
icine professionals may result in insufficient and even wrong 
diagnosis and management of OSA. In addition, non-sleep 
medicine- trained healthcare workers and some un-autho-
rized company practices in this field cause uncertainty for 
patients and in the healthcare system. Although sleep medi-
cine physicians educate their patients well, interference of 
non-authorized healthcare professionals and even PAP com-
panies lead to loss of follow-up of patients in some cases 
influencing their adherence.

These maleficent processes in sleep medicine are improv-
ing a lot after accreditation of sleep clinics by the Ministry of 
Health and the introduction of legislation of standard proto-
cols for performing sleep tests under the supervision of sleep 
medicine fellowships. Auto-PAPs and home sleep tests are 
not popular yet, as there are still some non-authorized cen-
ters who use them inappropriately. However, the Iranian 
Sleep Medicine Society plans to regulate home sleep studies 
and auto-PAP in OSA diagnosis and management in the near 
future. Currently, auto-PAP devices have high price and are 
not affordable by low- and middle-income patients and we 
anticipate this will remain the situation in the near future.

Healthcare programs for follow-up of patients are very 
important. Although it is performed at sleep clinics at the 
present time, all healthcare professionals involved in the care 
of patients need to be involved at every step from technicians 
who meet with the patients in the CPAP titration night, 
through the ones who schedule patients to all clinicians in 
the patient’s circle of care.

36.1.5  Governmental Issues

At the present time, we have regulations for drivers with 
OSA to be treated with CPAP before obtaining their health 
license. The numbers of those who can afford the price of 
PAP devices are limited and we have to prescribe alternative 
treatments in some cases. Another issue that exists is the 
price for PAP titration study and also PAP devices which are 
not covered by insurance companies at the present time. 
Several private insurance companies cover the cost; however, 
the main ones are not still persuaded to cover the expenses. 
A lot of efforts are being made to include sleep tests and 
modalities of treatment of OSA in the coverage plan of insur-
ance companies.

36.1.6  Future Perspectives

We hope that by expanding our training system on sleep 
medicine fellowship, we can overcome disparity in distribu-
tion and availability of trained sleep medicine professionals 
in Iran. Additionally, by networking and increasing the 
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awareness of public, healthcare sectors and professionals, 
authorities, and insurance companies, the availability and 
affordability of standard sleep medicine practice modalities 
will continue to increase.

36.2  India

Positive airway pressure (PAP) therapy is considered the 
first-line treatment of OSA among individuals who are not 
candidates for surgical management to improve daytime 
sleepiness and quality of life [10]. However, clinical experi-
ence suggests that a sizable number of patients with obstruc-
tive sleep apnea do not adhere to the PAP therapy. Available 
literature suggests that multiple issues prevent PAP adher-
ence, e.g., comorbid disorders such as insomnia, gastro-
esophageal reflux, depression, poor experience with PAP 
during titration night, severity of OSA, no perceived 
improvement in clinical symptoms, severity of daytime 
sleepiness, issues related to interface and humidification, 
adverse effects arising out of PAP use, and ineffective pres-
sure, to name a few [11, 12]. However, of importance to note 
is that these studies were conducted in countries where PAP 
devices are dispensed by the medical insurance agencies.

In India, there are a multitude of other factors that play a 
role in PAP adherence. The study by Suri et al. [13] was one 
of the first pieces of literature to report PAP adherence in 
India: only 25% of patients with OSA initiated the nasal con-
tinuous airway pressure (n-CPAP) therapy out of 1200 par-
ticipants. This reported adherence rate has not appeared to 
change over the years, as two recent studies reported that out 
of all patients with OSA who were advised to use CPAP 
therapy, only 15% and 20% purchased it [14, 15]. The 
observed difference between these two reports is most likely 
to be related to the financial status of the patients visiting the 
two centers. A rent-free trial of CPAP device to the patients 
at their home could be another factor that could account for 
larger number of patients who initiated the therapy [13].

One of the main determinants for non-initiation of ther-
apy in India is the cost of the device. Most of the patients 
need to pay for the device from their own pocket, unlike in 
countries like the United States and United Kingdom where 
the associated costs of device are taken care by way of medi-
cal insurance agencies or the state, respectively [13]. In addi-
tion, even when the cost of therapy was borne by an agency 
in India, delay in procurement of the device due to adminis-
trative reasons was a significant reason reported for non- 
initiation of treatment (Table  36.1) [14]. The question of 
whether financial issues, as reported by patients, are an 
important part of non-initiation of PAP therapy was exam-
ined by Goyal et  al. [14]. They reported that total family 
income was more important than individual patient income 
when determining whether to purchase a machine [14].

Additional determinants that have been reported regarding 
non-initiation of PAP in India include cognitive barriers to the 
use of PAP therapy, ranging from denial of having OSA to stigma 
of using a device while sleeping by the patient themselves, their 
spouse, or society [14]. Sharing a bedroom with other members 
of one’s family, besides a spouse, is not uncommon in Indian 
society due to a multitude of factors. Important to note is that this 
reason also independently contributes to the inability to initiate 
therapy [13]. Social stigma attached to PAP use was reported by 
15–30% of participants for not initiating the treatment; however, 
it appeared to reduce over time [13, 14]. Even after the initiation 

Table 36.1 Factors influencing CPAP compliance in India

S.N. Factors Study
1. Non-initiation of treatment
A. Sociodemographic

Cost of device, administrative delay in 
procurement, frequent change of place of 
job, irregular working shifts

Suri et al., Ninan 
et al., Goyal et al.

B. Cognitive barriers
Not ready to use it lifelong; stigma related 
to wearing a device to sleep; obtrusive, 
alternate therapy to cure illness; treatment 
is not required; treatment ineffective; can’t 
sleep with mask; denial of OSA; 
claustrophobia; socially not acceptable; 
not acceptable to spouse

Suri et al., 
Periwal et al., 
Goyal et al.

C. Concurrent medical opinion
Not suggested as useful by another 
physician

Goyal et al.

D. Adverse effects of PAP
Nasal discomfort Goyal et al.

2. Poor adherence to PAP
A. Sociodemographic

Power failure, frequent traveling, weather 
conditions do not suit PAP use

Suri et al., 
Ramachandran 
et al.

B. Medical factors
Rhinitis, asthma, need for voiding at night, 
anxiety, depression, poor sleep 
maintenance, no improvement of 
symptoms

Suri et al., 
Ramachandran 
et al., Goyal et al.

C. PAP device related
Maintenance of device expensive, noise Suri et al., 

Ramachandran 
et al.

D. Interface related
Air leak, pressure sores, skin changes, 
poor fitting

Suri et al., 
Ramachandran 
et al.

E. Cognitive barriers
Claustrophobia, socially not acceptable, 
lifelong not acceptable, therapy ineffective, 
too busy to use it, OSA is not a serious 
disease

Suri et al., 
Ramachandran 
et al., Goyal et al.

F. Adverse effects of therapy
Dryness in mouth and nose, nasal 
stuffiness, pain in nose, feeling of pressure 
in throat, headache, aerophagia

Suri et al., 
Ramachandran 
et al., Goyal et al.
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of treatment, nearly half of the patients showed poor adherence 
due to social reasons [16]. In addition, nearly one third of patients 
in India are not comfortable with the fact that they have to use 
PAP throughout life and nearly the same proportion of patients 
search for alternate modes of treatment such as weight loss and 
surgery [13, 14]. In conjunction, this leads to both non-initiations 
and poor adherence to the treatment.

Lastly, it is not unusual for PAP devices to appear intru-
sive and cumbersome to patients in the early part of therapy; 
many patients take time to overcome this. Moreover, adverse 
effects with the use of PAP therapy are not uncommon. Some 
commonly reported adverse effects include mask-related 
skin changes, nasal stuffiness, dryness in nose and mouth, 
and aerophagia, to name a few. These issues have been found 
to act as barriers for non-initiation and poor adherence to 
PAP therapy in approximately one quarter of patients [13, 
14]. These issues are best addressed during follow- up visits 
in PAP clinic. These factors are modifiable and can be dealt 
by choosing proper interface from the range of masks that 
are available these days, use of humidifier, and using tele-
medicine for the follow-up of the patients [17]. Similarly, 
issues related to poor mask fitting and leakage may also be 
dealt by use of customized masks [18]. However, follow-up 
in the PAP clinic is also poor in India. In fact, Suri et al. [13] 
reported that only 50% of patients visited a PAP clinic during 
the initial 6 months of therapy.

36.3  Serbia

The data below are unpublished and represent the profes-
sional experience and the attitude of the author who works at 
the (1) Department for Sleep Medicine and Epilepsy, Clinic 
of Neurology, Clinical Center of Serbia, School of Medicine, 
Belgrade, and (2) the Bel Medic Center for Sleep and epi-
lepsy, Bel Medic General Hospital, Belgrade, Serbia.

It is estimated that the frequency of sleep apnea (SA) in 
the population of Serbia for the age group up to 50 years is 
between 6% and 7%. In older adults, the frequency of SA 
rises at the minimum to 15–20%. The most frequent types of 
apneas are obstructive and central and the conditions com-
monly underlying SA are obesity, chronic obstructive pul-
monary disease, use of antidepressants and sedatives, alcohol 
overuse, and craniofacial abnormalities. In Serbia there are 
two accredited sleep laboratories with one neurologist- 
somnologist and one neurologist educated in sleep diagnos-
tics. The most frequently used questionnaires are Epworth 
Sleepiness Scale, Berlin, Stop Bang, and Stanford Sleepiness 
Scale, and the most common daytime test used in the assess-
ment of OSA is multiple sleep latency test (MSLT).

The dominant treatment for SA in Serbia is CPAP, with 
oral applicance therapy performed occasionally. Although 
frequently prescribed by physicians as the best therapy for 

SA, the CPAP apparatus is not covered by the state health 
insurance. Upon medical advice, patients purchase CPAP 
from personal funds. Important to note as well is that profes-
sional drivers are not forced by law to pass sleep laboratory 
diagnostics. However, if the clinic makes the diagnosis of SA 
with hypersomnolence, drivers are forbidden to pursue this 
career route (this is also typically seen with the diagnosis of 
narcolepsy or epilepsy).

There is a higher adherence to CPAP in patients with SA 
within Serbia, most likely the consequence of patients hav-
ing to acquire the CPAP from their own resources and are 
therefore more motivated to use it. On the other hand, the 
population groups who can afford CPAP typically have a 
higher awareness that the use of CPAP is important for their 
health. In these cases, the adherence to CPAP is at least from 
five to six hours/night sleep. On the other hand, the percent-
age of patients who fall within the category of having the 
resources to afford CPAP treatment is very small. Controls 
for setting the CPAP parameters are performed according to 
the fixed time protocol. Generally, there is no reimburse-
ment for the prescribed CPAP in patients with SA resulting 
in small number being treated in relation to real needs. 
Supported by the institutes of occupational health, the gen-
eral awareness exists that the patients not treated SA use 
pharmacologic treatment and medical services far more 
than those utilizing CPAP.

There is no internally defined cutoff point to define the 
adequate CPAP compliance nor the level of compliance 
needed to obtain the highest health benefit from the treat-
ment and there are significant differences in CPAP use 
among patients. Only in rare cases does the patient with SA 
undergo the PSG retest to assess the efficiency of CPAP ther-
apy. Lack of compliance is certainly present but is less than 
could be expected compared to countries with the established 
state reimbursement policy.

36.4  China

36.4.1  Introduction to OSA in China

Although traditional Chinese medicine, including acupunc-
ture, has been used for treating sleep problems since ancient 
time, the development of modern sleep medicine in China 
has come about later than in the Western world. In 1982, Dr. 
Xiehe Liu, a worldwide famous professor and psychiatrist 
from the West China University of Medical Sciences, brought 
modern sleep medicine from England to China. In the same 
year, he established the first sleep laboratory. Since 1998, 
sleep medicine has been developed rapidly, and since 2002 
continuous positive airway pressure (CPAP), bilevel PAP 
(BiPAP) and automatic PAP (APAP) have been relatively 
popular for treating sleep apnea in China.

36 Global Perspective of CPAP Adherence
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36.4.2  Treatment of OSA in China

Few studies on the treatment of obstructive sleep apnea 
(OSA) in China have been published. Liao et al. (2018) [19] 
reported a survey of 4097 OSA patients (mean age 45, range 
between 37 and 55 years). The diagnosis and the judgment of 
the severity were based on the apnea-hypopnea index (AHI) 
on polysomnography (PSG) with the standard criteria, i.e., 
mild, 5–15; moderate, 16–30; and severe, >30. The treat-
ments were composed of (1) CPAP; (2) oral appliance; (3) 
surgical treatment, including uvulopalatopharyngoplasty 
(UPPP), revised UPPP, septoplasty, radiofrequency ablation, 
multilevel or stepwise operations, palatal implants, and sur-
geries on sinus, turbinate, and tonsils; (4) behavioral therapy, 
including weight loss, physical exercise, changing sleep 
position, avoiding drinking alcohol, and/or taking sedating 
medications before bedtime; (5) adjunctive therapy, includ-
ing pharmacotherapy, oxygen, acupuncture, massage, and 
bariatric surgery; and (6) integrated treatment, including the 
combination of surgeries with adjunctive therapy and/or 
behavioral therapy. Good CPAP adherence was defined as 
using CPAP four hours or more per night for more than 70% 
of the nights during the recorded period [19].

The results of multivariate regression analysis showed 
that the factors helping participants to use CPAP treatment 
were age between 45 and 59 years, female, severe OSA, and 
those with comorbid hypertension and/or diabetes. Of the 
4097 patients, 2779 (67.8%) either did not receive any treat-
ment or withdrew after a brief treatment. Among them, 
53.4% (1485/2779) believed that their condition was not 
severe enough for requiring treatment, despite more than half 
(53.7%) of them had severe OSA. Only 32.2% (1318/4097) 
of patients received treatment. Mean AHI decreased from 
49.3 to 26.2  in surgery treatment patients, from 52.5 to 
26.9  in CPAP treatment patients, and from 54.9 to 24.0  in 
integrated treatment patients; statistical differences were 
found in all these three groups [19]. However, the AHI differ-
ences before and after treatment did not reach statistical sig-
nificance in oral appliance group, behavioral treatment 
group, and adjunctive therapy group. The successful treat-
ment rates were 67.1% (53/69) in the integrated treatment 
group, 50.0% (210/420) in CPAP group, 48.7% (304/624) in 
surgery group, 8.0% (2/25) in adjunctive group, 4.7% (2/43) 
in oral appliance group, and 3.9% (5/127) in behavioral 
group. Successful OSA treatment was defined as AHI 
decreased to below 5 or more than 50% of reduction [19].

36.4.3  Adherence to CPAP in Patients 
with OSA

In the abovementioned study [19] only 10.3% (420/4097) of 
patients used CPAP to treat their OSA. Among the 420 CPAP 

recipients, 58.8% (247/420) regularly used the machine. The 
rest (41.2%, 173/420) either received CPAP treatment ini-
tially and withdrew it later or never initiated CPAP. The rea-
sons of withdrawing were as follows: inconvenience, 37.0% 
(64/173); no symptom improvement, 19.1% (33/173); intol-
erance, 17.3% (30/173); reported symptoms disappeared, 
13.9% (24/173); partner complaining of too much noise 
from the machine, 9.3% (16/173); and equipment failure, 
3.5% (6/173) [19].

In another study, Wang et al. (2012) [20] interviewed 193 
OSA patients who received CPAP treatment. Among them, 
162 were males and 31 were females. Their mean age, AHI, 
and CPAP pressure were 51.9 years, 60.0, and 12.1 cmH2O, 
respectively. While being interviewed, these patients received 
treatment for 59 (standard deviation: 32) months. A total of 
100 (51.8%, 100/193) patients used CPAP for their treatment 
while they were interviewed. However, 17 of these patients 
did not meet the criteria of adherence. Therefore, the per-
centage of adherence was 43.0% (83/193) [20].

The top three reasons of poor adherence were “unable to 
adapt to CPAP or sleep well during titration trial,” “trouble-
some to use CPAP every night,” and “did not perceive bene-
fit,” occupying 27.3%, 18.2%, and 11.8% of those poor 
adherence patients, respectively. The rest of the reasons of 
poor adherence were “noise and discomfort of apparatus 
(6.4%),” “difficult to exhale and fall asleep (6.4%),” “cum-
bersome (5.5%),” “unable to afford the device (4.5%),” “for-
got to use (2.7%),” “not satisfied with the treatment (2.7%),” 
“nasal dryness/sore (2.7%),” “muggy in summer (1.8%),” 
“sleep disruption by CPAP (1.8%),” “heart attack or transient 
ischemic attack (1.8%),” and “claustrophobia with mask 
(0.9%)” [20].

36.5  Middle East Asia

According to the data from the National Health Insurance 
Service in Korea, the number of patients treated for OSA 
(obstructive sleep apnea) surged from 29,255  in 2015 to 
86,006 in 2019. This increase in the number of OSA patients 
is largely due to the policy that led to insurance coverage for 
polysomnography (level I) and CPAP therapy for OSA since 
July 1, 2018. Coverage requirements are one of the following 
based on level I polysomnography: (1) AHI 15 or higher; (2) 
AHI 10 or higher with insomnia, daytime sleepiness, cogni-
tive impairment, or mood symptoms; and (3) AHI five or 
higher with hypertension, ischemic heart disease, history of 
cerebrovascular disease, or lower than 85% of O2 saturation. 
When patients meet the abovementioned coverage require-
ment, they are registered with a CPAP company according to 
the doctor’s prescription of CPAP and receive rental service 
from the company. In addition, in order to maintain the reim-
bursement of the rental service of CPAP, at least four hours 
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or more of use time per day for a continuous month during 
the first prescription of three months is required. After that, 
patients must visit a doctor once every three  months to 
receive a re- prescription of the CPAP device, and the average 
usage time must be two hours or longer to receive continuous 
insurance coverage. From July 1, 2018, to December 31, 
2020, 76.5% of patients passed the minimum standard of 
using an average of four hours or more per day during a con-
tinuous period of one month during the first three months of 
CPAP prescription in the Sleep Clinic of the Psychiatric 
Department at Seoul National University Hospital. The cost 
of the CPAP device rental service is 76,000 won per month, 
89,000 won per month for APAP, and 126,000 won per 
month for BiPAP, and the patient’s payment rate is 20%. I 
believe that this CPAP insurance system in Korea is contrib-
uting to improving the CPAP compliance of OSA patients. 
According to data from the Health Insurance System, 20,000 
CPAP device units were leased for 6 months since July 2018, 
and 270,000 units in 2019, and 410,000 units as of September 
2020, with a total of 700,000 units. During the last two years, 
the amount spent on the rental of CPAP was 12 billion won 
in out-of-pocket and 48.1 billion won in the national insur-
ance system, a total of 60.1 billion won.

In Japan, medical insurance coverage is administered by 
the Central Government (Ministry of Health, Labor and 
Welfare). Full polysomnography (including EEG, EOG, 
EMG, EKG, Resp, and SpO2) cost is JPY 33,000 per night, 
of which 30% is from patient and 70% from Government. 
OSA screening is mandatory before full polysomnography; 
the cost is JPY 7200. Total CPAP therapy cost (monthly) is 
JPY 14,500. CPAP coverage requirements are as follows: 
(1) AHI 20 or higher, (2) sleepiness or headaches and diffi-
culty in managing everyday life, and (3) sleep fragmenta-
tions or lack of deep sleep, and CPAP therapy eliminates 
these symptoms as confirmed by polysomnography. It 
means that diagnosis based on polysomnography and sec-
ond night polysomnography is required for CPAP titration. 
The provider runs a rental contract system as the reimburse-
ment for equipment is a fixed monthly amount of JPY 
14,500. The CPAP rental contract includes delivery, service 
and maintenance, and all basic accessories (humidifier could 
be included on the contract). Under a system like this, long-
term usage/adherence is important for all parties to maintain 
income.

A previous study in Japan showed CPAP adherence rate 
after a six-month period was 38% [21]. Another Japanese 
study reported 89.8% CPAP adherence rate at five  years 
[22]. In a study on CPAP adherence of a Southeast Asian 
privately funded healthcare system, 42.2% of all patients 
with significant OSA rejected CPAP treatment upfront, but 

adherence among those who started CPAP is comparable 
to other reports, which was 52.6% [23]. CPAP acceptance 
rate has been reported to be 39.7% in Taiwan among the 
elderly [24].

In summary, the CPAP compliance of patients with sleep 
apnea in East Asia does not seem to be very different from 
other regions. However, in Korea, it has not been long since 
insurance coverage for CPAP was introduced, so a large- 
scale study is needed to determine the degree of compliance 
in the future.

36.6  Canada

According to Statistics Canada, in 2016 and 2017 [3], 6.4% 
of Canadians reported they had been diagnosed by a health-
care professional with sleep apnea. This is an increase in 
comparison to the 2009 survey results, which found that the 
prevalence of self-reported sleep apnea was only 3% among 
adults 18 years and older. In a more recent article examining 
the global prevalence and burden of OSA, Canada was 
shown to have over 19 million adults ages 30–69 years old 
reporting having OSA with 24.5% of this population having 
an AHI greater or equal to five events per hour, and 4.8% 
having an AHI greater or equal to 15 events per hour [1]. 
Despite the significant demand for treatment and the increas-
ing risk for developing OSA and its associated complications 
within this patient population, adherence to CPAP treatment 
remains problematic. CPAP adherence rates are highly indi-
vidualized: how a patient perceives, experiences, and admin-
isters self-treatment differs from individual to individual 
[25]. Commonly cited barriers to CPAP adherence in clinical 
literature include, but are not limited to, air leaks, dry mouth, 
nasal congestion, excessive moisture in tube, tubing being 
disruptive when moving in bed, claustrophobia, and skin irri-
tation. Receptiveness and support of a partner and experienc-
ing few or mild side effects have also been correlated with 
higher adherence rates [25, 26].

OSA is associated with a substantial societal and eco-
nomic burden within Canada, and treatment using CPAP can 
be quite costly depending on provincial jurisdictions. A 
report from the Assistive Devices Program within Ontario’s 
Ministry of Health and Long-Term Care showed that in just 
2008, approximately 72,400 new devices were being admin-
istered each year at a cost of $2000 each, totaling $145 mil-
lion per year as direct expenses [25]. Currently, individual 
costs vary, as public coverage of OSA and access to treat-
ment vary greatly across Canada. Table 36.2 is showcasing 
CPAP coverage across Canada as extracted from the 
Canadian Ministry of Health database [27].

36 Global Perspective of CPAP Adherence
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36.7 Conclusion

From North America to Europe and Asia, this chapter 
explored international perspectives concerning global 
CPAP adherence rates. This chapter highlights that despite 
the  recognition of CPAP as a gold standard for OSA treat-
ment, its adherence remains a severe problem in the global 
management of patients with OSA.  Specifically, eco-

nomic, sociocultural, adverse health effects, and cognitive 
barriers are cited across diverse countries as barriers to 
adequate CPAP initiation and usage. Given the multifac-
torial socioeconomic and health consequences of untreated 
OSA, further need for increased CPAP consumer educa-
tion, patient support, and standardized, healthcare policy 
reform remains an imperative issue to work toward 
achieving.

Table 36.2 CPAP coverage across Canada

Province Program name Program description

Does the client need to 
demonstrate therapy 
compliance?

Compliance 
criteria

Payment of 
trial period

Ontario Assistive Devices 
Program (OHIP)

The Ministry of Health and Long-Term Care, 
Assistive Devices Program (ADP) pays for 
CPAP devices for individuals diagnosed by a 
sleep physician as having OSA. CPAP 
machines are covered up to 75% by OHIP if 
purchased with a doctor prescription

No. simply renew with 
the ADP every 2 years 
to continue receiving 
this specific financial 
support

N/A N/A

Saskatchewan Saskatchewan 
Aids to 
Independent 
Living (SAIL)

Respiratory Equipment Program offers the 
loan of a selection of respiratory equipment. 
Loan of CPAP flow generator is given upon 
the receipt of a $275 program fee (fee 
includes loan of a CPAP and repairs as 
needed for the useful life of the machine, 
defined as 5 years)

No N/A N/A

Manitoba Winnipeg 
Regional Health 
Authority 
(WRHA)

CPAP coverage includes remaining balance 
for the CPAP machine, mask and service fees 
(administration for the initial equipment 
purchase, 60-minute consultation fee with a 
vendor of choice, mask fitting, education 
regarding care and use, follow-up 
appointments for treatment issues, and 
auto-titration trial fee)

Yes Use of the device 
for 4 hours/night 
for 70% of the 
3–6-week trial 
period

WHRA 
funds service 
fees during 
the trial 
period

Alberta Income Support 
(IS)

IS program provides coverage for CPAP 
devices for the treatment of moderate-to- 
severe OSA when medically essential. The 
IS program does not provide funding for the 
treatment of mild OSA or for the renting of a 
CPAP device. IS program may provide up to 
$1736.00 for fixed pressure CPAP devices, or 
up to $2042.00 for auto-pressure CPAP 
devices. Prices include a 3-year warranty, 
heated humidifier, hose, mask with headgear, 
chin strap (if needed), and 12 filters

No N/A N/A

Assured Income 
for the Severely 
Handicapped 
(AISH)

Provides coverage for non-auto-CPAP 
devices to treat sleep apnea when the 
condition is substantiated as a life- 
threatening situation. AISH provides up to 
$1600 for CPAP supplies. Auto-pressure 
CPAP devices are covered up to the 
maximum medical equipment amount once 
every 3 years, while fixed pressure CPAP 
devices are covered up to $1736.00 once 
every 3 years

No N/A N/A

British 
Columbia

Employment and 
Assistance 
Regulation

The least expensive, appropriate breathing 
devices may be provided by the ministry 
under the Employment and Assistance 
Regulation to specific recipients that need 
assistance with a medically essential need

No N/A N/A
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The History and Future of CPAP

Shaista Hussain

37.1  CPAP Timeline

In the sixteenth century, an Irish poet called John V. Kelleher 
used a poem to describe snores, moans, and groans – an early 
depiction of the sleep apnea experience.

In 1836, renowned author Charles Dickens published 
The Pickwick Papers, a story that depicted an overweight 
character whose symptoms articulate what is now known 
as sleep apnea. This early clinical picture became known 
as “Pickwickian syndrome,” throughout the nineteenth 
century [1].

In 1901, English Engineer Hubert Cecil Booth who was 
famed for designing suspension bridges and Ferris wheels, 
developed a machine that blew out air to raise dust from car-
pets into a collecting bag, and then redesigned the machine 
to suck air into a collecting bag. Thereafter, the machine 
evolved into the practical, household vacuum technology 
that continues to be a universal, domestic appliance [2].

In 1956, Dr. C.S. Burwell officially documented the first 
case of Pickwickian syndrome, in an obese man who had lost 
a winning hand in poker because he had fallen asleep [3].

In 1965, a team of European doctors, led by Dr. Gastaut, 
researched and identified three varieties of sleep apnea [4].

In 1970, from his laboratory in Toronto, Canada, Dr. Eliot 
Phillipson investigated airflow technology treatments in 
dogs who suffered from respiratory issues [5].

In 1971, Dr. George Gregory and his team applied con-
tinuous positive airway pressure to infants suffering from 
idiopathic respiratory distress syndrome – the then leading 
cause of respiratory failure in newborns  – by supplying 
humidified positive airflow with endotracheal tubes, result-
ing in improved PaO2 and survival rates  in all the partici-
pants (New England Journal of Medicine in 1971) [6].

In 1980, in Australia, Dr. Colin Sullivan treated his dog’s 
breathing difficulties with a vacuum cleaner, then speculated 
that by pumping air into the respiratory tract continuously, 

impaired  breathing could improve during sleep. He tested 
this theory on dogs with respiratory illnesses, and subse-
quently found success in human trials [7].

In 1981, Dr. Colin Sullivan and his colleagues at the 
University of Sydney developed the first continuous positive 
airway pressure (CPAP) device as the first successful, nonin-
vasive treatment for obstructive sleep apnea (OSA). And the 
team went on to make CPAP a universally available, life- 
changing technology. Dr. Sullivan went on to continue 
research at the University of Toronto [7].

In 1987, Baxter International licensed and commercially 
developed Dr. Sullivan’s CPAP patent with a mask which 
was released in 1988 [7].

In 1989, Dr. Peter Farrell acquired Baxter Internationals’ 
interest in CPAP and founded the company ResCare [7, 8].

In 1995, ResCare became known as ResMed, one of the 
world’s leading manufacturers of CPAP machines and masks 
[7, 8].

37.2  Now

37.2.1  Global Goals

Approximately 1 billion of the world’s 7.3 billion people, 
aged 30 through 69 years, are estimated to have the most 
common type of sleep-disordered breathing, obstructive 
sleep apnea (OSA). A rise in global prevalence of sleep 
apnea is largely attributed to an increase in the prevalence of 
obesity, a major OSA risk factor. Males are three times more 
likely than females to have OSA [9]. OSA is associated with 
many cardiovascular and metabolic disorders and undiag-
nosed untreated OSA has also been shown to be associated 
with a reduced quality of life and an increased incidence of 
depression [10]. CPAP therapy aims to alleviate symptoms 
of fatigue and somnolence, improve activities of daily liv-
ing,  improve  quality of life, improve cognitive function, 
resolve snoring, and reduce work or motor vehicle accident 
risks, in the short term. In the long term, CPAP aims to 
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reduce premature death, as OSA has been associated with 
cardiovascular and cerebrovascular disease, hypertension, 
impaired cognitive function (Alzheimer disease), type 2 dia-
betes, anxiety and depression symptoms, and impaired sex-
ual function in both men and women [11]. The burdens of 
OSA, however, extend beyond the frustrated sleeper. 
Healthcare services and management costs increase with the 
increased demand for physician services [10] creating a 
demand for healthcare support. OSA is associated with 
excessive daytime sleepiness and compromised vigilance 
resulting in impaired work performance, reduced productiv-
ity, absenteeism, motor vehicle accidents, and significant 
increases in unemployment and underemployment [10]. The 
global sleep apnea device market size was valued at USD 3.7 
billion in 2020 and is expected to expand at a compound 
annual growth rate of 6.2% from 2021 to 2028, and the 
global market size is expected to reach USD 4697.3 million 
by the end of 2026 [12]. The globally growing geriatric pop-
ulation, a product of increased life expectancy, is expected to 
lead to a rise in the prevalence of sleep disorders, especially 
OSA which affects between 13% and 32% of people above 
65 years of age [13]. Furthermore, obesity rates will encour-
age CPAP usage as obesity is a known OSA risk factor and 
the estimated prevalence of obesity in the USA in 2016 was 
39.8%, accounting for nearly 93.3 million adults [14].

37.2.2  Mechanisms

Prior to the invention of the CPAP machine, the most com-
monly prescribed therapy for severe OSA, was surgery [15]. 
The value of CPAP has been substantiated by research that 
has mapped the physiological benefits of CPAP across a mul-
titude of diseases. CPAP remains the first-line treatment for 
OSA and works via pneumatic splinting of the upper air-
ways, with airway pressure applied through oral, oronasal, 
and nasal devices [9]. The machines employ mechanisms 
which  pressurize air between 4 and 20  cm H2O (in incre-
ments of 1 or 0.5) [16]. As a result, the nighttime respiratory 
events and sleep fragmentation occurring in these patients 
disappear, and normal sleep architecture is restored with 
observable  clinical improvement [17]. Other therapeutic 
mechanisms include positional therapy, weight loss  regi-
mens, behavioral modification therapies, oral appliance ther-
apy (OAT) (e.g., mandibular advancement devices), orofacial 
surgery, nasal expiratory positive airway pressure (EPAP) 
devices, oral pressure therapy, and implantable hypoglossal 
nerve stimulation devices. Mandibular advancement devices 
reduce the apnea-hypopnea index, to various degrees, and 
have been shown to reduce blood pressure in patients but 
with no predictable pattern [18]. Some patients with OSA 
prefer OAT, and such devices are often recommended 
when CPAP is not available.

37.2.3  Designs

Modern CPAP machines have become  smaller, quieter, 
and  self-adjusting air pressure and humidification controls 
offer personalized comfort settings, making the patient’s 
comfort and compliance increase [19]. Straps and masks in 
newer models are also more comfortable than older models, 
and home testing kits now offer a less intrusive, less expen-
sive method of collecting physiological data. “Smart” CPAP 
machines use auto-titration to breathe with the host, based on 
advanced algorithms that produce optimal pressures in real 
time [20]. Advanced algorithms measure:
• Snoring volume
• Respiratory effort
• Sleeping position

When the machine detects a need for increased pres-
sure, it delivers the required pressure; when the machine 
detects physiological relaxation, it reduces the pressure 
setting [15].

Most advanced CPAP and autoPAP machines contain 
microprocessors, which allow dense data storage, internal 
hardware and software self-testing to ensure optimal perfor-
mance, and results are generated in parameter output reports. 
This type of data output enables clinicians to track patient 
compliance and monitor dose-response output in more 
detail.  Current  major market producers include ResMed, 
Philips Respironics, 3B Medical, Apex, Circadiance, Drive 
DeVilbiss Healthcare, Fisher & Paykel Healthcare, InnoMed 
Technologies, Sleepnet, and Transcend. Many manufactur-
ers employ remote, telemedicine monitoring techniques to 
evaluate patient adherence to treatment [19]. New airing sys-
tems  use micro-pump technology as a source of pressure 
from within a small nasal bud attached to a system of micro- 
blowers and zinc-air batteries that provide 8 hours of power 
[21], also enhancing the end-user experience. Advancements 
in medical technology are guiding the evolution of the CPAP 
machine.

37.2.4  Analysis of Benefits

Medical research is propagating the depth of our understand-
ing of the physiological effects of CPAP therapy. A discus-
sion on the benefits of CPAP in OSA, authored by the Agency 
for Healthcare Research and Quality (AHRQ), questioned 
research findings and suggested a lack of overall benefit; a 
subsequent response from multiple sleep boards placed some 
of the isolated findings that were discussed, in detailed scien-
tific  context, revealing a more optimistic outlook on the 
value of CPAP. In a review of 47 studies, the AHRQ criti-
cized sleep medicine research design validation and mea-
sures of respiration, suggesting a lack of long-term morbidity 
and mortality benefits from CPAP use [11]. The authors sug-
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gested that evidence remains insufficient or weak, regarding 
the effects of CPAP on hypertension, functional status, sex-
ual function, and days of work missed, and suggesting that 
future CPAP studies should include blinding elements to 
reduce the risk of bias. In response, the multiple sleep boards 
(including the American Academy of Sleep Medicine, 
Canadian Sleep Society, American Society of Sleep 
Medicine, World Sleep Society, American Academy of 
Dental Sleep Medicine, Sleep Research Society, American 
Sleep Apnea Association et  al. (2021)) remarked that the 
draft’s suggestions were not based on a totality of evidence 
available, thereby not adequately representing the true, mea-
sured value of CPAP. The sleep boards encouraged research 
revisions that acknowledge excessive sleepiness as a clini-
cally important outcome for patients with OSA [22]. In 
patients with OSA, continuous positive airway pressure low-
ers blood pressure and rates of arrhythmia and stroke, 
improves left ventricular ejection fraction in patients with 
heart failure, and reduces fatal and nonfatal cardiovascular 
events. Meta-analyses on CPAP  use  have  found that it is 
associated with  significant reductions in blood pressure 
and  in excessive sleepiness in compliant CPAP users [22]. 
The boards highlight non- randomized, comparative studies 
that have demonstrated striking reductions in motor vehicle 
accidents, in the comparison of pre- and post-CPAP usage. 
The authors additionally propose correlational approaches to 
assess a dose-response relationship between changes in 
apnea- hypopnea index (AHI) and clinical outcomes: i) by 
measuring the hours of CPAP use and specific clinical out-
comes and ii) by examining the extent to which CPAP allevi-
ates the AHI (considering the duration of CPAP use as a 
proportion of total sleep time, measured by the mean disease 
alleviation index) [22]. It is important to consider that short-
term studies may yield more accurate results based on a 
higher likelihood of adherence to CPAP therapy, whereas 
long-term studies may reflect more realistic impressions of 
lesser compliance. The benefits of CPAP across a range of 
short- and long-term morbidities are statistically evident in a 
large base of literature, as ongoing research outcomes steer 
the direction that OSA therapy will take in the future.

37.3  Future

Current research and development  is challenging the 
shadows of OSA that have haunted the nights of so many 
sleepers. Microprocessors, nanosize hardware, artificial 
intelligence recognitions, and customizable wearable 
medical technology are driving sleep solutions to con-
quer what was once known as  the Pickwickian demise. 
Levels of healthcare service should increase to coincide 
with the growing compendium of information on the 
topic, enabling more uniformed practitioners to operate 

from an evidence base. The direction of therapy in the 
future will be dependent on the quality of decisions made 
from clinical investigations, making thorough and  appro-
priate study designs imperative for correct decision mak-
ing processes. With diligent patient adherence and sound 
clinical research, a thorough map detailing the long-term 
outcomes of CPAP therapy will manifest and guide our 
therapeutic decisions.  

The Snoring Bedmate
John V. Kelleher.

(Sixteenth Century – Irish Poet)

You thunder at my side,
Lad of ceaseless hum;
There’s not a saint would chide
My prayer that you were dumb.

The dead start from the tomb
With each blare from your nose.
I suffer, with less room,
Under these bedclothes.

With could I better bide
Since my head’s already broke—
Your pipe-drone at my side,
Woodpecker’s drill on oak?

Brass scraped with knicky knives
A cowbell’s tinny clank,
Or the yells of tinkers’ wives
Giving birth behind a bank?

A drunken, braying clown
Slapping cards down on a board
Were less easy to disown
Than the softest snore you’ve snored

Sweeter the grunts of swine
Than yours that win release.
Sweeter, bedmate mine,
The screech of grieving geese.

A sick calf’s moan for aid,
A broken mill’s mad clatter,
The snarl of flood cascade…
Christ! now what’s the matter?

That was a ghastly growl!
What signified that twist?—
An old wolf’s famished howl,
Wave-boom at some cliff’s breast?

Storm screaming round a crag,
Bellow of raging bull,
Hoarse bell or rutting stag,
Compared with this were lull!

Ah, now a gentler fall—
Bark of a crazy hound?

37 The History and Future of CPAP
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Brats squabbling for a ball?
Ducks squawking on a pond?

No, rough weather’s back again.
Some great ships’s about to sink
And roaring bursts the main
Over the bulwark’s brink!

Farewell, tonight, to sleep.
Every gust across the bed
Makes hair rise and poor flesh creep.
Would that one of us were dead!

This Irish seventeenth century poem captures some features 
of sleep apnea. We trust that you have enjoy this book on 
CPAP adherence.
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