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Foreword

In the last few decades, we have learned more and more about how important sleep 
is for our physical health, our mental health, and our general well-being. And yet, 
sleep problems continue to become more prevalent. The was a time when patients 
with problems sleeping would neglect to mention it to their health care professional. 
But those times are changing. As more and more research is done, as more and more 
articles are written about the importance of sleep, the general public has become 
more and more aware and better educated. And now they are not hesitating to talk 
about this major issue.

Which means that more general healthcare professionals and specialists, such as 
physicians, psychologists, nurse practitioners, and nurses, will be faced with deal-
ing and treating these sleep problems. And that is where this book comes in.

But it is not just those first entering the field who will benefit from this book. As 
someone with over 40 years’ experience in sleep medicine, I can attest to the fact 
that even those of us with loads of experience have new things to learn, and this 
book can help us all do just that.

The editors, Drs. Jennifer Martin and Safwan Badr, are internationally recog-
nized and highly respected sleep medicine specialists, each with a long list of cre-
dentials. In Introduction to Sleep Medicine, they have assembled other experts in the 
field to cover everything from normal sleep, health disparity, and models of caring 
to descriptions of and treatment of specific sleep disorders, such as obstructive sleep 
apnea, insomnia, and circadian rhythm disorders, to name just a few. There are also 
chapters on special populations such as hospitalized patients, pregnant women, and 
older patients. And each chapter represents the very latest in research and clinical 
findings. In other words, everything a professional dealing with sleep problems 
needs to know.

No one book can be everything to everyone. But this book is an excellent addi-
tion to any private or public library collection, whether it be one filled with other 
books on sleep or a new collection of sleep books that is just beginning. Having a 
resource book such as this one can only help healthcare professionals better under-
stand their patients.
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Introduction to Sleep Medicine, in summary, is an extremely masterful and 
scholarly book that can be used by all professionals wanting to help their patients 
with sleep problems. I commend Drs. Martin and Badr on this comprehensive intro-
duction to sleep medicine.

Sonia Ancoli-Israel 
University of California

San Diego, CA, USA

November 8, 2021

Foreword
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Sleep has fascinated poets, lovers, and philosophers since time immemorial. It was 
a metaphor for rest, rejuvenation, and restoration. Physicians viewed sleep and 
thought of sleep as a “safe harbor” keeping illness away, and as a cuddly “teddy 
bear” giving warmth and serenity. Few physicians appreciated sleep complexity 
beyond the elemental aspects: patients need rest and sleep. Disorders of sleep were 
the subject of interesting discussions at teaching conferences, but the only condition 
worthy of discussion was lack of sleep, and it was often due to tension, anxiety, 
or stress.

The image of sleep as a quiescent period changed dramatically when scientists 
began to uncover the mysteries of sleep: the good, the bad, and the ugly! The dis-
covery of REM sleep altered the popular image of sleep as a somewhat meaningless 
state of rest and revealed a fascinating constellation of active processes throughout 
the body and brain. However, it was the discovery of sleep apnea that propelled 
sleep into mainstream medicine. This is a condition where sleep is anything but rest. 
We learned that sleep can be seen as a “grizzly bear” as we discovered that sleep 
apnea (broadly referred to as sleep disordered breathing) can have significant 
adverse consequences and may contribute to mortality and to traffic fatalities.

The initial phase of sleep medicine was marked by different specialties providing 
care for conditions deemed within their domain. Neurologists, psychiatrists, and 
pulmonologists focused on different disorders and different approaches to diagnosis 
and treatment. Fortunately, we soon discovered that sleep is an interdisciplinary 
field, transcending traditional, system-based specialties, and that other health care 
providers and public health experts are needed to address the modern epidemic of 
sleep disorders.

Patients present with complaints and not diagnoses, and any one sleep disorder 
accounts for only a small proportion of patients with sleep-related complaints. We 
learned that snoring may represent a serious condition, that daytime sleepiness is 
not always a sign of narcolepsy, and that insomnia is not typically accounted for by 
co-occurring anxiety or depression. Therefore, healthcare providers who care for 
any sleep disorder must learn about all sleep disorders.

Preface
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The focus of this book is practical; relevant facts help busy practicing clinicians 
provide better care for sleep disorders as part of a comprehensive approach to 
patient care. It is intended to equally address the needs of all clinicians who care for 
patients with sleep disorders. Residents and fellows may find the focused descrip-
tion and practical approach beneficial. This revised edition includes new chapters to 
address a broad range of considerations in delivering high quality care across the 
spectrum of sleep disorders.

This book represents the collective effort of a team of professionals. Each chap-
ter was written by experts in the field, blending seasoned experts with emerging 
leaders.

Editing a book is a challenging process as one tries to keep a group of busy aca-
demicians, many of whom crafted their chapter during the COVID-19 pandemic, on 
schedule. We are grateful to Margaret Moore and Swathiga Karthikeyan of Springer 
for their support, guidance, and superb organizational skills. We would like to thank 
Springer Science and Business Media for supporting this project.

Detroit, MI, USA M. Safwan Badr
North Hills, CA, USA Jennifer L. Martin

Preface
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Chapter 1
Normal Sleep

James A. Rowley and M. Safwan Badr

Keywords NREM sleep · REM sleep · EEG · Upper airway resistance · 
Hypocapnic apneic threshold · Critical closing pressure (Pcrit) · Heart rate 
variability · Esophageal sphincter

 Normal Sleep Stages and Architecture

Normal human sleep is generally divided into four stages. Consensus definitions for 
the visual scoring of sleep were published in 2007 and the reader is referred to the 
American Academy of Sleep Medicine Scoring Manual for full definitions and cri-
teria for the scoring of sleep on polysomnograms as these are periodically updated 
[1, 2]. The following will provide a brief overview of the electroencephalographic 
(EEG) characteristics of the different sleep stages (see also Fig. 1.1).

Full wakefulness is characterized by mixed-frequency, low-amplitude EEG 
activity, often in association with high chin muscle tone, eye blinks, and rapid eye 
movements. As the patient transitions to sleep with eyes closed, wakefulness is 
characterized by a 8–13 Hz sinusoidal activity called alpha sleep. Alpha sleep is best 
recorded over the occipital region and is attenuated by eye opening.

Non-rapid eye movement (NREM) sleep composes the majority of the night 
and is characterized by the predominance of homeostatic mechanisms for breath-
ing, cardiovascular and gastrointestinal function, and normal thermoregulation. 
NREM sleep is divided into 3 stages. N1 sleep is a transitional period during 
which the individual still usually has some awareness of his/her environment. N1 
sleep is characterized by a slowing of the background wake EEG frequencies with 

J. A. Rowley (*) · M. S. Badr 
Division of Pulmonary, Critical Care and Sleep Medicine, Department of Internal Medicine, 
Harper University Hospital, Wayne State University School of Medicine, Detroit, MI, USA
e-mail: jrowley@med.wayne.edu; sbadr@med.wayne.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93739-3_1&domain=pdf
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e

Fig. 1.1 Representative 30-second epochs of sleep stages. (a) Wakefulness with alpha rhythm; (b) 
Stage N1; (c) Stage N2 with K-complex and spindle; (d) Stage N3 (slow-wave sleep); and (e) 
Stage R. For all epochs: E1-M2: left electro-oculogram; E2-M2: right electro-oculogram; Chin 2: 
chin EMG; F4-M1: right frontal EEG; C4-M1: right central EEG; O2-M1: right occipital EEG

J. A. Rowley and M. S. Badr
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a predominance of low amplitude activity in 4–7 Hz (often referred to as theta 
activity). Slow eye movements are commonly observed during N1 sleep. N2 
sleep, at which time the individual generally is no longer aware of his/her envi-
ronment, is characterized by the appearance of sleep spindles and K complexes 
superimposed on a background of theta activity. Sleep spindles are rhythmic sinu-
soidal waves of 12–14 Hz, usually best recorded on central EEG leads. K com-
plexes are diphasic waves having a well-delineated sharp negative component 
followed by a slow positive component. N3 sleep, commonly known as slow-
wave sleep, is scored when slow-wave activity is recorded on >20% of an epoch. 
By definition, slow waves are of low frequency (generally 0.5–2 Hz) and have 
large amplitude (>75 μV).

As opposed to NREM sleep, rapid eye movement (REM or Stage R) is character-
ized by variations and instability in cardiopulmonary function and instability of 
body temperature control. In addition, Stage R is characterized by dreaming, rela-
tive atonia of all muscle groups except the diaphragm and in men, erections. On 
EEG, Stage R is characterized by a low-amplitude, mixed-frequency EEG, similar 
to that seen in Stage N1 sleep. In addition, Stage R is characterized by the presence 
of rapid eye movements and decreased chin muscle tone. Stage R is a unique time 
of the night in that dreaming occurs during Stage R sleep.

Sleep architecture describes the organization of the sleep stages over the course 
of the night (Fig. 1.2). The normal sleep cycle in a young adult (generally consid-
ered the standard) begins with transitioning from wakefulness to N1 sleep and then 
quickly transitioning to N2 and N3 sleep. The first occurrence of Stage R sleep is 
generally at about 90 minutes and individuals then cycle between NREM and REM 
sleep every 90–110 minutes throughout the night. In general, N3 sleep predomi-
nates in the first half of the night while Stage R predominates in the second half of 
the night. For an average individual in their second decade, Stage N1 is 2–5% of the 
total sleep time, Stage N2 is 45–55%, Stage N3 13–23%, and Stage R is 20–25% [3].

Stage R

Stage W

Stage N1

Stage N2

Stage N3

11 12 1 2 3

Clock Time

4 5 6 7

Fig. 1.2 Representative hypnogram showing normal sleep architecture

1 Normal Sleep
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Overall sleep architecture is dependent upon stage of development and aging 
(Fig. 1.3). For instance, infants generally spend up to 50% of the night in Stage R 
sleep and often have a cycle of REM sleep prior to NREM sleep. In addition, the 
duration of the NREM-REM cycle is 60 minutes through most of childhood. Over 
the span of time between young adulthood to elderly, there are changes in most 
sleep stages, including decreased total sleep time and sleep efficiency, increased 
percentage of Stages N1 and N2, decreased percentage of Stage N3 and R. These 
changes with aging have been shown to be more prominent in men than 
women [3, 4].

 Breathing During Sleep: Ventilation and the Upper Airway

 Summary of Normal Breathing and Ventilation During Sleep

Ventilatory motor output during sleep decreases from its normal levels in wakeful-
ness, leading to decreased tidal volume and minute ventilation. The decreased ven-
tilation is accompanied by reduced upper-airway dilator muscle activity resulting in 
decreased upper-airways caliber and increased airflow resistance. These biological 

5
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55 65 75 85

Fig. 1.3 Changes in sleep stages as a percentage of sleep time across the age span. WASO = wake 
after sleep onset; REM = rapid eye movement sleep; SWS = slow-wave sleep. See text for details

J. A. Rowley and M. S. Badr
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changes may account for the observed increase in Paco2 and decrease in Pao2 during 
sleep, despite the diminished overall metabolic rate. A decrease in chemorespon-
siveness during sleep may also explain the increased Paco2. Overall, breathing 
becomes more dependent on chemical stimuli, especially PaCO2.

In contrast to NREM sleep, REM sleep is characterized by variability in ventila-
tion. This variability consists of sudden changes in respiratory amplitude and fre-
quency associated with the periods of phasic rapid eye movements. Because of this 
variability, minute ventilation in REM sleep has been shown to be the same, 
increased, or decreased compared with NREM sleep. Upper-airway resistance has 
also been reported variably as either the same or increased compared to wakefulness 
and NREM sleep. Finally, hypercapnic and hypoxic ventilatory chemoresponsive-
ness is decreased in REM sleep compared to wakefulness and possibly even 
NREM sleep.

 Effect of Sleep on Control of Breathing

Chemoresponsiveness refers to changing ventilation in response to changes in 
chemical stimuli. Chemosensitivity is influenced by changes in neural activity 
during sleep. Thus, hypoxic and hypercapnic chemoresponsiveness contribute to 
maintaining ventilation during sleep. Conversely, hypocapnia is a potent inhibi-
tor of ventilation during NREM sleep and is a key mechanism of central 
apnea [5].

The sleep state is characterized by decreased ventilatory response to hypercapnia 
(HCVR) in human adults compared to wakefulness [6–12]. While the sensitivity to 
Paco2 does not appear to differ within NREM sleep stages, the HCVR during REM 
stage is depressed further compared with NREM sleep [6, 8]. Similarly, hypoxic 
ventilatory responsiveness (HVR) is also diminished during NREM sleep compared 
to wakefulness, with a further decrease in REM sleep [10, 13–15]. Nevertheless, the 
effect of sleep on chemoresponsiveness is confounded by the sleep effect on upper 
airway mechanics and associated decrease in ventilation.

The loss of wakefulness stimulus to breathe renders ventilation during NREM 
sleep critically dependent on chemoreceptor stimuli (Pao2 and Paco2). Reduced 
Paco2 is a powerful inhibitory factor of ventilation during sleep. Therefore, cen-
tral apnea develops when Paco2 is reduced below a highly reproducible hypo-
capnic apneic threshold, unmasked by NREM sleep (Fig. 1.4) [5]. Hypocapnia 
is probably the most important inhibitory factor during NREM sleep. Hypocapnia, 
secondary to hyperventilation, is key to the genesis of central sleep apnea in 
congestive heart failure [16], and idiopathic central sleep apnea [17, 18], and 
may be relevant to the pathogenesis of obstructive sleep apnea (OSA) as well 
[19–21].
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 Effect of Sleep on Upper-Airway Structure and Function

The sleep state is a challenge, rather than a rest period, for the ventilatory system. 
Consequences of loss of wakefulness include reduced activity of upper-airway dila-
tors, reduced upper-airway caliber, increased upper-airway resistance, loss of load 
compensation, and increased pharyngeal compliance and collapsibility. Ultimately, 
these changes lead to reduced tidal volume and hypoventilation.

The musculature of the upper airway consists of 24 pairs of striated muscles 
extending from the nares to the larynx [22, 23]. There are at least 10 muscles that are 
classified as pharyngeal dilators. There are two patterns of electrical discharge from 
these muscles: tonic (constant) activity, independent of phase of respiration, and pha-
sic activity, occurring during one part of the respiratory cycle. It is widely accepted 
that upper-airway narrowing during sleep is due to a sleep-related decrease in upper-
airway muscle activity. During NREM sleep, available evidence indicates a reduction 
in either the tonic or phasic activity during NREM sleep for a variety of upper-airway 
muscles [23], including the levator palatini [24], tensor palatini [25], palatoglossus 
[24], and geniohyoid [26]. The effect of REM sleep on upper-airway muscle activity 
is more compelling, with strong evidence that activity of phasic upper-airway dilating 
muscles, such as the genioglossus, is greatly attenuated during REM sleep [27, 28], 
particularly during periods of phasic rapid eye movements [29, 30].

The response of upper-airway muscle to chemical and mechanical perturbations 
may be more relevant physiologically than reduced baseline activity. Pharyngeal 
muscles display an attenuated response to negative pressure during NREM [31–33] 
and REM sleep [34] compared to wakefulness. Similarly, responsiveness of the 
genioglossus muscle to hypercapnia is also attenuated during sleep [35]. Decreased 
responsiveness to challenges indicates that upper-airway muscles are less able to 
maintain upper-airway patency in the face of chemical or mechanical 
perturbations.

2EEG

Before mechanical
ventilation

During mechanical
ventilation

After mechanical
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Fig. 1.4 Induced hypocapnic central apnea during NREM sleep. Nasal mechanical ventilation 
was used to decrease end-tidal Pco2 (PETco2). Cessation of mechanical ventilation caused central 
apnea. Psg, supraglottic pressure; Pmask, mask pressure
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The evidence for increased upper-airway resistance during sleep is compelling, 
even in normal subjects [36–39]. The preponderance of evidence is that there are no 
further increases in upper-airway resistance as subjects transition from NREM to 
REM sleep [38–40]. However, it is important to note that upper-airway resistance 
provides only a partial picture of the dynamic behavior of the pharyngeal airway 
during sleep. Specifically, upper-airway resistance is generally expressed as a single 
number representing the slope of pressure-flow relationship during inspiration. This 
computation is predicated on a constant relationship between driving pressure and 
inspiratory flow, which is true during normal breathing in normal subjects. However, 
many subjects exhibit inspiratory-flow limitation, in which the pressure-flow graph  
demonstrates a changing relationship culminating in complete dissociation between 
pressure and flow (pressure continues to decrease with no further increase in flow). 
While many authors equate increased upper airway resistance to increased collaps-
ibility, it is in reality a rather limited surrogate for susceptibility to pharyngeal clo-
sure during sleep [41].

Using nasopharyngoscopy during naturally occurring sleep in normal subjects, 
Rowley et al. have shown that pharyngeal cross-sectional area is decreased during 
sleep at both the retropalatal and retroglossal levels [38, 39]. During NREM sleep, 
both retropalatal cross-sectional area and retroglossal cross-sectional area decreased 
to ~70% of the awake baseline cross-sectional area. The decreased cross-sectional 
area is consistent with a decrease in upper-airway dilator activity with the onset of 
NREM sleep. In REM sleep, retropalatal cross-sectional area did not decrease fur-
ther compared to NREM sleep [38]. In contrast, retroglossal cross-sectional area did 
decrease further during REM compared to NREM sleep [39].

The ability of the ventilatory control system to compensate for changes in resis-
tance is essential for the preservation of alveolar ventilation. Increased resistance is 
an example of resistive load, leading, during wakefulness, to increased effort to 
maintain ventilation and Paco2. In contrast, hypoventilation occurs immediately 
upon imposing a resistive load during NREM sleep, perhaps implying that loads are 
not perceived during sleep [42]. Therefore, resistive loading results in decreased 
tidal volume and minute ventilation and, hence, alveolar hypoventilation. The ensu-
ing elevation of arterial Paco2 restores ventilation toward normal levels. 
Teleologically, failure to respond to loads preserves sleep continuity. The cost of 
allowing sleep continuity is a mild elevation of Paco2. In fact, elevated Paco2 during 
sleep is one of few physiologic situations where hypercapnia is tolerated.

The walls of the pharyngeal airway consist of compliant soft tissue structures, 
amenable to changes in pressure during the respiratory cycle. During wakefulness, 
upper-airway caliber is constant during inspiration, with a decreased caliber during 
expiration, returning to inspiratory values at end-expiration. This finding has been 
observed in both normal subjects [43, 44] and patients with sleep apnea [44] using 
either computerized tomographic (CT) scanning or nasopharyngoscopy. Using 
nasopharyngoscopy, NREM sleep was associated with significant dynamic within- 
breath changes in cross-sectional area, reaching a nadir at midinspiration [44], with 
a rapid increase in cross-sectional area during expiration [20].

1 Normal Sleep
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The dynamic changes in upper-airway patency during sleep can be best investi-
gated using compliance as a measurement. Traditionally, compliance is the change 
in volume for a given change in pressure. Compliance of the pharyngeal wall is an 
important modulator of the effect of pressure changes on upper-airway patency. 
Traditionally, upper-airway compliance has been measured in a static fashion by 
measuring changes in cross-sectional area at different levels of pressure applied to 
the upper airway [45–47]. Use of this technique has demonstrated that compliance 
is increased as the pharyngeal caliber decreases [45, 46, 48]. In contrast, we have 
combined measurement of cross-sectional area via fiberoptic nasopharyngoscopy 
and measurement of intraluminal pressure at the same level during NREM and 
REM sleep. These studies have confirmed that retropalatal compliance is increased 
during NREM sleep compared to wakefulness; in contrast, retropalatal compliance 
during REM sleep is similar to that in wakefulness [39]. At the retroglossal level, 
however, compliance was not increased during either NREM or REM sleep com-
pared to wakefulness [38]. Thus, pharyngeal compliance was not increased, despite 
the known absence of upper-airway muscle activity during REM sleep.

Collapsibility refers to the propensity of the upper airway to collapse or obstruct 
under certain conditions. While often used interchangeably with compliance, it dif-
fers from compliance in that compliance measures the changes in upper-airway area 
for given changes in pressure and not the propensity to collapse. Upper-airway col-
lapsibility has been primarily measured using the critical closing pressure or Pcrit.

Measurement of critical closing pressure or Pcrit is based upon the concept of the 
Starling resistor (Fig.  1.5) [49]. In a Starling resistor, maximal flow through the 
resistor is dependent upon the resistance of the segment upstream and the pressure 
surrounding the collapsible segment. In normal subjects, the application of progres-
sively negative nasal pressure (upstream pressure) results in inspiratory-flow limita-
tion, followed by complete upper-airway obstruction [50]. Thus, this model of 
upper-airway mechanics has several advantages as a method to study upper-airway 
collapsibility. First, it most closely approximates the inspiratory-flow limitation that 
characterizes the breathing of many subjects with snoring. Second, the model allows 
a functional approach to the upper airway, which is key, given the complicated anat-
omy of the upper airway.

Applying this model to humans, it has been shown that across the spectrum of 
sleep-disordered breathing, active Pcrit becomes progressively more positive, indica-
tive of increased propensity for airway collapse [50–52]. For instance, Pcrit in nor-
mal subjects is generally <10 cmH2O while in patients with predominant hypopneas 
it is between 0 and −5 cmH2O and in patients with predominant apneas it is >0 
cmH2O. Kirkness et al. found that in a group of 166 men and women with and with-
out sleep-disordered breathing, passive Pcrit is higher in men and increases with 
increasing age and BMI [53]. In addition, in these studies sleep apnea was largely 
absent in subjects with a passive or active Pcrit more negative than −5 cmH2O 
[53, 54].

Since gender and aging are important influences on the prevalence of obstructive 
sleep apnea, the influence of gender and aging on upper airway function has been 
explored. With regard to upper airway reflexes, no gender differences in the upper 
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airway negative pressure reflex were found during wakefulness [55]. However, the 
influence of gender on this reflex during sleep has not been studied. With regard to 
inspiratory loading, Pillar et al. performed a study comparing the inspiratory load-
ing response during sleep in 16 normal men and women that were matched for age 
and body mass index [56]. They found that pharyngeal resistance increased more in 
men than women, suggesting increased upper airway collapse. However, there was 
no difference in the activity of the genioglossus or tensor palatini muscles to inspira-
tory loading. There was also no gender difference in central drive, suggesting that 
gender differences in upper airway anatomy or tissue characteristics, rather than 
upper airway reflexes, better explain changes in upper airway resistance during 
sleep. Finally, gender differences in Pcrit have been studied by two groups. Rowley 
et al. found no difference in Pcrit in a group of young, healthy men and women 
without sleep-disordered breathing. In contrast, Kirkness et al. found, in a group 
that included individuals with and without sleep-disordered breathing, that men had 
a higher Pcrit than women, suggesting a higher propensity for upper airway collapse.

There are a limited number of studies on the influence of aging on upper airway 
physiology. With regard to reflexes, the genioglossal reflex to negative pressure was 
studied in a group of 38 men and women during wakefulness and found that the 
reflex response decreased with age in the total group [57]. However, this effect of 
aging was only significant in men, not in women. The influence of aging on this 
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Fig. 1.5 Starling resistor model of the upper airway. In a Starling resistor there is a collapsible 
segment surrounded by an upstream and downstream non-collapsible segments. In this model, Pcrit 
is assumed to be equal to the pressure surrounding airway. PUS, upstream (nasopharyngeal) pres-
sure; PDS: downstream (hypopharyngeal) pressure. In A, both the PUS and PDS are greater than Pcrit, 
the airway is wide open and flow will be proportional to the difference between PUS and PDS. In B, 
the Pcrit is greater than both PUS and PDS, the airway is closed, and there is no flow. In C, PUS is 
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portional to the difference between PUS and Pcrit
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reflex has not been studied during sleep. Another group compared the genioglossus 
EMG response to hypoxia in a group of younger (20–40 years) compared to older 
(41–60 years) subjects and found that the genioglossus response to hypoxia was 
decreased in the older subjects [58]. These studies show that upper airway reflexes 
are decreased in older subjects than younger subjects and could explain, in part, 
age-related changes in upper airway collapsibility. With regard to collapsibility, the 
aforementioned Kirkness study included an analysis of aging and found that Pcrit 
increased with increasing age. However, this change in Pcrit with aging was seen 
only in post-menopausal women, not men or pre-menopausal women.

 Cardiovascular Function During Sleep

NREM sleep is characterized by autonomic stability, driven by increased vagal 
nerve activity and parasympathetic tone when compared to wakefulness. The 
increased vagal activity results in an overall decrease in heart rate during NREM 
sleep and frequent sinus arrhythmia coupled to respiratory variation. In sinus 
arrhythmia, there is an increase in heart rate during inspiration to accommodate 
increased venous return with a decrease in heart rate during expiration. Because of 
the increased vagal tone, NREM sleep is associated with an decrease in heart rate 
variability compared to wakefulness [59, 60]. In addition, NREM sleep is associ-
ated with a decrease in cardiac output and an ~10% decrease in blood pressure [61, 
62]. Loss of the usual nocturnal decrease in blood pressure is frequently seen in 
patients with obstructive sleep apnea [62, 63]. Finally, NREM sleep is associated 
with decrements in both global cerebral blood flow and metabolism, both of which 
are particularly decreased during slow-wave sleep [64–66].

In contrast, during REM sleep, heart rate becomes increasingly variable with 
transient increases in heart rate in association with the rapid eye movements. These 
transient increases in heart rate are not observed following interruption of sympa-
thetic neural output to the heart in animals, suggesting that the surges in heart rate 
are sympathetically driven [67]. In addition, heart rate variability is increased in 
REM sleep compared to NREM sleep [60, 68]. In association with the transient 
increases in heart rate, there are also transient increases in blood pressure. Both the 
heart rate and blood pressure may approach those observed during wakefulness. 
Finally, in contrast to NREM sleep, global cerebral blood flow and metabolism are 
unchanged compared to wakefulness in REM sleep [66]. However, there is evidence 
that there are significant regional differences in cerebral blood flow during REM 
sleep, with increased blood flow to areas of the brain associated with the generation 
of REM sleep such as the brainstem and thalamus with continued decreased blood 
flow to other areas such as the pre-frontal and fronto-parietal cortices [64, 69].
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 Endocrine Function During Sleep

The levels of circulating endocrine hormones are generally influenced either by 
circadian rhythms or the sleep-wake cycle [70, 71]. Growth hormone and prolactin 
are examples of hormones whose circulating levels are related to the sleep-wake 
cycle. Growth hormone secretion is tightly related to the sleep-wake cycle; when 
the sleep period is shifted, the major growth hormone pulse is also shifted and the 
growth hormone secretion is absent in sleep deprivation. Maximal growth hormone 
secretion is during slow-wave sleep, though this pattern is more generally observed 
in men than women. While prolactin levels generally increase in the afternoon after 
the usual nadir at noon, there is a major elevation in prolactin levels shortly after 
sleep onset. In addition, during naps, there is a generally a pulse of prolactin activity 
irrespective of the time of day.

Adreno-corticotrophic hormone and cortisol follow a circadian pattern. Levels of 
these hormones are generally increased in the later part of the night and are maximal 
in the early morning; levels then decline through the day with minimal levels gener-
ally around midnight.

Circulating levels of thyroid-stimulating hormone (TSH) are influenced by both 
circadian rhythms and the sleep-wake cycle. TSH levels are low during the day and 
increase in the evening under circadian influences. With sleep onset, levels decrease 
with the inhibitory influence primarily noted during slow-wave sleep. Consistent 
with the sleep-wake cycle influence, TSH levels continue to increase during sleep 
deprivation.

Gonadotrophic hormones, including both luteinizing hormone (LH) and follicu-
lar stimulating hormone (FHS), appear to be influenced by both circadian rhythm 
and sleep-wake state. However, the secretion of these hormones also vary by gender 
and stage of life. Both LH and FSH demonstrate pulsatile increases in children at 
sleep onset. The amplitude of these pulses increases at puberty; however, the day-
time pulse amplitude also increases, and the diurnal rhythm is diminished during 
puberty. In men, this leads to a diurnal rhythm in testosterone, with minimal levels 
in late evening and maximal levels in early morning (with the increases possibly 
linked to REM sleep as well). In older men, the LH pulses decrease further but the 
circadian variation of testosterone remains, though dampened. In women, the 
24-hour variation in plasma LH varies during the menstrual cycle. While levels are 
elevated in post-menopausal women, there is no clear circadian rhythm.

Leptin and ghrelin are hormones important to energy balance with leptin promot-
ing satiety while ghrelin stimulates appetite. Ghrelin appears to be related to sleep- 
wake state with levels typically increasing in the first half of the night while 
decreasing in the second half. Leptin also peaks during the night with a nadir in 
early afternoon. Increases in both hormones have been linked to increases in slow- 
wave sleep.
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 Gastrointestinal Function During Sleep

The effects of sleep on the gastrointestinal system are driven by a variety of pro-
cesses, including increased parasympathetic activity and circadian rhythms [72]. 
An example of decreased parasympathetic activity is the observed decrease in sali-
vation during sleep. In contrast, basal gastric acid secretion follows a circadian 
rhythm, with peak secretion between 10 pm and 2 am and relative absence of basal 
secretion in the absence of meal simulation [73]. However, there is evidence that 
the increased gastric acid secretion is not associated with nadirs in gastric pH, 
which has been shown to be lower in awake patients than during NREM and REM 
sleep [74].

Sleep also effects the mobility of the gastrointestinal tract. The frequency of 
swallowing decreases significantly during sleep while there is also evidence of 
decreased esophageal peristaltic waves during NREM sleep [72, 75]. Traditionally, 
it has been believed that upper esophageal sphincter tone is unchanged during sleep 
while lower esophageal sphincter tone is decreased. However, recent data indicate 
that upper sphincter tone is more vulnerable to decreased tone during sleep with a 
smaller change in the lower esophageal sphincter tone, which generally stays greater 
than intragastric pressure [75–77]. Finally, there is evidence that the phasic myo-
electrical activity and motor function of the stomach and intestines is decreased 
during sleep, with some evidence that the decrease could be in part circadian in 
origin [72, 75, 78, 79].

One of the major effects of the changes in gastrointestinal function during sleep 
is increased acid contact time [80]. Generally, during wakefulness, gastroesopha-
geal reflux is a post-prandial event and acid is rapidly cleared from the esophagus 
because of increased salivary gland secretion, increased swallowing and primary 
peristalsis. While GER events are less frequent during sleep, events are associated 
with decreased acid clearance and increased acid contact time because of the sleep- 
related decreases in salivation, swallowing, and peristalsis. In addition, heartburn is 
a waking conscious phenomenon and this sensation is generally absent during sleep. 
Increased acid contact time has been shown to be related to proximal migration of 
refluxed gastric contents [81] and is a potential mechanism for the development of 
esophagitis, chronic cough, and exacerbations of bronchial asthma [82].

 Renal Function During Sleep

Urine formation decreases during sleep compared to wakefulness. Both glomerular 
filtration rate and effective renal plasma flow [83, 84] and the urinary excretion of 
sodium and potassium [84, 85] have been found to be maximal during wakefulness 
with decreases during sleep; however, this is not a universal finding [86]. Water 
reabsorption also increases during sleep, likely due to changes in the renin- 
aldosterone levels. Studies have shown that both renin and aldosterone are increased 
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during sleep, with a shift in the peak increase with a shift in the sleep schedule [87, 
88]. In addition, cortisol appears to exert a circadian rhythm effect on aldosterone, 
as daytime oscillations in aldosterone are associated with daytime oscillations in 
cortisol [88]. The importance of sleep to urinary function is becoming increasingly 
evident as studies have shown that sleep deprivation is associated with larger 
declines in renal function in both normal subjects [89] and patients with chronic 
kidney disease [90].
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Chapter 2
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 Introduction

Drugs that modulate sleep and wakefulness operate by modifying a complex net-
work of sleep–wake neurotransmitters and neuromodulators in multiple locations in 
the brain. The pharmacologic agents used to treat two common sleep disorders, 
chronic insomnia and disorders of central hypersomnia, i.e., narcolepsy and idio-
pathic hypersomnia, are reviewed with emphasis on current updates. Several drugs 
target one or more of the sleep or wake–sleep-promoting neurotransmitters and neu-
romodulators [1], to treat insomnia and excessive daytime sleepiness, respectively. 
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Nonpharmacologic therapies of these disorders and drugs indicated for other sleep 
disorders and recreational drugs that affect sleep will not be reviewed.

 Sleep-promoting Drugs

Overall, drugs that are agonistic to the sleep-promoting GABA (γ(gamma)-
aminobutyric acid) receptor or antagonistic to the wake-promoting neurotransmit-
ters, norepinephrine, serotonin, histamine, acetylcholine, dopamine, and orexin are 
potentially sleep promoting. The major sleep-promoting region is located in the 
GABAergic ventrolateral preoptic (VLPO) nucleus of the hypothalamus. Conversely, 
inhibition of the wake-promoting regions of the brain, including the orexinergic 
lateral hypothalamus, histaminergic tuberomammillary nucleus, cholinergic pedun-
culopontine, lateral dorsal tegmental nuclei, noradrenergic locus coeruleus, seroto-
nergic raphe nuclei, and the dopaminergic ventral tegmental area, could potentially 
promote sleep onset and maintenance [1].

Most hypnotics potentiate sleep via GABA by binding to the GABAA receptor 
[2] while others antagonize monoaminergic and/or orexin neurons or are agnostic to 
melatonin receptors (Fig. 2.1). An ideal drug for insomnia aims to enhance sleep 
onset and/or sleep maintenance without significant residual hangover, tolerance, 
dependence, or rebound insomnia upon discontinuation.

Fig. 2.1 Demonstrates the potential sites of action of sleep-promoting drugs. *Off label use; flu-
razepam, quazepam, estazolam, temazepam and triazolam are FDA approved for insomnia
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 Benzodiazepines

Benzodiazepines (BDZs) had been the pharmacotherapy mainstay for insomnia for 
decades, and despite current recommendations for short-term use, persistent inap-
propriately prolonged use of BDZs continues. Perhaps due to the established depen-
dence level of patients chronically taking BDZs and/or the lack of knowledge or 
resources to implement non-pharmacological insomnia management, continuing 
BDZs versus discontinuing them for treating insomnia is deemed the path of least 
resistance. Benzodiazepines bind non-selectively to the GABAA receptor, and in 
addition to sedation, also mediate antianxiety, anticonvulsant, anterograde amnesia, 
and myorelaxant effects. They increase sleep duration and modify the sleep archi-
tecture by increasing slow-wave sleep (SWS) and decreasing rapid-eye movement 
(REM) sleep [3–5]. Table 2.1 includes the FDA-approved hypnotic agents for the 
treatment of insomnia; however, other BDZs are routinely used off-label despite 
inadequate efficacy and safety data.

Efficacy A meta-analysis [6] of 52 randomized controlled trials (RCTs) in adults 
treated with BDZs for chronic insomnia (4 weeks or more) decreased sleep onset 
latency (SOL) and wake after sleep onset (WASO), with increased total sleep time 
(TST) and sleep efficiency (SE) versus placebo. Compared with placebo, 
BDZs (≤4 weeks of therapy in most studies) significantly decreased SOL by poly-
somnography (PSG) weighted mean difference (WMD): −10.0 minutes or by sleep 
diary, WMD: −19.6  minutes, respectively. Additionally, objective WASO was 
decreased −16.7 minutes, or subjectively using a sleep diary −39.9 minutes; SE was 

Table 2.1 Pharmacokinetics and dosing of oral benzodiazepinesa in adults [71, 72]

Generic name
Trade 
name

Daily dose 
(mg)

Half-life 
range
(h)

Longest active
metabolites half-life (h)

Peak 
effect
(h)

Long acting (>24) h

Flurazepamb Dalmane 15-30 mg 2.3 47–100 1.5–4.5
Quazepamb Doral 7.5–15 39 73 2
Diazepam Valium 2–10 20–80 40–120 1–2
Intermediate acting (6–24 h)

Estazolamb ProSom 1–2 10–24 2 major metabolites; 
minimal hypnotic effect

~2

Temazepamb Restoril 7.5–30 8-15 None 1–2
Lorazepam Ativan 0.5–2 10–20 None 1–6
Oxazepam Serax 10–15 5–15 None 1–4
Short acting (<6 h)

Triazolamb Halcion 0.125–0.5 2–6 None 1–5

h hours
aPregnancy: All BDZs cross the placenta. Symptoms of withdrawal occurring in newborns if 
exposed in utero have been reported
bFDA-approved agents for treatment of insomnia
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increased 7.4% by PSG and 7.9% by sleep diary, and TST (by PSG) and sTST (by 
sleep diary)  increased 32.7 and 52.6  minutes, respectively. In a separate meta- 
analysis [7] of 24 RTCs in the elderly with insomnia for at least 5 consecutive 
nights, significant improvement in sleep quality (SQ) and TST along with decreased 
nighttime awakening were experienced by those taking BDZs compared to placebo, 
although the authors reported the benefits may not outweigh the increased risk of 
adverse events (AEs). In one systematic review (SR) [8], BDZs were favored over 
placebo in many outcomes including SE, SOL, SQ, TST, and WASO (Table 2.2).

Safety The pharmacokinetics and pharmacodynamics differences of BDZs can 
often predict the potential incidence of AEs. Benzodiazepines are categorized 
into short-, intermediate-, and long-acting agents based on the duration of 
action (Table 2.1). Agents with longer duration of action are often associated 
with more dose-dependent AEs, including daytime drowsiness due to hangover 
effect, dizziness, anterograde amnesia, tolerance, drug dependence, withdrawal, 
rebound insomnia, and REM rebound [3–5]. Gradual dose reduction of BDZs, 
if taken chronically for the treatment of insomnia, is recommended versus 
abrupt discontinuation to avoid physical and psychological withdrawal 
effects [9].

Ingesting BDZs with opioid medicines, alcohol, or other CNS depressants can 
cause severe drowsiness, breathing problems, coma, and death. Many BDZs are 
identified as potentially inappropriate medications in patients 65 years and older 
due to an increased risk of impaired cognition, delirium, falls, fractures, and motor 
vehicle accidents.

Summary Treating insomnia with FDA-approved BDZs has demonstrated favor-
able short-term sleep outcomes. However, the increased risk of potential AEs pre-
cludes BDZs from being the ideal first-line therapy for treating insomnia especially 
in the elderly and a limited role in treating individuals with chronic insomnia.

Table 2.2 Effects on sleep parameters of FDA-approved sleep-promoting agents [2, 72–75]

Drugs

Sleep continuity 
parameters NREM sleep parameters

REM sleep 
parameters

SL SE TST
Stage 
N1

Stage 
N2

Stage N3 
(SWS)

REM onset 
latency REM

BDZs  ↓ ↑ ↑ ↓ ↑ ↓ ↑ ↓
Z-drugs ↓ ↑ ↑ ↔ ↑ ↔ ↔ ↔
Ramelteon ↓ ↑ ↑ ↔ ↑ ↔ ↔ ↔
Suvorexant ↓ ↑ ↑ ↓ ↓ ↔↓ ↓ ↑
Low-dose 
doxepin

↓ ↑ ↑ ↔ ↑ ↔ ↔ ↔

BDZs benzodiazepines, Z-drugs zolpidem, zaleplon, eszopiclone; ↓ decreased, ↑ increased, ↔ 
minimal change, arrows do not represent the same degree of weight for each category. SL sleep 
latency, SE sleep efficiency, TST total sleep time, SWS slow-wave sleep, NREM non-rapid eye 
movement, REM rapid eye movement

J. H. Dailey and S. Chowdhuri
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 Nonbenzodiazepine Receptor Agonists (Non-BzRAs)

The non-BzRAs have no anxiolytic, myorelaxant, and anticonvulsant properties but 
have strong hypnotic properties due to their selective binding to the GABAA recep-
tor [2]. The three non-BzRA agents available in the United States, zolpidem, 
zaleplon, and eszopiclone are FDA-approved for treating insomnia. Zolpidem is 
currently available as immediate-release (IR) tablets, oral spray, sublingual (SL) 
tablets, and controlled/extended-release (ER) tablets. Zolpidem IR is indicated for 
short-term treatment of insomnia characterized by difficulties with sleep onset. Two 
zolpidem tartrate SL formulations are available. One SL product (Intermezzo IR®) 
is used for middle-of-the-night awakening followed by difficulty returning to sleep 
and only if >4 hours of bedtime remain. Edluar™ is a second sublingual zolpidem 
product approved for sleep initiation and should only be taken if 7–8 hours remain 
before arising. Agents with shorter-acting half-life such as zolpidem mist and 
zaleplon should be administered immediately before bedtime.

The non-BzRAs used mostly for sleep maintenance insomnia, zolpidem ER, and 
eszopiclone have been studied in clinical trials >6 months in duration. With many of 
these agents, the recommended initial doses in women compared to men are differ-
ent because the non-BzRA clearance is lower in women. For faster sleep onset, all 
zolpidem products including eszopiclone should not be administered with or imme-
diately after a meal.

Efficacy There are few head-to-head trials comparing the three U.S. available non- 
BzRAs. A SR [8] reviewed 31 RCTs in adults with insomnia disorder. Because the 
trials evaluated included various formulations, doses, and different frequency of 
administration including short duration (i.e., <6 weeks), comparisons were difficult. 
Four non-BzRAs (zolpidem, zaleplon, eszopiclone, and zopiclone) were objectively 
evaluated to placebo and efficacy data were compiled. About one-half of studies 
deemed of moderate quality, non-BzRAs were favored over placebo for objective 
SE. In addition, SOL, SQ, TST, and WASO were improved with non-BzRAs com-
pared to placebo (Table 2.3).

Safety Despite non-BzRAs being effective in treating many sleep outcomes, all 
these agents especially those with longer half-lives have the potential to cause next- 
day impairment including residual sedation, somnolence, memory impairment, 
confusion, lethargy, and dizziness. Several FDA warnings exist about rebound 
insomnia, complex sleep behaviors including sleepwalking, and in some cases, 
sleep-driving resulting in death. Falls and withdrawals have also been reported. 
Adverse events (AEs) may occur even at the lowest dose and after one dose, and if 
so, the drug should be discontinued immediately [10]. The risk of AEs can com-
pound when co-administered with other CNS depressants, alcohol, or with other 
drugs that increase the blood levels. Eszopiclone can cause unpleasant taste and dry 
mouth. Rare cases of anaphylactic and anaphylactoid reactions have been reported. 
These agents should only be used during pregnancy if the potential benefit out-
weighs the risk to the fetus as no adequate and well-controlled studies in pregnant 
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women exists. Drugs that increase levels of all these non-BZRA agents include the 
CYP3A4 inhibitors.

Summary Despite the strong evidence base that non-BzRAs have favorable sleep 
outcomes, treating insomnia chronically with non-BZRAs may have a limited role 
due to potential AEs. If prescribed, the lowest dose for the shortest period of time 
possible should be exercised.

 Melatonin

Melatonin is a neurohormone of the pineal gland that is modulated by the suprachi-
asmatic nucleus (SCN) of the hypothalamus. Regulation of melatonin synthesis by 
the SCN determines the circadian rhythm of sleep and wakefulness.

Efficacy Clinical guidelines do not support the use of melatonin for insomnia [11]. 
In a meta-analysis [12] including 19 studies (n = 1683) in adults and children, the 
study durations (average 50 days, range 7–182), dosing strategies (0.1 mg – 5 mg), 
and formulations varied, making comparison of the results impossible. Although a 
~7-minute SOL reduction, an 8-minute TST increase, and a very small improve-
ment in SQ favoring melatonin over placebo were seen, the clinical significance of 
these findings was unclear. However, strategically timed melatonin is effective for 
treating intrinsic circadian rhythm sleep-wake disorders such as delayed sleep phase 
disorders, non-24-hour sleep-wake disorder, and also REM sleep behavior disor-
ders (RBD) [13]. In treating circadian rhythm sleep disorders with melatonin, opti-
mal administration at the proper circadian time, based on an individual’s circadian 
timing, is essential. If not administered correctly, melatonin may fail to produce the 
desired results or even produce opposite effects and perpetuate sleep disorders and 
important to remember when treating elderly due to a decreased production of 
endogenous melatonin during aging.

Melatonin is often used to treat insomnia because of its availability over-the- 
counter (OTC). While marketed as a “nutritional supplement”, no proof of safety 
and effectiveness is required for OTCs, thus composition of melatonin varies and 
may have impurities [14]. To minimize potential differences in compositions, con-
sumers and healthcare systems should always purchase melatonin that bears a Good 
Manufacturing Practices (GMP) seal as proof that the product is prepared, manufac-
tured, and properly stored to the highest standards.

Safety Overall, when reported, most studies report minimal side effects to melato-
nin. However, in a recent review, 50% of the melatonin trials reported AEs including 
psychomotor and neurocognitive dysfunction, fatigue, or excessive sedation [15]. A 
few AEs impacting the phase-shifting circadian rhythms of other physiological 
functions besides sleep including endocrine/reproductive and cardiovascular param-
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eters were reported. Other AEs attributed to dosage, dose timing, and drug-drug 
interactions were seen.

Summary Providers and consumers often try melatonin first-line in treating insom-
nia due to its availability. However, melatonin is not recommended for treating 
chronic insomnia due to inadequate supporting data with low quality of evidence 
and potential for mild AEs.

 Melatonin Receptor Agonist: Ramelteon

Ramelteon is a synthetic analog of melatonin. It is a melatonin receptor agonist and 
acts by binding selectivity to the MT1 > MT2 receptors, two G-protein-coupled 
receptors [16].

Efficacy A SR [17] determined the efficacy of short-term use of ramelteon 
(n = 5812) for treating insomnia in mostly female individuals (62%) between 18 and 
93 years old. The dose range of ramelteon was 4–32 mg/day (although the FDA- 
approved dose is 8 mg/day) and mean duration of therapy was 38 days. Relative to 
placebo, ramelteon significantly improved sSL and SQ, but not sTST. Ramelteon 
improved secondary outcomes SE, SOL, and TST.

Safety The incidence of AEs with ramelteon was low. Somnolence was the only 
significant AE.  Angioedema and anaphylaxis, complex sleep-related behavior, 
hyperprolactinemia, and lower testosterone levels have been reported in post- 
marketing reports [16]. Ramelteon does not produce dependence and has no abuse 
potential unlike the GABAergic drugs. There was no tolerance, rebound insomnia 
on discontinuation, psychomotor, cognitive, or balance impairment [16].

Summary Ramelteon had a favorable safety profile and responses on many sleep 
parameters. However, its clinical efficacy was small, therefore, is not an efficacious 
agent for the treatment of chronic insomnia.

 Orexin Antagonists: Suvorexant and Lemborexant

Orexin A and B (also called hypocretin-1 and 2) are neuropeptides located in the 
perifornical regions of the lateral hypothalamus and project to the brain stem and 
forebrain areas, innervating monoaminergic and cholinergic cells. While these neu-
ropeptides influence numerous functions such as food intake, appetite, autonomic 
regulation, and endocrine function, they also serve to promote wakefulness and 
inhibit REM sleep [18]. Suvorexant and lemborexant are dual orexin receptor antag-
onist agents (DORAs) and bind selectively to the G-protein-coupled receptors, 
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OX1R and OX2R thus, altering the action of orexin in the brain and suppressing the 
sleep-wake drive. (See Table 2.4 for comparisons) [19, 20].

Efficacy Suvorexant was evaluated using dose ranges exceeding the current 
approved doses; 5 mg – 20 mg daily. A two-period cross-over efficacy study [21] 
examining suvorexant 10 and 20  mg versus placebo for 1  month included 254 
patients with primary insomnia. The primary endpoint was SE.  Secondary end-
points were WASO and latency to persistent sleep (LPS). After 4 weeks of therapy, 
compared to placebo, the 10 and 20  mg doses improved SE (4.7% and 10.4%), 
decreased WASO (−21.4 and −28.1 minutes) and LPS (−2.3 and −22.3 minutes), 
and improved the exploratory endpoint TST (22.3 and 49.9 minutes), respectively 
[21, 22]. To date, no head-to-head trials comparing suvorexant to other sedative 
hypnotics exist.

One SR [23] reported patients responding to suvorexant 15 or 20 mg at 3 months, 
a number to treat (NNT) of 13 and 16 would be required to achieve a ≥15% improve-
ment in mean sTST and mean sWASO versus placebo, respectively. Other authors 
reported a NNT of eight to achieve a ≥6-point improvement in the patient-rated 
insomnia severity index (ISI) at 3 months with suvorexant 15/20 mg doses versus 
placebo [24].

The efficacy of lemborexant was shown in two Phase 3 RCTs [25, 26]. 
SUNRISE-1 trial [25] compared lemborexant 5 and 10 mg to placebo and active 
comparator, zolpidem ER 6.25 mg for 1 month in adults (n = 1006) aged ≥55 years 
with insomnia. Patients had a mean ISI score of 19 upon randomization and 86% 

Table 2.4 Characteristics of orexin antagonists in adultsa [19, 20]

Generic name Suvorexant Lemborexant

Trade name Belsomra Dayvigo
Onset of action (min) 30 <30
Tmax, hrs (range) 2 (0.5–6) 1–3
Elimination half-life; hrs. 
(range)

12 17–19

Duration Intermediate Intermediate
Metabolism CYP3A4 (major);

CYP2C19 (minor)
CYP3A4 
(major);
CYP3A5 
(minor)

Recommended daily dose, 
adults; initial; maximum (mg)a

10; 20 5; 10

Exposure Higher in women versus men and in obesity 
(>30 kg/m2) vs. non-obesity

N/A

Use in pregnancy AEs observed in some animal reproduction studies. No 
adequate studies in women during the use in pregnancy for 
either agents.

Controlled substance IV

N/A not applicable; AE adverse events
aBoth agents are dosed ≥7 hours before planned time of awakening
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were women. The primary endpoint was the mean change from baseline (CFB) in 
LPS versus placebo on days 29/30. Pre-specified key secondary outcomes included 
mean CFB in SE and WASO compared to placebo and WASO in the second half of 
the night (WASO2H) compared to zolpidem ER 6.25 mg on days 29/30. Lemborexant 
5 and 10  mg improved LPS 11.6 and 13.6 minutes versus placebo at 1  month, 
respectively. The treatment effect of lemborexant 5 and 10 mg versus placebo at 
6 months for SE was 3.9% and 4.9%; and for WASO was −7.7 and −9.1 minutes, 
respectively.

SUNRISE-2 [26] trial compared lemborexant 5 and 10 mg versus placebo for 
6 months (Period 1) (n = 959) followed by 6 months active-treatment only period 
(Period 2-https://doi.org/10.1016/j.sleep.2021.01.048). The primary outcome of 
Period 1 was a mean CFB in sSL and the pre- specified key secondary efficacy end-
points were CFB for sSE and sWASO using electronic sleep diaries. At 6 months, 
both lemborexant doses demonstrated statistically significant superiority to placebo 
for all primary and key secondary outcomes. Lemborexant 5 and 10 mg improved 
LPS 11.2 and 14.1 minutes from placebo at 1 month, respectively. The treatment 
effect of lemborexant 5 and 10 mg compared to placebo at 6 months for sSE was 
4.6% and 4.7% and for sWASO, −17.5 and −12.7 minutes, respectively.

A SR and network meta-analysis [27] evaluated the efficacy and safety out-
comes between lemborexant and suvorexant. It included 4 double-blind, RCTs 
(n = 3237, mean age 58 years). Treatment arms included lemborexant 10 mg/day 
(n = 592); lemborexant 5 mg/day (n = 589); suvorexant 20/15 mg/day (n = 493); 
zolpidem ER 6.25 mg/day (n = 263); and placebo (n = 1300). The quality of evi-
dence was rated low or very low. The analysis suggests that at 1 month, lembo-
rexant 10  mg performed better compared to other agents and doses including 
placebo for subjective time to sleep onset (primary outcome), sTST and sWASO 
(secondary outcomes from sleep diaries) but was associated with a higher discon-
tinuation rate due to AEs and a higher incidence of somnolence compared to 
zolpidem ER 6.25 mg/day.

Safety Both DORAs are contraindicated in patients with narcolepsy. The most 
common AEs with suvorexant during 1 year of treatment were somnolence, fatigue, 
and dry mouth [28]. A dose-related increase of AEs is seen [24–26]. The incidence 
of somnolence with suvorexant was 0.4%, 1.6%, and 4.9% for placebo, 10 and 
20 mg/day, respectively [21]. The number needed to harm (NNH) using suvorexant 
15 or 20 mg/day versus placebo was 28 [24]. Next-day somnolence, CNS depres-
sion, and sleep-related activities including sleepwalking, sleep-driving, and making 
phone calls while asleep without patients remembering have been reported. 
Suvorexant can impair next-day performance of activities that require mental alert-
ness and motor coordination as did some patients taking lemborexant 10 mg/day. Of 
note, performance on some memory and attention tests was reduced with lemborex-
ant 10 mg dose compared to placebo; 5 mg dose did not differ significantly from 
placebo in any of these measures.

No clinically significant respiratory depression in mild-to-moderate obstructive 
sleep apnea (OSA) and mild-to-moderate chronic obstructive pulmonary disease 
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were noted with suvorexant. There were no cases of severe cataplexy, although 
some reports of “weaknesses” were noted. In patients with mild OSA, lemborexant 
did not increase the frequency of apneic events or cause oxygen desaturation. 
Symptoms similar to mild cataplexy can occur with lemborexant. No evidence of 
rebound insomnia, physical dependence, or withdrawal symptoms were seen with 
either agents. The incidence of somnolence or fatigue in a combined analysis pool 
(first 30 days) for SUNRISE-1 and SUNRISE-2 trials [22] for placebo, lemborexant 
5 and 10 mg, was 1.3%, 6.9% (NNH = 18), 9.6% (NNH = 12), respectively. In 
SUNRISE-2 trial [23], the incidence of somnolence was higher in patients ≥65 years 
of age (19%) vs. subjects <65 years (10.9%) with lemborexant 10 mg (data on file, 
Eisai Inc.).

Summary The DORAs are indicated for sleep onset and maintenance insomnia. 
No comparative trials between these two agents exist. Long-term outcomes are not 
known. Lemborexant 10 mg compared to zolpidem 6.25 ER had better outcomes in 
many of the subjective sleep parameters, however with more somnolence. The inci-
dence of AEs is dose-dependent for both agents.

 Antidepressants

Several antidepressants are used off-label to treat insomnia although few controlled, 
short- or long-term studies to validate their efficacy and safety in patients with pri-
mary insomnia exists. The tolerability and safety of these agents used in high- 
quality trials long term is lacking. Patients with depression or anxiety disorders 
treated with SSRI (serotonin reuptake inhibitor) and SNRI (serotonin and norepi-
nephrine reuptake inhibitor) antidepressants often complain of insomnia or daytime 
somnolence occurring with long-term treatment [29].

Low-dose doxepin Low-dose doxepin due to its antihistamine effects is FDA- 
approved for the treatment of sleep maintenance insomnia. One SR [30] comprised 
of 6 RCTs of low-quality evidence compared the efficacy of low-dose doxepin 
versus placebo in individuals with insomnia disorder diagnosis with treatment 
duration varying from 1 day to 12 weeks. The outcome, ISI, significantly improved 
at week four in 2 RCTs in older adults, favoring doxepin 3 or 6  mg dose over 
placebo.

None of the RCTs found significant differences in AE rates between low-dose 
doxepin and placebo treatment, although the SR did not combine AEs from differ-
ent RCTs. Headache and somnolence were the most common AEs reported with 
low-dose doxepin with no significant next-day residual effects or withdrawal effects. 
Doxepin may potentially be an inappropriate medication in geriatric patients [31], 
and should be avoided when used in doses >6 mg/day due to the possible orthostatic 
hypotension, anticholinergic effects, or toxicity [32].
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 Antidepressants Used Off-Label

Trazodone Trazodone produces sedation by blocking the 5HT-2a/2c receptor. 
Trazodone continues to be a highly prescribed drug for insomnia even though the 
efficacy for treating insomnia has been studied in only small populations in 
depressed individuals, usually with limited subjective sleep evaluations and without 
objective PSG data.

In an SR, [33] three of 7 trazodone trials (n = 379) used doses between 25 and 
150  mg. Moderate improvement in subjective sleep outcomes over placebo was 
seen. Two PSG trazodone studies resulted in little or no difference in SE (low- 
quality evidence). Two studies with low-quality evidence had more AEs with trazo-
done than placebo. Another SR [34] included seven trazadone trials of which only 
one trial included patients with primary insomnia (n = 306). The trial of 2 weeks in 
duration included three arms: trazodone 50  mg, zolpidem 10  mg, and placebo. 
Patients self-reported that both trazodone and zolpidem had shorter sleep latency 
than placebo, but similar in sleep duration.

Rates of AE were low in two of the trials; the other five studies did not present 
this data [34]. Trazodone has an FDA blackbox warning for the possibility of 
increasing suicidal thoughts and behaviors in pediatric and young adult patients 
[35]. Due to numerous other AEs and drug-drug interactions, trazodone is not con-
sidered a treatment of choice for chronic insomnia.

Summary Only low-dose doxepin is FDA-approved for treatment of sleep mainte-
nance insomnia. There is limited clinical evidence for using other antidepressants 
for managing insomnia.

 Antipsychotic Agents

Traditional and atypical antipsychotics are sedating due to their antagonism of 
dopaminergic, histaminergic, serotonergic, α(alpha)1-adrenergic systems. 
Anticholinergic effects, including sedating and hypotensive effects, occur with all 
antipsychotics in varying frequency and severity.

A SR [36] evaluated the benefits and AEs of atypical antipsychotics used to 
treat insomnia. Only one low-quality study using quetiapine met the inclusion cri-
teria, and reported no statistically significant differences from baseline between 
quetiapine and placebo for TST, SL reduction, or sleep satisfaction improvement. 
No AEs were reported in the placebo group, but dry mouth and daytime drowsiness 
were found in the quetiapine with undetermined frequency. Quetiapine has a 
blackbox warning indicating a 1.6 to 1.7-fold increase in mortality in elderly popu-
lations with dementia-related psychosis and increased suicidal tendencies in chil-
dren, adolescents, and young adults [37]. In addition, all atypical antipsychotics 
carry a strong recommendation to avoid their use in the elderly except in schizo-
phrenia or bipolar disorders due to an increased risk of cerebrovascular accident 
and a greater rate of cognitive decline and mortality in persons with dementia [31].
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Summary The atypical antipsychotic used off-label most commonly to treat insomnia 
is quetiapine. There are limited number of studies with small sizes regarding efficacy 
of antipsychotics for treating insomnia and the drugs have risk for AEs in the elderly.

 OTC Drugs

Off-label use of antihistamines such as diphenhydramine and doxylamine produces 
subjective drowsiness and reduced SL but tolerance develops within 2 weeks of use 
[11]. The use of these agents and other antihistamines is not supported by rigorous 
data for treating chronic insomnia [11]. Valerian available as OTC is a plant extract 
with GABA activity and shortens SL and improves SE; however, evidence for its 
efficacy for treatment of insomnia is limited [11].

 Wake-promoting Drugs

Drugs that are agonistic to the wake-promoting nuclei can potentially increase alert-
ness. Thus, wake-promoting agents used to treat excessive daytime sleepiness 
(EDS) act via the activation of the noradrenergic, dopaminergic, serotonergic sys-
tems, and/or histamine [1] (Fig. 2.2). Agents treat narcolepsy symptoms, primarily 
EDS, but also REM sleep dysregulation symptoms (i.e., cataplexy, hypnagogic/

Mechanism of action Drugs/Drug categories

Amphetamine

Methylphenidate

Modafinil
Armodafinil

Sodium oxybate

Solriamafetol

Pitolisant

DA and NE transporter inhibition,
VMAT-2 inhibition, and
MOA activity inhibition

Wake-promoting drugs

DA and NE transporter inhibition,
serotonin 1A receptor agonist

 Probably DA reuptake inhibition

 Probably GABAo, NE, DA,
thalamocortical neurons

 Probably DNRI

Antagonist/inverse agonist
at H3 receptors; modulates

release of NE and DA

Fig. 2.2 Demonstrates the potential sites of action of wake-promoting drugs. DA dopamine, NE 
norepinephrine, MAO monoamine oxidase, DNRI dopamine and norepinephrine reuptake inhibi-
tor, H3 histamine 3, VMAT-2 vesicular monoamine transporter, GABA gamma aminobutyric acid 
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hypnopompic hallucinations, sleep paralysis) and disrupted nighttime sleep. The 
pharmacology and dosing of the wake agents are described in Table 2.5.

 Amphetamines and Methylphenidate

Amphetamines and methylphenidate are controlled substances that act by blocking 
the reuptake and enhancing the release of norepinephrine, dopamine, and serotonin 
[38]. Amphetamines reduce REM (rapid eye-movement)  sleep, prolong REM 
latency, increase SL, and reduce TST [39].

Table 2.5 Pharmacology of wake-promoting agents [67, 78]

Generic/
(trade name) Half-life (h)

Usual daily 
dose range 
(mg) Use in pregnancy

Controlled 
substance

CNS stimulants
(e.g., amphetamines; 
detroamphetamine)
Desoxyn®; 
Dexedrine®)

Varies, 
depending on 
the 
formulation

5–60
(divided 
doses)

The safety of CNS 
stimulants during human 
pregnancy has not been 
established. There may be 
risks to the fetus 
associated with the use of 
CNS stimulants.

II

Methylphenidates
(Concerta®; Ritalin®)

1.5–3 20–30

Modafinil
(Provigil®)

15 200–400 
(narcolepsy; 
divided doses)
200 (OSA)

Registry data suggest 
potentially a higher rate of 
major congenital 
malformations than in the 
general population 
exposed within 6 weeks 
prior to conception or 
pregnancy.

IV

Armodafinil
(Nuvigil®)

15 150–250

Sodium oxybate
(Xyrem®)

0.5–1 4.5–9 g/night 
divided into 2 
doses

Insufficient data to 
determine developmental 
risk.

III

Calcium, magnesium, 
potassium, and 
sodium oxybatesa 
(Xywav™)

0.5–1 Same as 
Xyrem

Insufficient data to 
determine developmental 
risk.

III

Pitolisant
(Wakix®)

~20 8.9–35.6 Pre-clinical studies have 
shown reproductive 
toxicity. Insufficient 
human data to establish 
toxicity.

N/A

Solriamefetol
(Sunosi®)

2–3 75–150 
(narcolepsy)
37.5–150 
(OSA)

Insufficient data to 
determine drug-associated 
risk of major birth defects, 
miscarriage, or adverse 
maternal or fetal 
outcomes.

IV

CNS central nervous system; N/A not applicable; OSA obstructive sleep apnea
aLow-dose sodium oxybate
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Efficacy Efficacy data for the wake-promoting drugs are limited. Methylphenidate, 
methamphetamine, and dextroamphetamine are FDA-approved for EDS, but are not 
considered first-line therapy due to lack of evidence on benefit-to-risk ratios [40].

Safety Adverse events include headaches, irritability, nervousness or tremors, psy-
chosis, anorexia, insomnia, gastrointestinal complaints, dyskinesias, and palpita-
tions. The drugs are contraindicated in patients with advanced arteriosclerosis, 
symptomatic cardiovascular disease, moderate to severe hypertension, hyperthy-
roidism, history of drug abuse, or with administration of MAO inhibitors. Labeling 
for amphetamines includes a “black box” warning due to the high potential for abuse.

Summary Amphetamines and related medications have been used to improve 
alertness in patients with narcolepsy for decades but are not first-line therapy for 
EDS. The drugs have significant AEs and potential for abuse in specific situations.

 Modafinil and Armodafinil

Modafinil is a nonamphetamine indicated for treatment of EDS for patients with nar-
colepsy and shift-work disorder, and with obstructive sleep apnea (OSA) with resid-
ual daytime sleepiness on adequate positive airway pressure therapy (PAP). 
Modafinil’s mechanism of action (MOA) is not well understood but may be dopa-
mine reuptake inhibition [41, 42].

Modafinil is comprised of two enantiomers, the S-isomer with a half-life of 
3–4  hours and the R-isomer with a half-life of ~15  hours. Armodafinil is the 
R-enantiomer of modafinil. Modafinil’s elimination half-life is almost 13 hours for 
single dosing and up to 15 hours after multiple dosing; the maximum concentration 
is achieved in 2–4 hours.

 Modafinil Efficacy

Narcolepsy A meta-analysis pooled data from nine double-blind RCTs [43] in 
patients with narcolepsy (n = 1054) with or without cataplexy and with 2–9 weeks 
follow-up at daily doses of 200-, 300-, and 400 mg. Modafinil versus placebo sig-
nificantly decreased EDS assessed by Epworth Sleepiness Scale (ESS) with WMD 
of −2.73 points, improved multiple sleep latency test (MSLT) and maintenance of 
wakefulness test (MWT) results, WMD of 1.11 and 2.82  minutes, respectively. 
Daytime sleepiness and the number of sleep attacks and naps per day decreased. 
There were no changes in sleep architecture. Following 9 weeks of treatment with 
200 or 400 mg/day, modafinil improved quality of life on the SF-36 questionnaire 
and on a validated narcolepsy-specific questionnaire. Performance and clinical 
global impression (CGI) scores also improved. The likelihood of falling asleep 
increased after withdrawing modafinil [44]. Modafinil had a similar effect on EDS 
as sodium oxybate [45] with no difference in the change in ESS scores and mean 
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sleep latency (MSL) on MWT.  There are no RCTs comparing modafinil with 
methylphenidate or other amphetamine-like stimulants. Withdrawal symptoms 
such as those noted with amphetamines were absent, suggesting that modafinil is 
not “addictive” and has a lower potential for abuse. Modafinil 400 mg once daily 
or as a split dose in the morning and at midday improved wakefulness than 
modafinil 200 mg taken once daily in the morning [46]. Modafinil had no effect on 
cataplexy.

Obstructive Sleep Apnea    

In one SR of 10 RCTs [47], modafinil/armodafinil used for the treatment of residual 
daytime sleepiness in OSA after adequate PAP therapy improved ESS score by 2.2 
points over placebo (effect size 0.55), MWT by 3 minutes (effect size 0·41), and 
MSLT by 1.3 minutes (effect size 0.33).

Shift work disorder In shift work studies [48], the objective MSL increase was 
small (approximately, 2  minutes at both 200- and 400  mg); however, patients’ 
subjective assessment of sleepiness was much improved, with an ESS score 
reduction by approximately 4 points and 6 points at 200 and 400  mg dosage, 
respectively.

Armodafinil Efficacy Armodafinil resulted in a small (2.3 minutes) but statisti-
cally significant increase from baseline MSL versus placebo on the first four 
30 minutes MWT sessions in OSA patients with residual EDS [49, 50]. Armodafinil 
significantly increased the MSL on MWT in narcoleptic patients [51]. In patients 
with EDS associated with chronic shift-work disorder, armodafinil significantly 
improved wakefulness during scheduled night work, raising mean nighttime SL 
from 2.3 minutes at baseline, to 5.3 minutes over a period of 12 weeks [52]. The 
effectiveness of armodafinil lasted after long-term use (≥12 month) and was well 
tolerated in open- label trials in patients with EDS associated with treated OSA, 
shift work disorder, or narcolepsy [52–54]. Armodafinil was also effective in reduc-
ing sleepiness due to jet lag following eastward travel through 6 time zones [55].

Safety Data compiled from six double-blind, RCTs demonstrated that modafinil 
has a good safety profile with low potential for abuse [42, 56]. The most common 
side effect is headache and anxiety. It does not affect the sleep architecture by PSG 
or any cardiovascular parameters (blood pressure or heart rate). A serious but rare 
side effect is drug rash. Psychiatric alterations have been noted in patients under 
combined treatment with sodium oxybate and modafinil [57] and should be moni-
tored accordingly. These drugs induce cytochrome P450 enzyme, leading to reduced 
levels of oral contraceptives. Hence, female patients should use another form of 
contraception while on these medications. Neither modafinil nor armodafinil is 
FDA-approved for use in pediatric patients for any indication.
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Summary Modafinil and armodafinil are effective and safe agents in treating EDS 
associated with narcolepsy, shift work disorder, and in OSA treated with PAP.

 Sodium Oxybate

Sodium oxybate (Xyrem®) (SXB) and lower-sodium version (Xywav®) are oxy-
bate salts of the recreational drug, gamma-hydroxybutyric acid (GHB). Both agents 
are FDA-approved for the treatment of cataplexy and EDS in patients with narco-
lepsy ≥7 years of age. While the MOA is unknown, both agents probably act by 
binding to GABAB receptors. Given the abuse potential and CNS depressant effects, 
the drugs are scheduled III controlled substances and available only through a 
restricted distribution program. Both agents are rapidly absorbed with a high first- 
pass metabolism; absorption is slowed by fatty meals, so should be taken a few hours 
after a meal. The agents are metabolized to water and carbon dioxide and eliminated 
rapidly from the circulation in 20–53 minutes, necessitating twice- nightly adminis-
tration, taken at bedtime while in bed and again 2.5–4 hours later [58]

Efficacy In one meta-analysis, 2 RCTs measured the improvement of EDS with 
SXB using different MWT protocols (n = 192). At SXB doses, usually at 9 g/night 
for 4–8  weeks, SXB was significantly superior to placebo for increasing MSL 
(MD (mean difference): 5.18), and reducing mean sleep attacks (MD: −9.65) and 
increased CGI scores. When compared with placebo, cataplexy attacks were statis-
tically significantly decreased with 4.5  g/night dose (pooled results: MD: −8.5, 
https://doi.org/10.5664/jcsm.2048)

In another meta-analysis of 9 RCTs (n = 1154), SXB also significantly reduced 
subjective daytime sleepiness (WMD −2.81) and sleep stage shifts (WMD −9.69, 
[59]). In one of the RCTs, there was a significant reduction of 20% and 27% in the 
ESS scores in the SXB monotherapy and SXB  +  modafinil combined therapy 
groups, respectively [45]. After 8 weeks, significant changes in sleep architecture 
among patients receiving SXB and SXB + modafinil included a median increase in 
Stage 3 and 4 sleep (43.5 and 24.25 minutes, respectively) and delta power and a 
median decrease in nocturnal awakenings (6.0 and 9.5, respectively) [60]. It did not 
significantly increase REM sleep versus placebo.

The efficacy of lower-sodium oxybate was established in Phase 3 trial, 16 weeks 
in duration with 2 weeks of data comparing it to placebo (n = 201, [61]). The sodium 
content in a 6–9  g dose SXB and lower-sodium oxybate is 1100–1640  mg vs. 
87–131 mg, respectively. The primary outcome was the change in weekly number 
of cataplexy attacks from during the stable dose period (2 weeks) to withdrawal 
period (2 weeks). The key secondary outcome was a change in EES score. Weekly 
cataplexy scores and EES scores were significantly reduced compared to placebo. 
Most patients randomized to lower-sodium oxybate reported better PGIc (Patient 
Global Impression of Change) ratings, Short Form (SF)-36 physical component 
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summary scores, and SF-36 mental component summary scores than the pla-
cebo group.

Safety SXB was well tolerated but patients had statistically more AEs versus pla-
cebo, including nausea (relative risk [RR]: 7.74), vomiting (RR:11.8), and dizziness 
(RR: 4.3). Enuresis was not significantly different from placebo [62]. Sleepwalking 
was reported in 4% of 717 patients treated in clinical trials with SXB [63]. Post- 
marketing data indicate a very low risk of abuse/misuse of SXB.  Serious AEs, 
reported in ~6% of patients, included depression, angina, and suicide attempt. No 
acute withdrawal symptoms were observed after 2 weeks of discontinuation follow-
ing an average of 21 months of therapy. The abrupt cessation of SXB did not cause 
acute rebound in cataplexy [64]. Caution is advised when treating narcoleptics with 
concurrent SXB, and to ensure adherence to positive pressure therapy before start-
ing SXB. The overall safety profile including potential drug interactions of SXB is 
expected to be similar to lower-sodium oxybate [61].

Synergistic interactions of SXB with alcohol or other CNS depressants may 
increase the risk of intoxication or overdose. The agents should not be taken in 
combination with sedative hypnotics or in patients with succinic semialdehyde 
dehydrogenase deficiency. Patients with compromised liver function should have 
their starting dose decreased by one-half and response to dose increments moni-
tored [58]. Most patients can be effectively transitioned from SXB to lower-sodium 
oxybate without any difficulties.

Summary SXB is used in combination with other therapies to adequately control 
all symptoms of narcolepsy. A lower-sodium oxybate offers another treatment option 
for treating cataplexy in patients with narcolepsy and cardiovascular/renal disease 
or other health condition/valid medical reason requiring a lower daily sodium 
consumption.

 Solriamfetol

Solriamfetol is a dopamine and norepinephrine reuptake inhibitor (DNRI) indicated 
to improve wakefulness in adult patients with EDS.  Solriamfetol was approved 
based on two 12-week RCTs, in patients with narcolepsy [65] and OSA [66], 
respectively. It is not approved for treating cataplexy.

Efficacy Narcolepsy: Treatment of Obstructive Sleep Apnea and Narcolepsy 
Excessive Sleepiness (TONES 2 and 3) were double-blind randomized, placebo- 
controlled parallel-group trials. In TONES 2 [65], patients with narcolepsy type 1 or 
2 (n  = 231) with baseline ESS of ≥10 (mean, 17.2) and a baseline mean SL of 
<25 minutes based on 4-naps MWT were randomized to receive placebo,  solriamfetol 
75, 150, or 300 mg daily. The co-primary endpoints were change from baseline to 
12 weeks in MWT and ESS. The PGI-C at 12 weeks was the key secondary end-
point. At week 12, solriamfetol 150 and 300 mg significantly increased the mean 
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change of SL versus placebo from baseline on MWT of 7.7 and 10.1  minutes, 
respectively. Significant decreases of −2.2, −3.8, and −4.7  in ESS scores were 
found with solriamfetol 75, 150, and 300 mg compared to placebo, respectively. The 
NNT to achieve an ESS ≤ 10 using solriamfetol 150 and 75 mg versus placebo at 
12 weeks was calculated to be 4 and 7  in a post-hoc analysis, respectively. 
Improvements in MWT and EES scores were sustained throughout the trial’s dura-
tion. The improvement in PGI-C (Patient Global Impression scale) was dose- 
dependent and significant at 150 and 300 mg doses versus placebo. However, the 
recommended doses for patients with narcolepsy are 75 and 150 mg once daily. 
Dosages above 150 mg increased dose-related AEs without additional benefit. No 
trials comparing solriamfetol with other agents used for the treatment of EDS are 
available.

OSA The TONES-3 trial randomized 476 adults with OSA and evaluated the effi-
cacy and safety of solriamfetol 37.5, 75, 150, and 300  mg, with placebo over 
12 weeks [66]. The participants had a mean baseline ESS score of ~15 and a mean 
MSL on MWT between 12 and 13 minutes. The participants had to either currently 
use or had prior use of a primary OSA therapy including PAP, mandibular advance-
ment device, or surgical intervention. The severity of OSA was not specified. The 
trial did not specify whether surgery was effective in treating OSA or the required 
hours of PAP use. At baseline, primary OSA therapy was used by 69.7% of partici-
pants on placebo and 73.5% randomized to solriamfetol, of which ~90% were on 
PAP. The primary OSA therapy nonadherence ranged from 27.1% - 31.6% in the 
study. The inclusion criteria of baseline ESS score and endpoints were the same as 
in TONES-2 trial, and the baseline SL for MWT was ≤30 minutes.

All solriamfetol doses increased wakefulness significantly relative to placebo in 
patients with OSA. The SL mean change from baseline per MWT was 13.0, 11.0, 
9.1, 4.7 minutes with 300, 150, 75, and 37.5 mg at 12 weeks, respectively. The dose- 
dependent effects were sustained over the study duration. All solriamfetol doses 
resulted in a decrease in sleepiness as indicated by the ESS score compared to pla-
cebo at 12 weeks. The ESS decrease was dose-dependent and ranged from −3.3 to 
−7.9 with solriamfetol 37.5–300 mg daily. The key secondary endpoint of PGI-C 
was met at all doses except for the 37.5 mg dose.

Safety In TONES 2, AEs incidence (≥5%) with all doses of solriamfetol included 
headache (21.5%), nausea (10.7%), decreased appetite (10.7%), nasopharyngitis 
(9%), dry mouth (7.3%), and anxiety (5.1%) [65]. Patients with previous history of 
headache or migraines had a higher incidence of headache. Of note, blood pressure 
(BP) taken 9 hours post dose showed an increase from baseline in systolic and dia-
stolic BP (1–2 mmHg) and heart rate (2–4 beats per minutes) for solriamfetol 150 
and 300 mg doses compared to placebo. The discontinuation rate was higher in the 
solriamfetol 300 mg group (27.1%), solriamfetol 75 mg (16.9%), placebo (10.3%), 
and solriamfetol 150 mg (7.3%). The NNH in TONES 2 for any or all treatment- 
emergent AEs was 8 and 3 for solriamfetol 75 mg and 150 mg, respectively, com-
pared to placebo at 12 weeks.
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In TONES 3, AEs and discontinuations caused by AEs were dose-dependent 
[66]. The most frequent AEs with solriamfetol occurring ≥5% were similar to 
what was seen in TONES-2 trial. At week 12, BP was increased compared to 
baseline with the highest increase noted when 300 mg dose was used; 2.5 and 
1.5 mmHg systolic and diastolic, respectively. Small mean increase in heart rate 
was also seen with solriamfetol 150 and 300 mg doses. Long-term cardiovascular 
consequences are not available. The dose should be adjusted in patients with 
renal disease. There is potential for abuse of this drug. It is unknown whether 
solriamfetol in combination with other medications for the treatment of narco-
lepsy is safe and tolerated and whether this therapy can be extrapolated to those 
that refuse primary OSA therapy.

Summary Solriamfetol is effective in reducing EDS in patients with narcolepsy 
and OSA treated with PAP, but there is risk for dose-dependent AEs.

 Pitolisant

Pitolisant is indicated for the treatment of EDS or cataplexy in adult patients with 
narcolepsy. Pitolisant is a histamine-3 (H3) receptor antagonist/inverse agonist that 
blocks the inhibitory effect of the H3 receptors and increases the synthesis and 
release of histamine into the brain synapse, so the locus coeruleus NE neurons are 
activated. The antagonism of the H3 receptors with pitolisant can increase the 
release of other neurotransmitters such as acetylcholine, norepinephrine, and dopa-
mine levels in the prefrontal cortex [67].

Efficacy The efficacy of pitolisant in narcolepsy was established in two 8-week 
Phase 3 RCT studies involving narcoleptic adults (n = 258) with EDS [68, 69]. 
Randomized patients received pitolisant, placebo, or the active comparator agent, 
modafinil. In the first RCT (n  =  95), 81% of narcoleptics had cataplexy upon 
entry. Pitolisant 9–36  mg/day demonstrated a significant improvement in EDS 
assessed by ESS compared to placebo at 8 weeks. The treatment effect changes 
from baseline EES score between pitolisant and placebo was −3.1. The improve-
ment in objective test of wakefulness and attention tests with pitolisant versus 
placebo was confirmed but were not significantly different with modafinil 
100–400 mg daily. The SL increased 32% with pitolisant and decreased 10% with 
placebo. Responder rates in the post-hoc analyses (defined as an EES score ≤10) 
for pitolisant were  significantly greater compared to placebo (45% vs. 13%, 
respectively) but not compared with modafinil. Similarly, for the daily cataplexy 
rates in the post-hoc analyses, in which 35% of the patients continued their usual 
anticataleptic drugs (sodium oxybate, (n  =  8); or antidepressants, (n  =  25)), 
pitolisant was superior to placebo in decreasing the number of daily cataplexy 
attacks from baseline assessed by sleep diary entries but was not non-inferior to 
modafinil [68].
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The second RCT (n = 164) studied a lower daily dose range of pitolisant of 
4.5–17.8 mg [69]. The maximum dose was reached by 76% of the patients and 
~78% of the patients had cataplexy upon randomization. Pitolisant had a treat-
ment effect of −2.12 in the ESS score versus placebo after 8 weeks but there was 
no significant improvement in EDS. Non-inferiority test between pitolisant and 
modafinil 200 or 400 mg daily could not be concluded. On the objective tests 
MWT and SART (sustained attention to response task), pitolisant was signifi-
cantly greater compared to placebo but not different from modafinil. In a post-
hoc analyses, responder rate (defined as an ESS score ≤10 or ESS score reduction 
≥3), pitolisant was significantly greater (64%) compared to placebo (35%). No 
significant difference between the responder rate for pitolisant and modafinil 
groups was seen and there was no reduction in cataplexy rates compared to pla-
cebo at this lower dose [69].

Safety The AEs most frequently reported for pitolisant from pooled studies 
(8 weeks) versus placebo were headache (18.7% vs. 14.9%), nausea (5.9 vs. 2.7%), 
and insomnia (5.8% vs. 2.3%). The neuropsychiatric AEs seen were insomnia 
(8.4%); dizziness (1.4%), depression (1.3%), tremor (1.2%), sleep disorders (1.1%), 
and vertigo (1.0%) [69].

Pitolisant is contraindicated in patients with Child-Pugh C. Clinically rele-
vant interactions are expected with strong CYP2D6 inhibitors and CYP3A4 
inducers. Concomitant administration of antihistamine-1 receptor antagonists 
and sedating antihistamines may impair the efficacy of pitolisant [69] and lower 
the efficacy of hormonal contraception. Supratherapeutic doses of pitolisant 
have been associated with QTc interval prolongation and drug monitoring is 
required in patients with cardiac disease. Pitolisant has no abuse, tolerance, 
rebound or withdrawal potential and it is not a scheduled controlled substance 
nor a stimulant.

Summary Pitolisant is an alternate agent that is not a scheduled controlled sub-
stance, effective in the treatment of EDS and cataplexy in narcolepsy, and to be used 
with caution in patients with cardiac disease.

 Novel Drugs in Pipeline

Several drugs for either insomnia or EDS are undergoing clinical trials or have 
shown promise in animal studies and are awaiting clinical trials. These drugs and 
their potential site(s) of action are presented in Table 2.6 [70].
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 Conclusion

In summary, the drugs promoting sleep and wakefulness have evolved over the 
years to precisely target the sleep and wake-related neurons and neurotransmitters 
in the brain. These agents are meant for use in conjunction with non-pharmacologic 
therapies. Unlike the older pharmacologic agents, the newer medications for these 
disorders have been studied in well-designed placebo-controlled RCTs, albeit 
mostly industry-sponsored, with evaluation for efficacy and AEs. Many of the 
agents reviewed are indicated in adults with limited or ongoing studies in pediatric 
age groups. Personalized medicine has become increasingly important in effective 
patient care, and the future of sleep pharmacology rests with developing agents that 
target specific wake/sleep-promoting receptors, tailored for subpopulations of 
patients suffering from these disorders.

Acknowledgments Merit Review Award, Department of Veterans Affairs, Grant 
#1I01CX001938-01.

Table 2.6 Novel drugs in development [79]

Compound/
NTC number Mechanism of action Target indication

Daridorexant
02839200

Dual orexin receptor antagonist Insomnia

Seltorexant
03682380

Selective orexin-2 receptor antagonist Insomnia and related mood 
disorders (MDD)

SKP-1041
00878553

GABAA receptor enhancer-
(experimental formulation of zaleplon)

Insomnia with middle of the night 
awakening

Lorediplon
(unknown)

GABAA receptor enhancer: (longer 
acting non-BDZ)

Insomnia

EVT-201
00380003

GABAA receptor enhancer Sleep initiation and maintenance

Esmirtazapine
00631657

Antidepressant Sleep initiation and maintenance, 
mental disorders

LY2624803
000784875

Histamine H1 receptor serotonin2A 
(5HT-2A) receptor modulator

Insomnia

Piromelatine
02615002

NT1/2/3/5-HT1A/D receptor agonist Cognitive and sleep effects in 
Alzheimer’s disease

Pentetrazol
BTD-001
03542851

Non-competitive GABAA receptor 
antagonist

Narcolepsy

FT218
02720744

Sodium oxybate ER Long-acting sodium oxybate for 
narcolepsy

THN102
03624920

Combination of modafinil and flecainide Parkinson’s disease and EDS

Reboxetine
(AXS-12)
03881852

A selective norepinephrine reuptake 
inhibitor

Narcolepsy and cataplexy

TAK-925
03332784

Hypocretin 2 receptor agonist Narcolepsy
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 Introduction

Relative to Whites, racial/ethnic minorities are more likely to experience a higher 
burden of poor health, chronic disease, accelerated aging, and premature/excess 
deaths [1–6]. These health burdens can be attributed to several biological, psycho-
social, and environmental factors and mechanisms. Notable biological explanations 
include, but are not limited to, advanced cell aging, DNA methylation, telomeriza-
tion of cells, and multimorbidity [2, 7–14]. However, the pathogenesis of poor 
health, accelerated aging, and disease burden among racial/ethnic minorities is not 
solely a biological process; it also occurs epigenetically where chronic exposure to 
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noxious exogenous factors cause disease by introducing heritable changes in genetic 
expression or chromosomal function into the biology of individuals to cause disease 
[11, 12, 15–17]. Growing evidence highlights that the burden of poor health, chronic 
disease, and accelerated cellular aging among racial/ ethnic minorities is observed 
across the lifespan, suggesting that the roots of poor health begin as early as the in- 
utero period and childhood [18]. However, extant etiological frameworks to explain 
the burden of poor health, chronic disease, accelerated aging, and premature/excess 
deaths heavily emphasize proximal and exogenous effects of life stressors and 
exclude potential distal and upstream factors such as the cumulative effect of preju-
dice and discrimination, as well as environmental (noxious noise, light, and air qual-
ity), political (taxes, policies, governmental programs, and nativity/citizen status) 
[19], and social determinants of health (poor access to health services, socioeco-
nomic status, neighborhoods, and education) [20].

Although it is difficult to identify a single cause for the burden of poor health 
outcomes, chronic disease, accelerated aging, and premature/excess deaths, there 
are some factors that may offer upstream (etiology) and downstream (consequences) 
insights into the chronicity, pervasiveness, and ubiquity of poor health among racial/
ethnic minorities. Growing evidence points to sleep health (duration, sleep disor-
ders, efficiency, sleep quality, sleepiness (alertness), and timing/chronotype) as 
being one such factor that might provide a unique upstream and downstream expla-
nation for the life-course burden of poor health, chronic disease, accelerated aging, 
and premature/excess deaths among racial/ethnic minorities [21–25].

Sleep disruptions represent both a cause and consequence of poor health out-
comes in racial/ethnic minorities. Mounting evidence indicates that racial/ethnic 
groups are unequally burdened by a wide range of sleep disruptions and poor sleep 
health outcomes, which lead to further disparities in cardiovascular disease, cancer, 
dementia, and mental health outcomes [21–28]. Although the burden of poor sleep 
health outcomes affects most racial/ethnic groups, relative to Whites, their manifes-
tation and causes at the population level are specific to each group. For example, 
Black and Latino children and adults alike have a predominantly higher risk for 
poor sleep health (inconsistent sleep schedules, insufficient sleep duration, sleep- 
disordered breathing problems, and daytime sleepiness) compared to their White 
counterparts. It is likely that poor sleep health, experienced as a child, has residual 
and insidious effects on later life, thus increasing likelihood of debilitating poor 
sleep and adverse functional and health outcomes, such as poor cognitive perfor-
mance, car accidents and occupational accidents, cardiovascular disease, diabetes, 
and mental health, all of which are higher among racial/ethnic minorities compared 
to Whites [29, 30].

To better understanding sleep health burden among racial/ethnic groups, we will 
describe the prevalence and burden of sleep health parameters: (1) sleep duration, 
(2) sleep disorders, (3) sleep timing/chronotype, (4) sleep architecture, (5) sleep 
quality, (6) sleepiness/alertness, and (7) sleep efficiency (See Fig. 3.1). Then, we 
will describe upstream processes and causes of poor sleep health parameters among 
racial/ethnic groups, which can be attributed to a variety of biological (circadian 
rhythm), behavioral (diet and exercise mental health), psychosocial (stress, mental 
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health, poverty, social demands), and environmental factors (noise and light), which 
we describe in detail. Lastly, we will describe the downstream processes and conse-
quences of poor sleep health among racial/ethnic groups, which include but are not 
limited to a variety of adverse health outcomes, chronic diseases (cardiovascular 
disease, diabetes, and mental health), and poor functional and performance 
outcomes.

 Prevalence and Burden of Poor Sleep Health

Sleep health is characterized by seven sleep parameters: (1) sleep duration, (2) sleep 
disorders, (3) sleep timing/chronotype, (4) sleep architecture (sleep stages divided 
into rapid eye movement (REM) and non-REM sleep), (5) sleep quality, (6) sleepi-
ness, and (7) sleep efficiency [31]. Mounting evidence highlight an alarming trend 
of sleep health disparities across certain demographic groups, most notably among 
racial/ethnic minorities who compared to their White counterparts experience sig-
nificant burden in all seven sleep parameters which have been attributed to several 
adverse health and functional outcomes and provide some explanation for elevated 
and high burden of certain chronic diseases, such as cardiovascular disease, mental 
health, and dementia. From this growing and heterogenous evidence, there is an 
emerging coalescing definition of sleep health disparity, which the NIH describes as 
any difference in one or more dimensions of sleep health (regularity, quality, alert-
ness, timing, efficiency, and duration)—on a consistent basis—that adversely affects 
designated disadvantaged populations [29]. Although this definition of sleep health 
disparity is not final or comprehensive, it represents an excellent start and working 
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definition that provides the critical lens through which one can identify, define, mea-
sure, and study the drivers and consequences of sleep health disparity. Therefore, 
we use this definition of sleep health disparity as the lens to identify sleep health 
disparities among racial/ethnic groups for the current book chapter. However, to 
better understand sleep health disparity, it is important to go beyond identifying dif-
ferences (which is often restricted to numerical difference), and seek to understand 
the fundamental causes and consequences of these differences.

Therefore, for the current chapter, we define sleep health disparity as differences 
that are due to deeply entrenched cause[s] (biological, psychosocial, and environ-
mental) and downstream consequences that even the counterfactual cannot escape. 
For example, sleep health disparity exists because both poor and wealthy racial/
ethnic minorities are more burdened by poor sleep health outcomes, compared to 
their poor and wealthy White counterparts (even when comparing a wealthy minor-
ity with a poor White individual). This evidence should not be misunderstood as a 
positing and privileging of ontogeny/biological causes over social causes but rather 
an acknowledgment of the syndemic and epigenetic etiology of sleep health dispar-
ity. In fact, sleep health disparity may be due to omni-directional relationships 
among latent hard-wired biological factors, noxious psychosocial and environmen-
tal terroir and contexts, and defunct system-level factors that would normally ame-
liorate health risk (such as the inability of our poor healthcare system to address 
sleep health disparities and its consequences or poor labor policies that prevent 
individuals from earning a living wage causing poorer populations to work multiple 
jobs that induce stress and disrupt sleep health). For the sections below, we estab-
lish: (1) sleep health disparities by describing numerical differences across all sleep 
health parameters (highlighting higher burden, prevalence rates, and likelihoods 
among racial/ethnic minorities compared to their counterfactual counterparts), (2) 
biological, psychosocial, and environmental antecedents and causes of sleep health 
differences, and (3) functional and health consequences of sleep health differences 
among racial/ethnic minorities (See Table 3.1).

 Sleep Duration

There are significant differences in sleep duration and total sleep time among sev-
eral demographic groups (sex, geographic, and socioeconomic status). The most 
compelling and robust evidence for group-based differences in sleep duration are 
observed among racial/ethnic minorities and so for the current chapter we focus 
only on racial/ethnic groups. Racial/ethnic differences in sleep duration have been 
noticed as early as childhood and persist throughout the lifespan to adulthood. 
Regardless of age group, racial/ethnic minorities do not receive adequate sleep 
duration for their age sleep. Although the American Academy of Sleep Medicine 
recommends that 3–5-year-old children receive on average 10–13 hours (including 
naps) daily, 9–12 hours for 9–12-year-old children, and 7–9 hours for adults, racial/
ethnic minorities consistently experience insufficient sleep duration (See Table 3.1). 
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Chronic insufficient sleep duration (such as short sleep duration <7 hours) has been 
linked with increased risk for cognitive impairment, occupational hazards, mis-
takes, poor cardiovascular health and disease, mental illness, dementia, and cancer 
[32–36].

Based on data from the National Health and Nutrition Examination Survey 
(NHANES), short sleep duration is highly prevalent in the United States with a 
conservative overall estimate of 37.1% across the lifespan. However, these same 
data reveal that the greatest burden of short sleep duration is experienced among 
middle age individuals: (1) 20–39 years of age (37.0%); (2) 40–59 years (40.3%); 
and 60 years and older (32.0%), highlighting severe sleep deprivation across all age 
groups [37]. Stratifying these results by race/ethnicity highlights the fact that among 
children 6  months and 2  years old, only 6% of Black children slept the recom-
mended amount of 12  hours daily, while 83% of White children slept at least 
12 hours daily. Similar trends have been observed among adolescents, where Asians 
(76%) and Blacks (71%) had the highest rates of short sleep duration/insufficient 
sleep relative to Whites (68%), except Latinx (67%). Similarly among adults, Native 
Hawaiian-Pacific Islanders (46.3%); Blacks (45.8%); Other Multiracial (44.3%); 
American Indian-Alaska Native (40.4%); Asian (37.5%); and Latins (34.5%) all 
have higher prevalence of short/insufficient sleep relative to Whites (33.4%).

Sleep health disparities among minorities are not limited to adult populations 
only. A review of 23 studies investigated racial/ethnic sleep health disparities among 
American minority youth between the ages of 6–19  years and found that white 
youth (adolescents) had more sufficient sleep compared to racial/ethnic minorities, 
most notably Blacks and Hispanics/Latinos. Blacks had overall shorter sleep 

Table 3.1 Racial-ethnic disparities in health outcomes in selected sleep dimensions compared to 
White adults
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duration and later bedtimes than Hispanics/Latinos [38]. Black and Hispanic youth 
also spent more time traveling to school, had earlier start times, and spent more time 
watching television, more likely to share a bedroom and partake in regular naps. 
Evidently, napping decreased with age, and some studies have shown that Blacks 
and Hispanics/Latino are more likely to nap on the weekday while other researchers 
have suggested that naps are more likely to happen on the weekends [39]. In other 
studies, Black and Hispanics slept an hour less than Whites [40–47].

Outside of epidemiological data, community-based findings with similar trends 
further validate the notion that sleep health differences do exist across the lifespan. 
In a cross-sectional community study of children, 39.1% of Black children reported 
poorer sleep duration and more naps compared to 4.9% White children. To explain 
this twin phenomenon of sleep deprivation and napping, it is likely that Black chil-
dren who are sleep deprived try to catch up on lost sleep, through napping, and 
extended sleep duration over the weekend than weekday [44, 48, 49]. Further strati-
fication by sex also shows race-sex differences in sleep duration. In a community 
study in Chicago, Illinois White men (6.7 hours) have the highest average sleep 
(actigraphy), then White women (6.1 hours), then Black women (5.9 hours), and 
then Black men (5.1 hours) [36], a trend observed across other studies [47, 50–53]. 
The burden of short sleep duration and sleep deprivation, among racial ethnic 
minorities, is consequential as they are linked with several chronic health conditions 
[46, 54–58].

 Sleep Disorders

It is estimated that 50–70 million people have a sleep disorder, with obstructive 
sleep apnea (OSA) and insomnia being the two most prevalent in the United States. 
OSA is a sleep breathing disorder characterized by partial or complete blockage of 
the upper airway, resulting in reflexive awakenings and transient cessation in breath-
ing patterns (apneas and hypopneas). Apnea and hypopnea events cause oxygen 
desaturation and physiological stress, thus affecting key homeostatic physiological 
processes. Key OSA symptoms include: sleep-related pauses in respiration, arous-
als, unrefreshing sleep, snoring, restlessness, poor concentration, fatigue, and exces-
sive daytime sleepiness [34]. OSA is considered one of the most common sleep 
disorders, among middle and older aged adults, affecting around 24% and 49.7% of 
the US population [52]. Obesity, large neck size, instability in respiratory control 
system, and craniofacial structures are key OSA risk factors. OSA is associated with 
cardiovascular disease, cardiometabolic conditions, cerebrovascular, low and 
worsen cognitive performance, and dementia [34, 59, 60].

The burden of OSA risk and disease is high among racial-ethnic minorities 
(among pediatric and adult populations), specifically Blacks (See Table 3.1). Blacks 
children aged 2–18 were more likely to experience sleep-disordered breathing 
(SDB), even after controlling for specific variables, obesity, respiratory problems, 
smoking, and neighborhood of residence. Even racial and ethnic parents have 
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reported that their child snores more than non-ethnic parents. Other estimates indi-
cate that Black children are 4–6 times more likely to have OSA, Hispanic/Latinx 
children have a greater severity, Native American children are 1.7 times more likely 
to have moderate to severe OSA, and Asian Americans have similar or lower OSA 
prevalence compared to White children [59]. In an adult population using data from 
the Jackson Heart sleep study (n  =  852), approximately 24% of the sample had 
moderate to severe OSA based on apnea-hypopnea index (a measure of severity), 
but only 5% had a diagnosis, indicating that the overwhelming majority of partici-
pants were undiagnosed (95%). Black men had a higher prevalence of OSA com-
pared with Black women [61]. The foregoing evidence suggests that even when 
Blacks experience OSA symptoms, they were less likely to be diagnosed and 
treated. Similar trends are observed among Latinx and Asian popualtions [34], with 
49.4% of Latinos and 43.1% of Asians reporting significant snoring, a major OSA 
symptom and risk factor. Although population estimates are high, community-level 
estimates indicate even higher burden among racial/ethnic minorities. In a study 
conducted in primary care community-based clinics in Brooklyn NY, almost half of 
Black patients (45%) reported debilitating snoring and about one-third reported 
excessive daytime sleepiness (33%) and difficulty maintaining sleep, a sign of 
insomnia (34%) [6]. However, for Latinx population being overweight/obese was 
the strongest marker and predictor of OSA risk, while for Asians craniofacial fea-
tures and not body adiposity was most predictive of OSA risk [62]. The heterogene-
ity in OSA risk across racial/ethnic groups has proved difficult for adequate 
screening, assessment, and treatment, often leading to high rates of untreated indi-
viduals. The consequence of untreated OSA has proved consequential, especially 
among Blacks, as it is linked to elevated, uncontrolled, and resistant blood pressure 
and stroke [34, 59, 60].

OSA burden and disparity are not just observed and confined to differential esti-
mates of the disease but also rooted in the uneven distribution of upstream and 
downstream consequences of OSA, as well as the lack of system level infrastruc-
tures to attenuate or buffer these burdens. Adherence to OSA treatments is a major 
problem among racial and ethnic minority groups as Blacks have one of the poorest 
OSA treatment (positive airway pressure [PAP]) adherence rates [63]. Poor treat-
ment adherence is credited more to system-level barriers in the healthcare system 
such as poor insurance coverage, under-resourced sleep clinics in predominantly 
low-income and minority neighborhoods, and the limited amount of board-certified 
minority clinicians and providers.

Insomnia is another prevalent sleep disorder among racial/ethnic minorities. 
Although the prevalence of an insomnia diagnosis is mixed among minority groups, 
the prevalence of insomnia symptoms such as involuntary early morning awaken-
ings, difficulty falling asleep, and issues with staying asleep are high. For racial and 
ethnic groups, insomnia is one of the most common sleep complaints and disorders, 
with approximately 30% reporting at least one insomnia symptom, 5–10% meeting 
threshold for an insomnia disorder, and approximately 6% with an actual diagnosis 
[51, 64, 65]. Insomnia’s nocturnal symptoms and daytime consequences include 
lack of energy, difficulty concentrating, fatigue, tiredness, irritability, and 
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moodiness. Insomnia disorder increases the risk of stress, anxiety, depression, and 
decreased quality of life.

Several population studies show that Blacks are more likely to be affected by 
insomnia symptoms compared to other racial/ethnic groups. In a US National 
Institute of Health (NIH) study with 825 Black Americans (both men and women), 
1 in 5 participants had insomnia and 6.7% an insomnia diagnosis. Another study 
demonstrated that Blacks reported greater nighttime insomnia relative to their other 
racial/ethnic counterparts.

 Chronotype and Circadian Rhythms

Observed differences in circadian rhythms, chronotype, and sleep timing (irregular 
sleep time between weekdays and weekends such as social jetlag) among racial/
ethnic minorities relative to Whites is well-documented (See Table 3.1). Circadian 
rhythms is the 24-hour internal clock that regulates the scheduling of important bio- 
behavioral activities such as eating, metabolizing food, sleep and rest, and when a 
person is most active or stressed. The circadian master clock, the superchiasmatic 
nucleus, coordinates, and synchronizes with peripheral clocks in the body (i.e., 
heart, cells) to ensure all biological and functional processes are aligned, synchro-
nized, and working optimally. Circadian rhythms are influenced by exogenous cues 
and stimuli such as light, darkness, and sound that help punctuate the day and signal 
shifts that help the body regulate itself. However, desynchronized and chronic expo-
sure to these cues and stimuli can result in circadian dysregulation and possible 
misalignment. Circadian misalignment occurs when an individual’s central and 
peripheral biological clocks become misaligned from their daily behavioral clock, 
such as the time an individual the routine sleep, meal, and activity [45, 57, 66–69]. 
The desynchrony of exogenous, endogenous, and behavioral clocks can occur as 
early as childhood and is linked to poor emotion regulation and obesity across the 
lifespan [57, 70].

Chronotype among minorities Persons with evening chronotype are less likely to 
have regular exercise and more likely to partake in unhealthy diets and lifestyle 
choices that increase their cardiovascular risk. In a study made up of 61.5% of 
racially and ethnically diverse women in the United States (N = 506) greater morn-
ingness was associated with a more favorable cardiovascular profile which included 
BMI, blood pressure, cholesterol, and glucose levels compared to their white coun-
terparts. Conversely, compared to the morning chronotype, evening persons had a 
greater than two-fold higher odds of having a poor cardiovascular profile and sleep 
duration of less than 7 hours per night [71]. Among adults in the Southern region of 
the United States, obesity was significantly associated with evening chronotype in 
whites, but not blacks even after adjusting for important covariates like shift work, 
physical activity, and sleep duration which could suggest the need for more pointed 
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research exploring the multidimensional nature of racial and ethnic chrono-
types [71].

Circadian rhythms among minorities Several studies show that Blacks have 
shorter free-running circadian periods (tau) than Whites (24.07 hours vs 24.33 hours). 
Shorter free-running circadian periods make it more difficult to adjust to night-shift 
work and delayed (daytime) sleep schedule [67–69]. The health consequences of 
shifts in circadian rhythms can be grave, as studies indicate that Black night shift 
workers are more likely to have elevated blood pressure and hypertensive compared 
to Black day workers. In a community sample of Blacks in New York City, Black 
shift workers had 35% increased odds of having hypertension among Blacks 
[OR  =  1.35, CI: 1.06–1.72. P  <  0.05], compared to their White counterparts. 
Circadian rhythm disruption among Blacks who work non-traditional hours leads to 
sleep deprivation and shorter sleep duration and 80% increased cardiovascular dis-
ease risk such as hypertension [OR = 1.81, CI: 1.29–2.54, P < 0.01] [67]. Blacks 
who have shorter circadian periods and live closer to the equator with longer expo-
sure to sunlight were less likely to have disrupted circadian rhythms.

Social jetlag among minorities A prevalent phenomenon that may impact sleep 
habits is the concept of “social jetlag”. Social jetlag occurs when an individual’s 
weekday and weekend sleep time is significantly different from their body’s endog-
enous circadian clock. This results in poorer sleep quality, sleep time in deep sleep, 
and may result in other adverse functional and health outcomes. Disruptions in 
sleep timing can have ripple effects on the timing of other key social and biological 
activities such as eating. It is highly likely that disruptions in sleep timing due to 
social jetlag may also result in eating jet lag. Eating jetlag occurs when an individ-
ual’s meal timing is misaligned with their endogenous metabolic circadian clock. 
Combined, irregular sleep, physical activity, and mealtimes are key contributors to 
circadian misalignment and has been linked to adverse functional and health out-
comes. Social jetlag can have severe and adverse health consequences. For example, 
the New Hoorn study cohort (n = 1585) investigated the association between social 
jet lag, metabolic syndrome, cardiovascular health and found that individuals 
younger than 61 years of age who reported social jetlag (1–2 hours) had approxi-
mately a two-fold greater risk of metabolic syndrome and prediabetes/diabetes 
compared to their counterparts who reported less than 1 hour of social jetlag [72].

 Sleep Architecture

Sleep architecture represents the cyclical pattern of sleep as it shifts between the 
different sleep stages, non-rapid eye movement (NREM) and rapid eye movement 
(REM) sleep. An individual’s sleep architecture is made up of sleep cycles and 
stages marked by unique neurological, autonomic, and physiological signals that 
correspond to the stage of sleep or wake an individual is experiencing [61, 73]. Each 
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full cycle of NREM and REM sleep lasts about 90 to 120 minutes. NREM sleep is 
characterized by 3 stages of sleep (N1, N2, and N3). Stage 1 of NREM is the light-
est form of sleep marked by low amplitude alpha brain waves, Stage 2 is marked by 
sleep spindles and K complexes, and Stage 3 is marked by higher amplitude delta 
waves signifying deeper more restorative sleep. A normal pattern of sleep cycles (as 
shown in the hypnogram) includes a greater portion of time spent in Stages 2 and 3 
sleep at the beginning of the night and more REM sleep at the second half of the 
night, with a few possible brief awakenings scattered throughout the sleep stages.

Racial/ethnic differences, in the quantity and quality of sleep architecture, are 
well documented, where Blacks tend to get more light sleep and less deep sleep 
compared to Whites (See Table 3.1) [48]. In the Outcomes of Sleep Disorders in 
Older Men (Mr OS Sleep) Study with Black, Asian American, Hispanic and White 
men (n = 2823), Black men relative to other races/ethnicities had the lowest percent-
age of Stage 1 non-REM sleep (6.59%) and slow-wave sleep Stage 3 sleep (7.99%). 
However, Blacks had the highest percentage of Stage 2 non-REM sleep (64.79%) 
and REM sleep (20.71%) [74]. Overall, Blacks spend less time in slow-wave sleep 
and spend greater time in REM relative to Whites. Therefore, it is likely that sleep- 
deprived Blacks are more likely to experience daytime sleepiness and physical 
fatigue.

 Sleep Efficiency

Sleep efficiency is another sleep health parameter that racial/ethnic differences can 
be observed. Overall, sleep efficiency captures how much sleep an individual actu-
ally experiences and is predicated on several sleep characteristics, such as sleep 
latency and wake after sleep onset. In a population-based study, Black men had 
lower sleep efficiency (79.7%), due to longer sleep latency (29.4  minutes) and 
greater WASO (90.4%) relative to Whites, Hispanic/Latinx, and Asian Americans 
[74]. These results suggest that Blacks took a longer time to fall asleep, had less 
efficient sleep (meaning that they spent less time sleeping while in bed), and had the 
greatest levels of awakenings after sleep was initiated.

 Sleep Quality and Sleepiness

Racial/ethnic minorities have a higher burden of daytime sleepiness and poor sleep 
quality compared to Whites (See Table  3.1). In the Multi-Ethnic Study of 
Atherosclerosis (MESA) study, Blacks had the highest rates of excessive daytime 
sleepiness (using the Epworth Sleepiness Scale [ESS] score > 12) at 13.1%, com-
pared to Hispanic/Latinx at 9.2%, Whites at 8.0%, and Chinese at 7.5% [75]. 
However, Whites reported highest rate of being sleepy for more than 5 days of the 
month (18.6%) compared to the other racial/ethnic groups (Black = 14.4%,  Hispanic/
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Latinx = 16.9%, and Chinese = 12.3%). Compared to Whites, Blacks, Hispanic/
Latinx, and Chinese Americans had lower odds of excessive sleepiness ≤5 days/
month, after adjusting for demographic factors. However, after adjusting for physi-
cal health and psychosocial variables, differences in sleepiness between Whites and 
Chinese Americans decreased suggesting that these factors play a crucial role in the 
estimates on the amount of sleepy days among Chinese Americans. Relative to 
Whites, Black Americans had the highest odds (and only, as Hispanic/Latinx and 
Chinese were not significant) of excessive daytime sleepiness (ESS scale >12) (ORs 
range across 4 adjusted models 1.43–1.74, adjusting for sociodemographic, psycho-
social, physical health, and sleep duration and disorders). The greatest attenuation 
in the differential estimates of daytime sleepiness between Blacks and Whites was 
observed when controlling for physical health and sleep variables, but not for psy-
chosocial factors.

 Causes of Poor Sleep Health

The root cause of sleep health disparities among racial/ethnic minorities is multi-
farious and complex, as several biological, psychosocial, and environmental factors 
may explain the burden of poor sleep health.

 Biological Causes

Empirical studies highlight several biological causes of racial/ethnic differences on 
sleep health parameters. Biological explanations for sleep health disparities include 
genetic, circadian, and anthropometric. Although genetic causes of differential 
sleep health estimates are intricate and inconclusive, initial evidence from large 
genetic studies indicate a possible ancestry link. For example, in a study that inves-
tigated 1698 ancestry genetic markers, individuals with higher percentage of African 
ancestry had lower percentage of slow-wave sleep SWS and explained 11% of the 
variability in slow-wave sleep, a marker of sleep depth [76]. As indicated above, 
Blacks or individual with African Ancestry have shortened free-running circadian 
period (tau) compared with their White counterparts [68]. Anthropometric causes 
may also explain differential estimates of sleep health outcomes. In a study compar-
ing the link between craniofacial features and risk for sleep apnea among Asian and 
White Americans, neck circumference, body mass index, mallampati score (MS) 
(measurement of tongue and mouth during a breath hold at end-tidal inspiration 
with the mouth wide open and tongue fully protruded), thyromental distance 
(TMD), and thyromental angle (TMA) (angle between the soft tissue of backside of 
neck, the soft tissue mentum, and the thyroid) were the best predictors of OSA risk 
and severity [77]. Asians had different MS, TMD and TMA compared to Whites 
which was associated with greater sleep apnea severity and had higher MS, smaller 
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TMD, and larger TMA. In another study, obesity explained sleep apnea risk among 
Whites, while skeletal restriction explained sleep apnea risk among Chinese. 
Despite this difference, the ratio between obesity to craniofacial bone size, a deter-
minant of upper airway volume and OSA risk, was not statistically different between 
Chinese and Whites [78].

 Psychosocial Causes

There are several psychosocial factors that might explain sleep health disparities 
among racial/ethnic minorities. These factors include but are not limited to social 
stressors, beliefs, and attitudes and behaviors.

Social stressors Several researchers suggest that racial inequalities and social ineq-
uities developed through racial segregation, food desserts, lack of resources, educa-
tional attainment, employment status, and limited to no access to health care system 
care can be linked to psychological distress, anxiety, depression and poor sleep and 
unhealthy sleep behaviors [46, 79, 80].

In a sample of 4863 Black adults, psychosocial stressors such as perceived stress, 
major life events stress, and weekly stress were associated with short sleep duration 
and poorer sleep quality. The effects of weekly stress on sleep duration was most 
pronounced among younger (<60 hears old) and college-educated Blacks [81]. 
Similar trends can be observed for the Latinx population, where depressive symp-
toms, employment status, and low education level were independently associated 
with short sleep duration, while unemployment, low household income, and low 
level of education were independently associated with long sleep [82]. In a study 
that explored the influence of perceived racial discrimination and the risk of insom-
nia on middle-age elderly Black women (N = 26,139), participants with higher per-
ceived levels of discrimination had higher insomnia symptoms and shorter sleep 
duration (<7 hours) [83]. While in another study, economic disadvantage and poor 
physical and mental health were statistically were associated with insomnia among 
older Blacks (N = 398) in Southern Los Angeles [35].

Beliefs and attitudes Racial ethnic minorities’ beliefs and attitudes about sleep and 
sleep health play crucial roles in the amount of sleep an individual receives and the 
quality of their sleep. The association beliefs and attitudes have on sleep outcomes 
is likely to be indirect and reflects a mediated association between inadequate sleep 
health literacy, unhealthy sleep behavior, and poor sleep health outcomes. Individuals 
may not know or appreciate the importance of sleep and how it impacts their health 
and functional outcomes. For example, some racial/ethnic minorities have consid-
ered deep habitual snoring or snoring as relatively good sleep and are unaware that 
it may portend something more ominous such as a sleep breathing disorder like 
sleep apnea. In a study of community-dwelling Black men, participants with ele-
vated and high risk for OSA were more likely to report false and maladaptive beliefs 
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about sleep [84]. In another study, Blacks reported using napping and consuming 
caffeine to cope with sleep deprivation and sleepiness. In the same study, partici-
pants reported using electronic devices (such as TV and phone) to blunt racing and 
ruminative thoughts that prevented them from falling asleep [85].

Behaviors There are a number of behaviors that can affect differential sleep esti-
mates across racial/ethnic groups. These include but are not limited to mental health, 
diet, and physical activity. For example, studies have shown that Blacks with ele-
vated emotional distress are more likely to report short or long sleep durations [86]. 
In a nationally representative study, insufficient sleep (<7  hours) was associated 
with unhealthy diets, suggesting a potential bi-directional relationship where poor 
sleep leads to poor diet and food choices and poor food choices, such as night eating 
and consumption of high-calorie foods close to bedtime may lead to later bedtime, 
late sleep onset, and disrupted sleep [87]. Other studies have found that Blacks and 
Whites respond differently to food stimulants like caffeine when they found that 
Blacks who consume caffeinated drinks were more likely to have disrupted sleep 
compared to Whites [50]. Physical activity/exercise is another behavior that might 
cause differential sleep health estimates between racial/ethnic groups and Whites. 
In a sample of 246 Black adolescents, physical activity protected against short sleep 
duration [88]. Specifically, race and sleep duration appeared to be only significant at 
lower levels of physical activity and Black adolescents who reported shorter sleep 
durations had lower physical activity.

 Physical and Built Environment Causes

There is growing evidence that environment, physical and built, can affect sleep 
health outcomes. Patterns of Insufficient sleep is more prevalent in poor urban and 
rural settings relative to their more affluent counterparts [89]. These findings high-
light that geographical effect on sleep health outcomes may traverse race/ethnicity, 
as majority of the region is White, although the amount of Black (4%), Asian (26%), 
and Hispanic (37%) residents have been increasing, according to a 2019 Pew Trust 
research poll. Outside of geographic patterns of and effects on sleep health out-
comes, more granular evidence highlight the contribution of noxious noise, light 
and temperature have on sleep health outcomes, as well as physical environment of 
an individual’s community influences their sleep. For example, social cohesion, 
safety, light, traffic, air quality and pollution, noise, greenspace, and neighborhood 
cohesion/disorder and walkability may impact sleep health outcomes. Data shows 
that racial/ethnic minorities might be particularly vulnerable to the effects of envi-
ronmental factors on sleep health outcomes.

Of the environmental factors listed above, the role of light on sleep has the most 
robust evidence to date explaining racial/ethnic differences in sleep health out-
comes. The proliferation and exposure to artificial light presents the clearest and 
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most present danger to sleep health. Artificial light (ALAN) during the day and 
mostly at night is harmful, and evidence points the unfortunate burden and vulner-
ability among racial/ethnic minorities [90]. Blacks and Hispanics when exposed to 
ALAN 2 times greater than Whites [56]. Dominant artificial light exposure from 
in-house sources such as laptops, individual’s computer, cellphones, televisions, 
and outside sources including street lights are more likely to disrupt an individual’s 
natural sleep-wake cycles causing circadian misalignment and sleep disruption.

Noise levels from several sources such as train, industrial activity, traffic, noctur-
nal noise can have deleterious effects on sleep health outcomes such as sleep distur-
bances, daytime sleepiness, irritated, frustrated, annoyance, inconsistent mood 
changes, and adverse to long-term effects on cardiometabolic outcomes. Excessive 
noise pollution may trigger stress hormones that can increase blood pressure, heart 
rate during sleep times, and autonomic arousals thus leading to microarousal that 
lead to shallow, fragmented, and unrestorative sleep. A study funded by Robert 
Wood Johnson and National Cancer Institute found that neighborhoods with pre-
dominantly Asians, Blacks, and Hispanics residents had higher levels of noxious 
noise levels during the day and at night (approximately 4 decibels higher on aver-
age) compared to neighborhoods without racial and ethnic groups [65].

 Health Consequences of Poor Sleep Health

The third set of evidence to establish a health disparity is the higher burden of down-
stream consequences as a result of poor sleep health experienced by racial/ethnic 
minorities. Racial/ethnic minorities as at significantly higher risk for a host of 
adverse functional and health outcomes, such as cardiovascular disease, cardiomet-
abolic conditions, and poor brain health (mental health and dementia).

First, poor sleep health, which includes sleep deprivation, shorter sleep duration, 
sleep disorders (sleep apnea and insomnia), and poor sleep quality, is directly linked 
to increased cardiovascular risks such as heart disease, high blood pressure, stroke, 
diabetes, and cardiovascular health and disease, among racial/ethnic minorities [36, 
37, 86, 91–94]. For example, in the CARDIA study (n = 578; ages 33–45), shorter 
sleep duration predicted hypertension (OR 1.37, 95% CI: 1.05, 1.78) [95]. The 
direct association between poor sleep and adverse health outcomes among racial/
ethnic minorities is due to high prevalence of sleep deprivation, where they are 
twice as likely to sleep less than their white counterparts.

Second, poor sleep health parameters are indirectly linked to adverse health out-
comes among racial/ethnic minorities. Evidence of these indirect associations 
include the mediated role of shift work, where racial/ethnic minorities working 
night shift are at increased risk for circadian misalignment and cardiometabolic 
disease and poor mental health outcomes [25, 96–99]. The indirect association 
between sleep and adverse health outcomes is significant and consequential because 
Blacks and Latina/os are more likely to work non-traditional work shifts compared 
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to their White counterparts. Blacks who work night shifts are at greater risk and 
burden for hypertension compared to Blacks that work day shifts, whereas, for 
Whites no differences between day and night shift work were observed [50]. These 
racial/ethnic differences in shift work may partly explain the burden of hypertension 
in Blacks, as night shift workers have lower blood pressure dipping at night than day 
shift workers at the same time causing a prolonged elevated blood pressure. 
Prolonged elevated blood pressure can cause hypertension, resistant hypertension, 
and elevated risk for stroke, all health conditions highly prevalent among Blacks 
[53, 98, 100, 101].

The indirect and mediated relationships between sleep and adverse health out-
comes are not solely due to social determinants of health or psychosocial factors but 
also may be engendered by biological, physiological, and anatomical factors [40]. 
Individuals who report insufficient sleep over a period of time have a higher caloric 
intake (+30% of daily caloric requirement), compared to Whites. Insufficient sleep 
and sleep deprivation may induce poor eating habits, thus increasing the higher 
caloric intake of carbohydrates, snacks, unhealthy foods, age, gender, and BMI, 
which can promote weight gain [102]. A meta-analysis of 72 studies found that in 
restricted sleep short and long sleep durations were associated with cardiovascular 
inflammatory markers such as: C-reactive protein and interleukin (IL)-6, factors 
linked with cardio-metabolic conditions (obesity and type 2 diabetes), neurodegen-
erative and pulmonary disease [79].

Several studies note significant brain health consequences – cognitive decline, 
cognition impairment, and neurodegenerative disease like dementia –as a result of 
poor sleep health among racial/ethnic groups. For example, excessive daytime 
sleepiness is associated with cognitive decline, impaired cognition, mood, execu-
tive decisions, minimal attention span, memory and emotionally memory, and 
inflammation of the brain [9, 10, 56–62]. Race stratified analyses indicate that the 
associations between sleep health parameters (notably daytime sleepiness, short 
sleep duration, and long sleep duration) and cognitive impairment/decline are most 
pronounced in Blacks and Hispanics compared to other racial/ethnic groups 
[43, 47].

In one population-based study (n = 28,756), the majority of participants with 
extreme sleep deprivation (less than 4 hours or more than 10 hours per night) expe-
rienced greater cognitive decline than individuals with at least 7 hours of sleep per 
night, [62] with racial ethnic minorities appearing to be most affected. In another 
study with middle-age adults, inconsistent sleep time had a negative impact on cog-
nitive functioning as individuals showed clinically significant signs of cognitive 
decline after 3 weeks [103]. The adverse effects of poor sleep can have long-term 
effects on cognition. In a sample of Japanese-Americans, individuals with high lev-
els of daytime sleepiness had a greater odds of dementia and cognitive decline in a 
three-year follow-up [104]. Findings from these studies highlight that two possibili-
ties. First, poor sleep health may be a risk factor for acute and chronic cognitive 
decline. Second, sleep may serve as an early sign of cognitive decline, which may 
portend the onset of dementia.

3 Sleep Health among Racial/Ethnic groups and Strategies to achieve Sleep Health…



62

 Conclusion

The aim of this chapter was to describe extant estimates of poor sleep health 
among racial/ethnic minorities, multilevel determinants of sleep health disparities 
among racial/ethnic minorities, including biological, environmental, and psycho-
social factors, and associated downstream health outcomes among racial/ethnic 
minorities. Over the past decades, important efforts have been made by health 
disparities clinicians and researchers to raise awareness about new approaches to 
tackle disparities in sleep health. However, data highlighted in this book chapter 
indicates that there is still a long road to travel until we arrive at sleep health equity 
in the United States [44, 49, 57, 59, 60, 63, 83, 105–108]. Building upon the sleep 
health framework, we suggest that one of the first crucial steps in addressing racial/
ethnic disparities in sleep health is to define the concept of sleep health equity that 
we conceptualized as the equal opportunity to experience and obtain healthy sleep 
regardless of age, sex, race/ethnicity, geographical location, and socioeconomic 
status to obtain satisfactory sleep that promotes physical and mental well-being 
[28]. We also argue that achieving sleep health equity requires a multi-level and 
multisystem approach that includes patients, providers, payers, and the entire 
healthcare ecosystem. To achieve sleep health equity involves the following five 
steps and initiatives [28]:

 1. We encourage implementation of sleep health literacy programs for all ages – 
from early screening and treatment for sleep disorders starting in preschool, 
elementary schools, high schools, and university. This will provide sleep health 
literacy modules, workshops, webinars, throughout websites, social media out-
lets, and mobile apps.

 2. This awareness and sleep health access for ethnic and racial minorities could be 
achieved through the creation and multilingual sleep centers in vulnerable com-
munities. Such multi-ethnic and multi-lingual initiatives could also be replicated 
in additional health centers located in vulnerable communities.

 3. Culturally tailored behavioral sleep health interventions may increase adher-
ence to physician’s recommendations among racial and ethnic minorities. For 
instance, this could be achieved through required, culturally sensitive train-
ing in sleep medicine programs where physicians are better equipped in 
administering sleep health medicine and interventions for vulnerable 
populations.

 4. We need training programs across all educational levels from high school to 
university (Ex: the New York University’s PRIDE and COMRADE programs), 
which aims to increase diversity in the sleep health medicine workforce.

 5. Public health policies to address and reduce the burden of environmental (ex: 
noise and light) exposures that are underpinning poor sleep health among racial/
ethnic minorities are strongly encouraged. This is very important because Blacks 
and other minorities experience a higher rate of environmental risk living in 
disfranchised neighborhoods and communities.
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Nearly 70 years ago, Nathaniel Kleitman, a professor of physiology at the University 
of Chicago, and his graduate student, Eugene Aserinksy, studied eye movements 
leading to a seminal paper in 1953 describing a new sleep state, rapid eye movement 
(REM) sleep. In 1957, Kleitman and William Dement, another graduate student, 
described the human sleep cycle of NREM sleep stages of increasing depth fol-
lowed by periods of REM sleep, with the cycles repeating through the night [1]. 
These discoveries established sleep as a scientific discipline. Over the next 30 years, 
sleep medicine developed as its own clinical discipline with development of 
American Academy Sleep Medicine (AASM)-accredited clinical training pathways 
starting in 1988 and certification available through the American Board of Sleep 
Medicine (ABSM) from 1991 to 2006. During this time, 3500 physicians were 
ABSM certified in sleep medicine. In 2005, Sleep Medicine training was officially 
recognized by the Accreditation Council of Graduate Medical Education (ACGME) 
with approval by the American Board of Medical Specialties (ABMS) to offer a 
certification examination.

Currently, there are approximately 200 positions available for one-year subspe-
cialty training in sleep medicine nationwide [2] and approximately 175–180 are 
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trained each year. In the last decade, there were 3500 first-time takers of the ABMS- 
certification exam in sleep medicine; this number is down 1500 since 2018 [3]. In 
the early years, many physicians practicing sleep medicine took the exam based on 
a clinical-experience waiver; these physicians, along with those who were still only 
certified by the ABSM, led to a peak number of nearly 6000 Board-Certified Sleep 
Medicine Physicians (BCSMPs) in 2018. Since that time, those numbers have 
waned. Starting in 2013, physicians needed to complete an ACGME-accredited 
sleep fellowship in order to sit for the certification exam. Furthermore, the total 
number of retired sleep physicians from 2013 to 2018 was 7 times the number of 
new BCSMPs during the same time period (AASM, email communication, 
October 2018).

As a result, the BCSMP workforce is insufficient to meet the demands of the 
enormous population of patients who have a sleep disease, including an estimated 
23.5 million U.S. adults with undiagnosed OSA and the 24.2 million individuals 
with chronic insomnia [4]. This shortfall results from some unintended conse-
quences of recognition of sleep medicine as a specialty by the ACGME and 
ABMS. First, there are now a limited number of ACGME-accredited training spots 
that allow physicians to sit for the certification examination. Second, interest in 
those slots has varied in recent years, perhaps because of the need for a full extra 
year of training along with concerns regarding reduced reimbursements as home 
sleep apnea testing becomes the norm [5].

These workforce pipeline issues interact with known factors at the individual (e.g., 
race), family (e.g., beliefs), and broader socio-cultural (e.g., insurance coverage) lev-
els to limit access to sleep medicine care [6]. Pre-existing geographic barriers and 
accredited sleep centers’ clustering in more highly populated areas further exacerbate 
these disparities. This situation highlights the need for shared responsibility among 
BCSMPs and other providers for treating patients with sleep disorders. Given the 
magnitude of individuals who suffer with a sleep disorder and the benefits associated 
with treatment, patients deserve a collective response from our healthcare system. 
There are six feeder specialties including Anesthesia, Family Medicine, Internal 
Medicine, Neurology, Otorhinolaryngology (Ear, Nose &Throat/ENT), and Pediatrics. 
Unfortunately, there has been a disconnect between the magnitude of the disease bur-
den, the broad relevance across many specialties, and the lack of success of the efforts 
to infuse sleep education at all levels [7]. Not only is it difficult to gain traction for 
sleep medicine curricula in medical schools, but also in the feeder specialties into 
sleep medicine; only ENT has specific program requirements about education in sleep 
beyond the general ACGME requirements of fatigue mitigation strategies.

Re-centering the spotlight on patient-centered care requires reconsideration of 
the current model of care which presently involves nearly automatic referral of 
patients with a sleep complaint to a sleep specialist or to a sleep center for testing. 
Unfortunately, long waits and fragmented care have been the norm. Although the 
spread of telemedicine during the COVID-19 pandemic has potentially improved 
access to care by removing geographic barriers, the sleep field still suffers from a 
conundrum: As the general public increasingly recognizes importance of sleep 
health, there is a scarcity of providers to ensure it. Thus, we propose a patient- 
centered point of care model that facilitates the patient receiving the best possible 
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care for their sleep complaints to promote sleep health which utilizes patient, pro-
vider, educational, and technological resources.

 A Patient-Centered Model of Sleep Care

Figures 4.1 and 4.2 outline our proposed integrated model for the future of sleep 
care, and they will be referenced throughout the rest of this chapter. The emphasis 
is on a patient-centered approach, so that a patient can get the sleep care they need 
at a time and place that is convenient for them, regardless of the availability of a 
one-on-one appointment with a sleep specialist. Figure 4.1 traces a patient’s evalu-
ation and diagnosis pathway from left to right, starting with their symptomatic con-
cerns and finishing with patient-centered education and treatment. This intervention 
may occur through a referral to sleep specialist or non-sleep specialist workup. 
Figure 4.2 follows a patient from treatment initiation through ongoing management. 
Here, the stress is on ongoing collaboration between non-sleep medicine specialists 
and sleep medicine specialists. Points A–F indicated throughout Figs. 4.1 and 4.2 
refer to topics presented in each of the next five sections.

 Primary Care and Broader Medical Community Collaboration 
(Point A)

Existing Paradigms There is a growing body of evidence that espouses primary 
care provider involvement in the care of patients with a sleep complaint. 
Internationally, there have been randomized controlled trials that support primary 
care physicians and nurses in the management of OSA [8–11]. Additionally, identi-

Patient symptoms

Primary care provider

Specialty provider
- Pulmonology
- Cardiology
- Neurology
- Bariatric Medicine
- Otolaryngology
- Psychiatry

S
c
r
e
e
n
i
n
g

↑ prob OSA
↓ prob other non-
insomnia sleep d/o

OR

↑ prob OSA
↑ prob insomnia

↑ prob OSA
↑ prob other non-
insomnia sleep d/o
↓ prob OSA
↑ prob other non-
insomnia sleep d/o

↓ prob OSA
↓ prob other non-
insomnia sleep d/o

HSAT

Sleep
Medicine
Provider∗∗

Consider
non-sleep

related
work-up 

A

B

C D

D

D

Patient-
centered 
treatment 

and 
education↓ prob OSA

↑ prob insomnia
CBT-I

Referral∗

CBT-I Referral∗,
if appropriate

Provider
comfortable w/
dx & tx of sleep

disorder

E

E

E

E

F

D

D

Fig. 4.1 Patient-centered access to sleep care: entry, diagnosis, and initiation of treatment. A 
Primary care and broader medical community collaboration, B Non-sleep specialty care collabora-
tion, C Development of sound screening protocols, D Leveraging telemedicine, E Provider-to- 
provider interaction, F Ongoing sleep concerns requiring sleep medicine referral. *In person, 
telemedicine, or online. **In person or telemedicine

4 The Future of Sleep Medicine: A Patient-Centered Model of Care



72

fication of OSA has been augmented by community pharmacist involvement in 
screening and appropriate communication with primary care providers [12, 13]. In 
the United States, similar models have been employed in family practice clinics, the 
Wisconsin Department of Corrections [14], and the Veterans Health Administration, 
as well as at Kaiser Permanente. However, the success of these programs has not 
been systematically studied. Newer models involve healthcare businesses, such as 
CVS Health, utilizing direct-to-consumer marketing and treatment [15].

Although the majority of these models have a primary focus on obstructive sleep 
apnea, more recently there has been attention to models to treat insomnia outside of 
sleep specialists and accredited-sleep centers [16–18]. A majority of patients with 
insomnia present to their primary care provider with complaints of insomnia [19, 
20], but primary care has a shortage of treatment options [21]. Many primary care 
providers recognize the limitations of the use of prescription hypnotic medications; 
they may or may not share sleep hygiene recommendations depending on their 
knowledge of and comfort with such suggestions. Despite the recommendations for 
non-pharmacologic treatments such as cognitive behavioral therapy for insomnia 
(CBTi), [22–24] many non-sleep providers rarely provide such therapies likely due 
to a lack of knowledge [25–27], training [25, 27, 28], and time [25, 29]. Despite 
these barriers, improvement in important sleep variables has been noted when 
nurses in primary care deliver strictly manual-based cognitive behavioral therapy 
for insomnia (CBTi), [16, 17] mental health nurse practitioners provide brief behav-
ioral therapy for insomnia to elderly patients in a primary care practice [30], and 
health district nurses offer cognitive-behavioral therapy for insomnia to patients in 
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primary health care center [21]. Additionally, it has been recognized that primary 
care providers play an important role in the diagnosis and initial treatment of rest-
less leg syndrome [31].

We propose the integration of primary care into the paradigm of evaluation and 
treatment of common sleep disorders including a combination of both stepped care 
and hub and spoke models [32]. If the hub is the BSCMP, the Sleep Team and the 
accredited sleep center, the spokes are primary care providers and non-sleep spe-
cialists. A stepped care model would outline patient populations and tasks that could 
be shifted to these non-sleep medicine providers and appropriate team members in 
the spokes that may not ever require interaction with the hub. Such models have 
been proposed for obstructive sleep apnea [32] and chronic insomnia [33]. 
Accounting for the high prevalence of OSA and insomnia as well as the reality of 
OSA with significant comorbid insomnia [34, 35], a truly patient-centered care 
model would consider the management of both of these disorders. Given the known 
barriers which typically limit access to the specialist in the stepped model, clear 
delineations of hubs and the leveraging of telemedicine will need to be considered 
[14, 18, 32, 36]. Additionally, identification of barriers and facilitators of care with 
relevant stakeholders, inclusive of providers and patients, is required to ensure opti-
mal sleep care delivery [37].

Project ECHO To support the “proof of concept” programs described above, edu-
cational opportunities are needed for practicing primary care providers in sleep 
medicine management (Fig.  4.1, Point A). One strategy utilized in the Veterans 
Administration (VA) system has been Specialty Care Access Network-Extension 
for Community Healthcare Outcomes (Scan-ECHO), subsequently re-labeled 
Project ECHO. The program, developed at the University of New Mexico in 2003, 
was implemented to better serve rural patients with limited access to specialty care. 
Frequently, their challenge is not actually seeing a specialist; clinical video tele-
health is filling this role more and more. Rather, the challenge is the limited number 
of specialists available. Project ECHO seeks to involve more primary care providers 
in specialty care through education, thereby improving access to that care.

The VA-based program (VA-ECHO) leverages telehealth (described more below) 
to drive educational outcomes. Specialists present short didactic sessions to primary 
care clinicians through real-time video over the course of months. As the program 
progresses, the generalists may engage in case discussions with the specialists. 
Other professionals such as nurses, pharmacists, and technicians are often involved 
on both sides of the camera to enhance a team-based approach to patient care [38]. 
VA-ECHO has been deployed in many specialties, with positive outcomes pub-
lished in hepatology, [39] geriatrics [40], and pain management [41]. Sleep 
VA-ECHO has also emerged. A pilot program at the VA Puget Sound Health Care 
System (VAPSHCS) found rural providers receptive to its curriculum over the 
3-month course. Participants reported enhanced comfort managing common sleep 
complaints (e.g., sleep-disordered breathing, insomnia, PTSD-related sleep prob-
lems) and providing appropriate patient education [42].
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Programs like Project ECHO could enhance current sleep medicine care models 
by expanding the number of providers from which that care can be delivered, even 
if they are not BCSMPs. However, challenges remain. The authors at the VAPSHCS 
surveyed rural providers who had not taken part in the training; lack of protected 
time was the most common reason [42]. For already-overburdened providers, it can 
be difficult to fit regular specialty training into their day. Another challenge is one 
of generalizability. That is, how well does VA ECHO translate outside of a single- 
payer health system? Significant investment is needed, in both time and money, for 
any health system to implement the program. Strong business cases are required to 
show that patient health and their healthcare expenditures could be optimized if 
more non-subspecialist providers could integrate sleep medicine care into that 
which they already provide. Data on the success of non-VA ECHO type programs is 
lacking.

 Non-Sleep Specialty Care Collaboration (Point B)

As noted above, a collaborative sleep care model involving non-BCSMPs hinges on 
non-specialty trained providers’ sufficient education in the specialty. While board 
certification in sleep medicine requires both completion of a 1-year Accreditation 
Council for Graduate Medical Education (ACGME)-accredited fellowship and 
passing a certification examination, many non-BCSMPs can participate substan-
tively in patients’ care. Opportunities for this education may come either during 
professional training (i.e., medical school, residency, non-sleep medicine fellow-
ship) or after that training as part of continuing medical education (CME).

American medical schools allot just 2–4 hours to sleep education, 0.06% of their 
preclinical curriculum [43]. There have been pilot projects aimed at increasing that 
proportion. In one study, faculty presented 87 Johns Hopkins University medical 
students with online learning modules. These students showed significant improve-
ment in sleep-related knowledge after viewing these 20- to 30-minute modules com-
pared to “sham” modules [44]. Nevertheless, similar efforts have not gained a 
wide-scale footing. A frequently cited challenge is time; medical school faculty are 
increasingly challenged to fit the breadth of human medicine into a limited schedule 
while attending to other needs such as students’ wellness and early clinical exposure. 
Neurology educators have suggested including sleep medicine content into medical 
students’ neuroscience curriculum. They propose this content be presented for 
2–4 hours per year as flipped-classroom sessions, didactics, and clinical opportuni-
ties depending on the year of training [45]. This dovetailing of sleep content with 
existing curriculum blocks offers another strategy to expose medical students to 
more substantive sleep education throughout their undergraduate medical training.

To augment these efforts, many non-BCSMPs would benefit from sleep medi-
cine exposure during their post-graduate training years (i.e., residency and fellow-
ship). While otolaryngology (ENT) residents are eligible for sleep medicine 
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fellowship training upon completion of their residency, they could also serve a 
unique role in sleep disorders management without that subspecialty training. A 
recent survey revealed that ENT attendings vary widely in their sleep surgical prac-
tice and, therefore, the amount of sleep training they provide to their residents. An 
ENT surgeon having obtained sleep medicine board certification predicted the 
extent of trainee exposure to the subspecialty [46]. Another survey used consensus 
among academic otolaryngologists involved in sleep disorder treatment to create 
sleep-related learning objectives for ENT residencies. These objectives form the 
basis of online learning modules, enhancing the level of sleep education even among 
non-sleep-focused otolaryngologists [47]. Such strategies may also help widen the 
pipeline of ENT trainees entering sleep medicine fellowships. Neurologists found 
that residency programs investing more heavily in sleep education report more pro-
gram graduates entering the subspecialty [48].

In addition to ENT and neurology trainees, pulmonary medicine fellows are 
uniquely positioned to participate in collaborative sleep care whether or not they 
subspecialize in sleep medicine. Indeed, sleep content accounts for about 10% of 
the American Board of Internal Medicine’s pulmonary medicine examination [49]. 
A multi-society panel was convened to develop sleep-related curricular recommen-
dations for pulmonary medicine fellowships. After 5 rounds of voting, they created 
52 elements, ranging from recognizing central apnea on sleep testing to insomnia 
and narcolepsy evaluation. Therefore, they advocate pulmonologists not only be 
well-versed in sleep-disordered breathing, but also in more psychologically and 
neurologically based sleep disorders. Threshold for referral to a sleep medicine 
specialist is left to the individual provider based on self-perception of knowledge 
base and local availability of such subspecialization [50]. Of course, as in under-
graduate medical education, time in a pulmonary medicine fellowship is limited. 
Program directors could integrate sleep content with training modules that already 
exist to enhance efficiency of its delivery (e.g., nocturnal PAP therapy for severe 
COPD) [51].

 Development of Sound Screening Protocols (Point C)

Questionnaires Point of care interventions to further facilitate screening and man-
agement of sleep disorders have included clinician chart reminders [52] and efforts 
to promote shared decision making [53] including patient decision aids [54–57] and 
patient educational websites [58–60]. The promotion of screeners for sleepiness 
[61] and questionnaires such as the STOP-BANG for OSA, [62–64] Insomnia 
Severity Index for insomnia, [61, 65] and several for restless leg syndrome [66–69] 
with appropriate clinical nudges [70] have been shown to facilitate appropriate 
diagnosis and access to care for patients with these sleep disorders. Additionally, 
there are several questionnaires that screen for multiple sleep disorders at one time 
which may be suitable as a general sleep disorders screener [71].
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Despite such available tools, a majority of the screening initiatives have focused 
narrowly on OSA. While increased screening, evaluation, and treatment for OSA 
alone will undoubtedly have a significant impact, broader consideration of sleep 
disorders will better facilitate access to care in a patient-centered fashion. To our 
knowledge, the only trans-sleep-disorders approach to be adopted exists in the 
Veterans Health Administration (VHA) [72]. The VHA TeleSleep system utilizes 
non- sleep specialists to increase patient screening with subsequent referral to a 
Sleep Center “Hub” for diagnosis and treatment. However, this model of relying on 
the provider to identify signs and symptoms of a sleep disorder has been noted to be 
an inconsistent and unreliable paradigm [73]. Adding patient-administered screen-
ers, which then serves as a chart-based “nudge” to the busy primary care provider, 
is an innovation that fundamentally changes sleep-care paradigms by leveraging 
technology and patient empowerment [74].

Artificial Intelligence/Machine Learning Despite sleep disorders’ prevalence 
and a myriad of available screening tools, sleep problems can be challenging to 
screen for and identify in busy, non-sleep specialized clinical environments. Robust, 
accessible tools are needed to guide the clinicians who work in them without disrup-
tion to their other duties. Artificial intelligence (AI) holds promise to fill this vital 
role. AI refers to computers’ ability to perform tasks traditionally completed by 
humans [75]. Machine learning (ML) is a term often used interchangeably with AI; 
instead of relying on direct computer programming for each action, ML algorithms 
“learn” from previous experience to enhance future performance on tasks such as 
disease classification. A recent American Academy of Sleep Medicine (AASM) 
Position Statement on AI suggests that multi-channel polysomnographic (PSG) data 
lends itself particularly well to this type of ML analyses [75]. However, the oppor-
tunity for AI in sleep medicine care goes far beyond the sleep laboratory.

There are many opportunities for AI utilization throughout sleep medicine and 
other specialties that interface with it. Patients possess a wealth of symptomatic, 
demographic, and comorbidity-based data “channels” even at their initial presenta-
tion to primary care providers and non-sleep specialists (Fig. 4.1, Points A & B). It 
is likely that AI will leverage ML using electronic medical record (EMR) data and 
patients’ symptomatic reports to identify individuals at risk for a sleep disorder who 
may benefit from a thorough sleep evaluation. For instance, there is growing evi-
dence that obstructive sleep apnea (OSA) symptom phenotypes can be clustered 
into disturbed sleep, slightly sleepy, moderately sleepy, and excessively sleepy sub-
types [76, 77] Identifying patients with sleepier subtypes is important given these 
subtypes’ association with worsened CVD, CHF, and CAD [78]. An ML system 
integrated into the EMR could function in this manner, alerting providers that a 
patient’s objective (e.g., age, gender, and BMI) and subjective (e.g., sleepiness) phe-
notype places that individual into a high-risk group if found to have OSA. More 
detailed OSA screening could be prioritized for such a subset of patients.

The importance of AI-based phenotypic subtyping may also extend to OSA 
treatment initiation. A more nuanced, personalized treatment plan could develop as 
more is learned about etiologic OSA subtypes. Emerging data suggest that this 
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disorder is the final common endpoint of diverse, sleep-induced pathophysiological 
processes such as impaired pharyngeal dilator muscle function, increased sensitiv-
ity to airway narrowing (low arousal threshold), and respiratory control instability 
from the central nervous system. ML that incorporates these parameters could 
reveal more targeted and personalized treatment options a given patient may tolerate 
best [79]. If more conventional positive airway pressure (PAP) is the chosen inter-
vention, AI would once again have a role. Although some studies have cast doubt on 
the cardiovascular disease benefits of PAP, many of the sleepiest patients were 
excluded from these analyses [80, 81]. Given the increased CVD implications in 
OSA patients with excessive sleepiness, AI may help identify those patients who 
could benefit most from PAP use [82]. Providers would be better informed as to 
whom to focus cloud-based PAP adherence monitoring, and patients could experi-
ence enhanced motivation to continue with that therapy.

AI’s involvement in sleep medicine may also extend to other disorders, such as 
narcolepsy. Multiple sleep latency testing (MSLT) has limited specificity (73.3% at 
the <8 minute mean sleep onset latency cutoff), due at least in part to suboptimal 
interrater reliability among epochs scored [83]. Researchers have leveraged ML to 
stage as little as 5 seconds of sleep, a level of precision much greater than the con-
ventional 30-second epoch scoring. They demonstrated 96% sensitivity and 91% 
specificity for narcolepsy Type 1, a specificity that rises to 99% when adding HLA- 
DQB1*06:02 typing to their model [84]. As the authors state, AI-guided diagnosis 
should not supplant BCSMP review and judgment. On the contrary, AI can be uti-
lized as another type of twenty-first century “physician extender,” allowing them to 
focus more efficiently on the most complex patient management issues while reach-
ing a larger population. Reviewing Fig. 4.1, one can foresee AI assisting both sleep 
clinicians and non-clinicians at each step in the initial symptom presentation and 
evaluation process. Indeed, even non-sleep clinicians could be guided to order home 
sleep apnea testing (HSAT) in the higher risk patients for OSA (Fig. 4.1, Point D). 
AI could then assist BCSMPs in interpreting the studies, prescribing the most effec-
tive therapies, and assisting clinicians with ongoing follow up (e.g., anticipate 
needed changes in PAP settings or to other modes of treatment).

Patient and Provider Portals Whether it is a nudge from AI or from clinical judg-
ment that leads a provider to suspect a sleep disorder, further symptom-based 
screening is typically indicated (Fig.  4.1). This screening is essential to gauge 
potential sleep disorder severity, delineate among potential disorders, and create a 
symptomatic baseline with which to compare symptoms after any treatment has 
commenced. Screening tools can also help primary care physicians and non-sleep 
providers triage this group of patients; as noted above, some clinicians may choose 
to order HSAT for patients with a high probability of OSA but a low probability of 
other sleep disorders (Fig. 4.1, Point D).

One strategy to expedite and streamline patients’ symptomatic information flow 
to providers (both at initial presentation and during follow-up) has been through 
dual-facing, internet-based patient and provider portals. Although there are no pub-
lished clinical trials utilizing such a portal, one is currently being conducted using 

4 The Future of Sleep Medicine: A Patient-Centered Model of Care



78

the Remote Veteran Apnea Management Platform (REVAMP). REVAMP has been 
designed with input from veterans and clinicians throughout the VA system, under 
the direction of the VA Office of Connected Care and the Office of Rural Health. 
Now available at over 50 VA medical centers, REVAMP provides users with the 7 
core elements of internet-based portals above. Veterans are offered REVAMP access 
upon their initial referral to the sleep center. They complete several validated sleep 
screening questionnaires, and sleep clinicians utilize those responses to help guide 
patients to their next stage of testing. Patients started on PAP can view their night- 
to- night PAP machine adherence and efficacy data through REVAMP, where they 
can also complete follow-up questionnaires, access educational materials, and send 
a message to their provider. Clinicians access REVAMP through a designated 
provider- facing portal. There, they can view all pertinent data, offer the patient addi-
tional questionnaires to complete, and incorporate all patient- and PAP-machine 
entered data into a comprehensive clinic note [85].

 Leverage Telemedicine (Point D)

Of course, some patients cannot access such tools independently due to lack of 
internet connectivity and physical challenges. Healthcare models should always 
account for these situations, offering patients as diverse an array of modalities as 
possible (e.g., telephone visits, clinical video telehealth, or in-person visits) [72]. As 
noted above, potential strategies to improve patient access to sleep care include bet-
ter training for primary care providers and specialists, bringing more BCSMPs 
through the training pipeline, and promoting the development of sleep teams. 
Nevertheless, the AASM asserts “None of these solutions has more immediate 
potential to overcome these challenges than telemedicine, which can dramatically 
increase sleep medicine accessibility and clinical efficacy” [36].

Terminology Sharing a common language is important when considering telemed-
icine’s impact on future sleep medicine paradigms. According to the Health 
Resources and Services Administration, “telehealth” is a broad term implying “the 
use of electronic information and telecommunication technologies to support and 
promote long-distance clinical health care [86], patient and professional health- 
related education, public health and health administration.” In contrast, “telemedi-
cine” specifically refers to patient-provider interactions. The Federation of State 
Medical Boards defines telemedicine as “the practice of medicine using electronic 
communication, information technology, or other means between a physician in one 
location, and a patient in another location, with or without an intervening health 
care provider” [87]. Since the focus of this chapter is on patient care, we favor the 
term “sleep telemedicine.” Sleep telemedicine can be categorized as either synchro-
nous or asynchronous, a key distinction with implications described below. (See 
Feasibility section). Asynchronous telemedicine includes patient-provider messag-
ing through a secure email-style system and store-and-forward technologies such as 
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the patient- and provider-facing online platforms now available from most PAP 
machine manufacturers. Figure 4.1 illustrates another use for asynchronous tele-
medicine: provider-to-provider interaction (Point E). As shown, there can be many 
decision points for non-BCSMPs once screening and initial work-up are complete. 
Collaboration with a BCSMP or team member through secure email systems, 
 portals, or a common electronic medical record (EMR) can be crucial to streamlined 
patient management. For example, the VA health care system has employed 
provider- to-provider asynchronous telemedicine through its use of “e-consults.” 
Non-BCSMPs place relatively straightforward clinical questions directly into the 
EMR; BCSMPs and their team members may answer those questions and guide 
further work-up. Therefore, many veterans may begin their work-up and treatment 
without waiting for, or traveling to, the sleep center [72].

As opposed to asynchronous telemedicine, synchronous telemedicine is real- 
time communication between patients and providers. Telephone calls are one exam-
ple, as are the audio-visual interactions used for Clinical Video Telehealth (CVT). 
CVT visits are currently accepted for initial visits, ongoing patient follow-up, and 
encounter reimbursement, and they closely emulate a traditional in-person visit. 
Long the CVT standard, Center-to-Center (C2C) telemedicine implies a provider (at 
a distant site) and a patient (at an originating site) are both in clinical locations. 
Emerging CVT modalities include Center-to-Home (C2H) telemedicine where the 
patient is in a non-clinical location and Out-of-Center (OOC) telemedicine where 
both patient and provider are at non-clinical locations. C2H and OOC telemedicine 
provide progressive levels of patient-centered flexibility but also come with their 
own complexities since distant-site providers are more reliant on originating site 
patients’ technical savviness and troubleshooting.

Feasibility of Communication via Telemedicine Represented by Point D in 
Figs.  4.1 and 4.2, telemedicine can be employed for many initial and follow-up 
encounters. Sleep patients’ receptiveness to telemedicine has been demonstrated for 
at least the past decade [88]. Nevertheless, questions persist as to how feasible it really 
is to include telemedicine in future sleep care models. The COVID-19 pandemic 
brought with it a rapid migration to telemedicine [89], forcing many sleep providers 
to reckon with several aspects of its feasibility presently and moving forward: tech-
nology, privacy and security, reimbursement, licensing, and clinical outcomes.

Sleep telemedicine (specifically CVT) is technically feasible, and CVT visits 
have been conducted for more than a decade. Various platforms allow real-time 
audiovisual communication and several of them also offer tele-stethoscope and por-
table camera options; these physical exam tools are typically utilized only for C2C 
telemedicine. The AASM recommends up-to-date software with a minimum con-
nection speed of 384 kbps and 640 × 480 video resolution transmitted at 30 frames 
per second [90]. Sleep telemedicine is also feasible from a privacy and security 
perspective, with the AASM making further recommendations that any CVT plat-
form be patched with the latest security updates, encrypted, and only accessible by 
authorized users [90].
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Financial feasibility has long been an impediment to sleep telemedicine’s prolif-
eration, though changes just before and during the Covid-19 pandemic have been 
quite impactful. Most states now have “parity laws” that require private insurers to 
reimburse providers the same for a telemedicine visit as for an in-person visit. 
States’ Medicaid reimbursement has also become more favorable toward telemedi-
cine, but knowing terminology is key; “telemedicine” is typically limited to CVT- 
style visits whether seeking private or Medicaid reimbursement. Researching 
guidelines at both the distant and the originating site is key to understanding whether 
reimbursement can occur [91]. Federal reimbursement from the Centers for 
Medicare and Medicaid Services (CMS) has also been fraught with complexity. 
Prior to the Covid-19 pandemic, C2C sleep telemedicine reimbursement was avail-
able only for the most rural originating sites, and it was not available at all for C2H 
or OOC sleep telemedicine models. The Covid-19-associated public health emer-
gency loosened those restrictions at least temporarily. The CMS website should be 
consulted for the latest guidance [92].

Sleep telemedicine’s feasibility from a licensing perspective has also been com-
plex. Providers must generally be licensed in the patient’s state (originating site) for 
them to practice. The Federation of State Medical Boards has developed an Interstate 
Medical Licensure Compact that now includes most states. The Compact allows a 
physician in one state to have licensure facilitated in another state as long as both 
states are part of the Compact. Additional strategies to facilitate interstate medical 
licensing, and even to develop a unified national medical license, have been pro-
posed [93]. Further progress in this area will continue to lower the hurdles toward 
telemedicine’s wider adoption.

The most important measure of sleep telemedicine’s feasibility may come 
through the lens of clinical outcomes. That is, can we maintain the same level of 
clinical care in the Fig. 4.1 model, or any model, using sleep telemedicine? Previous 
work has suggested that OSA patients’ functional outcomes, PAP adherence, and 
satisfaction do not differ when assessed and followed through telemedicine (CVT) 
versus traditional in-person care [94, 95]. Those findings, especially in light of the 
AASM’s OSA Quality Measures, [96] suggest that sleep telemedicine for OSA is 
feasible from a clinical outcomes perspective assuming the other elements of feasi-
bility above are fulfilled (adequate technology, etc.). Similar results have emerged 
recently from insomnia research. Cognitive behavioral therapy for insomnia (CBT- 
I) provided through CVT produces similar improvements in Insomnia Severity 
Index as CBT-I provided in-person [97]. CVT-based treatment outcome studies in 
other sleep disorders remain lacking.

Special Considerations Sleep telemedicine is still a relatively nascent and devel-
oping field. Though its utilization appears more and more essential to the future of 
sleep telemedicine paradigms (Figs. 4.1 and 4.2, Point D), its deployment remains 
complex. Providers should consider carefully not only the feasibility issues above, 
but also specific laws and regulations pertaining to their specific state(s) of practice. 
As of the writing of this chapter, there has been no successful litigation of a sleep 
provider simply due to the use of telemedicine. However, standards of care should 
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be upheld, and it is up to that provider to ensure that all applicable rules are followed 
(e.g., interstate medication prescribing, licensing). The AASM provides a “check-
list” of regulatory issues to aid new and more experienced sleep telemedicine pro-
viders [98].

A discussion of sleep telemedicine must also address technology the patient 
brings to the visit. Wearable consumer sleep technologies will undoubtedly play an 
increasing role in sleep medicine as newer devices become more advanced and ful-
fill the broad definition of asynchronous, store-and-forward sleep telemedicine. 
Though their accuracy and reliability in data reporting has long been suspect, cur-
rent device algorithms more closely mimic established tools such as home sleep 
apnea testing (HSAT) and actigraphy [99]. Indeed, the evolution of sleep medicine 
may rely increasingly upon the most patient-centered data of all: that which these 
patients collect themselves in their natural environment. It will be up to the provider, 
whether BCSMP or non-BCSMP, to integrate that information with evolving clini-
cal guidelines to devise collaborative sleep disorder management plans.

 Putting It All Together

Ideally, given the importance of sleep health and how ubiquitous sleep complaints 
are, a patient should be able to access sleep medical care in a way that is patient- 
centered. Care should be convenient, timely, and evidenced based. We propose a 
model of care that starts with the identification of a patient who has a sleep com-
plaint (Fig. 4.1, Point A–C). This identification could be based on provider inquiry 
and/or patient self-screening. Artificial intelligence would also leverage information 
in the electronic health record, and chart nudges would prompt formal screening 
questionnaires and/or provider inquiry to the patient. If a patient is determined to 
have a high pretest probability for obstructive sleep apnea with or without comorbid 
insomnia, the involved provider would order a home sleep apnea test and place a 
referral for CBT-I, if appropriate (Fig. 4.1, Point D). If the HSAT was positive for 
OSA, the ordering provider would initiate treatment with CPAP and follow the 
patient to ensure symptom improvement as well as ongoing adherence to CPAP as 
part of routine care. If the patient is not responsive to usual therapy, a referral would 
be made to a sleep medicine specialty team (Fig. 4.1, Point E). The guidelines for 
and facilitation of such a referral should be predetermined, similar to how a provider 
would refer a patient with difficulty to control diabetes or hypertension would be 
referred to an endocrinologist or cardiologist, respectively. Importantly, patients 
with concern or high risk for sleep-disordered breathing that is not straightforwad 
OSA should be referred to a sleep medicine provider directly to expedite evaluation 
and treatment.

Alternatively, if a patient is noted to have insomnia or another sleep disorder that 
the engaged provider is comfortable diagnosing treating (e.g., restless leg syndrome), 
a treatment plan can be initiated by the non-sleep specialist, as appropriate (Fig. 4.1, 
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Point E; Fig. 4.2, Point D). Again, if the patient is not responsive to usual therapy or 
if the provider is not comfortable or feels uncertain with any aspect of diagnosis or 
treatment, a referral would be made to a sleep medicine specialty team (Fig. 4.1, 
Point E; Fig. 4.2, Point D). A patient who has a sleep complaint but who does not 
screen positive for a sleep disorder should be evaluated for the appropriate non-sleep 
disorders related to their complaint (e.g., mood disturbance, thyroid disease, asthma). 
If no obvious cause is determined and ongoing concerns about sleep remain, a refer-
ral to a sleep medicine physician could be considered. (Fig. 4.1, Point F).

The model we propose identifies several areas for future development. These fall 
under the categories of telemedicine, education, industry partners, and guidelines. 
Leveraging telemedicine to facilitate patient identification, screening and provider 
response is critical. Non-sleep provider education along with easy access to treat-
ment guidelines and pathways is vitally important as well. All primary care provid-
ers (e.g., internal medicine, family medicine, pediatrics, OB/GYN, and general 
surgery) and relevant specialties (e.g., cardiology, pulmonary, and ENT) should 
have ACGME and ABMS mandates to learn about basic sleep disorders as part of 
their training. Similarly, advanced practice providers should be expected to learn 
this as part of their specialty training. Providers who have already completed their 
training could be encouraged to learn about important sleep disorders via state- 
mandated licensure requirements, maintenance of certification, CME, and/or CNE 
offerings. Additionally, we believe industry should be called upon to leverage artifi-
cial intelligence to facilitate initial patient identification (i.e., EHR vendors) as well 
as those who would benefit from stepped up care. For example, PAP vendors could 
create a dashboard that alerts a provider to all patients in their panel who are not 
adherent to PAP or whose PAP is not effectively treating their sleep apnea, as 
opposed to requiring a provider to log into a specific patient’s PAP data.

Last but not least, we enthusiastically support the development of national guide-
lines to further articulate the collaboration between sleep medicine specialists and 
non-sleep trained providers. Such guidelines should have input from a diverse set of 
applicable stakeholders, inclusive of patients, relevant industry and business part-
ners, leaders from appropriate professional organizations familiar with clinical 
guideline development, and sleep and non-sleep providers. Insurers and self-insured 
businesses should be called upon to work together as stakeholders to test these 
guidelines and demonstrate value. Once such collaborative guidelines are outlined, 
adjustments can be made locally between the spoke and hub providers, as needed, 
to further facilitate access to patient-centered sleep care.
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 Introduction

Obstructive sleep apnea (OSA) is a common chronic sleep condition. The clinical 
diagnosis is called obstructive sleep apnea hypopnea syndrome (OSAHS), defined 
by symptoms of unrefreshing and disturbed sleep, loud snorts and snoring, daytime 
impairment from sleepiness or a fatigue-like state and a certain number (usually >5/
hour or an average of one every 12 minutes) of predominantly obstructive apneas 
and hypopnea per hour (referred to as apnea-hypopnea index or AHI). If one remains 
uncertain of the precise pathogenesis or risk, OSAHS is resolved of symptoms by 
treatment of upper airway obstruction during sleep. In that regard, two treatments 
are available where there is robust evidence for symptomatic and objective effec-
tiveness are tracheostomy [41], and excellent adherence to continuous positive air-
way pressure (CPAP) [36]. OSA is found at all stages of life, in all races, and with 
all shapes and sizes of people, and can rise to the level of a disorder (OSAHS).

At this point in time, defining OSA and OSAHS are no longer the critical ques-
tions. Instead, the questions are how these conditions affect morbidity are chronic 
medical conditions. The concepts for this chapter are those that consider the preva-
lence of the clinically recognized disorder, concepts summarized in Fig. 5.1. OSA 
can be predicted on a sleep study to some degree by a constellation of risk factors 
and presenting classical complaints, like sleepiness, disrupted sleep, snoring and 
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obesity [12], but those non-obese with non-traditional symptoms like insomnia or 
parasomnia are also found to be enriched for OSA, compared to the general popula-
tion. There are no tests or biologic markers. It is that OSA is a complex disease in 
which no one feature or genetic set point or biological marker alone sets it apart as 
a diagnosis.

Risk factors and complaints are not causal factors. Sleep precipitates disordered 
breathing in the otherwise healthy individual, and added to it are additional aspects – 
the ventilatory control system which is a source of instability over time, the tendency 
for the upper airway to close, and the degree of upper airway muscle activation in 
sleep or in response to upper airway closure [40]. All conspire to increase or decrease 
the measurable polysomnographic counts of sleep-disordered breathing [46].

The presence and severity of OSA is currently represented by the apnea- hypopnea 
index (AHI), hypoventilation assessed by measures of hypoxic stress by oximetry 
and of carbon dioxide excretion, and sleep disruption, often indicated by EEG 
arousals. The consequences of these events can be considered as short-term and 
chronic outcomes, and the associations with disease and treatment mitigation will 
inform medical practitioner about the rationale for clinical recognition and treat-
ment. There is a feedback loop from consequences which over time can influence 
risk factors and presenting complaints. For instance, the effects of AHI sympathetic 
activation and hypoxia releases insulin which in turn promotes appetite and fat 

Risk factors Presenting symptom complexes

Causality

Sleep

Upper airway anatomy System control Muscle recruitment

AHI Hypoventilation Sleep disruption

Consequences

Tier 1: Sleepiness Unrefreshing sleep Sympathetic activation
Tier 2: Impact on cardiovascular and neurocognitive functions

Fig. 5.1 Shown are the pathway relationships from risk factors and presenting complaints to con-
sequences. The causal factors of sleep, upper airway anatomy, (ventilatory) system control, and 
muscle recruitment lead to the apneas and hypopneas (AHI), hypoventilation, and sleep disrup-
tions leading to the Tier 1 (immediate) and Tier 2 (long term remodeling) of cardiovascular and 
neural physiology
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acquisition or heart failure which compromises upper airway patency or promotes 
breathing instability, respectively [39].

Other chapters will go into detail on the relationships shown in Fig. 5.1. For our 
purposes this schema sets the stage for our view of how the current body of knowl-
edge in OSA epidemiology has led to current management and identification strate-
gies. Thus, this chapter is designed less to provide facts and more to examine 
presentations and recognition of pathways of clinical importance that present in 
outpatient vs. inpatient care settings and consider potential policy changes or pre-
ventative medicine. The overall objectives are to introduce the scope of the epide-
miology in each setting rather than review all datasets, which are addressed in 
several recent, more granular reviews. Finally, there is a goal for sleep medicine to 
provide individual OSA management (personalized medicine). The rationale and 
details of how disease evolves over time have now a body of literature that indicates 
a heterogeneity in outcomes depending upon various domains of symptom presen-
tation, polysomnographic variables, and genetic predisposition to increase or 
decrease risk of the consequences. These will be reviewed in more detail in other 
chapters in this book. The epidemiology of OSA serves as an introduction to this 
approach.

There are a variety of terms and abbreviations in the epidemiology literature with 
the result that the one must notice definitions of OSA or OSAHS [47]. Conclusions, 
while internally consistent with the definitions, might differ with another definition 
making direct meta-comparisons among cohorts, even in the present time, problem-
atic. Table  5.1 lists some of the more common metrics and groupings of illness 
severity that are generally used and inform many of the opinions in this review. 
There are other measures coming on line in clinical medicine that begin to define 

Table 5.1 Conservative odds ratio (OR) for finding sleep apnea in each of several individual 
medical conditions and three reported behaviors, all other things being equal

Condition OR

Systemic hypertension 1.5–4
Stroke 1.2–3
Myocardial infarction 1.3–2.5
Nocturnal angina 8–15
Hyperlipidemia 2–3
Asthma 1.5–2.0
Diabetes 2
Menopause 1.27
Depression 1.92
Pulmonary hypertension 1.2
Activity
Regular physical exercise 0.5–0.9
Snoring 2–6
Obesity (BMI >30) 8–12
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features of sleep hypoventilation (time > 55 mm Hg transcutaneous CO2), and of 
features in sleep-disordered breathing (apnea time, cycle length, submental EMG 
recruitment); however, reporting is just beginning to appear in retrospective studies 
of cohorts.

 Population Epidemiology

Figure 5.2 illustrates the OSA epidemiology regarding populations and prevalence, 
in particular, the perspectives that might influence decision making. The large box 
illustrates an unfiltered population, and the succession of boxes inside it represents 
a range of sub-populations. Among population cohorts, prevalence rates for self- 
proclaimed healthy individuals vary by gender and weight, and community as rep-
resented by race or ethnicity. The prevalence estimates in the community are lower 
than in clinical settings, because the ascertainment attempts to be random or at least 
a representative of the group living in any given region.

In the primary care population where the most common initial complaint for a 
new appointment is fatigue, and obesity (~BMI >30), the result is a pre-test proba-
bility of ~37% [27]. In heart failure clinics estimates are the same or higher. In the 
bariatric clinics, it does not make sense to even ask about sleep apnea, as the preva-
lence is generally greater than 60%; uncommon are the ~15% of patients who are 

Prevalence estimates for 
sleep-disordered breathing

General population: 8–12%

Heart failure: 35–65%

Primary care: high risk 37%

Sleep clinic: 67%

Bariatric surgery
evaluation: 71–87%

Obese: 40–60%

OHS: 90%

Fig. 5.2 This figure 
represents the greater 
population at lare (whole 
box) and the various 
subsets in the general 
population with estimates 
of prevalence of sleep- 
disordered breathing
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morbidly obese who do not have symptoms of sleep apnea and low AHI values 
(<10/h). A high prevalence of sleep apnea and obstructive apnea in particular is 
present in the hospital setting enriched for chronic cardiopulmonary disorders 
admitted for acute illness [34]. Obesity hypoventilation syndrome is more often 
found during a hospitalization for acute medical illness or in the setting of a poor 
recovery from a surgical procedure [24].

If a community prevalence is used as the standard, almost any adult clinical set-
ting will have a prevalence is higher than in the community. In specialty samples, 
comparisons are made between clinical cohorts in which some have clinical symp-
toms of high risk, and those who do not, and this leads to interesting associations. 
For instance, sleep apnea prevalence is higher than the general population in floppy 
eyelid syndrome, nonarteritic anterior ischemic optic neuropathy, central serous 
retinopathy, retinal vein occlusion, and glaucoma, and post-hoc ascribed to vascular 
consequences of OSA [11, 35]. One is not really sure whether these reports repre-
sent a causal OSA factor, an epiphenomenon, or an ascertainment within an older 
population. Whether ascertainment for OSA should lead to a routine referral of 
floppy eyelid or other ophthalmologic condition should await data on whether iden-
tification and treatment of OSA makes sense. Likewise, a mandate to sleep special-
ists to assess ophthalmologic as well as cardiovascular conditions is not part of 
routine practice. The burden of OSAHS estimated at any one time is also con-
founded by the uncertainty about the latency to clinical detection, a subtle effect of 
co-morbidity, or susceptibility to other disorders.

The prevalence rate of OSA (AHI >5/h) in industrialized countries is 10–20% of 
middle-aged adults with a syndromic group estimated at 4–8% of men and 2–4% of 
women, and in the same cohort repeat testing some years later suggest prevalence 
increasing from 1993 to 1998 [30]. Worldwide estimates have come up with a sleep 
apnea prevalence of a little less than 1 billion individuals, with an AHI >5 cutoff, 
and a half billion with an AHI >15. This estimate is seriously flawed by ascertain-
ment bias by study, selective reporting, differences in the methodology (testing, 
questionnaire, AHI criteria, or derivation from estimates from BMI or other mea-
sures of body habitus) [4]. The data do not indicate who needs treatment or might 
benefit from interventions. It does serve a purpose, however. While lower than 
hypertension, the estimate puts OSA as potentially significant as a driver of chronic 
illness; the estimate illustrates the population substrate out of which OSAHS is 
derived; and the estimate serves to drive further the attention of international health 
agencies to consider health policy initiatives and of industry to recognize market 
opportunities, similar to what is seen worldwide in cardiovascular disease and dia-
betes. Treatment in non-Western-oriented medical systems which are resource- 
limited may turn up inventive approaches that will in turn inform Western medicine.

In the US Wisconsin cohort, a group of employed state workers, the measure-
ment of sleep-disordered breathing was the primary outcome and a sense of the 
impact of a report of snoring or the presence of obesity was demonstrated [50]. 
Shown in Fig. 5.3 is a graph of the cumulative percent of people with a given AHI 
when parsed into those who do not snore, those who are habitual snorers (4–7 times 
a week), and the obese (BMI >30). This graph does not indicate which patients 
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would need or seek therapy given this information, but it does illustrate an instance 
where differences exist in population estimates if there are differences in reportable 
symptoms or BMI as a surrogate for weight.

High rates of community OSA have been recently published, albeit in the Western 
literature. The first is the population-based Study of Health in Pomerania which 
utilized objective measures to examine the prevalence and risk factors of obstructive 
sleep apnea in a German cohort between 20 and 81 years old [15]. The OSA preva-
lence was 46% (59% men and 33% women) for an AHI ≥5%, and 21% (30% men, 
13% women) for an AHI ≥15. However, adding symptoms, OSAHS prevalence 
(apnea-hypopnea index ≥5; Epworth Sleepiness Scale >10) was 6%. Gender, age, 
body mass index, waist-to-hip ratio, snoring, alcohol consumption (for women 
only), and self-reported cardiovascular diseases were significantly positively associ-
ated with AHI >5. Diabetes, hypertension, and metabolic syndrome were positively 
associated with AHI >30. A second report from Switzerland, a country that one 
might think would have relatively low rates, included 3043 consecutive participants 
who underwent polysomnography [16]. About 50% were men, median age of 
57 years with a median BMI of ~25·6. Participants underwent complete polysomno-
graphic recordings at home. AHI >15 was ~23% in women and ~50% in men for 
AHI >15. Association for trend indicated hypertension (OR 1.6), diabetes (OR 2.0), 
metabolic syndrome (OR 1.8), and depression (OR 1.92). These two reports suggest 
a cross- sectional community burden of sleep apnea in Western populations, associ-
ated with other common chronic diseases.

The reports from Asian countries take advantage of universal health coverage 
and community-based health surveys. In the Taiwanese individuals, habitual snor-
ing overall was ~52%, a bit higher in males at 61% than females at 43%. 
Corresponding rates for witnessed apnea during sleep was 2.6%, 3.4%, and 1.9%, 
respectively. The prevalence of having both traits was also higher in males than in 
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females. Prevalence of hypertension, cardiovascular disease, diabetes mellitus, 
arthritis, and backache was higher in those who snored or had witnessed apnea [9]. 
In South Korea, a similar pattern emerges with high risk for OSA at 16% and risk 
for OSA being higher with age ≥70 years (OR 2.68) and body BMI ≥25 kg/m2 (OR 
10.75), even though the BMI range is lower than in Caucasians [42]. As in other 
samples, hypertension (OR 5.83), diabetes mellitus (OR 2.54), hyperlipidemia (OR 
2.85), and anxiety (OR 1.63) were comorbid conditions. Interestingly, a report of 
regular physical activity (OR 0.70) had a protective effect, giving a clue to direc-
tions for policy to mitigate OSA.

The literature is clear in greater susceptibility of men to snoring and sleep apnea 
until the age where women experience menopause. The USA values generally cited 
are on the order of 17% of women and 22% of men, if the threshold is an AHI of ≥5 
[49]. Recognition strategies for sleep apnea built on such risk factors, with male sex 
(1 point for male and 0 for female), reflect a greater positive predictive value, 
although the relative proportion of risk in a multivariate tool like the STOP-BANG 
is modest [10]. The obvious mechanism is a hormonal one and the potentially pro-
tective effects of progesterone and estrogen, opposed to testosterone in men.

In one large Chinese hypertensive population OSA prevalence is related to age in 
women but only to BMI in men [6]. Reports appear which explain this by an impact 
on hormonal milieu, for instance in the Nurses’ Health Study II during 1995–2013, 
compared with natural menopause, surgical menopause by hysterectomy and/or 
oophorectomy, the hazard ratio for OSA was 1.27 (95% confidence interval (CI): 
1.17, 1.38), even after accounting for age, risk was higher among non-obese women. 
Interestingly among women who never used hormone therapy AHI and hyperten-
sion risk was lower than those who had used some hormone therapy. Surgical as 
compared with natural menopause was independently associated with higher OSA 
risk in women in the postmenopausal phase of life [17]. These cohort studies start 
to define risk factors.

The presence of OSA in otherwise healthy people has an impact on subsequent 
health, as shown in the Wisconsin cohort where a dose-response association was 
uncovered between AHI levels at baseline and the clinical presence of hypertension 
4 years later, independent of many of the known risk factors confounding factors 
including age, sex, and body weight [31]. Relative to a reference of 0/h, presence of 
hypertension at follow-up for an AHI 1 to <5 was 1.42, for 5–14.9/h 2.03, and for 
>15/h 2.89, significant at all levels [31]. These observations are consistent with 
sleep apnea being a modifiable risk factor for cardiovascular disease, given that 
hypertension is the greatest risk for heart failure, renal failure, and cardiac 
arrhythmias.

Community studies also suggest a complex, and bidirectional interaction of OSA 
with common respiratory disorders, one example of which is asthma. The Wisconsin 
Sleep Cohort Study has longitudinal data on respiratory status and overnight poly-
somnography studies at 4-year intervals [43]. The associations of presence and 
duration of asthma with OSA.  Participants with incident asthma were found to 
experience incident OSA more than those without asthma; the corresponding 
adjusted relative risk was significant (RR 1.39), controlling for sex, age, baseline 
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and change in body mass index, and other factors. Asthma was also associated with 
new-onset OSA with sleepiness, hallmarks of the development of OSAHS. Therefore, 
one may look at the better-developed asthma surveillance systems for clues as to the 
potential for new OSA cases.

Many suspect that the origins of disease start in childhood patterns of dietary 
intake, exercise need and habit, and changes in head form, followed by habitual 
alcohol and smoking, and in parallel risk of cardiovascular disease. There are few 
long-term observational studies of individuals spanning the ages of 18 to about 
55 years of age, about the sixth decade being the most common mean or median age 
found in many cohorts including the initial reports from the Wisconsin Sleep Cohort 
[50] and the Sleep Heart Health Study [29, 37]. It is difficult to “look back” at the 
trajectory of disease, and consider which causal pathway drove the propagation of 
sleep apnea, as captured by AHI, over time. One modest study showed that over a 
five-year period the significant odds ratio for incident sleep-disordered breathing 
started with being male (OR  ~  2.29), and then age and waist-hip ratio (both 
OR ~ 1.5), and then BMI and cholesterol (at OR ~ 1.1) [44]. Over the past two 
decades, with the increasing prevalence of adult obesity in the Western world, the 
most important risk factor in sleep breathing disorders, the number of patient diag-
nosed as suffering from OSA has increased and it will increase over the coming 
years unless this obesity trend is mitigated.

 Office Epidemiology

The early reports of sleep apnea in primary care population surprised those who 
believed that it would reflect community estimates. One such early study was a two- 
step survey of primary care practices where a questionnaire was used to assess risk 
and polygraphic study was used to measure suspected OSA [38]. Fifty percent of all 
primary care patients reported to snore while 31% of snorers reported to snore every 
night. Based on this first questionnaire algorithm 20% were at high risk for SDB, 
compared to 18.5% for PLMD and 25% with insomnia. Daytime sleepiness and 
fatigue were associated in patients with likelihood of any or all of these three sus-
pected conditions. SDB was twice as common in men than in women.

In 1997, a Berlin, Germany, conference of primary care practitioners and 
sleep specialists resulted in a tool called the Berlin Questionnaire designed for 
primary care office use. Its intent was to use a predictive approach that three 
domains (snoring and disturbed sleep, sleepiness, and a combination of BMI >30 
and/or hypertension) would constitute a high pre-test probability for OSA [28]. 
For the 100 patients who underwent sleep studies, risk grouping was generally 
useful in the prediction of the number of events. While it could not tell one 
whether high risk meant a need for therapy, it was useful for its negative predic-
tive value. The value of the tool was explored in relation to its domains and risk 
in 8000 adults across primary care practices in the United States and Europe. 
One-third (32%) had a high pretest probability for OSA, with a higher rate in the 
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United States (36%) than in Europe (26%). Sleepiness (32% vs 12%) followed 
by obesity and/or hypertension (45% vs 37%, respectively; p < 0.01) contributed 
to the OSA risk difference between participants in the United States and Europe, 
as frequent snoring and breathing pauses were similarly reported (44%). A high 
pretest probability for OSA was more often present in men than in women (38% 
vs 28%) and in those that were obese, a condition more common in the United 
States (28% vs 17%). The conclusions were that primary care physicians would 
encounter a high demand for services to confirm or manage sleep apnea, sleepi-
ness, and obesity (Fig. 5.4).

A similar survey 15 years later expanded on this theme [2]. The target was five 
different family medicine practice locations in North Carolina for assessment of the 
burden of sleep complaints in the system. More than 50% of the respondents 
reported excessive daytime sleepiness, one-third reported insomnia, 13–33% were 
dealing with symptoms consistent with OSA and OSAHS; in addition, more than 
one-quarter had clinical symptoms of restless legs syndrome. The correlation of 
poor health and sleep disturbance was high, and comorbidities such as hyperten-
sion, pain syndromes, and depression were also shown to be associated with more 
sleep complaints. Besides fatigue and excessive daytime sleepiness, complaints 
such as headache, nocturia, undesired awakening with or without inability to fall 
back to sleep, morning dry mouth, and nocturnal gastroesophageal reflux, and sub-
jective reduced concentration and memory, and “mood disorder”, were mapped to 
sleep complaints. Sleep was noted to be important in the assessment of isolated 
chief complaints like frequent nocturia particularly in older males that would before 
lead to a only work up for benign prostate hypertrophy, or heartburn in obese 
patients that lead to only GERD management, or dry mouth upon awakening being 
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attributed to medication side effects particularly if the sleep aid had anticholinergic 
action. Though many of these previously routine referrals are still reasonable, one 
should create a differential diagnosis that might include sleep apnea which has been 
associated with all these complaints.

Management of OSA and OSAHS has become increasingly common. In a review 
of annual stratified samples of patients identified as having sleep apnea in hospital- 
based and non-hospital-based physician office visits in the U.S. National Ambulatory 
Medical Care Survey database between 1993 and 2010, reports of a diagnosis of 
sleep apnea increased 14.6-fold [26]. Thirty-three percent were reported by primary 
care providers, 17% by pulmonologists, and 10% by otolaryngologists, with an 
increasing number of “other practitioners” listing a diagnosis of sleep apnea as new. 
Regions that reported a higher per capita rate of sleep apnea correlated with the rates 
of obesity and health insurance status.

In 2013, the American College of Physicians reported on their consensus as 
to the most effective therapy of obstructive sleep apnea and concluded that 
weight loss was the most supported therapy [33]; the fact that obesity is present 
in ~50% of patients did not deter the committee from their conclusions. Medicare 
by that time had endorsed requirements for continuous positive pressure therapy 
some time before [20]. It is time that practice pathways for the management of 
OSAHS will be designed with primary care tools and decision trees to know 
when and how to manage, engage sleep specialists and other providers, and pro-
vide value to patients. There is precedent for these to be developed and used in 
diabetes, but in this instance, there is a relatively simple blood marker to begin 
the process of prevention and treatment. Often primary care physicians are skep-
tical of patient-based sleep apnea risk assessments because of its subjective 
nature. Yet, offices deploy the PHQ-2 to collect a depression risk in those with a 
complaint of fatigue or low mood, and there are management guidelines. The 
prevalence of sleep disorders is higher than depression. However, even tools like 
the Berlin Questionnaire or the STOP-BANG require a decision about what to do 
next. If a test is ordered, like home sleep testing, what to do with the data are not 
embedded in practice guidelines. One can only compare the detailed directions 
for what to do when diabetes is suspected by the primary care physician and 
suspected by an elevated Hemoglobin A1c, to the lack of consensus we have as 
to when and how to assess at a primary care level a report of AHI and severity 
levels. Utilization of screening tools such as STOP-BANG and Berlin 
Questionnaire is useful but not diagnostic and skewed toward elimination of 
those without moderate or severe OSA, rather that suggest who should be treated 
or who might accept treatment or the preventive approach to managing sleep-
disordered breathing. Reliance on testing and response to autotitration therapy 
could be useful as a primary action, but not without a recognition and manage-
ment strategy for those who do not respond.
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 Sleep Medicine Practices

It is worthwhile to pause briefly to describe sleep medicine, as one other feature 
of clinical care. The specialty started as a collection of sleep laboratories in the 
United States and Europe when sleep disorders were considered rare and curious, 
OSAHS being defined in 1964 when the first tracheostomy was performed, and 
narcolepsy as a distinct syndrome described using symptoms and the combined 
use of a polysomnogram and Multiple Sleep Latency Test. Organizing a profes-
sional society in the 1980s, the leaders of the field pushed for standards, training, 
and medical codes for management of a host of sleep disorders. One measure of 
progress was a survey in 2000 undertaken to determine the spectrum of sleep-
related disorders diagnosed in regional sleep centers and compare this informa-
tion to a previous survey published in 1982, at the origin of the sleep center. In a 
two-month prospective point- prevalence survey, across 19 accredited regional 
sleep centers in the United States.

The major referrals in 2000 are similar to today with snoring, sleepiness, and 
other sleep-related reports as the presenting complaints (Fig. 5.5a). In 2000 most 
patients underwent polysomnography as similar to that done in 1982. In 2000, 
obstructive sleep apnea, narcolepsy, and restless legs syndrome were the top three 
reported primary diagnoses with a prevalence of ~69%, ~5%, and ~3%, respec-
tively (Fig. 5.5b). The entire range of 93 sleep disorders, however, was represented 
in the 2000 survey. In this sample, true even today, when a sleep specialist inter-
views a patient, nearly a third of patient had either a primary or secondary diagno-
sis of a non-respiratory sleep disorder, and many had more than one sleep 
diagnosis. Compared to the previous survey from 1982, there has been an absolute 
increase in patient referrals/center with a two- to four-fold increase in the number 
of patients/center with a final diagnosis of a non-respiratory sleep-related prob-
lem. However, there had been a 20-fold increase in the diagnosis of obstructive 
sleep apnea.

Since 2000 there has been a further increase in sleep centers and diagnostic facil-
ities, the creating of an American Board of Internal Medicine Sleep Medicine spe-
cialty examination, and a 1-year ACGME fellowship program. Sleep specialists are 
encountering increasing referrals from family internal medicine, pulmonary medi-
cine, and otolaryngology, and a broad range of sleep-related disorders. Now, the 
now mandatory for sleep medicine board certification eligibility has had the unin-
tended consequence of restricting the influx of young physicians to the field [45]. 
The number of sleep specialists who are retiring now exceeds the number that are 
trained through ACGME-accredited programs leading to a specialty certificate in 
Sleep Medicine. New training pathways are being developed to provide flexibility 
in high-quality, comprehensive, and multidisciplinary sleep medicine training to 
meet the sleep health needs of the present and future [32].
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Frequency: sleep symptoms on referral for testing
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Fig. 5.5 (a) This is a graphical representation of the data in Punjabi et al. (2003) on the percent of 
encounters for referral for a polysomnography from 19 sleep centers in the United States over a 
3-month period. (b) This is a graphical representation of the data in Punjabi et al. (2003) on the 
percent of encounters with a given diagnostic outcome from 19 sleep centers in the United States 
over a 3-month period

E. Yeh et al.



103

 OSA in Medical, Neurologic, and Psychiatric Disorders

Diagnoses of sleep apnea during outpatient visits to hospital-based and non- 
hospital- based practices in the United States were much more frequent in 2010 than 
in 1993, as reported by outpatient practice clinicians participating in national sur-
veys [26]. Although 60% of diagnoses of sleep apnea were reported by a combina-
tion of pulmonary and ENT specialty and primary care offices, there was a 
substantial increase in reports of sleep apnea by clinicians practicing other special-
ties during this period. This trend appears to continue. Discussed below are condi-
tions selected for data availability of prevalence rates influencing outcome.

Pulmonary Clinics In a cross-sectional study from the US National Health and 
Nutrition Examination Survey (NHANES) data (year 2005–2008), subjects 
≥20 years were identified who had no COPD or OSA, or only OSA, or had only 
COPD, or had OSA/COPD overlap syndrome [13]. The COPD and OSA/COPD 
overlap syndrome groups had significantly higher chance of all-cause mortality than 
the group of subjects who did not have OSA or COPD (adjusted hazard ratio [HR] 
=1.5 for the COPD group and 2.4 for the overlap syndrome group). OSA/COPD 
overlap syndrome was associated with a modest likelihood of death than COPD 
alone (HR =1.5; P = 0.160). Other factors associated with higher overall mortality 
were aging, poorer family status, current smoker, serum vitamin D deficiency, car-
diovascular disease, history of cancer, diabetes, and impaired renal function. COPD 
and the combination of OSA and COPD leading to symptoms and signs of hypoven-
tilation were markers of higher all-cause mortality compared to the control group. 
Interestingly simple OSA did not significantly increase mortality in patients with 
COPD. Hence the challenge in pulmonary clinics is to identify and manage OSA/
COPD patients with a complex co-morbidity.

Endocrine Clinics Given the community correlations of OSA to obesity, it should 
come as no surprise that OSA and OSAHS are present in nearly all type 2 diabetes 
mellitus patients. In patients with metabolic syndrome, OSAS is an independent 
risk factor for the onset of type 2 diabetes and a worsening glycemic control [7]. In 
diabetics, the well-known clinical appearance of accumulation of adipose tissue in 
the neck and limited chest wall dynamics, hypoxia, and local micro-inflammation 
link visceral obesity closely with OSAS, with bidirectional effects. Promoting exer-
cise, improving sleep habits, and diet weight loss can treat both metabolic syndrome 
and OSAS, especially in obese patients. There is also a high incidence of OSAS in 
acromegaly, although growth hormone treatments seem to be unrelated to the onset 
of apnea in GH-deficient individuals.

Neurology Clinics In patients with spinal cord injury, approaching 60% in motor 
complete persons with tetraplegia. Central apnea is more common in patients with 
tetraplegia than in patients with paraplegia [8]. In this population there is a lack of 
correlation between symptoms and SDB, and unfortunately there is insufficient 
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 evidence in the literature on the impact of treatment on morbidity, mortality, and 
quality of life outcomes.

Neuromuscular specialists encounter a common and predictable development of 
chronic sleep-disordered breathing in the neuromuscular syndromes which because 
of the patterning of respiratory muscle output during sleep and smaller lung vol-
umes make patients particularly vulnerable to upper airway collapse, hypoventila-
tion, and disturbed sleep that reduce the quality of life [1, 3]. Obstructive and central 
sleep apneas are common and noninvasive ventilation can improve survival and 
quality of sleep. Early detection with monitoring at home and polysomnography 
help guide therapy for sleep-disordered events, before and during non-invasive 
ventilation.

There is likely a bidirectional relationship between sleep apnea and stroke, 
resulting in close association between the two conditions. In addition, sleep apnea 
is a potentially modifiable risk factor in stroke and stroke rehabilitation. For instance, 
in a moderately sized group of stroke patients sleep apnea was determined by a vali-
date algorithm and functional outcome was measured using Barthel score on day 7 
and at third month following the onset of stroke. A high pre-test probability of sleep 
apnea was present in 31% patients, more in males (68%) and with advanced age 
[25]. Hypertension was present in 66.6% of patients with sleep apnea. Recovery 
scores at third month were somewhat better among patient with no apnea, but this 
was not statistically significant. Gain in functional independence in no apnea group 
was better than those in whom sleep apnea was strongly suspected. Sleep apnea is 
amenable to treatment and should be considered in patients with acute ischemic 
stroke to improve the chance of recovery, and to reduce the risk of recurrence.

Psychiatry Clinics Sleep disturbances have been associated with increased risk 
for suicidal thought and behavior. The literature regarding sleep and suicide, how-
ever, has focused predominantly on generalized sleep disturbance or insomnia. A 
secondary analysis of 2014 data from the National Survey on Drug Use and Health. 
Respondents from a random sample of US households 18 years or older is informa-
tive [5]. The prevalence of a diagnosis of sleep apnea was 3%. Prevalence of suicid-
ality was ~10% for suicidal ideation, 3% for suicide planning, and 1% for suicide 
attempt compared with 5%, 2%, and 1%, respectively, for those without sleep apnea. 
Analyses revealed that sleep apnea was significantly but modestly associated with 
both suicidal ideation (OR = 1.50) and suicide planning (OR = 1.56) after control-
ling for age, sex, ethnicity, past-year substance use disorder, self-rated overall 
health, past-year sedative-hypnotic misuse, past-year depressive episode, heart dis-
ease, high blood pressure, stroke, diabetes, and body mass index. Sleep apnea was 
not significantly associated with report of past-year suicide attempt. A consideration 
of sleep apnea may represent an early opportunity for providers to discuss suicide 
and mental health with their patients.

Obstetric Clinics Sleep-disordered breathing (SDB) is recognized in pregnancy 
and may be a modifiable factor for adverse outcomes including pre-eclampsia and 
premature birth. Nulliparous women (n = 3700) completed validated questionnaires 
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to assess for symptoms related to snoring, fatigue, excessive daytime sleepiness, 
insomnia, and restless leg syndrome, along with an at-home portable monitor [21]. 
The prevalence of risk for sleep-disordered breathing was 3.6% and 8.3%, for early 
and mid-pregnancy, respectively. At each time point in gestation, frequent snoring, 
chronic hypertension, greater maternal age, body mass index, neck circumference, 
and systolic blood pressure were associated most strongly with an increased risk of 
sleep-disordered breathing. Current age, body mass index, and frequent snoring 
predicted sleep-disordered breathing in early pregnancy, sleep-disordered breathing 
in mid pregnancy, and new-onset sleep-disordered breathing in mid pregnancy. In 
the follow-up analyses [14], the prevalence of preeclampsia was 6.0%, hypertensive 
disorders of pregnancy 13.1%, and GDM 4.1%. In early and mid-pregnancy the 
adjusted odds ratios for preeclampsia when sleep-disordered breathing was present 
were 1.94 (95% CI 1.07–3.51) and 1.95 (95% CI 1.18–3.23), respectively; hyper-
tensive disorders of pregnancy 1.46 (95% CI 0.91–2.32) and 1.73 (95% CI 
1.19–2.52); and GDM 3.47 (95% CI 1.95–6.19) and 2.79 (95% CI 1.63–4.77). 
Increasing exposure-response relationships were observed between apnea- hypopnea 
index and both hypertensive disorders and GDM. There appears a somewhat inde-
pendent association between sleep-disordered breathing and preeclampsia, hyper-
tensive disorders of pregnancy, and gestational diabetes mellitus. In a study from 
another group of 1345 women, the overall prevalence of high risk for OSA was 
10.1% (95% confidence intervals [CIs] 8.5–11.7), associated with pre-pregnancy 
body mass index and stress [18]. An adjusted odds ratio (OR) for preeclampsia- 
eclampsia in women with high risk for OSA was 2.72 (95% CI 1.33–5.57).

Disability Assessments There are reported associations between sleep apnea and 
receipt of mortality or a disability pension [34]. In a prospective study of the 
Swedish Patient Register from 2000 to 2009 (74,543 sleep apnea cases: 60,125 
outpatient, 14,418 inpatient), cases were matched to 5:1 non-cases and tracked from 
diagnosis/inclusion into the study. During ~5.1  years, 13% of men and 21% of 
women with inpatient sleep apnea received a disability pension. Inpatient sleep 
apnea was associated with higher total mortality (hazard ratio (HR) = for men 1.71, 
and for women, 2.33) with associations to ischemic heart disease (for men, 
HR = 2.27 and for women HR = 5.27), respiratory disorders (for men, HR = 3.29, 
and for women, HR  =  5.24), and suicide (for men, HR 2.60 and for women, 
HR = 4.33). Notice that the HR was always higher in women. There were no asso-
ciations to ascertainment for inpatient sleep apnea with cancer mortality. Outpatient 
sleep apnea was associated with a higher risk of receiving a disability pension but 
not higher total mortality. In conclusion, inpatient sleep apnea was higher risk of 
mortality and disability pension receipt, a decade after diagnosis.

Obesity Hypoventilation Syndrome (OHS) This condition is considered in more 
detail in other chapters of this book. While it is a diagnosis often made while the 
patient is awake, it is important in our Chapter as it is part of the spectrum of sleep-
disordered breathing. It is defined as a combination of obesity (body mass index 
≥30 kg·m(−2)), daytime hypercapnia (arterial carbon dioxide tension ≥45 mmHg), 
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and  sleep- disordered breathing, after ruling out other disorders that may cause alve-
olar hypoventilation. OHS prevalence has been estimated to be ∼0.4% of the adult 
population [24], but becomes an important condition in acute hospitalizations. OHS 
is typically diagnosed during an episode of acute-on-chronic hypercapnic respira-
tory failure or when symptoms of dyspnea lead to pulmonary or sleep consultation 
in stable conditions. The most frequent comorbidities are heart failure, coronary 
disease, uncontrolled diabetes, and pulmonary hypertension. A recognition strategy 
and appropriate management with medications and rehabilitation programs are key 
issues for improving prognosis.

Medical Training A prospective cross-sectional study was performed among 
young doctors less than 40 years old, using questionnaires and home sleep apnea 
testing [48]. Mean age and mean body mass index (BMI) were 31 years and 23, 
respectively. The prevalence of OSA and OSAHS were 40.4 and 5.8%, respectively, 
with one-third having at least moderate OSA. History of snoring, being male, and 
perception of inadequate sleep were significant predictors for OSA with the odds 
ratio of 34.5, 18.8, and 7.4, respectively. Only observed apnea was a significant 
predictor for OSAS with odds ratio of 30.7 (p  =  0.012, 95% CI  =  2.12–442.6). 
Number of naps per week was a significant predictor for excessive daytime sleepi-
ness. OSA and total number of call days per month were significant predictors for 
tiredness with the odds ratio of 4.8 and 1.3, respectively. OSA was the only signifi-
cant predictor for perception of inadequate sleep. This is the only study that reports 
prevalence of OSA and OSAS among young doctors and emphasizes the need for 
detection at an earlier age. It is not that the subjects were doctors but the group in 
early adulthood with demanding jobs and long hours of work, likely present in 
many work settings.

 Sleep Detection and Gaps in Knowledge

There are efforts to develop and validate a tool that does not rely on subjective 
reports so that estimates of the burden of sleep apnea may be made using electronic 
databases, relevant to both outpatient and inpatient settings. The symptomless 
Multi-Variable Apnea Prediction index (sMVAP) has three variables (age, sex, and 
weight) and was developed to identify OSA as a presumptive diagnosis and deployed 
to assess the relationship between sMVAP and adverse outcomes in patients having 
elective surgery for non-bariatric and bariatric procedures [22]. Using data from 
40,432 elective inpatient surgeries, we used logistic regression to determine the 
relationship between sMVAP and previous OSA, current hypertension, and postop-
erative complications: extended length of stay (ELOS), intensive-care-unit-stay 
(ICU-stay), and respiratory complications (pulmonary embolism, acute respiratory 
distress syndrome, and/or aspiration pneumonia). Higher sMVAP was associated 
with increased likelihood of previous OSA, hypertension and all postoperative com-
plications, and the top quintile had increased odds of postoperative complications 
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compared to the bottom quintile. For ELOS, ICU-stay, and respiratory complica-
tions, respective significant odds ratios were 1.83, 1.44, and 1.85, respectively. With 
propensity matching in patients having bariatric surgery, sMVAP was more strongly 
associated with postoperative complications in non-Bariatric surgical groups. The 
idea is that OSA risk measured by a symptomless calculation correlates with higher 
risk for select postoperative complications. Interestingly, associations are stronger 
for non-Bariatric surgeries. The implications are that preoperative screening with 
variables collected from charted measures is sufficient to risk stratify for adverse 
postoperative outcomes. The sMVAP as a risk stratifier in the assessment of com-
mercial motor vehicle operators was tested with and without the addition of symp-
toms and its accuracy was better with the additional information [23]. It should be 
noted that the use of this tool does not preclude more precise individual assessments 
[19] (Fig. 5.6).

The literature on the epidemiology has progressed from community surveys to 
an understanding of OSA as a common condition. We are however still in lacking 
information at early asymptomatic phases and from young adulthood, limiting the 
ability to detect what human features alone or collectively can produce a propaga-
tion of events during sleep, prospectively. This gap occurs in those with clinical 
collections, like obesity or neuromuscular disorders, where there is a high likeli-
hood of progression of objective markers and symptomatic outcomes. Established, 

Systems integration

Self recognition

Clinic recognition

Profiling

Behavioral RX. Outcome

Treatment

Risk grouping

Testing

Fig. 5.6 Systems integration for the arc of recognition to outcome. Risk grouping along with 
individualized (personal) medicine would determine the manner of testing and therapy, but ulti-
mately the outcome remains to be defined better
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symptomatic patients must be present in many clinical systems, as OSA recognition 
can be triggered by events like stroke, myocardial infarction, or detection of 
hypoventilation. Some inroads are there in recognition profiling for perioperative 
patients, and in the current literature on profiling using the EMR. The high preva-
lence of OSA and OSAHS, limited information on management outcomes, and 
transparent costs of treating established disease justify research into more available 
and less costly, but comparably reliable, alternative treatments. To this end, all lev-
els of medical care must be involved: (1) primary care or specialists not directly 
involved with sleep, (2) second-level hospitals, which should have the ability to 
perform simplified studies, and (3) tertiary hospitals with complex equipment and 
multidisciplinary environment have to be prepared to receive patients with complex 
sleep disorders of breathing as well as to solve the sleep-related diseases. Thus, 
there appears value in recognition and management of OSAHS and a rationale for 
prevention and early detection of OSA.
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 Introduction

OSA is the leading cause of referral to sleep laboratories worldwide, accounting for 
at least 75–80% of diagnoses [1]. In the last few decades, there have been consider-
able advances in knowledge regarding the underlying mechanisms, diagnostic 
approaches, treatment options, and the impact of OSA on personal as well as public 
health of OSA. The global prevalence of OSA was recently estimated at up to 1 bil-
lion people worldwide. Even using a stricter definition (based on Apnea–Hypopnea 
Index AHI > 15/h) there are still up to 500 million estimated cases worldwide [2]. The 
current definitions of sleep apnea are not uniform, but most of them attempt to char-
acterize the frequency of sleep-disordered breathing events (e.g., AHI “Apnea–
Hypopnea Index” or RDI “Respiratory Disturbance Index”) along with the severity 
(e.g., oxygen desaturation) of each event (e.g., complete (apnea) and partial (hypop-
nea) cessation of breathing during sleep). By convention, an apnea is defined as 
greater than 90% reduction of airflow for at least 10 s [3, 4]. A hypopnea is defined as 
a reduction in airflow that is followed by an arousal from sleep or a decrease in oxy-
hemoglobin saturation. While AHI is the most commonly used parameter to assess 
sleep apnea severity, several additional measures of sleep such as the degree of noc-
turnal oxyhemoglobin desaturation and the extent of carbon dioxide elevation have 
been used to characterize disease severity in clinical and research settings (Table 6.1).
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The mechanisms of sleep-disordered breathing are complex, but can involve 
either obstruction of the upper airways (OSA) in the presence of intact respiratory 
drive; the absence of ventilatory drive (CSA or central sleep apnea) in the presence 
of a patent airway; or mixed apnea, which has features of both OSA and CSA [5–7]. 
Pure CSA is much less common than OSA in the general population; CSA occurs 
most often in individuals with congestive heart failure (CHF) or occasionally with 
neurological compromise or chronic narcotic intake [8–10].

Patients with OSA can frequently experience sleep fragmentation, daytime som-
nolence, or suboptimal psychomotor function. Untreated OSA can also lead to com-
mon comorbidities such as hypertension, diabetes, stroke, and depression. 
Individuals with moderate and severe OSA have increased risks for hypertension, 
cerebrovascular accident (CVA), cardiovascular diseases, diabetes mellitus, depres-
sion, road traffic crashes, poor performance in school and work, and decreased pro-
ductivity in the workplace [11–23].

 Prevalence and Epidemiology

The estimated prevalence of symptomatic OSA in the United States in early 1990s 
by Young et al. was 4% among adult men and 2% among adult women [24]. Since 
then, prevalence data from other countries have emerged. The prevalence of OSA 
associated with daytime sleepiness is conservatively 3–7% in adult men and 2–5% 
in adult women. Subgroups of those populations have higher prevalence, including 
persons with older age, male gender, and obesity [25]. Though diagnostic method-
ologies vary, most available epidemiological data on prevalence of OSA confirm 
Young’s finding across the globe. Interestingly, the prevalence of OSA in 

Table 6.1 Common OSA terminology

Apnea–- Hypopnea 
Index (AHI)

The number of apneas and hypopneas a patient has per hour of sleep

Respiratory 
Disturbance Index 
(RDI)

A formula used in reporting polysomnography data: the number of 
apneas, hypopnea, and RERAs a patient has per hour of sleep

Apnea Complete cessation of breathing during sleep, defined by greater than 
90% reduction in airflow for at least 10 s, has no requirement for a 
desaturation or arousal

Hypopnea Reduction in airflow that is followed by an arousal from sleep or a 
decrease in oxyhemoglobin saturation

Respiratory 
effort-related arousal 
(RERA)

A series of respiratory cycles of increase/decreasing effort or flattening 
for at least 10 s, recorded by nasal manometry and leading to an arousal 
that cannot be defined as an apnea or hypogea

Sleep-disordered 
breathing

Umbrella term for a constellation of sleep-related breathing disorders 
and abnormalities of respiration during sleep that does not meet criteria 
for a disorder
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developing countries such as India and China is on the same order of magnitude as 
that in the developed countries, despite less obesity [2]. Therefore, OSA is not only 
a disease of more developed countries, but a common disease worldwide. 
Additionally, there are huge and growing individual and public health costs associ-
ated with OSA, whether from lost productivity at workplaces, motor vehicle acci-
dents from drowsy driving, or the cardiovascular and metabolic comorbidities of 
OSA [26]. Because the obesity epidemic is spreading worldwide, we can only imag-
ine an increasingly higher prevalence of OSA in the twenty-first century [27].

 Risk Factors

Despite substantial research on OSA in the past several decades, OSA remains 
underdiagnosed. This finding is due in part by the lack of awareness of the disease 
by patients as well as the general public, and insufficient clinical suspicion on the 
part of providers. Therefore, it is important for clinicians to gain proper knowledge 
of OSA risk factors, so that timely diagnoses can be made and treatment can be 
initiated as appropriate.

OSA risk factors include obesity, older age, male gender, postmenopausal status, 
Asian/African American races, tobacco, and alcohol use [28]. Studies have shown 
that up to 70% of men and 56% of women between age 65 and 99 years have some 
form of OSA [29]. The mechanisms for age-related OSA include deposition of adi-
pose tissue in the parapharyngeal area and anatomical changes surrounding the 
pharynx [30–32]. Disease prevalence for OSA is relatively low among premeno-
pausal women and increases postmenopausally [33]. Obesity is the single most 
treatable factor predictive of OSA [34–36]. Data collected in Sleep Heart Health 
Study (SHHS) have shown that moderate and severe OSA is independently associ-
ated with BMI, neck circumference, as well as waist circumference. Individuals 
with OSA have significantly more visceral distribution of fat than central fat after 
controlling for BMI.  Visceral fat is significantly correlated with AHI.  Waist–hip 
ratio has also been shown in some studies to be more predictive of severe OSA than 
obesity in general. Only 10–15% of the population with diagnosis of OSA have 
body mass index (BMI) less than 25 kg/m2. Individuals with large neck circumfer-
ences (men >17 in., women >16 in.) should raise the clinician’s suspicion for OSA.

There are multiple theories as to why OSA prevalence in women is lower than 
that in men. One of them is that male bed partners of women are less likely to report 
bedtime symptoms of OSA than the female bed partners of men. Women with OSA 
also tend to have less “classic” daytime symptoms of OSA; instead of reporting 
daytime sleepiness they may report fatigue and lack of energy. Lastly, women have 
different anatomical and functional properties of their upper airways and differ-
ences in control of breathing. Thus, both diagnostic biases and biological factors 
contribute to the gender imbalance in sleep apnea prevalence [37–42].
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Among different races, obesity plays a varying degree of importance. Middle- 
aged (age 25–65 years) African Americans have similar disease prevalence than the 
other racial groups, but adult African Americans younger than 25 years or older than 
65 years have a higher prevalence than the others. Among the East Asian popula-
tion, though the prevalence of obesity is less than the whites, the prevalence of OSA 
is not less than that in the West. Therefore, the relationship between obesity and 
OSA is less clear-cut among Asians. However, differences in adipose tissue distri-
bution (i.e., peripheral vs. visceral) may play a more important role in Asians [43]. 
Table 6.2 risk factors for OSA.

 Clinical History

A sleep history looking for OSA should be obtained either as a routine health main-
tenance evaluation, or as part of an assessment for potential OSA in symptomatic 
people. In addition, a comprehensive evaluation should be considered in those at 
high risk for OSA, and as a part of a screen for sleep disorders in commercial driv-
ers, other transportation operators and persons involved in safety-sensitive work. A 
good sleep history should address both sleep and wakefulness. Because individuals 
with OSA often disrupt their bed partners’ sleep, bed partners should be encouraged 
to participate in this part of the evaluation process. Loud snoring, awakenings due 
to choking and/or gasping, and witnessed apneic episodes during sleep are common 
symptoms reported by OSA patients or their bed partners. OSA can make falling 
asleep and maintaining sleep difficult. Excessive daytime sleepiness (EDS) is a 
common complaint, although many patients do not report sleepiness per se [44]. For 
an individual with OSA, EDS most likely will persist even after adequate amount of 
total sleep time (TST) is achieved. The Epworth Sleepiness Scale (ESS), a self- 
reported score, combines a series of answers for likelihood of dozing off in eight 
different scenarios. An ESS of greater than 12 (out of 24) is usually considered 
“sleepy.” Though subjective, ESS is frequently used to quantify EDS and is useful 
as a reference scale for assessing future treatment effectiveness [27, 45, 46]. 
Questions on general sleep history such as TST, sleep fragmentation, sleep 

Table 6.2 Common risk factors of obstructive sleep apnea (OSA)

Anthropometric 
measures

BMI >28 kg/m2, neck circumference >17 in. (43 cm) for men, or 
>16 in.(41 cm) for women

Physical exam Retrognathia, high modified Mallampati score (III/IV), large tonsils 
(>2), macroglossia

Age Age 35 or greater
Ethnicity Asian, African American, Hispanic ethnicities
Gender Male gender
Hormone Postmenopausal status in women
Habits Alcohol, tobacco, physical inactivity
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maintenance, as well as questions related to insomnia (difficulty falling asleep or 
going back to sleep) should also be asked to generate a differential diagnosis. Lack 
of concentration and/or cognitive abilities, decreased libido, risk of motor vehicle 
accidents, mood disorders, morning headaches, and dry mouth are other common 
complaints in OSA patients. History of common comorbidities such as hyperten-
sion, stroke, myocardial infarction, cor pulmonale, and arrhythmia should also be 
obtained. In pediatric populations, the complaint of excessive sleepiness is often 
replaced by hyperactivity, attention deficit, and mouth breathing. OSA is more fre-
quently present among children of OSA subjects, suggesting the role of genetic 
factors in OSA [47, 48]. Table 6.3 lists questions that a healthcare provider should 
ask of an individual suspected of having OSA.  Other questionnaires have been 
assessed in this context with variable predictive value, including the STOP-BANG 
and NO-OSAS [27]. These questionnaires may be preferable to ESS in certain pop-
ulations, including bariatric surgery patients.

Taking a medical history from certain populations among whom symptoms and 
signs of OSA may affect their employment status may be challenging. For example, 
unlike the sleep clinic setting where patients are seeking diagnosis and treatment for 
sleep difficulties, it is common for commercial vehicle drivers, pilots, and train 
operators to avoid an OSA diagnosis because of its economic and occupational 
implications. Thus, relying on self-reported symptoms by commercial drivers for 
screening for OSA has a very low yield in these occupational settings. These groups 
often do not report any symptoms. Furthermore, drivers with previously diagnosed 
OSA initially have been reported to deny the presence of a sleep disorder until they 
are told that based on screening criteria they are required to obtain a sleep study. A 
2006 study in Israel showed 78% of its commercial drivers with BMI greater or 
equal to 32 kg/m2 had polysomnography (PSG)-confirmed OSA and almost half had 
objectively confirmed EDS as measured by a multiple sleep latency test (MSLT), 
but 100% of the affected drivers denied symptoms of OSA or EDS [49]. Likewise, 
most OSA-affected commercial motor vehicle (CMV) operators report very low 
ESS score at driver certifications exams (range 3–4 or 2–5 out of 24), which are 
markedly lower than average ESS scores among college and medical students 
(range 7–8). Therefore, at the present time, examiners must rely primarily upon 
anthropometric and other objective criteria when evaluating transportation operators.

A summary statement from the Joint Task Force (JTF) of American College of 
Occupational and Environmental Medicine/American College of Chest Physicians/
National Sleep Foundation of screening criteria for OSA among CMV operators 

Table 6.3 Five questions to screen patients for obstructive sleep apnea (OSA)

1. “Do you have trouble falling asleep or maintaining asleep at night?”
2. “Have you ever been told that you snore during sleep?”
3. “Have you ever woken up choking or gasping for air when you are asleep?”
4. “Has anyone ever witnessed you stop breathing during sleep?”
5. “Do you have trouble staying awake during the day?” (Epworth sleepiness scale 

questionnaire)
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was published in the journal Chest in 2006 [50]. The statement recommends a 
3-month maximum certification, pending OSA evaluation, for the CMV operator if 
the operator falls into any one of the five major categories. Of note, the only objec-
tively measurable major category in the JTF statement is the subject’s anthropomet-
ric characteristics and blood pressure measured during the office visit. Therefore, in 
the setting of occupational certification, the suspicion for OSA should be elevated 
with or without a clear subjective reporting of symptoms of OSA (i.e., EDS). Timely 
referral for an OSA evaluation is warranted, if the examinee seeking certification 
has two of the following three objectives measurements in clinic:

 1. BMI >35 kg/m2

 2. Neck circumference >17 in. in men or 16> in. in women
 3. Hypertension

Patients with first-degree relatives with OSA are more likely to have OSA than 
those without first-degree relatives with OSA. Additionally, multiple medical condi-
tions have been associated with OSA. In the field of endocrine disorders, type 2 dia-
betes, polycystic ovary syndrome (PCOS), and hypothyroidism are known to be 
associated with OSA. Congenital diseases such as Down’s syndrome or microcephaly 
are associated with OSA.  Pregnant women can present with OSA as gestational 
weight gain progresses. Occasionally, rare anatomical abnormalities of the airway 
such as Eagle Syndrome can cause OSA. Table 6.4 illustrates complications from OSA.

 Physical Exam

Vital signs can frequently reveal hypertension in people with OSA. Neck circumfer-
ence should be documented as it is an important anthropometric measurement. 
Obesity (BMI of ≥30 kg/m2) is probably the most common finding among OSA 
patients. The rest of the physical exam should include head and neck, airway or 
respiratory, cardiac, neurologic exams. The head and neck exam of an OSA patient 
can present with crowded posterior pharyngeal space (i.e., modified Mallampati III 
or IV), large tongue with teeth mark (macroglossia), tonsillar hypertrophy, dental 

Table 6.4 Complications of obstructive sleep apnea (OSA)

Cardiovascular Hypertension, coronary artery disease, atrial fibrillation, cardiac arrhythmia, 
heart failure

Neurological Stroke, depression, psychosis, sexual dysfunction, inattention, cognitive 
deficits

Pulmonary Group 3 pulmonary hypertension
Endocrine Metabolic syndrome, type 2 diabetes
Gastrointestinal Nonalcoholic fatty liver disease
Rheumatologic Gout
Trauma Motor vehicle accidents
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malocclusion (class II), retracted mandible relative to the maxilla (retrognathism or 
micrognathism), or deviated nasal septum. In children with OSA, hypertrophied 
adenoids or tonsils are common, and children often compensate by becoming oblig-
atory mouth breathers. Nasopharyngeal fiberscope can be used in office to evaluate 
for the shape and size of the retropalatal/retroglossal airway, though there is no cur-
rently available evidence-based guidelines using this as a diagnostic tool. Internal 
jugular venous distension and peripheral edema should be assessed as part of the 
heart exam. Cardiac auscultation and pulse palpation can be helpful, particularly 
given the known association between atrial fibrillation and sleep apnea. Neurological 
examination should focus on muscle strength and presence of any focal deficits, 
since neuromuscular disease can present with sleep apnea and/or hypoventilation.

 Diagnosis of OSA

There are currently two major methods to diagnose OSA: full in-lab PSG and por-
table monitoring (PM) or limited-channel testing (LCT) device. There is much 
ongoing debate as to the utility of each diagnostic tool. In general, PSG offers more 
thorough measurements of various aspects of sleep, but it is time-consuming, 
expensive, and performed outside the home. PM offers convenience to patients, but 
PM is limited by its reduced sensitivity, specificity, and measured information. 
Patient history and physical exam are key determinants for diagnostic route. Due to 
financial considerations, PM is becoming increasingly common in the USA and has 
been used with reasonable success worldwide. There are four types of PMs Type 
I–IV, in the order of decreasing measurements of sleep and respiratory variables 
(see Table 6.5).

Table 6.5 Summary characteristics of polysomnogram (type I) and portable monitor (type 
II–IV)

Type I 
PSG

Type II 
PSG

Type III 
PSG

Type IV 
PSG

Monitoring personnel Yes No No No
Oximetry Yes Yes Yes Yes
Respiratory effort Yes Yes Yes No
Airflow Yes Yes Yes No
Body positions Yes Yes/No Yes/No No
EMG-AT Yes Yes No No
EEG Yes Yes No No
ECG-heart rate Yes Yes Yes No
EOG Yes Yes No No
Surface EMG Yes Yes No No
Video recording Yes/No No No No
Sound recording Yes/No No No No
Minimum number of channels for CMS* 
reimbursement

14–16 ≥7 ≥4 ≥3
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 Overnight Polysomnography (PSG)

The current gold standard test for assessing the severity of OSA is in-laboratory, 
technician-monitored PSG. A full PSG (or type I monitor) has been performed since 
the 1960s. The initial uses of PSG were to assess sleep physiology in normal indi-
viduals and those with various neurologic or sleep disorders such as seizures, 
insomnia, narcolepsy, periodic limb movement, and the parasomnias, as well as to 
examine the effect of hypnotics and other drugs on sleep. The pulmonary compo-
nents of the PSG were added later as OSA was becoming increasingly appreciated 
in the 1970s.

PSG, which is usually performed as an overnight study, typically assesses physi-
ological parameters by recording sleep–wake stage, heart rhythm, skeletal muscle 
activities, respiratory patterns, sound of snoring, and oxygen saturation. Each of the 
above respective components is monitored by electroencephalogram (EEG), electro- 
oculogram (EOG) or eye movement, heart rate and rhythm (ECG), electromyogram 
(EMG) of skeletal muscle activity (usually at the chin and tibialis anterior), respira-
tory effort, snoring (microphone), respiratory airflow, thermistor, and pulse oxime-
try. Nasal pressure technology is also commonly used to detect subtle respiratory 
events since it has been shown to be more sensitive than standard thermistor. 
However, the specificity of nasal pressure has been less well studied, i.e., the conse-
quences of these subtle events (which are not observed in the thermistor) are unclear. 
Occasionally, sleep studies are done at different times of the day, depending on the 
suspected symptoms of the subjects (circadian rhythm disorder, etc.).

The definition of OSA currently involves the measured AHI, the average number 
of apnea and hypopnea episodes over an hour. RDI has also been used as an alterna-
tive scale for those measures. We can think of AHI as a subset of RDI, as the defini-
tion of RDI is less strict than AHI. During a full overnight PSG, an apnea is defined 
by AASM as cessation (more than 90% reduction) of air movement lasting 10 or 
more seconds. As stated previously, the distinction between RDI and AHI is related 
to “respiratory effort-related arousals” (RERA), which are subtle hypopneas. These 
RERAs are included in RDI but not in AHI.  Apnea can be distinguished from 
hypopnea via a thermistor in PSGs, although the consequences of hypopneas vs. 
apneas are generally felt to be similar. While the definition of apnea has been less 
debated, the definition of hypopnea is far from settled. The ideal hypopnea defini-
tion is unknown. There are historically at least three different criteria to score 
hypopneas: the AASM recommended criteria, and AASM alternative criteria and 
the “Chicago Criteria” (see Table 6.6).

The “Chicago Criteria” was the 1999 version of the AASM recommended crite-
ria for hypopnea. These criteria were designed mainly for clinical research rather 
than clinical practice. Nasal pressure was early in development at the time of 
Chicago criteria and was suggested but not strongly recommended. The lack of 
hypopnea criteria for clinical practice was further addressed by AASM in 2001. Via 
the Clinical Practices Review Committee, AASM defined hypopnea as having at 
least 30% reduction of airflow lasting at least 10  s, and with 4% reduction in 
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oxyhemoglobin saturation. Since then, the 2001 AASM definition has been adopted 
by Center for Medicare and Medicaid Services (CMS) as its criteria for AHI scor-
ing. However, the 2007 Manual for Scoring of Sleep and Associated Events pub-
lished by AASM introduced only two definitions: “recommended” and “alternative”. 
The AASM Recommended Criteria is the same as the desaturation-based Medicare 
criteria, i.e., with no importance placed on arousal from sleep:

 Reduction of Nasal Pressure Signal ≥30% and Oxygen 
Desaturation ≥4%

The alternative criteria by AASM defines hypopnea as one of the following two 
features:

 1. Reduction of nasal pressure signal ≥50% and oxygen desaturation ≥3%
 2. Reduction of nasal pressure signal ≥50% and associated arousal

A common obstacle in communications between sleep specialists and primary 
care physicians (PCPs) is that sleep reports often do not specify which criteria the 
sleep lab has adopted as a standard for scoring OSA. The same obstacle is magnified 
further in the case of diagnostic interpretation of OSA using PMs. Therefore, any 
sleep report should include not only the calculated AHI or RDI, but also an explana-
tion of the criteria used for scoring.

The severity of sleep apnea is typically assessed by AHI, but AHI correlates only 
loosely with EDS and other outcomes. Different parameters measured by a sleep 
study are predictive of various outcomes of OSA. For example, the degree of oxy-
hemoglobin desaturation threshold may vary depending on the clinical or research 
outcome of interests (i.e., hypertension vs. insulin resistance vs. memory consolida-
tion). Additional markers have been suggested as risk factors for disease severity; 
for example, the degree of nocturnal hypoxemia and the frequency of arousal from 
sleep. Therefore, when discussing sleep study findings, it is imperative for clini-
cians to integrate patient’s initial chief compliant, unique history, risk factor, and 

Table 6.6 Commonly used PSG criteria for scoring hypopnea

Criteria names Definitions of hypopnea (at least one of the followings)

“Chicago criteria” Reduction of airflow ≥50%
Discernable decrement in airflow with either EEG arousal of 
oxyhemoglobin desaturation ≥3%.

AASM recommended or 
“Medicare criteria”

Reduction of nasal pressure ≥30%
Oxyhemoglobin desaturation ≥4%

AASM alternative Reduction of nasal pressure ≥50% and oxyhemoglobin 
desaturation ≥3%
Reduction of nasal pressure signal ≥50% and EEG evidence 
of arousal

6 Obstructive Sleep Apnea: Diagnosis with Polysomnography and Portable Monitors



120

lifestyle into the assessment. In addition, further data are required regarding which 
disease indices have the best predictive value for various outcome measures.

The limitations of in-lab PSG include the “first-night” effect where sleep is less 
than usual due to being in a foreign environment, night-to-night variability of the 
findings, effects of sleep position (which may be different in home, with a bed part-
ner), and the effects of certain medications (i.e., selective serotonin receptor inhibi-
tors, benzodiazepines, hypnotics/alcohol, and stimulants). In-house PSG is quite 
labor-intensive, requiring oversight by a skilled sleep technician. However, in-lab 
PSG remains the gold standard for diagnosis of OSA given the reliability and quan-
tity of the data provided.

 Split Night Study (Diagnosis Combined with Titration)

Frequently a “split-night” study can be done during a full in-laboratory PSG. In a 
“split-night” study, an initial impression of the severity of OSA undergoes a “real- 
time” assessment by a supervising technician. If the patient qualifies for moderate 
or severe OSA during the first half of the overnight study, a titration study is initi-
ated in the second half of the night to determine an appropriate positive airway 
pressure (PAP) for treatment. A split-night study is theoretically less sensitive than 
a full nocturnal study because the AHI is assessed in half of the usual duration. A 
recent study, however, showed that the AHI derived from the first 2 or 3 h of a split- 
night study is of sufficient diagnostic accuracy to rule-in OSA at an AHI threshold 
of five in patients suspected of having OSA [56]. However, medical history is 
important in interpretation of the split-night study. For example, patient’s underly-
ing unusual circadian rhythm as well as sleep-onset/sleep-maintenance insomnia 
can alter the diagnostic impression of the study. All things considered, the need to 
extend the “split-night” study into a second nocturnal study is uncommon. Therefore, 
a “split-night” study not only brings convenience to the patient by avoiding an extra 
evening of titration study but also reduces the overall cost for the diagnosis and 
treatment of OSA. A split-night study has become the “default” study type for indi-
viduals suspected of OSA.

 Portable Monitoring (PM)

PM, or LCTs, is a simple methodology to diagnose OSA. PM testing gives limited 
data (discussed in detail below) but perhaps is more comfortable for the subject and 
thus offers a more natural perspective for the severity of OSA at home. However, 
without a technician on site, the quality of PM studies is only as good as the tech-
nologies available.
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 Types of PMs (Type II–IV)

The American Academy of Sleep Medicine (AASM) has classified sleep studies 
into four types, depending on the channels they record and evaluate [57]. Type I 
PSG serves as a reference standard PSG, and it is usually a nocturnal, technician- 
attended, full in-laboratory sleep study with 14–16 channel monitoring. Type II–IV 
sleep studies are all simplified versions of Type I PSG. Type II records essentially 
the same information as full in-lab PSG, except that technician attendance is not 
present. SHHS, a large NIH-funded multiyear multicentered cohort study on the 
cardiovascular and other consequences of sleep-disordered breathing, used Type II 
portable monitors for diagnosis of OSA at home.

Type III PM has been the focus of an ongoing debate on the effectiveness and 
utility of PMs in diagnosing OSA. Type III PM includes oximetry, at least two respi-
ratory channels (two airflow channels or one airflow plus one respiratory effort 
channel) and ECG-monitored heart rate, but it does not include EEG, EMG, and 
EOG. As a result, signals used to detect sleep stages and arousals from sleep (seen 
in Type I and II sleep studies) are missing in Type III PM. Therefore, Type III PM 
cannot calculate a true AHI, RDI, or sleep efficiency as it does not record the 
denominator, sleep time. Instead, Type III PM can only report a value defined by 
respiratory events divided by total recording time. However, the value reported by 
Type III PMs does not necessarily imply sleep was recorded. Given that not all 
study time is necessarily sleep time, reporting from Type III PM is a less sensitive 
method than values from Type I or II PSG. Another major problem for Type III PM 
is that without documenting sleep, an individual could wear the device (or give it to 
someone else) and stay awake yielding an artifactually low AHI. It is worthwhile to 
mention that “AHIs” or “RDIs” reported by different Type III PMs also vary with 
different device manufacturers. Therefore, exact definitions of “AHI” or “RDI” vary 
across different studies of Type III PMs.

The inability to detect respiratory event-related arousals (RERAs) may lead to 
underestimation of the RDI and underrecognition of upper airway resistance syn-
drome (UARS). Positional OSA can also be underdiagnosed by those Type III PMs 
that do not include body position. Naturally, a “split-night” study is not applicable 
for individuals who undergo Type III PM. A separate overnight in lab titration study 
will likely be necessary for CPAP set up should the individual be diagnosed of OSA 
by a Type III PM device.

Pulse oximetry and airflow are the physiological variables that are most com-
monly measured in Type IV PM. As a result, the frequency of apneas or hypopneas 
(AHI) as well as the baseline, mean, frequency, duration, and degree of oxyhemo-
globin desaturation can be estimated. Naturally, Type IV PMs share at least the 
same shortcomings of Type III PM, and the current CMS requires a minimum of 
three channels to meet the reimbursement criteria. However, we emphasize the sen-
sitivity and specificity of the various diagnostic techniques rather than the number 
of channels per se.
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 When Should PM Be Considered for Diagnosis of OSA?

While PM has an obvious advantage over PSG in its ease of use, the safety, reliabil-
ity, and diagnostic accuracy of PMs have been controversial. Bodily injuries from 
loose wires, faulty oximeter, and monitor disconnection by PMs have been reported. 
Data loss in Type III and IV PMs has been estimated to be between 2 and 18%. 
Additionally, interrater and intrarater reliability as well as night-to-night variability 
of PM is greater than those of PSG. Currently, the scoring of apnea and hypopnea 
events can be done either manually by a technologist or sleep physician, automati-
cally by the software of the PMs, or combined (manual correction on the automated 
scoring is allowed). However, subtle points such as positional severity of OSA are 
more difficult to characterize unattended PM than PSG. The lack of standardization 
of testing and scoring protocols for PM is of greater concern as there are greater 
differences in signals recorded by different PM devices. In a comprehensive litera-
ture review done by AASM, false-negative results in unattended PM studies could 
be as high as 15–17%. Likewise, false-positive results in unattended home PM stud-
ies could be as high as 30%.

The American Academy of Sleep Medicine published its first guidelines for 
usage of PM in the diagnosis and management of patients with OSA in 2007. The 
guidelines stated the following principles for clinicians who consider PM as an 
alternative to PSG. PM usage should only be considered as part of an integrative 
patient evaluation for OSA, under the direction of a sleep specialist board certified 
in sleep medicine.

The one-size-fits-all approach to screen for OSA in the general asymptomatic 
population is not only medically and ethically unsound but also expensive and inac-
curate in terms of healthcare cost and clinical outcome. Whether an individual 
should undergo PM vs. PSG depends on the individual’s OSA risk factors, physical 
exam, medical comorbidities, suspicion of non-OSA sleep disorders, suspicion of 
any secondary gain/loss from the test result, and an overall pretest probability for 
OSA. PM should only be used for screening in subpopulations in which there is 
substantial published knowledge on specificity and sensitivity of the test. PM can be 
considered an alternative to PSG for patients with high pretest probability for mod-
erate to severe OSA. Furthermore, PM is not appropriate for diagnosis of OSA in 
patients with major comorbid medical conditions that would lower the accuracy of 
PM (i.e., severe pulmonary disease, neuromuscular disease, CHF, CSA). PM should 
not be used for the diagnostic evaluation of OSA in patients suspected of having 
other sleep disorders such as CSA, periodic limb movement disorder (PLMD), 
insomnia, parasomnias, circadian rhythm disorders, or narcolepsy. The utility and 
efficacy of Type III PM have not been adequately studied for use in the occupational 
setting in diagnosing at risk operators of motor vehicle operators, who, unlikely the 
general population, often avoid an OSA diagnosis. Figure  6.1 illustrates the 
decision- making diagram clinicians can use to decide if PSG or PM should be used 
to diagnose OSA in a patient.
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The United States CMS in 2008 approved reimbursement for the uses of PMs, 
after Agency for Health Quality Research (AHQR) published a mostly positive 
review of the PMs, particularly pertaining to its comparable clinical utility to predict 
clinical outcomes (i.e., CPAP compliance rate) in a population with high pretest 
probability.

Recent advances in wearable technologies may lead to a change in diagnostic 
approach for sleep-disordered breathing. Although currently the data fall short of 
recommending these devices as diagnostic tools, the data and technology are rap-
idly evolving. Currently, some devices can provide a reasonable estimate of sleep 
architecture and sleep duration. However, estimation of the Apnea–Hypopnea Index 
and other metrics of sleep-disordered breathing will require further study.

 Current Roles of Autotitrating Positive Airway 
Pressure (APAP)

Autotitrating positive airway pressure (APAP) devices have been increasingly used 
for titrating pressure and treating adult patients with OSA in the last decade. The 
devices can be used in place of in-lab continuous positive airway pressure (CPAP) 
titration study when attended CPAP titration is not possible or patient comfort is a 
great concern. They work by changing the treatment pressure based on patients’ 
airflow, pressure fluctuations, or airway resistance.

As PMs are increasingly used as an initial diagnostic tool in populations with 
high likelihood of moderate to severe OSA, APAP has been identified as a partner 
strategy in the treatment phase to replace the more costly CPAP titration with in-lab 
PSG. We note here that the 2008 AASM Guidelines for APAP stated that APAP 
devices can only be used for unattended treatment of patients with moderate and 

Patient in clinic

Portable
monitor

Low risk factors for OSA?
High chance for unreliable
data? Known co-morbid

sleep condition?
Suspicion of co-morbid

sleep disorders?

PSG
YesNo

Fig. 6.1 Portable monitor vs. in-lab PSG decision-making diagram
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severe OSA without significant comorbidities such as CHF, COPD, and CSA. Since 
then, a large VA study by Berry et al. demonstrated that diagnoses by PM followed 
by APAP titration resulted in comparable CPAP adherence and clinical outcomes to 
using traditional in-lab PSG. However, as APAP technology is fast evolving, differ-
ent APAP devices differ not only in their sensitivities to detect severity of disordered 
breathing but also in their responses to disordered breathing. Therefore, overall 
assessment of cost-effectiveness of APAP combining with PMs is complicated.

 Cost-effectiveness of PSG vs. PM

Although the cost of PM devices has seen a substantial drop in recent years, the total 
healthcare cost of evaluating and treating individuals with OSA using PM compared 
to PSG has not been studied adequately and is largely controversial. Though gross 
cost savings were frequently reported, the high false-negative rate of PMs along 
with the current guideline that all negative tests of PMs should be referred to a full 
in-lab PSG by a sleep specialist translates into high cost if the currently available 
PMs were to become the mainstream of screening tools. Furthermore, few cost 
analyses compared usage of PMs to increasingly popular use of split-night study 
protocols, in which both diagnostic PSG and titration studies are done in a single 
night. Further studies using a decision model are much needed to provide a theoreti-
cal framework as well as evidence to ascertain the pretest disease probability above 
which portable studies would be economically attractive as an initial test in the 
assessment of suspected OSA.

 Utilities of Multiple Sleep Latency Test (MSLT) in OSA

MSLT is one of a few currently available de facto standard tests to measure physi-
ological sleep tendency in the absence of external alerting factors. The test is based 
on the premise that the degree of sleepiness is correlated with and therefore reflected 
by sleep latency (the amount of time it takes for the individual to fall asleep). MSLT 
is usually ordered to diagnosis narcolepsy or other conditions of hypersomnia. The 
individuals with these conditions typically have reduced sleep-onset latency and 
early onset of REM sleep. However, MSLT is occasionally indicated to quantify 
objectively sleepiness, e.g., residual daytime sleepiness despite presumed adequate 
CPAP treatment of OSA. For example, professional drivers or pilots with OSA may 
at times be subjected to medicolegal actions in order to objectify whether their 
residual sleepiness is significant enough to keep them off the roads. The test is usu-
ally done immediately following an overnight in-lab PSG in order to control for the 
patient’s sleep characteristics. The test asks the patient to have four or five naps (2 h 
between each) in a naturally dim-light environment during the day. The sleep onset 
latency is recorded for each nap. If the patient does not fall asleep within 20 min of 
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each nap, the sleep onset latency is assumed to be 20 min. The average of the sleep 
onset latency is used as objective measure of sleepiness. With high test–retest reli-
ability and inter-rater/intra-rater reliabilities, MSLT has demonstrated its ability to 
differentiate normal healthy subjects from those with pathologic sleepiness on both 
driving simulators as well as long-term road accidents. However, MSLT is not a 
reliable predictor of traffic accidents, emphasizing the need for more research in 
this area.

 Future Outlook

One of the ongoing research goals in OSA is to identify a relatively easily assayed 
biomarker. For example, recent studies have shown that amylase in saliva (i.e., sali-
vary amylase activity as well as amylase mRNA levels) are elevated in individuals 
with EDS and OSA. Among individuals with OSA, who are assumed to have higher 
sleep drive, systemic inflammation may be involved in the pathogenesis of 
OSA. Studies using microarrays looking at gene expression have shown that over-
night expression of oxidative stress response genes such as antioxidant enzyme 
superoxidase dismutase 2 (SOD2) and catalase are up-regulated. Proteomic analy-
ses of serum and urine may yield future techniques for identifying individuals with 
OSA. Even though there is a lack of data in the adult population, recent findings 
suggest that proteins such as gamma-carboxyglutamic acid, perlecan, and gelsolin 
are differentially expressed among children with OSA and the control. Specific sub-
populations of leukocytes such as TNF-alpha, IL-6, and some T lymphocytes have 
been found to be elevated among patients with OSA. Brief paroxysmal bursts of 
alpha activity have been identified before serious driving errors in simulation stud-
ies. Similarly, a significant increase of eye blinks, in both number and duration, have 
been described before driving errors. Furthermore, an alteration of eyes blinking 
duration has been observed with increased driving time. With identification of more 
reliable biomarkers, the tasks of diagnosing OSA and sleepiness individuals will 
become less challenging.

Given the recent appreciation that OSA is heterogeneous, there have been ongo-
ing efforts to define underlying mechanisms (endotypes) of disease as well as vari-
able clinical manifestations of disease (phenotypes). Recognition of the OSA 
endotypes may be important since mechanisms can inform therapeutic interven-
tions or help predict response to various therapies. In addition, studies and clinical 
experience have shown phenotypic variability with some patients have sleepiness 
(with associated cardiovascular risk) whereas other OSA patients develop frag-
mented sleep (with insomnia) and other patients remain asymptomatic. Thus, future 
efforts with diagnostic testing will likely focus on assessing disease severity, but 
also prognosis and clinical guidance regarding response/need for various 
interventions.
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 Summary Outline

• In clinic pretest screening questions (symptoms of snoring, daytime sleepiness, 
and common comorbidities) for OSA are important to efficaciously diagnose 
OSA. In some special clinical scenarios (i.e., occupational clinic), screening for 
OSA should rely more on objective anthropometric measurements.

• OSA risk factors include obesity, older age, male gender, postmenopausal status, 
Asian/African American races, tobacco, and alcohol use.

• The diagnostic criteria of sleep apnea are not uniform, but most of them try to 
characterize the frequency of sleep-disordered breathing events along with the 
degree of oxygen desaturation of each event.

• Three most commonly used diagnostic criteria for OSA are the AASM 
“Recommended” Criteria (or the “Medicare” Criteria), AASM “Alternative” 
Criteria, and “the Chicago” Criteria.

• There are four types of sleep studies available. Both in-lab PSG, or Type I, and 
portable monitors (PM), or Type II–IV, are being used for diagnosis of OSA. PSG 
is the gold standard test for diagnosis of OSA. PM offer a less-expensive and in- 
home alternative, with limitations in both sensitivity and specificity.

• A “split-night” study not only brings convenience to the patient by avoiding an 
extra evening of titration study but also reduces the overall cost for the diagnosis 
and treatment of OSA. A split-night study has become the “default” study type 
for individuals suspected of OSA.

• Whether an individual should undergo PM vs. PSG depends on the individual’s 
OSA risk factors, physical exam, medical comorbidities, suspicion of non-OSA 
sleep disorders, suspicion of any secondary gain/loss from the test result, and an 
overall pretest probability for OSA.
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Chapter 7
A Brief Review of Treatment 
of Obstructive Sleep Apnea

Scott Hoff and Nancy Collop

Keywords Continuous positive airway pressure (CPAP) · Apnea hypopnea index 
(AHI) · critical closing pressure (Pcrit)

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized 
by repeated partial or complete collapse of segments of the upper airway compro-
mising airflow to varying degrees. These recurrent episodes can be associated with 
transient activation of the sympathetic nervous system, intermittent hypoxemia, and 
a higher risk for adverse cardiovascular outcomes. Of a limited number of treatment 
options for OSA, continuous positive airway pressure (CPAP) remains the first 
choice in most circumstances. Rationale for use of CPAP is strong, however adher-
ence to therapy remains suboptimal in many patients.

As with studies involving other biological conduits, pharyngeal collapsibility has 
been studied using a model of flow through a collapsible tube. Differences in pha-
ryngeal collapsibility between normal subjects, snorers, and subjects with obstruc-
tive sleep apnea have been quantified using such a model [11]. The model depicts 
the upper airway as a tube with rigid segments at either end and a collapsible seg-
ment housed within a fixed pressure box in between [11]. When the pressure within 
the collapsible segment exceeds that surrounding it within the box, the collapsible 
segment will remain open; however, if the pressure within the collapsible segment 
falls below that surrounding it within the box, the segment will collapse. The criti-
cal closing pressure (Pcrit) is the pressure within the collapsible segment equaling 
the pressure surrounding it within the box at which collapse of the segment occurs 
halting the flow through it.
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Flow through the collapsible segment is therefore dependent upon the differ-
ences between the pressure upstream (Pus) from the collapsible segment, Pcrit, and 
that downstream from the collapsible segment. When the upstream pressure is less 
than Pcrit, no flow occurs through the collapsible segment. If the upstream pressure 
exceeds Pcrit and the pressure in the rigid segment downstream from the collapsible 
segment does not, then there will be fluttering of the collapsible segment. When the 
upstream pressure exceeds Pcrit, it will drive the collapsible segment open; how-
ever, if the downstream segment is at a pressure lower than Pcrit then it will cause 
closure of the terminal point of the collapsible segment, which will be at Pcrit. The 
cessation of flow would allow the intraluminal pressure throughout the collapsible 
segment to equilibrate with that of the upstream segment again opening the col-
lapsed part of the tube and restoring flow. When both the upstream and the down-
stream segments have a pressure exceeding Pcrit, then flow will continue unimpeded 
throughout the tube. Aspects of the upper airway behave in a manner described by 
the model.

Aberrations of airflow that comprise OSA result from the pressure-flow relation-
ships described by the collapsible tube model. The upstream pressure in the human 
airway is usually represented by nasal pressure (Pn), which is generally around 
atmospheric pressure. Pcrit has been demonstrated to be based in the pharyngeal 
airway as a result of nasopharyngeal intubation studies, not the laryngeal airway as 
was originally speculated [30]. In the first instance described above, in which Pn is 
less than Pcrit, an obstructive apnea results. In the second instance, when Pn > Pcrit, 
but the downstream pressure is not, then hypopneas, flow limitation, and snoring 
occur. In this situation, the maximum flow through the system will be limited by the 
collapsible segment dynamics, and will be a function of the driving pressure (Pus – 
Pcrit) relative to the resistance of the upstream segment. The resistance of the 
upstream segment can be determined by measuring the flow through the system 
while different pressures are applied, and then taking the reciprocal of the slope of 
the plotted measures. The third instance reflects the normal functioning upper air-
way in which normal airflow is maintained throughout inspiration.

There are two main factors which contribute to collapsibility of the upper airway 
transmural pressure and pharyngeal compliance. The transmural pressure is the dif-
ference in forces acting across the wall of the collapsible segment of the upper air-
way. Forces tending to promote airway collapse include the intraluminal negative 
pressure generated by the respiratory apparatus during inspiration, and the pressure 
exerted by tissues, such as fat, extrinsic to the airway. Those forces are opposed by 
the pharyngeal dilator muscles, which act to expand the upper airway diameter. 
Pharyngeal compliance has an important influence on transmural pressure. 
Compliance is a function, in large part, of the intrinsic muscle activity of the upper 
airway, but may also be contributed to by blood volume perfusing the upper airway 
with greater perfusion associated with lower compliance.

Studies have demonstrated levels of Pcrit at which sleep-disordered breathing 
events may be predicted. When the Pcrit exceeds atmospheric pressure, then the 
patient will be prone to repeated obstructive apneas, and when the Pcrit remains 
negative relative to atmospheric pressure, then the upper airway remains patent. A 
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Pcrit in the middle results in hypopneas, flow limitation, and snoring. Pcrit therefore 
represents the susceptibility of the upper airway to collapse, and is different from 
one person to another.

The effects of sleep stages on Pcrit remain uncertain. Some data demonstrate a 
significant influence on upper airway closing pressure with a higher pressure, 
implying a more collapsible airway, noted during stage N1, N2, and REM sleep than 
during deep sleep [14]. Other data do not demonstrate a statistically significant 
association between sleep stage and collapsibility [26]. Ultimately, the activity of 
the genioglossus and other pharyngeal dilators must balance the negative intralumi-
nal pressure generated by the muscles of inspiration for airway patency to be pre-
served [4].

During the time studies were intensely investigating the upper airway dynamics 
(the late 1970s and early 1980s), few options existed for the treatment of OSA aside 
from weight loss and tracheostomy. Armed with new knowledge regarding pharyn-
geal airway collapsibility, Sullivan et al. sought to demonstrate that CPAP applied 
through the nares would act as a “pneumatic splint” for the upper airway preventing 
occlusion [36]. Subsequently, in order to evaluate whether CPAP activates upper 
airway muscular reflexes, or acts passively via increasing intraluminal pressure, 
EMG recordings were made during sleep while CPAP was applied in patients with 
OSA. Use of 10–13 cm of water pressure resulted in elimination of apneas, improve-
ment in oxygen saturation, and reduction or elimination of EMG activity, and when 
CPAP was abruptly lowered, EMG activity did not immediately return. The investi-
gators concluded that CPAP was indeed a pneumatic splint acting passively to open 
the airway [34]. This was followed by another study in which application of positive 
airway pressure between 10 and 12 cm of water resulted in a significant increase in 
pharyngeal airway size demonstrated by computed tomography in awake, obese 
patients with OSA, and in patients without OSA; however, the change in airway size 
was smaller in patients with OSA. Concomitant EMG recordings of the genioglos-
sus and alae nasi muscles with and without positive airway pressure demonstrated a 
decrease, or no change in activity associated with pressure [16].

It would appear that CPAP alleviates sleep-disordered breathing events through 
its effects on transmural pressure. Application of positive airway pressure raises 
intraluminal pressure counteracting the collapsing effects of external tissue pressure 
thereby favorably affecting transmural pressure, overcoming Pcrit. Also, even small 
enhancements of end-expiratory lung volume exert a caudal force on the trachea 
likely stiffening the upper airway to some degree favorably affecting pharyngeal 
compliance. In terms of the model of flow through a collapsible tube, as CPAP is 
gradually increased, Pus increases until reaching a level that exceeds Pcrit at which 
point apneas resolve. Further increases in pressure will gradually increase intralu-
minal pressure across the entire collapsible segment until the applied positive air-
way pressure is communicated to the downstream pressure at which point hypopneas, 
flow limitation, and snoring should be abolished.

Positive airway pressure therapy can be delivered in two major modalities, con-
tinuous and bilevel. Continuous positive airway pressure, CPAP, is a continuous 
stream of airflow unchanging throughout the respiratory cycle. Bilevel positive 
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airway pressure (BPAP), consists of two independent airflows: inspiratory positive 
airway pressure (IPAP) and expiratory positive airway pressure (EPAP). Obviously, 
these distinct flows are state-dependent on the respiratory cycle. The difference 
between the IPAP and the EPAP describes the pressure support (PS), which can aug-
ment the inspired tidal volume improving ventilation.

Therapy with CPAP can be initiated by two methods, titration in the sleep lab, or 
using autotitrating devices in an out-of-center setting. Manual titration of CPAP in 
the sleep lab typically involves a night’s stay in the sleep lab during which CPAP is 
initiated at a low level, typically 4 or 5 cm of water to overcome the resistance of the 
tubing, while the patient is monitored using polysomnography. As airflow events 
(apneas, hypopneas, respiratory effort-related arousals (RERAs), and snoring) 
occur, the pressure is increased in 1–2 cm of water increments and the patient is 
observed for recurrent airflow events for a minimum of 5 minutes of sleep time. 
Apneas will resolve first as the pressure reaches the minimum level necessary to 
stent the airway opened. Then, hypopneas, RERAs, and snoring will resolve as the 
luminal pressure increases with increasing delivered CPAP level. Optimal pressure 
will be recognized when snoring resolves and sleep remains continuous with mini-
mal fragmentation. It should be noted that REM sleep, which is a sleep stage com-
monly associated with worsened OSA, and sleep in the supine position, a sleep 
position commonly associated with worsened OSA, ideally occur especially 
together in order to truly determine an optimal pressure. At times, additional titra-
tion steps are made as exploratory measures after airflow events have apparently 
resolved to determine whether sleep becomes better consolidated with fewer arous-
als and better architecture.

In instances in which manual titration of BPAP becomes necessary, the EPAP is 
typically started at the CPAP level when obstructive apneas resolved and the IPAP 
is initiated at 4 cm of water above the EPAP. Again, this EPAP will be the minimum 
pressure required to maintain the patency of the upper airway. The EPAP is left at 
this level as long as no obstructive apneas recur at which point both EPAP and IPAP 
are raised equally. Other persistent obstructive events are managed by further 
upward titration of the IPAP until hypopneas, RERAs, and snoring have resolved. 
The act of increasing the IPAP relative to the EPAP will increase pressure support. 
Titrations in which pressure support becomes necessary to manage hypercapnia can 
be performed with transcutaneous carbon dioxide monitoring, which may provide 
evidence of improvement in carbon dioxide levels with titration of PS.

Devices with autotitrating, or self-adjusting, algorithms are now the norm for 
treating most uncomplicated cases of OSA.  These devices employ mechanisms 
through which airway patency assessments are made, and then adjustments to airflow 
are enacted using programmed responses. There are both autotitrating CPAP and 
BPAP devices on the market. The clinician programs a minimum pressure level and 
a maximum pressure level (either CPAP, or EPAP and IPAP), and the machine oper-
ates between these boundaries making adjustments to airflow throughout the night 
attempting to minimize generated upper airway pressure while maintaining airway 
patency. This could prove useful when lab titration studies fail to provide optimal 
pressure settings, or when specific situations occur that may lead to higher pressures 
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during the situation resulting in possible over titration of pressure for the remainder 
of the sleep period. Examples of such situations may include a significant disparity in 
severity of OSA during REM sleep, or in the supine position. A 90th or 95th percen-
tile pressure is reported by the device, depending on the manufacturer, which can then 
be used to prescribe a fixed pressure for therapy. Alternatively, the patient can be 
maintained on the autotitrating mode as a long-term therapy. Research has not dem-
onstrated improved adherence to therapy or greater therapeutic efficacy on fixed pres-
sure versus autotitrating modes. As there is a competitive marketplace for these 
therapeutic devices, machines can have different sensing mechanisms and different 
response characteristics both of which can result in different therapeutic efficacies for 
individual patients. Although an AHI is reported by the devices, the patient’s reported 
symptoms, if any, should be carefully monitored as a measure of efficacy.

There may be factors that steer therapy to one modality of PAP therapy versus 
another. In most instances, CPAP suffices for treatment of OSA; however, some 
patients intolerant of CPAP may find BPAP to be a more comfortable experience 
and will acclimate better to BPAP.  In cases involving hypoventilation, such as 
hypercapnic COPD, use of BPAP with the ability to titrate PS by increasing IPAP 
relative to EPAP can be highly advantageous. In patients with obesity hypoventila-
tion syndrome (OHS), use of BPAP results in improvements in PaCO2; however, 
use of CPAP may also result in PaCO2 improvement, but only after adjustment for 
adherence with therapy. Use of both CPAP and BPAP can improve nocturnal oxy-
genation and sleep quality in OHS patients [21]. A separate analysis of CPAP and 
BPAP effects on PCO2 in patients with OHS without severe CPAP-resistant noctur-
nal hypoxemia demonstrated no significant treatment effect difference with both 
positive airway pressure groups demonstrating significant improvements in PCO2. 
The BPAP group experienced better improvements in sleep quality and psychomo-
tor vigilance test performance than the CPAP group [28]. In patients with OHS 
followed up for a median of over 5 years, there was no difference in the change in 
PCO2, or in cardiovascular outcomes or sleepiness between groups using CPAP or 
BPAP [22]. A systematic review comparing CPAP and BPAP treatment effects in 
patients with OSA found no differences in the improvement in either PCO2, PO2, 
sleepiness, quality of life, or healthcare resource use with either PAP modality after 
3 months of treatment. Because BPAP use generally has higher costs involved, the 
authors recommended CPAP rather than BPAP for the initial treatment of patients 
with OHS although acknowledged that the evidence was weak [33].

BPAP with a programmed backup respiratory rate can also be trialed in patients 
who demonstrate emergence of central apneas while on CPAP, also known as com-
plex sleep apnea. Data in patients with complex sleep apnea randomized to either 
non-invasive positive pressure ventilation (NPPV) or adaptive servoventilation, an 
advanced form of bilevel positive airway pressure ventilation in which the device’s 
algorithm seeks to learn and maintain an averaged, consistent minute ventilation 
while eliminating apneas and hypopneas, demonstrated that NPPV with a backup 
respiratory rate initially improved the AHI measured on CPAP to the same degree 
as ASV did, after 6 weeks, the AHI in the NPPV group had crept up a little bit while 
that in the ASV group had slightly decreased further [6].
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Positive airway pressure therapy must be delivered into the upper airway through 
the use of an interface applied to the nose, or nose and mouth. Nasal masks were the 
original interface and continue to enjoy widespread use. This type of interface gen-
erally covers the nares and the bridge of the nose; however, alternatives include a 
component under the nose bridging the nares with soft material that inflates to seal 
along the sides of the nose when air circulates through the mask. Nasal pillows 
consist of two soft prongs that sit on the perimeter of the nares to form a seal and 
airflow is delivered directly into the nares. Full face masks generally cover the 
external nose and mouth generating a pressure effect over both. As many people 
tend to breathe through their mouths while they sleep, nasal-focused interfaces may 
not maintain therapeutic efficacy as airflow intended to generate upper airway pres-
sure may instead leak out of the mouth. These patients may consider use of a full 
face mask, or application of a chin strap, which runs from the top of the head to 
under the jaw in order to resist mouth opening, in conjunction with a nasal interface.

There are small but significant data indicating some benefits of nasal masks over 
full face, or oronasal masks. Oronasal masks have been demonstrated to have greater 
time in large leak when compared to nasal masks, and the residual AHI using an 
oronasal mask, while reduced when compared to baseline, was found to be higher 
than that achieved with the use of nasal masks. In addition, patients reported more 
restful sleep, overall higher satisfaction, and less mask noise with the use of a nasal 
mask compared to an oronasal one. However, despite all of these positive findings 
associated with nasal masks, there were no differences in adherence assessed after 
4 weeks of use of each mask type [32]. Switching to an oronasal mask during the 
course of outpatient CPAP therapy after optimal titration of pressure in the sleep lab 
to an AHI less than 5 events/hour was associated with a higher residual AHI when 
compared to that using a nasal mask. However, again, adherence to CPAP therapy 
was no different between the groups [7]. Fewer patients may be successfully titrated 
with CPAP using oronasal masks than with nasal masks, and the pressures needed 
for a successful titration may be significantly higher with an oronasal mask. Titration 
using an oronasal mask has been shown to be successful only in nasal breathers 
[20]. Despite these findings, full face masks have remained in widespread use for 
CPAP therapy.

There are numerous facets involved in assessing the efficacy of positive airway 
pressure therapy. First, and foremost, improvement in the patient’s symptoms 
should be considered. Snoring, awakenings associated with gasping, and other 
sleep-related breathing issues should resolve with application of adequate positive 
airway pressure. With improvement in arousals associated with respiratory events or 
flow limitation, the resulting sleep fragmentation should improve resulting in 
improvement in daytime fatigue, hypersomnolence, concentration lapses, and mem-
ory impairment that were attributable to the sleep-disordered breathing. Research 
has demonstrated improvement in sleepiness associated with use of CPAP in 
patients with OSA [10, 25]. Neurocognitive benefits have been demonstrated in 
executive and frontal lobe function domains with the use of CPAP [17]. Driving 
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performance and reaction times have been demonstrated to improve after patients 
are started on CPAP [23].

Another category of assessment of positive airway pressure efficacy consists of 
PAP device-derived data. The data storage capabilities of current PAP machines 
provide useful information regarding machine use, residual airflow events, and sys-
tem leak. Adherence to therapy can be measured as a percentage of time the device 
is used over the course of a specified time interval, the average hours of use of PAP 
therapy per night, or the percentage of nights with PAP use of at least 4 hours. The 
Centers for Medicare and Medicaid Services (CMS) defines adherence as the use of 
PAP therapy for at least 4 hours per night for an average of 70% of the audited time 
frame, typically 30 days. Adherence to therapy is a critical metric in both clinical 
practice and research studies; however, uncertainty exists regarding what represents 
the most important benchmark for adherence. Data indicate that longer use of CPAP 
on a nightly basis is generally associated with improved outcome measures; how-
ever, as CPAP use as a percentage of total sleep time increases, untreated sleep time 
decreases, and this may also be an important factor influencing outcome measures.

Many factors can influence a patient’s adherence to PAP therapy. Mask-related 
issues can have a significant effect on adherence. Leakage from a mask can cause 
airflow into unintended places, such as the eyes, or can result in sleep-disrupting 
noise or vibrations. Mask leak can also have a significant impact on the efficacy of 
a level of pressure as well as on the ability of the PAP device to detect use and 
residual AHI accurately. As the length of time a particular mask is used increases, 
oils from the face can lead to a loss of integrity of the components contacting the 
face resulting in an increased tendency for the mask to leak. Improperly sized 
masks, or significant weight loss affecting the fit of a mask can be causes of mask 
leak. Rotating the head when one changes sleeping positions, or use of a soft pillow 
can result in dislodgment of the mask and significant mask leak. Intolerance of pres-
sure can have a significant negative impact on a patient’s adherence to therapy. 
Overtitration of pressure can cause uncomfortable sensations associated with both 
inhalation and exhalation, described as smothering, drowning, or increased work of 
breathing, leading to discontinuation of therapy. Overtitration can also be associated 
with the development of central apneas which can have a detrimental effect on sleep 
continuity and sleep quality. Under titration of pressure can similarly cause uncom-
fortable sensations of breathing akin to air hunger or starvation.

There can be many different types of side effects associated with use of PAP 
therapies. The most common complaint associated with PAP use is dry mouth. The 
delivery of continuous airflow across surfaces will have a drying effect. Leak from 
the system, be it from a poor sealing mask, or from an opened mouth, will result in 
augmentation of airflow from the device to compensate for the pressure loss further 
exacerbating the dryness. A poor sealing mask can also direct unintended airflow 
toward the eyes resulting in dry and irritated eyes. Swallowing of excess air from the 
upper airway, aerophagia, can cause abdominal cramps and excess eructation or 
flatulence. Aerophagia may improve with a slight drop in CPAP level.
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 PAP Alternatives

 Oral Appliances

Oral appliances are often considered as the first choice CPAP alternative for man-
agement of OSA for patients who are intolerant of CPAP, or for those who prefer an 
alternative to CPAP, and are also effective as remedies for snoring in patients with-
out OSA. The most widely used type of oral appliance are the mandibular advance-
ment devices. The devices engage the maxillary and mandibular arches causing 
protrusion of the mandible [29]. Doing so increases the lateral diameter of the phar-
ynx, provides stability to the hyoid bone and soft palate, stretches the tongue mus-
cles, and opposes the tendency for posterior rotation of the mandible [1]. Oral 
appliances can consist of a single component that maintains the mandible in a fixed 
position, or they can have two components which allow adjustments to the man-
dibular position in different spatial planes. The devices can be prefabricated or 
custom- made. Prefabricated devices, or so-called “boil and bite plates,” are widely 
available over-the-counter and are set up usually by immersing the device in hot 
water to make it soft followed by gently biting into the material with the jaw in a 
thrusted position to create an impression of the mandibular and maxillary arches. 
Custom-made devices are fabricated off of impressions of the patient’s teeth made 
in a qualified dentist’s office, and can then be progressively adjusted to maximize 
efficacy while minimizing side effects.

Oral appliances can be highly efficacious for OSA management. OA reduce the 
frequency and intensity of snoring, improve sleep quality for both patients who 
snore and their bed partners, and improve QOL measures [29]. Research has dem-
onstrated no significant difference between the percentages of patients with mild 
OSA achieving the target AHI using an OA versus using CPAP; however, there was 
a statistically significantly greater odds for patients with moderate to severe OSA 
achieving the target AHI using CPAP than those who used an OA [13]. Data evaluat-
ing a population with an average AHI of 13.1 events/hour randomized to use of 
either a custom-made device, or a prefabricated device for a 3-month period. The 
percentage of patients reaching an AHI less than 5 events/hour was 64% in the cus-
tom-made device group versus 24% in the prefabricated device group. The number 
of patients failing to have at least a 50% drop in AHI also favored the custom device 
with 4% of the patients in the custom device group having a treatment failure, and 
36% in the prefabricated group having one [15]. An earlier trial using a different 
prefabricated device demonstrated similar findings favoring the custom- made appli-
ance with 60% patients in the custom-made device group achieving an AHI less than 
5 events per hour, or at least a 50% reduction in AHI, compared to 31% of patients 
in the prefabricated device group. Treatment failure, again defined as a residual AHI 
greater than 50% of the baseline AHI, was not statistically significantly different 
between the groups (31% for the custom-made device group and 34% for the prefab-
ricated device group); however, 63% of the patients who had treatment failure with 
the prefabricated device had treatment success with the custom- made device [37].

S. Hoff and N. Collop



137

 Positional Therapy

Positional therapy should be an option considered primarily for patients who dem-
onstrate a supine preponderance with respect to their OSA. Positional OSA is often 
defined as an AHI of at least 5 events/hour with associated daytime sleepiness, or an 
AHI of at least 15 events/hour, with a drop in the AHI of at least 50% and the AHI 
falling to under 5 events/hour when the patient changes from the supine to a non- 
supine position. Various methods for avoiding the supine position while sleeping 
have been utilized, and studied. Most devices involve some sort of physical barrier 
restricting the ability to lie supine, and there are many commercially available prod-
ucts some using foam wedges, while others use air-filled packages both of which are 
held in place with a belt. Many have even used tennis balls attached to the back of a 
night shirt to encourage avoidance of the supine position.

Data has demonstrated the efficacy of positional therapy devices. One study 
recruited patients with mild to moderate OSA and used either CPAP or a commer-
cially available positional therapy device during a second night sleep study, switch-
ing to the other therapy for a third night sleep study. The authors found that the 
positional therapy device reduced the AHI to under 5 events/hour in 92% of the 
patients, and CPAP in 97% of the patients. The positional therapy device was not 
associated with reductions of total sleep time or sleep efficiency [27]. Oksenberg 
et al. identified patients with positional OSA and prescribed the tennis ball tech-
nique (TBT) for treatment. This involves use of a soft cloth belt wrapped around 
the chest so that a pouch in the belt holding a tennis ball is positioned in the middle 
of the back. After 6 months, a questionnaire was mailed to patients to assess their 
use of the TBT. Of the 50 respondents, 38% indicated that they had continued to 
use the belt; 24% reported initially using the belt, but stopping after learning to 
maintain the lateral position; and 38% said they had stopped using the belt, but did 
not maintain sleep in the lateral position. Patients continuing to use TBT reported 
an improvement in sleep quality, a decrease in snoring loudness, and an improve-
ment in daytime alertness compared with the other groups. A PSG performed on 12 
patients using the TBT demonstrated an improvement in AHI from 46.5 events/
hour at baseline to 17.5 events/hour with use of the TBT; 58% of these patients had 
an AHI less than 10 events/hour and for 2 patients, the TBT did not work [24]. 
Another survey study with returned responses from 67 patients with positional 
OSA who had been prescribed the tennis ball technique (TBT) found that after a 
mean follow-up time of 2.5 yrs only 6% of respondents had continued using the 
TBT. Of those who were no longer using the TBT, 13.4% had taught themselves to 
avoid supine sleep. Of those who had discontinued TBT who had not taught them-
selves to avoid supine sleeping, 63% reported TBT was too uncomfortable, and 
26% indicated it did not improve sleep quality or daytime alertness [3]. A more 
recent study recruited patients with mild to severe positional OSA and embedded 
an actigraph within a specialized positional device to assess hours of use of the 
device. Efficacy of the device was assessed using the change in AHI from baseline 
to 3  months, and demonstrated a drop in the AHI from 26.7 events/hour to 6.0 
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events/hour on the first night of use of the positional therapy device. The AHI 
remained stable at the 3-month assessment, and statistically significantly improved 
from baseline. The device was used about 73% of the nights for an average of 
8 hours per night [12].

Newer devices which provide a vibrational stimulus to induce a positional change 
have hit the medical market. The devices are usually applied to the center of the 
chest, and held in place using soft straps that run around the patient’s back. Use of 
a sleep position treatment (SPT) device has established efficacy. In a study of 101 
patients with overall moderate positional OSA, use of a SPT device improved the 
AHI from 18.1 events/hour to 10.4 events/hour after 2 months, and the AHI supine 
from 35.3 events/hour to 17.5 events/hour. The changes in the AHIs were significant 
when compared to the control group [18].

A sleep position treatment device (SPT) was compared with autotitrating CPAP 
for the treatment of positional OSA. Patients used both a SPT device and the autoti-
trating CPAP device each for a 6-week period with the intent to demonstrate nonin-
feriority in both AHI and adherence time. The baseline AHI was 21.5 events/hour; 
use of the SPT resulted in an AHI of 7.3 events/hour while use of CPAP led to an 
AHI of 3.7 events/hour. The difference between the treatment’s AHIs was statisti-
cally significant, however was within the authors’ noninferiority difference range. A 
greater number of patients in the autotitrating CPAP group compared to the SPT 
group achieved an AHI less than 5 events/hour. The group overall was not sleepy as 
reflected by an Epworth Sleepiness Scale less than 10, and although CPAP lowered 
the ESS to a greater degree than the SPT, the difference is unlikely to be clinically 
relevant. Average adherence to treatment, average nightly duration of use, and the 
percentage of nights with use at least 4 hours was significantly greater on SPT than 
on CPAP [2].

 Surgery

 Maxillomandibular Advancement (MMA)

A maxillomandibular advancement (MMA) is a multilevel skeletal procedure 
involving a LeFort I combined with bilateral sagittal split rami osteotomies. The 
procedures advance the soft palate, tongue base, and suprahyoid musculature lead-
ing to enlargement of the velo-orohypopharyngeal airway. In a meta-analysis of 
patients with severe OSA with an average AHI of 54 events/hour, MMA reduced the 
AHI by about 87% reaching values under 10 events/hour [5]. The analysis was 
based solely on multiple case series. Other outcome measures, such as sleepiness 
and cardiovascular metrics, were rarely reported. Although criteria for evaluating 
patients for MMA are not standardized, hypopharyngeal with or without velo-oro-
pharyngeal narrowing are common, and usually associated clinically with retrogna-
thia. The procedure can be associated with dental malocclusion and facial 
neurosensory deficits [5].
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 Uvulopalatopharyngoplasty (UPPP)

The uvulopalatopharyngoplasty is a soft palate procedure involving removal of tis-
sue from the soft palate, the uvula, and the tonsils with the goal of reducing or 
restructuring the collapsible part of the soft palate. Meta-analysis of mostly male 
patients with a baseline AHI of 40.3 events/hour who underwent UPPP ended up 
with an AHI of 29.8 events/hour, an overall reduction of 33% [5]. Selection criteria 
were variable. The analysis was based mostly on observational studies; however, 
there were two small randomized controlled trials included. Reporting of side 
effects was inconsistent in the included trials; however, previous reviews reported 
difficulty swallowing, nasal regurgitation, taste disturbances, and voice changes [5, 8].

 Laser-Assisted Uvuloplasty (LAUP)

This procedure uses laser to shorten the uvula and tighten the posterior soft palate. 
When the 2 RCTs were combined with the 6 case series, the overall reduction in 
AHI was 33%. Review of the RCTs however demonstrated minimal change in AHI, 
or an increase in the AHI after LAUP. The case series suggested a larger range of 
AHI improvement with 1 case series demonstrated a 73% reduction in AHI [5].

 Radiofrequency Therapies

The use of thermal energy to different upper airway structures has been intended to 
reduce the size of collapsible structures. Targeted structures include the soft palate, 
the base of the tongue, and a multiple-level approach. The vast majority of the data 
in meta-analysis is from observational reports. In the single RCT, the post-surgical 
AHI was reduced by 21%. The observational reports demonstrated a combined AHI 
reduction from 23.4 events/hour to 14.2 events/hour [5].

 Multilevel Surgery

The upper airway demonstrates complex airflow physiology and may have multiple 
levels of collapse. Many investigators have advocated a surgical approach to treat-
ment that addresses multiple levels of the upper airway either simultaneously, or in 
a step-wise fashion. The vast majority of investigative reports regarding multilevel 
surgery consists solely of case series, but generally demonstrate improvement in 
AHI comparing the preoperative with postoperative measures. Simultaneous multi-
level surgeries usually combine a UPPP with a tongue-specific procedure, such as 
radiofrequency treatment. A retrospective analysis was conducted [9] comparing a 
series of patients who underwent UPPP combined with radiofrequency treatment to 
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the tongue base to a series of patients who underwent UPPP alone, and used the ESS 
and polysomnographic measures as outcome assessments. The pre-operative AHI in 
the UPPP-only group was 35.4 events/hour and in the UPPP + tongue base radiofre-
quency treatment was 43.9 events/hour (statistically significantly different). The 
postoperative AHI was 26.5 event/hour and 28.1 events/hour in the UPPP and UPPP 
+ tongue base radiofrequency treatment group, respectively, both measures repre-
senting statistically significant improvements compared to preoperative values, but 
not when compared between groups. ESS was noted to improve from a preoperative 
level of 15 to a postoperative level of 8 in the UPPP + tongue base radiofrequency 
treatment group; similar data was not recorded in the UPPP-only group. A step-wise 
multilevel surgical series of 306 patients [31] underwent phase 1 surgery consisting 
of UPPP for palatal obstruction and genioglossus advancement with hyoid 
myotomy- suspension for obstruction at the level of the base of the tongue. Phase 2 
surgery, consisting of maxillomandibular advancement, was offered to patients who 
failed phase 1 determined by a comparison between the residual RDI of patients 
after surgery and patients using nasal CPAP, and with baseline measures. The pre- 
operative RDI was 55.8 events/hour, the RDI on nasal CPAP was 7.2 events/hour, 
and the post-operative RDI was 9.2 events/hour. A similar trend was found with 
oxyhemoglobin saturation nadirs with the pre-operative value of 70.5%, nasal CPAP 
minimum saturation 86.7%, and post-operative saturation nadir of 86.6%.

A randomized assessment of multilevel surgery, consisting of a modified UPPP 
combined with radiofrequency tongue reduction, compared with ongoing medical 
management in patients with moderate to severe OSA demonstrated a statistically 
significantly greater improvement in AHI and sleepiness in patients who underwent 
surgical treatment. The resulting mean AHI in the surgery group was 20.8 events/
hour (from a baseline of 47.9 events/hour), which is still in the moderate severity 
OSA category; however, it should be emphasized that this was associated with 
improvement in sleep-specific quality of life and general health status. The Epworth 
Sleepiness Scale in the surgery group decreased from 12.4 at baseline to 5.3 after 
surgery, where the ESS did not change medical management group (11.1 at baseline 
vs 10.5) [19].

 Hypoglossal Nerve Stimulation (HNS)

The relationship between activation of the genioglossus and upper airway patency 
was the motivation for evaluating the use of stimulation of the hypoglossal nerve as 
a therapy for OSA. An impulse generator is implanted in the subcutaneous tissues 
of the upper chest, typically on the right side. The medial branch of the hypoglossal 
nerve typically on the right is exposed, and a stimulation lead is wrapped around it. 
A sensing lead is placed between the internal and external intercostal muscles at the 
fourth intercostal level. When a respiratory effort ensues, the stimulator is activated 
and provides an impulse to the hypoglossal nerve causing the tongue to move ante-
riorly. Patients with moderate-to-severe OSA who had either not tolerated PAP 
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therapy, or who declined to use it were recruited to undergo implantation of the 
device. The patients had an AHI of 32 events/hour at baseline with a moderate 
amount of fatigue, and daytime sleepiness with an Epworth sleepiness scale of 11.6. 
Assessment after 12 months of treatment revealed a drop in the median AHI from 
29.3 events/hour to 9.0 events/hour, and 66% of the participants had met the copri-
mary outcome of a drop in AHI by at least 50% and a reduction in AHI to 20 events/
hour or less. Adverse events included tongue weakness, tongue soreness, abrasion 
on the underside of the tongue, and discomfort from the stimulation; however, none 
of these caused permanent issues [35]. HNS have now been implanted in over 
10,000 patients worldwide. Five-year data are available from the initial trial and 
demonstrate persistent reductions in AHI, ESS, and QOL scores without the need 
for increased stimulation voltage [38].

 Conclusion

OSA is a highly prevalent disorder that can be associated with considerable daytime 
impairment and significant cardiovascular consequences both of which provide a 
compelling indication for treatment. The rationale for the use of CPAP and the body 
of evidence that has accumulated provide a sound foundation supporting its use. 
The variety of options for administering CPAP therapy should allow for tailoring of 
treatment to an individual patient’s needs; however, a significant minority of patients 
for whom CPAP is discussed and prescribed either do not tolerate the therapy, or 
refuse to use it. Therefore, alternatives to CPAP exist and should be offered when 
appropriate and in a judicious fashion.
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Chapter 8
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and Clinical Management
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Central sleep apnea is a manifestation of breathing instability in a variety of clinical 
conditions and is often bundled under the rubric of obstructive sleep apnea. Central 
sleep apnea occurs because of a transient cessation of ventilatory motor output, 
under several physiologic or pathologic conditions. This chapter will address the 
pathogenesis, clinical features, and management of central sleep apnea.

 Determinants of Central Apnea During NREM Sleep

 Hypocapnia

The sleep state (specifically non-rapid eye movement or NREM sleep) removes the 
wakefulness “drive to breathe” and renders respiration critically dependent on chem-
ical influences, especially partial pressure of carbon dioxide (PCO2). Central apnea 
results if arterial PCO2 is lowered below a highly sensitive “apneic threshold.” [1, 2] 
Hypocapnia is a potent but not an omnipotent mechanism of reduced ventilatory 
motor output during NREM sleep. Several factors modulate and mitigate the effects 
of hypocapnia on ventilatory motor output and promote stability of respiration.
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 Short-Term Potentiation

Actively induced hyperventilation (such as hypoxic hyperventilation) is associ-
ated with activation of an excitatory neural mechanism referred to as short-term 
potentiation (STP) [3–5], which results in a gradual return of ventilation toward 
the baseline upon cessation of the stimulus to breathe. STP has been demon-
strated in humans as well as in animals, and is unaffected by the state of con-
sciousness. STP may play a significant role in preserving rhythmic respiration by 
preventing abrupt drop in ventilation during transient hypocapnia such as follow-
ing brief hypoxia or transient arousal. In fact, central apnea rarely occurs follow-
ing termination of brief hypoxia, despite hypocapnia at or below the apneic 
threshold [3–5]. Similarly, although hypocapnia occurs during transient arousals 
from sleep, the activation of STP may mitigate the occurrence of central apnea 
under these conditions [6]. However, prolonged hypoxia may abolish STP, which 
may explain the development of periodic breathing after 20–25 min of hypoxia 
and the occurrence of central apnea upon termination of prolonged hypoxic expo-
sure [5, 7].

 Duration of Hyperpnea

The duration of hyperpnea is another important determinant of reduced ventilatory 
motor output following hyperventilation. Central apnea does not usually occur fol-
lowing brief arousal in sleeping humans [8] or dogs [9] possibly due to insufficient 
reduction in PCO2 at the level of the central chemoreceptors.

In summary, the balance between hypocapnia and short-term potentiation deter-
mines the occurrence of post-hyperventilation apnea during stable sleep, while the 
duration of hyperventilation may determine whether the reduction in medullary 
PCO2 is enough for the development of central apnea.

 Role of Upper Airway Reflexes

While hypocapnia is the most common influence leading to central apnea, other 
mechanisms may also induce central apnea. For example, negative pressure–induced 
deformation of the isolated upper airway causes central apnea in dogs during both 
wakefulness and sleep [10]. Whether such reflexes contribute to the developments 
of central apnea in sleeping humans remains speculative. Conversely, central apnea 
occurs more frequently in the supine position [11–13] and may be reversed with 
nasal continuous positive airway pressure (CPAP) [14]. Likewise, there is evidence 
of supine dependency including that the lateral position amelioration of severity of 
central apnea and Cheyne–Stokes respiration [11–13].
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 Mechanisms Perpetuating Breathing Instability

Central apnea does not occur as a single event, but as cycles of apnea/hypopnea 
alternating with hyperpnea. Ventilatory control during sleep operates as a negative- 
feedback closed-loop cycle to maintain homeostasis of blood gas tensions within a 
physiologic range. Many authors have adopted the engineering concept of “loop 
gain” as a measure of ventilatory stability or susceptibility to central apnea and 
recurrent periodic breathing [15]. Loop gain represents the overall response of the 
plant (representing the lung and respiratory muscles); the controller (representing 
the ventilatory control centers and the chemoreceptors); and the delay, dilution, and 
diffusion inherent in transferring the signal between the plant and the controller. The 
formula for loop gain is as follows:
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The formula can be expanded to account for pulmonary blood flow (Q, equiva-
lent to cardiac output) and carbon dioxide–carrying capacity of the blood (β); the 
derivation for this expanded equation can be found in the study by Ghazanshahi and 
Khoo [16]. These two factors comprise the rate of carbon dioxide delivery to the 
chemoreceptors and the lungs, which, when delayed, can increase loop gain by 
producing lag between the disturbance (initial change in ventilation or carbon diox-
ide) and the response. A greater loop gain represents increased reactivity of the 
ventilatory circuit to disturbances and, consequently, ventilatory instability [17]. 
Central sleep apnea is associated with increased loop gain, which can be observed 
in conditions such as congestive heart failure (CHF – increased controller gain and 
prolonged circulation time) or obesity and tetraplegia (increased plant gain resulting 
from decreased lung volumes) [17–19]. Conversely, a lower loop gain corresponds 
to greater ventilatory stability, as is observed during REM sleep [20]. A detailed 
discussion of the dynamics of ventilatory control is beyond the scope of this chap-
ter; however, there are several excellent reviews that have discussed this aspect in 
detail [21–23].

The occurrence of central apnea is associated with several consequences that 
conspire to promote further breathing instability:

• Once ventilatory motor output ceases, rhythmic breathing does not resume at 
eupneic arterial PCO2 (PaCO2) due to inertia of the ventilatory control system; an 
increase in PaCO2 by 4–6 mmHg above eupnea is required for resumption of 
respiratory effort [24].

• Central apnea is associated with narrowing or occlusion of the pharyngeal air-
way [25]. Thus, resumption of ventilation requires opening of a narrowed or 
occluded airway and overcoming tissue adhesion forces [26] and craniofacial 
gravitational forces.
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Termination of central apnea is associated with variable changes in arterial blood 
gases (hypoxia and hypercapnia) and transient EEG arousal, resulting in ventilatory 
overshoot, subsequent hypocapnia, and a recurrence of apnea/hypopnea. This 
sequence explains why apnea rarely occurs as a single event (i.e., “apnea begets 
apnea”) and why there is an overlap between central and obstructive apnea (upper 
airway obstruction often follows central apneas upon resumption of respiratory 
effort, i.e., mixed apnea).

 Pathophysiologic Classification of Central Sleep Apnea

Central apnea syndrome may be present in a diverse group of conditions including 
heart failure and obstructive sleep apnea. The ICSD-3 lists several categories of 
central apnea: (1) Primary Central Sleep Apnea, (2) Central Sleep Apnea Due to 
Cheyne–Stokes Breathing Pattern, (3) Central Sleep Apnea Due to Medical 
Condition Not Cheyne–Stokes, (4) Central Sleep Apnea due to High Altitude 
Periodic Breathing, (5) Central Sleep Apnea Due to Drug or Substance Use, (6) 
Central Sleep Apnea of Infancy, (7) Central Sleep Apnea of Prematurity, and (8) 
Treatment-Emergent Central Sleep Apnea [27]. Central apneas are caused either by 
hyperventilation or hypoventilation. Primary central sleep apnea (CSA), Cheyne–
Stokes respiration with central sleep apnea (CSA-CSR), and CSA at high altitude 
are examples of CSA-related to hyperventilation. Central sleep apnea due to drug or 
substance use is due to hypoventilation, whereas central apnea associated with other 
medical conditions may be due to either hyperventilation or hypoventilation. The 
underlying mechanisms influence the choice of therapy including optimization of 
medical therapy in central apnea associated with other conditions such as heart fail-
ure, hypothyroidism, or acromegaly.

The level of arterial PCO2 during wakefulness is often used to classify central 
apnea as hypercapnic or non-hypercapnic. However, such classification does not 
capture the underlying pathogenesis as apnea represents hypoventilation or a conse-
quence of hyperventilation.

 Central Sleep Apnea Secondary to Hypoventilation

The sleep state is associated with reduced ventilatory motor output, increased 
upper airway resistance, and hypoventilation. This physiologic constellation 
carries pathologic consequences in patients with an underlying abnormality in 
ventilatory control or impaired pulmonary mechanics. Most afflicted patients 
suffer from a central nervous system disease (e.g., encephalitis), neuromuscular 
disease (e.g., post-polio syndrome), or severe abnormalities in pulmonary 
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mechanics (e.g., kyphoscoliosis [28]). Thus, the hallmark of this disease is alve-
olar hypoventilation representing nocturnal ventilatory failure or worsening of 
the underlying chronic disease. Arousal from sleep restores alveolar ventilation 
to a variable degree; resumption of sleep reduces ventilation in a cyclical 
fashion.

Central apnea secondary to hypoventilation does not necessarily meet the strict 
definition of “apnea,” since feeble ventilatory motor output may persist albeit below 
the thresholds required to preserve alveolar ventilation. Likewise, it may not meet 
the definition of “central” in patients with respiratory muscle disease or skeletal 
deformities. Consequently, the presenting clinical picture includes both features of 
the underlying ventilatory insufficiency (e.g., morning headache, cor pulmonale, 
peripheral edema, polycythemia, and abnormal pulmonary function tests) and fea-
tures of the sleep apnea/hypopnea syndrome (e.g., poor nocturnal sleep, snoring, 
and daytime sleepiness).

A rare but interesting group of patients present with primary alveolar hypoventi-
lation manifesting by daytime hypoventilation without an apparent identifiable 
cause and blunted chemo responsiveness [29, 30]. Congenital central hypoventila-
tion syndrome (CCHS) results from a mutation in the gene that encodes the homeo-
box (PHOX) 2B gene.

The mechanism(s) responsible for hypercapnic central sleep apnea in a given 
patient influence(s) the management strategy, which aims to restore effective alveo-
lar ventilation during sleep. Treatment of choice is assisted ventilation; nasal CPAP 
and supplemental oxygen are unlikely to alleviate the condition.

 Central Apnea Secondary to Hyperventilation

Hypocapnia secondary to hyperventilation is the most common underlying mecha-
nism of central apnea. A typical patient with non-hypercapnic central apnea has no 
evidence of a neuromuscular disorder, abnormal lung mechanics, or impaired 
responses to chemical stimuli. Accordingly, apnea is a result of a transient instabil-
ity rather than a ventilatory control defect.

How does the first apnea begin? Several transient perturbations may trigger the 
initial event, including oscillation in sleep state [31], or transient hypoxia possibly 
due to retention of secretions or reduced lung volumes at sleep onset. Thus, hypoxia 
stimulates ventilation, subsequently leading to hypocapnia and apnea. The occur-
rence of apnea initiates the repetitive process of apnea–hyperpnea and leads to sus-
tained breathing instability, manifested as periodic breathing (see above). In 
summary, non-hypercapnic central apnea is a heterogeneous entity that may be an 
idiopathic or a secondary condition. The pathogenesis may vary depending upon the 
clinical condition. However, hypocapnia secondary to hyperventilation is the com-
mon denominator in this group of disorders.
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 Central Apnea Risk Factors

 Sleep State

Transient breathing instability and central apnea may occur during the transition 
from wakefulness to NREM sleep. As sleep state oscillates between wakefulness 
and light sleep [32–34], the level of PaCO2 is at or below the hypocapnic level 
required to maintain rhythmic breathing during sleep (i.e., the “apneic threshold”), 
resulting in central apnea. Recovery from apnea is associated with transient wake-
fulness and hyperventilation. The subsequent hypocapnia elicits apnea upon 
resumption of sleep. Consolidation of sleep alleviates the oscillation in sleep and 
respiration and stabilizes PaCO2 at a higher set point above the apneic threshold. 
Sleep onset is also associated with another type of central apnea, not preceded by 
hyperventilation. The transition from alpha to theta in normal subjects is associated 
with prolongation of breath duration [35].

Central apnea at sleep onset if often considered “physiologic,” albeit not univer-
sal. Furthermore, events that occur during epochs scored as “wakefulness” are not 
captured. Whether sleep-onset central apnea is truly physiologic, or a reflection of 
increased loop gain is yet to be determined. The clinical implications and natural 
history of this “phenomenon” is unknown.

Central sleep apnea is uncommon during REM sleep as many studies suggest 
that breathing during REM sleep is impervious to chemical influences (REF), pos-
sibly due to increased ventilatory motor output during REM sleep [36, 37] relative 
to NREM sleep. In addition, there is evidence in animal studies that hypocapnia, per 
se, may decrease the amount of REM sleep [38]. The major barrier to answering this 
question in humans is the difficulty in conducting such experiments without disrupt-
ing REM sleep.

The loss of intercostal and accessory muscle activity during REM sleep leads to 
a reduction of alveolar ventilation. This may manifest as apparent central apnea or 
hypopnea in patients with compromised lung mechanics or neuromuscular disease. 
If severe diaphragm dysfunction is present, nadir tidal volume may be negligible 
and the event may appear as central apnea. Thus, central apnea during REM sleep 
represents transient hypoventilation rather than post-hyperventilation hypocapnia.

 Age and Gender

Central sleep apnea is more prevalent in older adults relative to middle-aged indi-
viduals [39–41]. Physiologically, sleep state oscillations may precipitate central 
apnea in older adults [42]. Increased prevalence of comorbid conditions such as 
thyroid disease [43], congestive heart failure [44], atrial fibrillation [45], and cere-
brovascular disease [46] may also contribute to increased susceptibility to develop 
central apnea in older adults.
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Central sleep apnea is uncommon in premenopausal women [47]. There is evi-
dence that women are less susceptible to the development of hypocapnic central 
apnea relative to men following mechanical ventilation. Physiologically, the hypo-
capnic apneic threshold is higher in men relative to women. Using nasal mechanical 
ventilation during stable NREM sleep, Zhou et al. [2] have shown that the apneic 
threshold was −3.5 versus −4.7 mmHg below room air level in men and women 
respectively. This difference was not due to progesterone. In fact, administration of 
testosterone to healthy premenopausal women for 12 days resulted in an elevation 
of the apneic threshold and a diminution in the magnitude of hypocapnic required 
for induction of central apnea during NREM sleep [48]. Conversely, suppression of 
testosterone with leuprolide acetate in healthy males decreases the hypocapnic 
apneic threshold and potentially stabilizing respiration [49]. Thus, male sex hor-
mones are the most likely factor elevating the apneic threshold in men.

 Medical Conditions

Sleep apnea is highly prevalent in patients with CHF [44, 50–52]. Javaheri et al. 
[51] demonstrated that 51% of male patients with CHF had sleep-disordered breath-
ing, 40% had central sleep apnea, and 11% obstructive apnea. Risk factors for CSA 
in this group of patients include male gender, atrial fibrillation, age >60 years, and 
daytime hypocapnia (PCO2 < 38 mmHg during wakefulness) [53]. Risk factors for 
OSA differed by gender; the only independent determinant in men was body mass 
index (BMI), whereas age over 60 was the only independent determinant in women.

Hyperventilation is a common breathing pattern in patients with CHF, who dem-
onstrate daytime hypocapnia and minimal or no rise in PET CO2 from wakefulness 
to sleep [54]. Chronic hyperventilation results in decreased plant gain [55, 56], 
which mitigates the magnitude of hypocapnia for a given increase in alveolar venti-
lation. In other words, steady-state hyperventilation and hypocapnia are potentially 
stabilizing rather than destabilizing as is commonly thought. Increased propensity 
to central apnea in patients with CHF is due to increased hypocapnic chemosensitiv-
ity (increased controller gain) and prolonged circulatory delay.

Sleep apnea is also common after a cerebrovascular accident (CVA) [46]; with 
central apnea being the predominant type in 40% of patients with sleep apnea after 
a CVA [57, 58]. Likewise, central apnea occurs in 30% of patients who are on stable 
methadone maintenance treatment [59]. Finally, several medical conditions predis-
pose to the development of central apnea including hypothyroidism, acromegaly, 
and renal failure have an unexpectedly high prevalence of sleep apnea [60–62]. 
Nocturnal hemodialysis is associated with improvement in sleep apnea indices in 
patients with renal failure [62].

Cervical spinal cord injury (C-SCI) has also recently been identified as a risk 
factor for the development of central sleep apnea [63]. The mechanism underlying 
CSA in C-SCI is uncertain. Potential mechanisms include loss of intercostal muscle 
activity or decreased lung volume [64]. A reduction in lung volume results in 
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increased plant gain, which causes an exaggerated change in PCO2 in response to 
changes in ventilation [65]. SCI has also been shown to increase peripheral chemo-
sensitivity, possibly due to potentiation of the neurocircuitry regulating the produc-
tion of serotonin, which is implicated in plasticity of the respiratory circuit [66]. The 
combination of increased plant gain and increased peripheral chemosensitivity may 
promote instability via ventilatory overshoot in response to minor derangements in 
ventilation or PCO2, leading to central apnea.

Some patients with central apnea have no apparent risk factor and are deemed to 
have “idiopathic central apnea.” Typically, these patients demonstrate increased 
chemo-responsiveness and sleep state instability [67]. It is plausible that these 
patients will have occult cardiac or metabolic disease. For example, idiopathic cen-
tral sleep apnea is more prevalent in patients with atrial fibrillation [45].

Central sleep apnea can also develop during treatment of obstructive sleep apnea. 
Treatment-emergent central sleep apnea (TECSA) is primarily associated with the 
initiation of CPAP therapy, but has been observed in other OSA therapies, including 
mandibular advancement devices and surgical intervention [68, 69]. TECSA may be 
either transient or persistent, often resolving spontaneously with persistent positive 
airway pressure (PAP) therapy [69]. Possible mechanisms underlying TECSA 
include increased elimination of CO2 following relief of airway obstruction, hyper-
ventilation due to PAP-related arousals, and over-titration causing activation of lung 
stretch receptors and subsequent inhibition of respiratory drive [68].

 Clinical Features and Diagnosis

The clinical presentation includes features of the underlying disease and features of 
sleep apnea syndrome. Patients with central apnea secondary to hyperventilation 
may present with the usual symptoms of sleep apnea syndrome. Alternatively, they 
may present with insomnia and poor nocturnal addition. Frequent oscillation 
between wakefulness and stage 1 NREM sleep may promote sleep fragmentation 
and poor nocturnal sleep as the presenting symptoms.

Central sleep apnea may also be a found as an incidental polysomnographic find-
ing in a patient with obstructive sleep apnea, either on the initial diagnostic study or 
after restoring upper airway patency with nasal CPAP. The latter is referred to as 
“complex sleep apnea,” implying a distinct clinical entity. However, it is likely that 
this phenomenon represents unmasking of the underlying breathing instability in 
patients with obstructive sleep apnea and may resolve spontaneously [70, 71].

Nocturnal polysomnography is the standard diagnostic method including mea-
surement of sleep and respiration, and also including detection of flow, measure-
ment of oxyhemoglobin saturation, and detection of respiratory effort. Detection of 
respiratory effort is important to distinguish central from obstructive apnea. Most 
clinical sleep laboratories utilize surface recording of effort to detect displacement 
of the abdominal and thoracic compartments instead of esophageal pressure 
recording.
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The presence of cardiogenic oscillations (pulse artifacts) on the flow signal has 
been used as an indirect index of central etiology. The underlying rationale is the 
pulse artifacts represent transmission of a pulse waveform from the thorax, and 
hence indicates a patent upper airway that allows the transmission of cardiogenic 
oscillation. Morrell et al. [72] used fiber optic nasopharyngoscopy to evaluate upper 
airway patency during central apnea; cardiogenic oscillations were present even 
when the airway is completely occluded. Thus, the presence of cardiogenic oscilla-
tions does not prove upper airway patency or central etiology.

 Management

Central sleep apnea is a disorder with protean manifestations and underlying condi-
tions. The presence of comorbid conditions and concomitant obstructive sleep 
apnea influence therapeutic approach significantly. Specific therapeutic options 
include positive pressure therapy, pharmacologic therapy, and supplemental oxygen.

 Positive Pressure Therapy

CPAP therapy is the initial treatment of choice for central sleep apnea. Published 
practice parameters by the American Academy of Sleep Medicine recommends 
CPAP as a standard therapy, based on the preponderance of evidence supporting its 
use [73]. Most of this evidence comes from investigations on central apnea related 
to congestive heart failure (CHF), although other subtypes of central sleep apnea 
appear to respond to CPAP as well, especially if it occurs in combination with epi-
sodes of obstructive or mixed apnea. In fact, “pure” central apnea with no concomi-
tant obstructive events is uncommon. If a comorbid clinical condition is present, 
such as heart failure, hypothyroidism, or acromegaly, optimization of medical ther-
apy is also required and may ameliorate the severity of central apnea. Likewise, 
central sleep apnea in patients with obstructive sleep apnea may resolve with alle-
viation of upper airway obstruction with positive pressure therapy. Many patients 
with idiopathic central sleep apnea receive a trial of nasal CPAP, which has been 
shown to reverse central sleep apnea, even in the absence of obstructive respiratory 
events [14], especially supine-dependent central sleep apnea. The response may be 
due to preventing upper airway occlusion during central apnea and subsequent ven-
tilatory overshoot [25]. Prevention of ventilatory overshoot may explain the reported 
combination of reduced apnea frequency and increased PCO2 after CPAP [74]. 
Nasal CPAP is the initial option during a therapeutic titration study, despite the lack 
of systematic studies on nasal CPAP therapy in patients with idiopathic cen-
tral apnea.

The exuberance regarding nasal CPAP therapy in patients with central apnea and 
CHF did not withstand the rigors of controlled clinical trials. The Canadian 
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Continuous Positive Airway Pressure trial, or Can PAP [75] tested the hypothesis 
that CPAP would improve the survival rate without heart transplantation in patients 
with heart failure and central sleep apnea. This type of central apnea corresponds to 
Central Sleep Apnea Due to Cheyne–Stokes Breathing Pattern, in the International 
Classification of Sleep Disorders – Third Edition (ICSD-3). Participants were ran-
domly assigned to nasal CPAP or no CPAP. There was no difference in the overall 
event rates (death and heart transplantation) between the two groups after a 2-year 
follow-up, despite greater improvement in the CPAP group at 3 months in several 
intermediate outcomes including apnea–hypopnea index, ejection fraction, mean 
nocturnal oxyhemoglobin saturation, plasma norepinephrine levels, and the distance 
walked in 6 min at 3 months. Thus, nasal CPAP had no measured effect on survival, 
despite the effect on the “severity” of central apnea and several intermediate out-
come variables. Therefore, current evidence supports the use of CPAP to alleviate 
the severity of central sleep apnea and improve daytime function and quality of life.

Noninvasive positive pressure ventilation (NIPPV) using pressure support mode 
(bi-level nasal positive pressure) is effective in restoring alveolar ventilation during 
sleep. Clinical indications include nocturnal ventilatory failure and central apnea 
secondary to hypoventilation. There is evidence that NIPPV exerts a salutary effect 
on survival in patients with ventilatory failure secondary to amyotrophic lateral 
sclerosis [76]. It is unclear whether NIPPV exerts a similar effect in other neuro-
muscular conditions associated with nocturnal ventilatory failure. However, the 
overall evidence supports the use of NIPPV in a pressure support mode to treat 
central sleep apnea secondary to hypoventilation, such as neuromuscular or chest 
wall–related nocturnal hypoventilation. If the ventilatory motor output is insuffi-
cient to “trigger” the mechanical inspiration, adding a backup rate ensure adequate 
ventilation.

Treatment of central apnea secondary to hyperventilation using nasal pressure 
support ventilation in the bi-level mode may result in worsening of central apnea 
and breathing instability owing to augmented ventilatory overshoot and hypocapnia 
[77]. The work of Meza et al. [78] provides empiric evidence that pressure-support 
ventilation results in periodic breathing and recurrent central apnea when the pres-
sure gradient is above 7 cm H2O. The addition of a backup rate would be required 
to maintain stable respiration, which would convert ventilatory support to controlled 
mechanical ventilation. In general, bi-level positive pressure therapy is unlikely to 
alleviate central apnea, without a backup rate. Nevertheless, bi-level PAP may ame-
liorate central apnea that accompanies severe obstructive apnea by preventing upper 
airway obstruction and ventilatory overshoot.
Recent technological advances allowed for variations in the mode of delivering 
positive pressure ventilation. One example is Adaptive Servo-Ventilation (ASV), 
which provides a small but varying amount of ventilatory support and a back-up 
rate, against a background of low level of CPAP. The device maintains ventilation 
at 90% of a running 3-min reference period; thus, changes in respiratory effort 
results in reciprocal changes in the magnitude of ventilatory support. There is 
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evidence that ASV is more effective than CPAP, bi-level pressure support ventila-
tion, or increased dead space in alleviating central sleep apnea [79, 80]. However, 
the Adaptive Servo- Ventilation for Central Sleep Apnea in Systolic Heart Failure 
(SERVE-HF) trial demonstrated a significant increase in both all-cause and car-
diac mortality in individuals with CHF with a left ventricular ejection fraction 
(LVEF) <45%, leading the American Academy of Sleep Medicine to recommend 
against the use of ASV in this population [81, 82]. ASV is still permissible for 
patients with CSA with CHF with LVEF >45% [82]. In patients for whom there 
are no absolute contraindications to ASV, the decision to initiate ASV hinges on 
the efficacy of the treatment in normalizing AHI, patient preference, payers’ pref-
erence, and the availability of the requisite support for adherence or 
troubleshooting.

 Pharmacological Therapy

Pharmacologic therapy for central apnea remains elusive, and there are no con-
trolled clinical trials demarcating the boundaries of effectiveness [83]. Several small 
clinical trials indicate that acetazolamide, theophylline, or zolpidem may be benefi-
cial in the treatment of central apnea [84, 85]. Acetazolamide is a weak diuretic and 
a carbonic anhydrase inhibitor that causes mild metabolic acidosis. Acetazolamide 
ameliorates central sleep apnea when administered as a single dose of 250  mg 
before bedtime [18, 84]. Likewise, theophylline ameliorates the severity of Cheyne–
Stokes respiration in patients with CHF [85], without adverse effect on sleep archi-
tecture. Zolpidem – a non-benzodiazepine sedative hypnotic – has been shown in 
one study to reduce the severity of central sleep apnea and improve sleep continuity 
[86]. However, there are no controlled studies demonstrating safety and efficacy; 
therefore, zolpidem cannot be recommended for the treatment of central apnea. 
Recently, serotonergic drugs have been investigated as possible therapies for central 
sleep apnea due to the modulatory role serotonin plays in the respiratory circuit. 
Buspirone, an anxiolytic and direct serotonin receptor agonist, has demonstrated 
some efficacy in treating central sleep apnea [87, 88]. Nevertheless, safety and effi-
cacy of the pharmacologic agents await empiric proof. Pharmacologic therapy rep-
resents a major opportunity for future investigation.

 Supplemental O2 and CO2

Several studies have demonstrated a salutary effect of supplemental O2 in patients 
with idiopathic central sleep apnea and patients with Central Sleep Apnea Due to 
Cheyne–Stokes Breathing Pattern [89]. Several potential mechanisms may explain 
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the stabilizing effect of supplemental oxygen on respiration. Oxygen dampens 
peripheral chemoreceptor responsiveness and minimizes the subsequent ventilatory 
overshoot. In addition, prolonged hyperoxia stimulates respiration, perhaps by ele-
vating cerebral PCO2 by the Haldane effect. Acute administration of oxygen is asso-
ciated with diminished propensity to develop central apnea in normal subjects 
during sleep [90]. While long-term clinical trials are lacking, supplemental oxygen 
therapy is a promising adjunct for central apnea, especially in patients with 
CHF.  Likewise, supplemental CO2 abolishes central apnea in patients with pure 
central sleep apnea, by raising PCO2 above the apneic threshold [91, 92]. However, 
this therapy is not practical given the need for a closed circuit to deliver supple-
mental CO2.

 Transvenous Phrenic Nerve Stimulation

A recent development in the treatment of CSA is the use of implantable device- 
based therapy to pace the diaphragm in response to cessation of respiratory drive. 
Transvenous phrenic nerve stimulation (TPNS) involves an implantable 2-lead sys-
tem, including a sensory lead which detects pauses in respiration and a stimulatory 
lead affixed to the phrenic nerve, which initiates contraction of the corresponding 
hemidiaphragm via a pulse generator implanted in the pectoral region [93]. TPNS 
significantly reduces the frequency of central apnea, nocturnal oxyhemoglobin 
desaturations, and arousals while improving sleep architecture and subjective sleep 
quality [94]. Benefits of TPNS include portability, effective control of central sleep 
apnea symptoms, and avoidance of nonadherence. The most common adverse effect 
of TPNS is discomfort, occurring in up to one-third of patients, but less than 5% of 
patients receiving TPNS elect to discontinue therapy [95]. As a recent innovation, 
there are no long-term clinical trials following the safety and efficacy of TPNS; 
however, the implementation of implantable devices represents an area of signifi-
cant potential utility in the treatment of central sleep apnea.

 A Suggested Approach

The heterogeneity of central sleep apnea dictates individualized treatment approach, 
including optimal treatment of underlying medical conditions and attention to 
potential medication effects. A trial of nasal CPAP in the sleep laboratory is war-
ranted to ascertain the magnitude of improvement with CPAP alone. The use of 
BPAP in a pressure support mode is likely to aggravate the severity of central apnea, 
unless accompanied by a backup rate. While contraindicated in patients with CHF 
and LVEF <45%, ASV may be beneficial in patients with CSR secondary to CHF 
with LVEF >45% who do not respond to nasal CPAP alone. Supplemental O2 may 
be beneficial in patients with central apnea that persists on nasal CPAP, especially 
in patients with CHF-CSR.
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Chapter 9
Sleep and Hypoventilation

Amanda J. Piper
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hypoventilation syndrome · neuromuscular disease · sleep disordered breathing

 General Introduction

Sleep can present a significant challenge to respiration in people with respiratory or 
ventilatory control disorders. The normal physiological changes in breathing asso-
ciated with sleep may be exaggerated in these populations, resulting in sleep disrup-
tion and hypoventilation. Sleep-related hypoventilation is most commonly seen in 
patients with morbid obesity, neuromuscular disorders (NMD) or severe chronic 
obstructive pulmonary disease (COPD). Failure to recognize and treat sleep 
hypoventilation leads to eventual daytime hypercapnia and premature mortality. 
However, signs and symptoms suggestive of sleep hypoventilation are often non- 
specific and vague, and so the condition may be overlooked or misdiagnosed pre-
venting timely and appropriate intervention. In this chapter, the general mechanisms 
relevant to the development of sleep hypoventilation will be reviewed as well as 
issues specific to the major diagnostic groups likely to present with sleep 
hypoventilation.
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 Normal Sleep Breathing

When an individual goes from awake to sleep, a number of physiological changes 
occur within the respiratory system. These include a reduction in respiratory centre 
output to the upper airway and respiratory muscles, along with reduced chemorecep-
tor responsiveness to oxygen (O2) and carbon dioxide (CO2). As a consequence, 
upper airway resistance increases, lung volumes decrease and respiration can become 
more variable and shallower, resulting in a small fall in minute ventilation of around 
10–15% along with rises in CO2 of 2–7 mmHg [1, 2]. Oxygen saturation during sleep 
is also lower by around 2%. During rapid eye movement (REM) sleep, inhibition of 
postural muscles including the intercostal and accessory respiratory muscles leaves 
the diaphragm to maintain ventilation [1, 3]. Chemosensitivity to both O2 and CO2 is 
further reduced in this sleep stage [4]. These changes in ventilation and gas exchange 
are relatively minor and of little clinical consequence. However, when overlaid on 
pre-existing pulmonary or neuromuscular pathology, significant reductions in venti-
lation and abnormalities in gas exchange can occur [3]. These reductions are gener-
ally related to falls in tidal volume, and hence alveolar ventilation, and most marked 
in REM sleep [3] (Fig. 9.1). However, over time with ongoing attenuation of ventila-
tory responsiveness to chemostimulation, extension of hypoventilation into non-
REM (NREM) and wakefulness eventually occurs. In addition, the reduction in lung 
volumes [5] and reduced activation of the upper airway muscles with the onset of 
sleep can produce flow limitation and upper airway collapse, resulting in an added 
challenge to breathing during sleep in some at risk populations.

 Compensatory Mechanisms in Hypoventilation Syndromes

A number of defensive or compensatory mechanisms can be brought into play to 
minimize disturbance of gas exchange during sleep in those experiencing sleep 
hypoventilation. The most obvious of these is arousal from sleep in the face of sig-
nificant changes in gas exchange. Through arousal, albeit brief, ventilation can be 
restored at least to some extent, limiting the degree of oxygen saturation fall and 
carbon dioxide accumulation. However, frequent arousal from sleep will impair 
sleep quality, producing daytime symptoms, and if persistent will contribute to 
attenuated chemosensitivity [6]. In addition, hypoxia impairs the arousal response 
to compromised ventilation [7]. In an ongoing cycle, longer periods of abnormal gas 
exchange occur before arousal produces some, although incomplete, restoration of 
ventilation with consequent higher levels of CO2 and lower levels of oxygen. This 
further impairs ventilatory responsiveness to changes in gas exchange, eventually 
seeing the development of hypoventilation throughout the sleep period and eventu-
ally wakefulness [8].

In an attempt to improve sleep and breathing, patients may alter their sleeping 
position. Vital capacity (VC) is reduced from the upright to supine position in those 
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with diaphragmatic weakness or where diaphragmatic movement is restricted due to 
abdominal obesity. In order to minimize orthopnoea, the supine position may be 
avoided, or patients will use multiple pillows to assume a more upright position in 
bed. Some morbidly obese individuals have spent months or years in a chair at night 
in an attempt to both sleep and breathe.

Fig. 9.1 In people with nocturnal hypoventilation, a significant fall in minute ventilation (Vi) dur-
ing sleep occurs, most marked during REM sleep. As shown in the top panel, this fall in ventilation 
and oxygen saturation is primarily driven by a reduction in tidal volume (VT) (bottom panel). 
(Reprinted with permission of the American Thoracic Society. Copyright © 2020 American 
Thoracic Society. All rights reserved. Becker et al. [3]. The American Journal of Respiratory and 
Critical Care Medicine is an official journal of the American Thoracic Society)
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Since the physiological changes occurring during sleep make breathing most 
vulnerable during the REM period, a reduction or absence of this sleep stage mini-
mizes the likelihood of significant abnormalities in gas exchange occurring. 
However, this also produces sleep disruption and has been shown to be associated 
with poorer outcomes in some conditions [9].

Recruitment of accessory respiratory muscles such as the sternomastoid and sca-
lene during inspiration and the abdominal muscle during expiration occurs in some 
patients with diaphragmatic dysfunction during wakefulness and NREM sleep. 
This is thought to be an adaptive mechanism to maintain ventilation particularly in 
NREM sleep in response to reduced neural drive [10]. With the normal loss of pos-
tural muscle tone during REM, accessory respiratory muscles are no longer able to 
contribute to maintaining ventilation, resulting in deterioration in gas exchange [11, 
12]. In some patients however, persistence of extradiaphragmatic muscle activity 
during REM occurs [9, 13, 14]. In a group of patients with amyotrophic lateral 
sclerosis (ALS) and diaphragmatic dysfunction, those in whom sternomastoid 
activity continued in REM sleep not only maintained this sleep stage for longer but 
survival was also better compared to those individuals not exhibiting this behaviour 
[9]. More recently, persistence of neck muscle activity during sleep was evaluated 
in a group of severe COPD patients recovering from an exacerbation [14]. While no 
patient showed neck muscle activity while awake, 26 of the 29 studied demon-
strated inspiratory neck muscle activity during sleep. In 17 patients, this occurred 
in Stage 3 sleep only while in 9, there was persistence of activity throughout sleep. 
Compared to those showing no or intermittent sleep neck muscle activity, patients 
where the neck muscles were activated throughout sleep experienced greater sleep 
disruption, more exacerbations in the year prior to the study and were more likely 
to be re-hospitalized over the next 6 months with an exacerbation. However, there 
was no difference between groups in awake PaCO2 or nocturnal hypoventilation/
hypoxemia.

Irrespective of the primary underlying disorder, those with sleep hypoventila-
tion exhibit a reduced responsiveness to CO2. In response to abnormally low 
breathing during sleep, CO2 rises transiently. If there is insufficient restorative 
ventilation between these abnormal breathing periods, CO2 accumulates. In order 
to maintain pH levels, renal compensation with retention of bicarbonate occurs. 
However, these elevated blood bicarbonate levels blunt ventilatory responsive-
ness to CO2 [15], contributing to further progression of respiratory failure. In 
obesity hypoventilation syndrome (OHS), patients with a lower ventilatory 
response to CO2 spent a greater percentage of REM sleep in hypoventilation [16] 
(Fig.  9.2). Studies investigating how nocturnal non-invasive ventilation (NIV) 
achieves improved awake gas exchange in chronic hypoventilation found that an 
increase in ventilatory responsiveness to CO2 was the main mechanism in patients 
with restrictive thoracic disorders [17], and played a significant role along with 
reduced gas trapping in those with chronic obstructive pulmonary disease 
(COPD) [18].
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 Identifying and Defining Sleep Hypoventilation

Traditionally, arterial blood gas measurements have been performed to detect raised 
CO2, which is the hallmark of hypoventilation. However, repeated arterial punctures 
or the insertion of an arterial line to monitor CO2 during sleep is not practical or 
appropriate to identify sleep hypoventilation. Furthermore, the development of 
awake hypercapnic respiratory failure is considered to be a late manifestation of 
sleep hypoventilation, particularly in those with neuromuscular or chest wall disor-
ders. Consequently, clinicians have sought simpler, less invasive methods of identi-
fying sleep hypoventilation before awake hypercapnia is present to prevent acute 
respiratory decompensation.

 Daytime Measures to Identify Sleep Hypoventilation

Patients with sleep hypoventilation may complain of an array of symptoms, related 
to both sleep and daytime function (Table 9.1). However, symptoms alone are not a 
good guide in identifying possible sleep hypoventilation due to their vague and non- 
specific nature. Additionally, some individuals will not even be aware they are expe-
riencing symptoms until effective therapy has been established. In other cases, 
reported symptoms may be erroneously attributed to the underlying disorder and 
further investigation of potential sleep breathing problems overlooked.

In neuromuscular disorders (NMD), a number of simple clinic tests have been 
used to identify those most at risk of sleep hypoventilation. The most widely used 
measure is VC, with a previous study in a mixed group of muscular dystrophies and 
myopathies finding a VC <40% of predicted identified those likely to have continuous 
hypoventilation while daytime respiratory failure was likely to been seen with a VC 
<25% of predicted [19]. Supine VC improves the predictive value of this measure 
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[19], with a fall from the upright position >20% suggestive of diaphragm weakness 
[20] and therefore a higher suspicion of sleep hypoventilation. In ALS, VC is widely 
used as a predictor of survival and an indicator to commence nocturnal NIV [21], but 
has limited predictive power in identifying sleep hypoventilation. For instance, in a 
study of 250 patients with ALS, Boentert et al. [22] found that a third of those with an 
upright VC >75% of predicted showed sleep hypoventilation while, in contrast, 
almost half of those with a VC <in 50% predicted, no nocturnal hypoventilation was 
seen. Other simple measures of inspiratory muscle strength used in conjunction with 
VC measures are maximum inspiratory pressure (MIP) and sniff nasal inspiratory 
pressure (SNIP). This latter measurement is particularly useful in patients with facial 
muscle weakness who find it difficult to maintain a lip seal around a mouthpiece [23]. 
Nocturnal hypoventilation is unlikely to occur until MIP is <40 cmH2O [19], but this 
test may give falsely low values in some patients due to leak around the mouthpiece 
or from an inability to sustain a maximal inspiratory effort [24]. In ALS patients, a 
SNIP <40 cmH2O correlates well with nocturnal hypoxia [23]. Although there is a 
good correlation between MIP and SNIP in NMD, these tests are not interchangeable 
and whenever possible should be performed concurrently [25].

Measures of daytime pulmonary function have not been shown to be sufficiently 
sensitive to predict hypoventilation in OHS or COPD. In patients presenting with 
obesity and potential sleep disordered breathing, the goal is to identify those in 
whom an arterial blood gas should be taken in order to confirm a diagnosis of 
OHS. In this population, oxygen saturation by pulse oximetry (SpO2) rather than 
spirometric measures is generally used as a screening tool to identify those at risk 
for awake hypercapnia. Chung et al. [26] showed an awake supine SpO2 <91% had 
a 34.8% sensitivity and 96.6% specificity for detecting daytime hypercapnia in a 
group of super-obese individuals (body mass index [BMI] >50 kg/m2) presenting to 
a sleep laboratory. In another study, a combination of clinic SpO2 and FVC was 
found to be highly sensitive in detecting awake hypercapnia in obese individuals 
with an abnormal nocturnal oximetry, although specificity was low [27]. Only one 
study has sought to identify obesity-related sleep hypoventilation, a potential early 
stage of OHS [28, 29]. In a group of morbidly obese patients (BMI > 40 kg/m2), an 
awake SpO2 measured in the supine position of ≤93% was found to predict sleep 

Table 9.1 Symptoms commonly associated with sleep hypoventilation

Daytime fatigue
Daytime sleepiness
Morning headaches
Sleep disruption
Orthopnoea
Dyspnoea
Confusion
Insomnia
Nightmares
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hypoventilation with a sensitivity of 39% and specificity of 98% [30]. However, 
recent guidelines on evaluating and managing OHS suggest that SpO2 during wake-
fulness should not be used to screen for OHS in obese patients with obstructive 
sleep apnoea (OSA) due to insufficient data [31]. Although patients with low awake 
PaO2 or SpO2 are more likely to desaturate at night [32], this is not necessarily 
related to hypoventilation alone, and overall daytime awake pulmonary function 
values do not correlate well with nocturnal desaturation [33].

Elevated levels of bicarbonate or base excess measured by venous or arterial 
bloods can be useful to suggest or screen out sleep hypoventilation. Base excess 
>3 mmol/L has been reported to be a significant predictor of sleep hypoventilation 
in ALS [22] and Duchenne muscular dystrophy (DMD) [34], although with only 
moderate sensitivity. In obese individuals with OSA, a serum bicarbonate 
<27  mmol/L makes the diagnosis of OHS very unlikely [31]. However, caution 
needs to be exercised when interpreting bicarbonate levels, as these can be influ-
enced by factors other than a raised CO2 [35].

 Nocturnal Monitoring to Identify Sleep Hypoventilation

While awake testing in some populations can raise the suspicion of sleep hypoven-
tilation, as discussed previously these measures remain limited in their ability to 
predict sleep hypoventilation and detect its severity. Consequently, more direct 
monitoring of gas exchange during sleep is needed to identify sleep hypoventilation 
at an earlier stage.

Nocturnal oximetry has been widely used as a potential surrogate for detecting 
sleep disordered breathing and hypoxemia. Although cyclical episodes of desatu-
ration–resaturation may be suggestive of obstructive breathing, it does not reveal 
anything about CO2 levels. Even if sustained hypoxemia is present, this cannot be 
used as evidence for hypoventilation, as this pattern can also occur with ventila-
tion–perfusion mismatching. Furthermore, oximetry can miss sleep hypoventila-
tion in around a third of individuals with NMD [22], and is not informative in 
those using supplemental oxygen. Adding a morning blood gas to nocturnal oxim-
etry may still miss the presence of nocturnal hypoventilation in 20–30% of patients 
with neuromuscular disorders [22, 36]. Despite some technical limitations, trans-
cutaneous carbon dioxide (TcCO2) is now recommended to identify sleep hypoven-
tilation across a range of respiratory disorders [37], with monitoring able to be 
performed both within sleep laboratories and in patient homes [38]. While 
advances in technology have significantly improved the relationship between 
PaCO2 and TcCO2 (Fig. 9.3), there may be an overestimation of CO2 over time due 
to signal drift [40]. However, correction for this drift considerably improves the 
reliability of the measurement [39]. The addition of polygraphy and polysomnog-
raphy to the assessment of patients with potential sleep hypoventilation provides 
additional information about the nature of the respiratory events, or in the case of 
polysomnography, sleep quality and duration. However, limited access, wait times, 
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cost and a lack of facilities to properly care for individuals with significant physi-
cal impediments in sleep laboratories often mean that more limited nocturnal mon-
itoring is undertaken.

One of the difficulties in comparing studies of sleep hypoventilation has been the 
various definitions that have been employed to describe this phenomenon. Ogna and 
colleagues [41] compared the prevalence of hypoventilation in an unselected adult 
NMD population according to eight different definitions commonly found in the 
literature. Depending on the definition used, hypoventilation ranged from 10% to 
61%, even when only definitions around TcCO2 were used (Fig.  9.4). The most 
widely recognized definition at present is that proposed by the American Academy 
of Sleep Medicine [37] which suggests “an increase in the arterial PaCO2 (or sur-
rogate) to a value > 55 mmHg for ≥ 10 minutes, or a ≥ 10 mmHg increase in PaCO2 
(or surrogate) during sleep (in comparison to an awake supine value) to a value 
exceeding 50 mmHg for ≥ 10 minutes.” However, these thresholds are based on 
expert consensus and may be less sensitive than other definitions in identifying 
patients with NMD and daytime normocapnia likely to require ventilatory support 

Fig. 9.3 Significant fluctuations in nocturnal CO2 can occur which may be missed if a single blood 
gas measure is made. In this illustration, continuous monitoring by two transcutaneous carbon 
dioxide devices (the solid and broken lines) capture the variability in CO2 levels that are occurring 
in this patient who is using nocturnal ventilatory support. Blood gases (represented by the grey 
boxes) can only capture CO2 at a single point in time and can easily miss this variability. 
Improvements in technology in recent years have significantly improved the accuracy and reliabil-
ity of transcutaneous CO2 monitoring. (From Storre et al. [39] with permission)
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within the next 24 months [42, 43]. There is also limited information around how 
these definitions relate to other clinical and patient reported outcomes [44].

 Disease-Specific Issues in Sleep Hypoventilation

 Obesity Hypoventilation Syndrome

Obesity hypoventilation syndrome (OHS) is diagnosed in obese individuals 
(BMI > 30 kg/m2) who present with awake hypercapnia (PaCO2 > 45 mmHg) when 
other known causes of hypoventilation such as lung or neuromuscular disease can-
not be identified. Obstructive sleep apnoea is present in 90% of these individuals, 
with 70% showing an apnoea hypopnea index ≥30/hour [45]. In the remaining 10% 
hypoventilation alone is seen, particularly marked during REM sleep. The preva-
lence of OHS varies depending on the clinical setting these individuals are seen in 
and the BMI of the population. Current estimates put the prevalence of OHS in the 
general community at around 0.3%, [46] with the likelihood of OHS increasing with 
BMI. In obese patients referred to sleep clinics, 10–20% will have OHS [47, 48]. 
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This disorder represents one of the most common causes of sleep hypoventilation 
seen in sleep laboratories and for some years has been a major indication for home 
NIV [49, 50].

Although upper airway obstruction is common in this condition, OHS is more 
than just severe OSA. This condition is associated with worse outcomes than eucap-
nic obesity with or without OSA, with patients presenting with more comorbidities 
including chronic heart failure and pulmonary hypertension [51, 52], worse social 
circumstances [53, 54], more healthcare resource use [54] and lower survival rates 
even after therapy is commenced [55, 56]. Unfortunately, appropriate treatment is 
often delayed with patients being misdiagnosed with obstructive pulmonary disease 
or congestive cardiac failure [58], or the diagnosis overlooked completely [59]. In 
some series, up to 70% of patients were diagnosed only after presenting with acute 
on chronic respiratory failure [55].

The mechanisms around the development of hypoventilation in some obese 
patients with or without OSA and not others are not fully understood, but involves 
a complex interplay between abnormal lung mechanics, respiratory drive, neurohor-
monal factors and sleep disordered breathing. The degree to which each of these 
factors contributes to hypoventilation in obesity likely varies between individuals 
and may influence clinical presentation and outcomes. Two distinct phenotypes of 
this disorder are currently recognized. Those with a high severity of OSA in 
conjunction with OHS appear to be younger, generally male, more obese and hyper-
somnolent with worse nocturnal and daytime gas exchange but with a lower cardio-
vascular and metabolic risk compared to the OHS without OSA phenotype [60].

In morbid obesity, deposition of adipose tissue around the abdomen and chest 
wall reduces lung volumes (particularly expiratory reserve volume) and thoracic 
compliance [61]. Breathing at these lower volumes increases airway resistance and 
promotes small airway closure, both of which place a further load on breathing [62]. 
This adds to an elevated work of breathing [63] and worsening ventilation perfusion 
distribution. In response to these changes in respiratory loads and lung mechanics, 
neural drive in morbid obesity is increased two to three times that seen in normal 
weight controls [62]. However OHS patients lack this augmented drive [64], and as 
a consequence minute ventilation is insufficient to maintain eucapnia, especially 
given CO2 production is also increased due to obesity [65]. In addition, ventilatory 
responses to O2 and CO2 are diminished compared to eucapnic OSA [16, 66], as is 
the response to CO2 loading during sleep compared to those with eucapnic obesity 
[67], further promoting CO2 retention. A more blunted ventilatory responsiveness to 
CO2 is associated with more severe hypoventilation during rapid eye movement 
(REM) sleep [16]. This reduced responsiveness appears to be secondary to sleep 
disordered breathing as improvements are seen after PAP use in many individuals 
even if BMI and lung function are unchanged [16, 66, 68].

The lower lung volumes associated with obesity increase the risk of upper airway 
obstruction during sleep. The majority of patients with OHS have significant OSA 
[45] which can be another contributor to CO2 retention during sleep. Indeed, even 
awake upper airway resistance is significantly higher in OHS compared eucapnic 
obesity [69]. Following obstructed nocturnal breathing differences in the pattern of 
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ventilation between eucapnic and hypercapnic patients with OSA have been 
observed [70]. The length of the ventilation recovery period between events com-
pared to the event length is shortened [67, 71], while the magnitude by which ven-
tilation increases post event is diminished in those with hypercapnic compared to 
their eucapnic counterparts [67]. This pattern permits an accumulation of CO2 dur-
ing the obstructed event with insufficient offloading of CO2 in the post-arousal 
period. Over time, metabolic compensation by the kidneys to maintain pH produces 
an increase in bicarbonate levels, thereby further blunting ventilatory drive [72].

A common thread between sleep disordered breathing, altered respiratory 
mechanics and reduced respiratory drive in OHS may be some of the adipokines and 
hormones associated with obesity. Leptin is a protein designed to regulate appetite 
and energy expenditure which also acts as a powerful stimulant of ventilation. In 
both obesity and OSA, serum leptin levels are elevated, suggesting a compensatory 
response for the increased ventilatory load in order to maintain eucapnia [73]. 
Fasting serum leptin levels are higher again in OHS patients compared to eucapnic 
obese individuals [73]. Hyperleptinemia has been shown to be associated with a 
reduction in both respiratory drive and ventilatory responsiveness to CO2 [74], and 
even when leptin levels are similar, the hypercapnic ventilatory response appears to 
be significantly lower in hypercapnic patients compared with those who were 
eucapnic [75]. It appears that the stimulatory effects of leptin are attenuated in OHS, 
likely from reduced leptin permeability across the blood-brain barrier [76]. Leptin 
also appears to be involved in maintaining neuromuscular drive to the upper airway 
muscles during sleep [77] and could account for the high frequency of OSA in many 
patients with OHS. In an interesting study in diet-induced obese mice, intra-nasal 
leptin used to bypass the blood–brain barrier significantly reduced obstructed 
breathing while also increasing minute ventilation during periods of non-flow lim-
ited breathing [78]. It remains unclear if similar benefits would be achieved in 
humans [79], but it does provide interesting insights into the potential of improving 
central concentrations of leptin in OHS.

Initial management of OHS involves commencing positive airway pressure 
(PAP) to stabilize breathing and gas exchange during sleep. There has been some 
debate around what form of PAP therapy is most appropriate both initially and as 
long-term treatment. Since upper airway obstruction is seen in the majority of 
patients, it is reasonable to start most OHS patients with concurrent OSA on con-
tinuous PAP (CPAP) therapy. This approach is supported by several RCTs [45, 
80–82] and systematic reviews [83, 84] demonstrating that both medium (<3 months) 
[45, 80, 82] and long-term (>3 years) [81, 83] outcomes including resolution of 
awake PaCO2 and symptoms, changes in pulmonary artery pressure, healthcare use 
and survival are similar whether CPAP or bilevel PAP therapy is used. Adherence to 
therapy appears to be a more important factor in PAP choice than the type of PAP 
[81, 85, 86]. Improvements with CPAP in terms of nocturnal gas exchange [82, 87], 
awake CO2 [80, 81] and pulmonary hypertension [88] may be a little slower to 
emerge over the first weeks or months of therapy, but so long as patients are adher-
ent to therapy, similar long-term outcomes including hospitalizations and survival 
are achieved with CPAP and bilevel therapy [81]. However, close monitoring during 
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the early period of therapy is needed to identify non-responders. These include 
patients with more restrictive pulmonary mechanics, higher initial awake CO2 levels 
[80] and lower baseline AHI [89, 90]. Bilevel therapy is recommended in the OHS- 
sleep hypoventilation only phenotype [91] and those presenting with acute on 
chronic hypercapnic respiratory failure [92]. Despite control of sleep disordered 
breathing and good adherence to PAP, at least 20% of patients with OHS will con-
tinue to experience some residual awake hypercapnia (generally 45–49  mmHg 
range) [85, 86] but with minimal clinical symptoms.

As weight is a central issue involved in the development of OHS, steps to address 
this should be undertaken. However, significant weight loss of around 25–35% is 
probably needed to resolve OHS, while losses <10% are unlikely to achieve clini-
cally important outcomes [93]. Cardiovascular disease becomes the predominant 
cause of death following the use of PAP therapy, so early identification and follow 
up of cardiometabolic risk factors is needed [94].

A key aspect of defining OHS has been the presence of awake hypercapnia 
(PaCO2 > 45 mmHg). Given the importance of identifying patients with OHS early, 
it has been suggested that the presence of diurnal hypercapnia already represents an 
advanced stage of OHS [28]. A recent European Respiratory Society task force 
divided hypoventilation into five stages [28]. Stage 0 represented eucapnic 
OSA. Stages I and II described obesity-related sleep hypoventilation (ORSH), with a 
bicarbonate level <27 mmol/L or ≥27 mmol/L, respectively. The taskforce saw day-
time hypercapnia as being present only in the most advanced OHS stages of III and 
IV, with Stage IV having concurrent comorbidities. Similar to patients with neuro-
muscular and chest wall restriction, eucapnic obese individuals with nocturnal- only 
hypoventilation may eventually progress to these more advanced stages of 
OHS. Although longitudinal studies have not been performed to confirm this pro-
gression, in a cross-sectional study of obese individuals, those with a raised serum 
base excess (BE) ≥2 mmol/L were found to have ventilatory responses and sleep- 
breathing measures lying between those with normal awake PaCO2 and BE and those 
with awake hypercapnia [29]. Whether isolated sleep hypoventilation is part of the 
OHS spectrum or whether it represents a distinct phenotype [30] has not been estab-
lished. It is also unknown if early identification and intervention can prevent the 
development of full blown OHS with its attendant comorbidities and reduced survival.

 Neuromuscular Disorders

Neuromuscular disorders (NMDs) cover a broad group of diseases where sleep 
hypoventilation occurs as a consequence of involvement of the respiratory motor 
neurons, peripheral nerves, the neuromuscular junction or the respiratory muscles 
themselves. These disorders can be inherited or acquired, rapidly or slowly progres-
sive. Irrespective of the primary diagnosis, untreated many will develop respiratory 
complications and awake hypercapnia, with death from respiratory infection and 
respiratory failure common. Changes in respiratory muscle function and breathing 
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control during sleep interact to produce hypoventilation, earliest and most marked 
in REM sleep, irrespective of the pathogenesis of the primary disorder.

The age of onset of sleep hypoventilation will vary considerably depending on 
the primary diagnosis. Sleep hypoventilation can be expected during early child-
hood in spinal muscular atrophy (SMA) type I and in some with SMA type 2, while 
in Duchenne muscular dystrophy (DMD) this usually occurs sometime during late 
adolescence or early adulthood. People with ALS commonly present in the fifth and 
sixth decades of life, with sleep hypoventilation generally occurring some 12 or so 
months after diagnosis [95, 96]. The stage at which diaphragm involvement occurs 
is central to the appearance of hypoventilation and this can vary considerably within 
and between disorders. Obesity and chest wall deformity will also influence the 
onset on sleep hypoventilation by further adding to respiratory muscle load/capacity 
imbalance.

Upper airway obstruction during sleep in neuromuscular disorders is not uncom-
mon [22, 97]. These obstructive events may arise from the usual mechanical factors 
associated with OSA such as obesity, the supine position, enlarged tonsils or retrog-
nathia. However, there are some aspects of NMD which may promote upper airway 
instability such as low lung volumes from respiratory muscle weakness, pharyngeal 
hypotonia and macroglossia [98]. A bimodal pattern of sleep disordered breathing 
has been reported in some disorders including DMD, acid maltase deficiency and 
ALS [22, 96, 99], with obstructive events more common initially, progressing to 
more “pseudocentral” events and hypoventilation with disease progression. This 
transition likely reflects increasing inspiratory muscle weakness, particularly that of 
the diaphragm, whereby insufficient inspiratory pressure is generated to create com-
plete airway collapse [22, 98]. Obstructive events could also be related to obesity, 
an enlarged tongue with posterior displacement or reduced pharyngeal tone. In 
ALS, these obstructive events do not appear to be related to bulbar dysfunction [22], 
but have been associated with shorter survival [100, 101].

In some neuromuscular diseases, a primary abnormality in ventilatory control 
may be present in addition to peripheral muscle weakness. Myotonic dystrophy, the 
most common type of muscular dystrophy, has a high prevalence of both excessive 
daytime sleepiness and sleep disordered breathing [102]. However, there does not 
appear to be a direct relationship between sleepiness and abnormal nocturnal breath-
ing, nor between pulmonary function and sleep disordered breathing [103, 104]. It 
is thought that neuronal loss in CNS structures regulating central respiratory drive 
might be an underlying contributor to sleep-breathing abnormalities in these patient 
[104, 105]. In ALS, periodic clustering of desaturation during sleep has been found 
in some patients despite normal respiratory function and neurophysiological phrenic 
nerve and diaphragm tests [106, 107]. These episodes occur despite normal respira-
tory movements, suggesting instability in central respiratory control. During NIV, 
upper airway obstruction with reduced respiratory drive has been shown to be a 
common reason for inadequate ventilatory support during NIV, with shorter survival 
even when these events are not associated with desaturation [100]. In investigating 
mechanisms for this, Sancho and colleagues [108] found those exhibiting upper 
airway obstruction with reduced respiratory drive during NIV had greater respira-
tory instability, with higher controller gain values and lower CO2 reserves compare 
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to ALS patients without these events. Moreover, these patients were more likely to 
have upper motor neuron predominant dysfunction at the bulbar level. Increasing 
EPAP or changing masks would have little effect on improving obstructive events if 
they are caused by hyperreflexia and adduction of the vocal folds [108].

In NMD, poor cough with secretion accumulation can also contribute to hypoven-
tilation, with chest infection and pneumonia being major causes of respiratory mor-
bidity and mortality [109]. Reduced inspiratory muscle strength limits the inspired 
volume able to be achieved pre-cough while impaired glottic control and weak expi-
ratory muscles adversely impact the effectiveness of expiratory flow rates needed to 
expel secretions from the large airways. Cough augmentation and lung volume 
recruitment techniques form an essential part of the holistic management of these 
individuals, and may need to be introduced prior to the use of NIV.

 COPD

Poor-quality sleep is common in COPD [110] and is predictive of exacerbations, 
emergency healthcare utilization and mortality [111, 112]. Although the source of 
this disruption may be caused by other factors such as medications, secretions, nico-
tine use and reflux, sleep disordered breathing is a common, frequently overlooked 
contributor.

Worsening respiratory mechanics and reduced inspiratory neural drive [10, 113] 
appear to underlie sleep hypoventilation in COPD. With the onset of sleep, neural 
drive decreases in parallel with reductions in ventilation [10]. In addition, dia-
phragm inefficiency brought on by hyperinflation is offset to some extent by recruit-
ment of the accessory respiratory muscles in an attempt maintain ventilation. 
However, when this activity is lost during REM sleep, tidal volume is reduced with 
ensuing hypoventilation. Lung hyperinflation itself has been associated with 
increased arousal from sleep [114]. In some patients with COPD, increased upper 
airway resistance, even in the absence of frank obstruction may occur, contributing 
further to sleep hypoventilation [115].

Once awake hypercapnia develops, prognosis is poorer than in patients with 
hypoxemia alone [116]. However few studies have investigated isolated sleep- related 
hypoventilation and its consequences in COPD. Prevalence rates of sleep hypoven-
tilation have varied considerably depending on how hypoventilation was defined and 
measured [14, 33, 117]. In studies of hypercapnic COPD patients using long-term 
oxygen therapy, prevalence rates of 21–43% have been reported [33, 117]. In a pro-
spective, observational study of 100 stable COPD patients attending an inpatient 
rehabilitation program, Holmedahl et al. [118] identified sleep hypoventilation in 15 
subjects, including 6 subjects with awake normocapnia. While BMI and AHI were 
similar between awake hypercapnic and normocapnic groups with sleep hypoventi-
lation, FEV1 was significantly higher in the normocapnic group (1.45 vs 0.63L). In 
a small study of 21 selected patients with stable severe COPD without significant 
awake hypercapnia, Kitajima et al. [119] identified ten patients with episodic sleep 
hypoventilation, defined as an increase of ≥5 mmHg in TcCO2 from baseline for 
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≥5 mins continuously accompanied by at least one episode of oxygen desaturation. 
Those demonstrating episodic sleep hypoventilation had higher markers of pulmo-
nary hypertension and experienced more frequent admissions in the previous year 
than the group without these episodic events. Although early identification of sleep 
hypoventilation and intervention may reduce morbidity and mortality as seen in 
other hypoventilating disorders, this premise has not been tested in COPD. Currently 
non-invasive ventilatory support (NIV) is introduced in stable patients when awake 
or persistent hypercapnia is detected, usually when awake PaCO2 values 50 mmHg 
or greater [120–123]. Recently published evidence- based guidelines support the use 
of NIV for COPD when the above conditions are present, with the suggestion that 
NIV settings need to target a significant reduction in CO2 [124].

Generally, chronic hypoventilation is most likely seen in COPD with more severe 
airflow limitation. However, if upper airway obstruction occurs in those with only 
moderately altered respiratory mechanics, nocturnal and awake hypercapnia may be 
present at levels of lung function not normally associated with hypoventilation 
[125]. Obstructive sleep apnoea is not an uncommon finding in COPD, with preva-
lence rates ranging 3–65%, depending on the clinical population studied, severity of 
the underlying lung disease, BMI and age [126–128]. The occurrence of both disor-
ders in the same patient is described as “overlap” and is of clinical relevance since 
these individuals usually have more severe hypoxemia and hypercapnia, as well as 
higher mortality rates compared to either disease alone [57, 126] (Fig. 9.5). Quality 

Fig. 9.5 Unadjusted Kaplan–Meier event-free survival curves showing the impact of severe 
obstructive sleep apnoea (OSA) (apnoea–hypopnea index >30) in people chronic obstructive pul-
monary disease (COPD) compared to either disease alone. Outcome was defined as a composite of 
hospitalization due to myocardial infarction, stroke, congestive heart failure, cardiac revasculariza-
tion procedures or death from any cause. (Reprinted with permission of the American Thoracic 
Society. Copyright © 2020 American Thoracic Society. All rights reserved. Kendzerska et al. [57]. 
Annals of the American Thoracic Society is an official journal of the American Thoracic Society)
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of life among overlap patients is significantly worse than that of COPD-only 
patients, in addition to more cardiovascular morbidity, more frequent exacerbations 
and higher healthcare costs than either condition alone [127]. In contrast to COPD- 
only patients where sleep hypoventilation appears to be mainly a consequence of 
reduced neural respiratory drive [10], in overlap the fall in ventilation seen during 
sleep is largely due to an increase in upper airway resistance [129]. A small pilot 
study in overlap patients showed a high loop gain and low arousal threshold likely 
contributes to the development of OSA and its severity in these individuals [130].

When applying PAP therapy in overlap, the mode of therapy needs to balance 
reversal of abnormal respiratory mechanics against control of upper airway patency. 
Where upper airway obstruction predominates, CPAP therapy with or without sup-
plemental oxygen can provide significant benefits including improved blood gases, 
reduced excerbations [131] and a lower mortality risk [126]. The survival benefit 
may be more marked in those with baseline hypercapnia [132] (Fig. 9.6). However, 
higher awake CO2 levels and more time with SpO2 <90% during sleep are indepen-
dent factors predicting CPAP failure [133], when bilevel therapy would be the pre-
ferred management option. Close monitoring of hypercapnic overlap patients 
commencing CPAP is needed to ensure persistent sleep hypoventilation is not 
occurring.

 Summary

Sleep hypoventilation is a frequent occurrence in patients with a wide range of 
disorders where diaphragmatic weakness, abnormal chest wall mechanics or 
altered respiratory drive are present. Hypoventilation during sleep can be present 
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Fig. 9.6 Kaplan–Meier survival curves comparing continuous positive airway pressure (dotted 
line) to non-treated patients (continuous line) for (a) those who were hypercapnic at baseline and 
(b) normocapnic patients. In this study, CPAP treatment reduced the excess risk of death in the 
hypercapnic group (log rank test 4.16; p = 0.04) but not the normocapnic group (Log rank test 0.63; 
p = 0.42). (From Jaoude et al. [132] with permission)
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months or years prior to the development of daytime hypercapnia. Recognition 
and early treatment is considered important since sleep hypoventilation can have 
a significant impact on quality of life, neurocognition function, health resource 
use and mortality. Although daytime measures of respiratory function can be help-
ful in identifying some individuals at risk of sleep hypoventilation, these have a 
limited ability to accurately detect nocturnal hypoventilation and its severity. 
Consequently, some measure of CO2 during sleep is required to capture this disor-
der. Advancements in technology associated with transcutaneous carbon dioxide 
monitoring have seen this technique become more widely used to identify the 
presence and severity of sleep hypoventilation. However, more work is needed to 
better understand thresholds of CO2 during sleep that are associated with poorer 
clinical outcomes.
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 Introduction

Obstructive sleep apnea (OSA) is a prevalent chronic condition, which is character-
ized by repeated episodes of collapse of the upper airway during sleep, leading to 
episodic hypoxemia, sympathetic nervous system activation, and arousal from sleep 
[1, 2]. Patients with obstructive sleep apnea have anatomical narrowing of the upper 
airway (UA) leading to increased resistance, such that the force of the UA dilator 
muscles is insufficient to prevent collapse [1]. As anesthesia, sedation, and analge-
sia can approximate certain aspects of the sleep state, patients with OSA are at risk 
for worsening of disordered breathing events in the postoperative period and 
increased postoperative cardiopulmonary complications.

Several anesthesia and sleep societies have proposed guidelines for the postop-
erative management of this patient population, aimed at reducing the risk of postop-
erative cardiopulmonary complications [3–8], although there are limited data 
regarding the impact of implantation of these guidelines. This chapter will review 
the most recent evidence regarding postoperative risks to the patient with OSA and 
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the current recommendations regarding the care of patients with OSA during the 
perioperative period.

 Epidemiology and Risk Factors for OSA

The prevalence of OSA is thought to be 15–30% in males and 10–15% in females in 
the general population of North America, but prevalence is increasing [9, 10] and 
may vary based on population characteristics. For instance, OSA is more common in 
older age, increased body mass index (BMI), and male gender [11]. Craniofacial 
structure may also influence the presence of OSA [12], as well as ethnicity with OSA 
being more common in those of East Asian and African American descent [13, 14].

The association between obesity and OSA warrants special consideration owing 
to the alarming increase in the prevalence of obesity in the United States. Obesity is 
associated with increased risk of OSA [10, 15], and may account for 58% of cases 
of OSA with an AHI ≥ 15 [16]. In 2015–2016, the prevalence of obesity was 37.9% 
in men and 41.1% in women [17]. The prevalence of severe obesity (BMI ≥ 40 kg/
m2) has increased from 5.7% to 7.7% from 2007 to 2016. Projections from this data 
suggest that by 2030, almost half of United States adults will be obese and almost 
one-fourth will be severely obese [17], and with this increase in weight, we will 
certainly see an increase in prevalence of OSA.

In a population of patients presenting for bariatric surgery, prevalence of OSA 
was very high and increased as BMI increased: For BMI 35–39.9 kg/m2 – 71%, 
BMI 40–49.9 kg/m2 – 74%, and BMI > 60 kg/m2 – 95% [18].

 Postoperative Risks Associated with OSA

OSA is a well-established risk factor for increased complications after surgery [19–
35]. The most common of these would be respiratory-related adverse outcomes 
including worsening of OSA, acute respiratory failure requiring non-invasive venti-
lation or tracheal intubation with mechanical ventilation, pulmonary edema, acute 
respiratory distress syndrome (ARDS), and oxyhemoglobin desaturation [20, 24–26, 
36–39]. Patients also may be at risk for cardiovascular complications including atrial 
fibrillation, myocardial infarction, cardiac arrest, congestive heart failure (CHF), 
cerebrovascular accident (CVA), venous thromboembolism (VTE), and shock [19, 
20, 22, 24, 26, 39–41]. Several studies have shown increased risk of mortality, and 
other miscellaneous complications such as acute renal failure, wound hematomas or 
seromas, ICU transfer, and prolonged length of stay in hospital [24, 31].

Patients who have OSA overlapping with either obesity hypoventilation syn-
drome (OHS) or chronic obstructive pulmonary disease (COPD) have higher risk of 
pulmonary and cardiac complications, ICU transfer, and increased length of stay 
compared with OSA alone [23, 29].
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It is important to note that these studies are heterogeneous as far as surgical pro-
cedures performed, methods and statistical analysis, and the evidence is of varying 
quality. In a more recent meta-analysis of the existing literature, OSA remained 
associated with myocardial infarction, atrial fibrillation, pneumonia, respiratory 
failure, oxygen desaturation, postoperative delirium, acute kidney injury, venous 
thromboembolism, length of hospital stay, 30-day mortality, unplanned ICU admis-
sion, and increased hospital admission costs, but was not found to be associated 
with CHF, CVA, risk of reintubation, in-hospital mortality, surgical site infection, or 
postoperative bleeding [42]. As an example of variance between postoperative risk 
and procedure performed, a meta-analysis examining outcomes after cardiac sur-
gery specifically determined OSA was associated with increased risk of pooled 
major adverse cardiovascular and cerebrovascular events up to 30 days after surgery 
(all-cause mortality, myocardial infarction, myocardial injury, nonfatal cardiac 
arrest, revascularization process, pulmonary embolism, deep venous thrombosis, 
newly documented atrial fibrillation, CVA, and CHF), new-onset atrial fibrillation, 
postoperative tracheal intubation and mechanical ventilation, but not with ICU or 
hospital length- of- stay, infection, sepsis, or ICU readmission [43].

It is also important to acknowledge that some of these studies separate out mild, 
moderate, and severe OSA, whereas others do not. This is an important consider-
ation because mild OSA may not portend the same postoperative consequences as 
moderate or severe disease. For instance, Chan and colleagues found in a post hoc 
analysis of their study on OSA and postoperative cardiovascular complications that 
severe OSA was associated with a higher risk of postoperative cardiac death, myo-
cardial injury, CHF, new-onset atrial fibrillation, unplanned admission or readmis-
sion to the ICU, and unplanned tracheal intubation or lung ventilation, while 
moderate OSA was associated with postoperative cardiac death, unplanned ICU 
readmission, unplanned tracheal intubation, and infections, and mild OSA was only 
associated with unplanned ICU admission or readmission to the ICU, unplanned 
tracheal intubation or lung ventilation, and pneumonia [22].

Despite limitations in ability to determine precisely how severity of OSA, and 
type of surgery being performed might influence the risk of specific postoperative 
outcomes, it is clear that OSA does lead to a general increased postoperative risk 
and therefore it would follow that there may be a benefit to identifying people with 
OSA prior to surgery.

 Preoperative Evaluation

 Preoperative Risk Assessment and OSA Screening Protocols

Despite the increasing prevalence of OSA, many patients presenting for outpatient sur-
gery (67%) remain undiagnosed [22]. In the case of elective, outpatient surgery, it may 
be possible to capture this population of patients through routine screening during pre-
operative evaluation and refer for evaluation of sleep-disordered breathing in advance 
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of a planned surgical procedure if screening is positive. The American Society of 
Anesthesiologists (ASA) recommends that screening for OSA, which is now encour-
aged in most US hospitals, should begin with a thorough history and physical exam [3]. 
The history should focus on eliciting any risk factors for OSA that the patient may have 
including age, gender, ethnicity, presence of obesity, and common comorbid associated 
conditions including hypertension, history of stroke, history of myocardial infarction, 
diabetes mellitus, or abnormal cephalometric measurements. This would also include 
assessment of any congenital conditions and disease states that may be associated with 
OSA including Down’s syndrome, acromegaly, neuromuscular disease, and cerebral 
palsy. Questions regarding the symptoms of OSA may include considering the pres-
ence of snoring, witnessed apneic episodes, frequent arousals during sleep, morning 
headaches, and daytime somnolence. Other important aspects of the history may 
include difficulty with previous anesthetic administration or history of difficult intuba-
tion. The physical exam should include assessment of the craniofacial structure, nasal 
passages, features of the posterior oropharynx (including tonsils and tongue size), and 
neck circumference. A neck circumference of >17 inches (43 cm) in men, and > 16 
inches (40 cm) in women is a positive predictor for the presence of OSA [3, 7].

After preoperative evaluation, the decision may be made to manage the patient 
expectantly despite suspected OSA, or to delay surgery and have the patient pursue 
a more urgent evaluation and treatment for sleep disordered breathing.

 Preoperative Screening for Suspected OSA

Several questionnaires have been developed for the purpose of screening for OSA 
and most have been assessed for use in the preoperative population and compared 
via meta-analysis [44, 45]. The ASA, Society of Anesthesia and Sleep Medicine 
(SASM), and the American Academy of Sleep Medicine (AASM) recommend rou-
tine preoperative screening for OSA to identify patients at increased risk of periop-
erative complications [46–48]. While there is consensus that risk of OSA should be 
evaluated and documented, this does not necessarily mean that the plan for surgery 
must be altered. The SASM guidelines state that there is insufficient evidence to 
advocate cancelling or delaying surgery with the intent of pursuing a sleep evalua-
tion in patients with suspected OSA unless there is significant evidence of serious 
uncontrolled comorbid disease or gas exchange abnormality [5].

 The Berlin Questionnaire

The Berlin Questionnaire was designed for use in an outpatient primary care setting 
and assesses five questions on snoring, three on excessive daytime sleepiness, one 
on sleepiness while driving, and one on history of hypertension [49]. Age, gender, 
weight, height, and neck circumference are also recorded. The Berlin Questionnaire’s 
predictive performance is population dependent: In a primary care setting of 744 
patients, it carried a sensitivity of 0.89, and specificity of 0.71. Half of high-risk 
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patients it identifies are subsequently found to have at least moderate OSA (at 
AHI > 15) by polysomnography. In the preoperative setting, one study found the 
Berlin Questionnaire classified 24% of patients presenting for elective surgery as 
high risk [50]. Another study of preoperative use of the Berlin Questionnaire deter-
mined it had a sensitivity and specificity of 69% and 56% respectively in detecting 
OSA with AHI > 5, 79% and 51% respectively in detecting OSA with AHI > 15, and 
87% and 46% respectively in detecting OSA with AHI > 30 [51]. Despite its varied 
performance in different patient populations, this data regarding use in the pre- 
surgical population suggests a moderately high sensitivity especially in moderate- 
to- severe OSA, and therefore supports the Berlin Questionnaire as a reasonable tool 
to rule out OSA in the preoperative setting [51].

 The American Society of Anesthesiologists’ Checklist

In the 2006 edition of the guidelines for the perioperative management of patients 
with OSA, the ASA taskforce on OSA developed a 14-item, provider-administered 
checklist to assist anesthesiologists in identifying OSA [52]. Patients endorsing 
symptoms or signs in two or more of the three categories (physical characteristics, 
history of airway obstruction during sleep, and complaints of somnolence) are con-
sidered high risk of having OSA. Like the Berlin Questionnaire and the STOP-Bang 
Questionnaire, the ASA checklist exhibits a relatively good sensitivity in detective 
OSA with an AHI of >5, >15, and > 30; 72%, 79%, and 87%, respectively. The 
specificity remains rather low at 38%, 37%, and 36%, respectively, making is 
another reasonable screening tool to rule out OSA [51].

 The STOP Questionnaire

A condensed modification of the questions in the Berlin Questionnaire, the STOP 
Questionnaire was developed and validated to facilitate widespread OSA screening 
in surgical patients (S: Snore loudly, T: daytime Tiredness, O: Observed to stop 
breathing during sleep, P: high blood Pressure). In the presurgical population, the 
sensitivity of the STOP questionnaire at an AHI of >5, >15, and > 30 events/h cutoff 
levels was found to be 66%, 74%, and 80%, respectively, with a specificity of 60%, 
53% and 49%, respectively [46].

 The STOP-Bang Model

The STOP-Bang Questionnaire adds demographic and physical features (B: BMI 
>35 kg/m2, A: Age > 50 years, N: Neck circumference > 40 cm, G: male Gender) to 
the STOP Questionnaire, and has the highest sensitivity in ruling OSA, especially in 
moderate-to-severe disease.
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A meta-analysis of the use of the STOP-Bang Questionnaire in the presurgical 
population found a pooled prevalence of 68.4%, 39.2%, and 18.7% for any OSA, 
moderate-to-severe OSA, and severe OSA respectively, with corresponding sen-
sitivities of 84%, 91%, and 96% respectively and specificity of 43%, 32%, and 
29%, respectively [53]. A recent prospective cohort study of preoperative patients 
found that a STOP-Bang score of 5–8 may be significantly more suggestive of 
moderate- to- severe OSA than scores of 3–4: 78% prevalence versus 53% respec-
tive prevalence of moderate-to-severe OSA [54]. A study of an ethnically diverse 
population of bariatric patients found that the STOP-Bang previously validated 
cutoff of ≥4 achieved a sensitivity of >80% and specificity of 50–60%, which is 
similar to other populations [55]. The STOP-Bang has also been assessed in a 
variety of ethnic groups (Chinese, Indian, Malay, Caucasian) and there are recom-
mendations in those groups for alternative BMI thresholds and STOP-Bang score 
cutoffs for optimal sensitivity and specificity in these patient populations [56]. 
Taken together, these data suggest that the STOP-Bang may be an appropriate 
assessment tool for a wide variety of patient populations but with alternative cut-
offs for certain groups.

 Sleep Apnea Clinical Score

The Sleep Apnea Clinical Score (SACS) was validated in the outpatient sleep labo-
ratory environment and shown to have a high positive predictive value for OSA 
[57]. The SACS score was initially validated in postsurgical patients to identify 
patients who desaturated in the postoperative hospital ward area [58]. A large pro-
spective study enrolled nearly 700 patients using the SACS and showed a higher 
risk of OSA (32% of all patients) was associated with a much higher likelihood of a 
postoperative 4% oxygen desaturation index (ODI) >10 events/h and recurrent post 
anesthesia care unit (PACU) respiratory events [59]. Subsequent postoperative hos-
pital ward episodes of respiratory complications were also associated with a high 
SACS (odds ratio 3.5, P < 0.001), especially if they also had recurrent respiratory 
events in the PACU during 90 min of observation, whereby the likelihood of a post-
operative respiratory event was profoundly increased (odds ratio 21.0, P < 0.001). 
There was no significant benefit with the SACS questionnaire in predicting cardiac 
complications or prolonged hospital stay.

 Preoperative Screening in Suspected OSA

The use of one screening tool over another is not mandatory, and most guidelines 
leave this decision of which tool to use up to the provider who is performing the 
preoperative assessment. Optimal preoperative evaluation must also include consid-
eration of the risk inherent to the particular type of surgery being performed, risk of 
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other patient comorbidities, and past difficulties with anesthesia or intubation in 
addition to screening for OSA [60].

The left side of Fig. 10.1 summarizes one possible preoperative approach in the 
suspected OSA patient. Those with ≥2 on the STOP, or ≥ 3 on the STOP-Bang 
Questionnaire are considered high risk of having undiagnosed OSA.

In certain situations, preoperative assessment by a sleep physician may be war-
ranted for consideration of polysomnography or home sleep testing if time and 
resources permit. An early consult would typically allow the sleep physician ade-
quate time to prepare a perioperative management plan, which may include a 
period of at-home positive airway pressure (PAP) treatment prior to surgery for the 

Suspected OSA patient

Screening using STOP or
STOP-Bang questionnaire

High risk of OSA
≥ 2 on STOP

≥ 3 on STOP-Bang

Major Elective Surgery &
Significant Comorbidities

Rountine mangement.
No peroperative PAP
therapy required.

Changes is OSA Status
• Heart failure
• Arrhythmias
• Uncontrolled hypertension
• Cerebrovascular disease
• Metabolic syndrome
• Obesity with BMI > kg/m2

No

No

Yes

Yes

Possibility of
moderate
OSA:
Perioperative
OSA
precautions

Consider
preoperative referral
to sleep medicine
physician,
polysomnography,
and PAP therapy‡.

Preoperative PAP
therapy‡,
Perioperative OSA
precautions

• Recent exacerbation
 of OSA symptoms
• Non-compliant to
 PAP therapy‡

• Recently undergone
 OSA-related surgery
• Lost to sloop
 medicine follow-up

Low risk of OSA
≤ 2 on STOP

≥ 3 on STOP-Bang

Mild OSA
AHI 5 1 15

Oximetry ≥ 94 %
on room air

Moderate or
Servere OSA

AHI > 15
Oximetry < 94%

on room air

Severity Assessment from History
or Polysomnography

Known OSA patient

Fig. 10.1 An approach to those with suspected or known obstructive sleep apnea (OSA) prior to 
surgery in the ambulatory setting. ‡ Positive airway pressure (PAP) therapy may include continu-
ous, bi-level, or auto-titrating PAP. (Adapted with kind permission from Springer Science + Business 
Media [60])
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purpose of acclimatization. Ultimately, the decision for further preoperative sleep 
study testing would depend on the clinical judgment and expertise of the team of 
physicians providing perioperative care after careful screening and assessment. 
Patients determined to be at low risk for presence of OSA may be managed expec-
tantly with no further diagnostic testing prior to surgery. For those deemed at high 
risk for OSA, there are a variety of possible courses of action. In some cases, 
major elective surgery may be deferred in patients with a high clinical suspicion 
of complicated, severe OSA. In other cases, there may be patients who are deemed 
high risk according to an OSA screening questionnaire, but who otherwise are 
without significant comorbidities or are scheduled to undergo a low risk proce-
dure, and in that case, the physician team may elect to proceed to surgery without 
delay [61]. And there may be other situations where the risk of delaying the sur-
gery outweighs the benefits of identifying and treating OSA preoperatively and so 
the patient is taken to surgery even in the setting of clinical suspicion of severe or 
complicated OSA. The literature is vague and lacking in the scientific evidence to 
support definitive guidelines regarding risks and benefits of cancelling most types 
of procedures.

 Preoperative Screening in Known OSA

A potential preoperative evaluation approach for patients with known OSA is illus-
trated on the right side of Fig. 10.1. Although the original severity of the sleep- 
disordered breathing must be known or estimated in this case, the treatment status 
would be an important factor in preoperative risk assessment. The use of PAP 
devices (CPAP, bi-level PAP [BPAP], auto-titrating CPAP [APAP]), and the compli-
ance should be assessed for those who have been prescribed PAP therapy. Patients 
who have been lost to sleep medicine follow-up and/or those who are noncompliant 
with therapy, those who have had recent exacerbation of OSA symptoms, and those 
who have undergone OSA-related airway surgery may benefit from preoperative 
referral for additional evaluation with a sleep medicine physician. Long-standing 
OSA, especially in the case of suboptimal treatment or lack of treatment, may have 
systemic complications, including hypoxemia, hypercarbia, polycythemia, and cor 
pulmonale. Pulse oximetry may be a simple screening tool in the preoperative 
clinic. Some advocate that an oxygen saturation value of <94% on room air in the 
absence of other causes should be a red flag for possible severe long-standing OSA 
[60], which may be another reason to refer to sleep preoperatively.

 Preoperative OSA Treatment

The ASA, SASM, and AASM agree that patients with OSA who have been on PAP 
therapy should continue PAP therapy in the preoperative period [3, 5, 7]. The ASA 
recommends that initiation of PAP should be considered, particularly in patients 
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with severe OSA, but that the preoperative use of an oral appliance, or weight loss, 
may also be acceptable considerations [3]. Initiation of PAP therapy for those with 
untreated OSA or re-initiation of preoperative PAP in the non-PAP-adherent OSA 
patient should be considered, although the benefit of using PAP in the time period 
leading up to surgery as a means to reduce postoperative cardiopulmonary risk in 
patients with OSA is uncertain [62].

 Intraoperative OSA Management

 Tracheal Intubation

The surgical and anesthesia team should be aware of a patient’s previous diagnosis 
of OSA, or that the patient is “high risk” for OSA but has not undergone a formal 
sleep evaluation. The ASA guidelines state that patients with OSA should be pre-
sumed to have a “difficult airway,” meaning there would potentially be difficulty 
with tracheal intubation, facemask ventilation, or both [3], and the patient should be 
managed in accordance with the ASA practice guidelines for management of the 
difficult airway [63]. The SASM advocates that patients at high risk for OSA should 
proceed to surgery in the same manner as those who have confirmed OSA, but that 
known or suspected OSA should be considered an independent risk factor for dif-
ficult intubation, difficult mask ventilation, or a combination of both [5, 6]. The 
AASM recommends that the patient be considered a “high-risk intubation,” and 
advocates against the use of unsupervised preoperative sedation [7].

These recommendations are based upon literature suggesting OSA is associated 
with difficult intubation [36, 37, 64–68]. The reverse association is true as well, 
patients with a history of difficult intubation have a high prevalence of OSA. This 
was discovered retrospectively by Hiremath and colleagues [36], and subsequently 
confirmed with a prospective study done by Chung and colleagues [69]. A variety 
of other studies examining this association exist as well. A retrospective case- 
controlled study of 253 patients was conducted to determine the occurrence of dif-
ficult intubation in OSA patients. The OSA patients were matched with controls of 
the same age, gender, and type of surgery. Difficult intubation was assessed by 
laryngoscopy using the Cormack and Lehane classification [70], and was found to 
occur eight times as often in OSA patients versus controls (22% vs. 3%, P < 0.05) 
[37]. In OSA patients undergoing ear, nose, and throat surgery, a 44% prevalence of 
difficult intubation has similarly been reported [71]. Furthermore, patients with 
severe OSA (AHI >40) were found to have a much higher prevalence of difficult 
intubation [72]. Increased prevalence of obesity in the OSA population is not the 
only factor that explains this association. A study of more than 1500 nonobese and 
obese patients concluded that increased age, male gender, pharyngo-oral pathology, 
and the presence of OSA are all associated with a more frequent occurrence of dif-
ficult intubation [73]. This suggests that patients who are found to have a difficult 
airway in the absence of any documented OSA should be referred for evaluation by 
a sleep medicine provider.
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 Choice of Anesthetics/Anesthetic Technique

One aspect of planning and preparation for surgical procedures in patients with 
OSA is the choice of anesthesia strategy, which may present an opportunity to 
reduce risk in patients with OSA. Sedative, anesthetic, and analgesic medications 
mimic the sleep state by increasing collapsibility of the upper airway, reducing 
hypoxic and hypercapnic respiratory drives, decreasing activity of the respiratory 
muscles, increasing dependence upon the diaphragm, decreasing respiratory stimu-
lation, and decreasing lung volumes, which may be especially detrimental to patients 
with OSA [74–81]. The ASA recommends general anesthesia with tracheal intuba-
tion as opposed to deep sedation without a secure airway [3]. The ASA also recom-
mends that CPAP or a mandibular advancement device may be used during sedation 
to facilitate the airway remaining open.

Patients with OSA are felt to be at higher risk for adverse respiratory events from 
the use of propofol and neuromuscular blockade, but there is insufficient data to 
assess the risk associated with inhalational anesthetic agents, alpha-2-agonists (such 
as dexmedetomidine and clonidine), and ketamine [6]. However, data from studies 
of obese patients suggest that desflurane and sevoflurane may facilitate or more 
rapid and consistent postoperative recovery, which may be relevant to many patients 
with OSA, given the high association between OSA and obesity [82]. A strategy of 
regional anesthesia is preferred over general anesthesia in patients with OSA due to 
findings from several population-based studies showing decreased odds for mechan-
ical ventilation, critical care admission, and prolonged hospital length of stay [3, 6, 
52, 83–86].

Use of intravenous benzodiazepines may put patients with OSA at increased 
risk for upper airway collapse and subsequent respiratory complications. Much of 
this literature comes from the use of intravenous benzodiazepines during drug-
induced sleep endoscopy (DISE), where IV benzodiazepines are used to induce 
collapse of the upper airway [87]. There are additional retrospective studies to 
suggest that patients with OSA are more prone to hypoxia and airway collapse 
when subjected to IV midazolam than those with primary snoring and no OSA 
diagnosis [88].

There are no prospective, randomized, controlled trials comparing the safety, 
efficacy, and impact on respiratory status of different anesthetic, analgesic, and sed-
ative strategies in patients with OSA. However, a promising technique of opioid- 
free analgesia is emerging and may be a safer approach to anesthesia in the OSA 
population. This opioid-free strategy is based in the principle of multimodal anes-
thesia and would typically consist of using multiple anesthetic and analgesic agents 
in subtherapeutic doses simultaneous. For example, a continuous infusion of lido-
caine and dexmedetomidine might be supplemented with a low dose of a volatile 
anesthetic agent and intermittent dosing of acetaminophen, ketamine, ibuprofen, 
and ketorolac. This innovative technique may provide adequate anesthesia and anal-
gesia without exposing patients to the unwanted respiratory side-effects and possi-
ble addictive properties of opioids [89].
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 Extubation

The ASA and AASM recommend that patients with OSA be extubated awake and 
in the non-supine position unless contraindicated [3, 7], and the ASA adds that neu-
romuscular blockade should be fully reversed prior to extubation [3].

 Postoperative OSA Management

 Postoperative Pain Control

Postoperative analgesia can adversely influence respiration in surgical patients with 
OSA. In the acute setting, analgesia is commonly achieved with opioids, which may 
affect the central nervous system and whose effects may be potentiated by other 
sedative and anesthetic agents. Opioids depress the central respiratory drive, 
decrease consciousness, and decrease supraglottic muscle tone, leading to increased 
risk of upper airway obstruction [90]. In a retrospective study of 1600 patients who 
had received postoperative patient-controlled analgesia with IV opioids, eight cases 
of serious respiratory depression were reported [91]. Contributing factors were the 
concurrent use of a background infusion of opioids, advanced age, concomitant 
administration of sedative or hypnotic medications, and a preexisting history of 
sleep apnea. A review conducted to identify the risk factors for respiratory depres-
sion subsequent to patient-controlled analgesia concluded that there is no single 
indicator for respiratory depression but that OSA, whether suspected or verified by 
patient history, is a risk factor [92].

A recent review of critical perioperative complications (including death) in 
patients with OSA identified morbid obesity, male sex, undiagnosed/untreated 
OSA, suboptimal use of postoperative CPAP, need for opioid analgesia, and lack of 
appropriate postoperative monitoring as risk factors [28]. The majority of patients 
who had adverse outcomes in this study had consumed a typical, or even a less-than- 
typical amount of opioids, which may suggest increased sensitivity to opioids in this 
population as an explanation [93].

Because of the myriad effects of opioids on the CNS and respiratory systems, 
and the complex interaction between sleep disordered breathing, obesity, and sleep 
architecture, it is difficult to predict the respiratory consequences of opioid admin-
istration in the OSA population. Opioids can cause increased severity of obstructive 
events, elicitation of centrally mediated apneic events (central sleep apnea [CSA] or 
ataxic breathing), and hypoventilation. For instance, a randomized study of remi-
fentanil use in patients with moderate OSA actually showed a decrease in the num-
ber of obstructive events with an increase in central apneas [94]. This decrease in 
obstructive events may be attributed to the decrease in REM sleep that typically 
occurs on the first night after surgery, but this report highlights the complex interac-
tion between multiple factors postoperatively. And the literature on this subject 
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must be interpreted with caution as there may be varying measures of respiratory 
changes.

The ASA guidelines recommend avoidance of opioids when possible in patients 
with OSA, especially in the form of continuous infusion, and they recommend cau-
tion with other known respiratory depressants such as benzodiazepines and barbitu-
rates [3]. The AASM and SASM recommend caution with the use of sedatives, 
hypnotics, and anxiolytics in the postoperative period [6, 7]. Bearing in mind these 
guidelines, one might consider strategies to minimize opioid exposure in this popu-
lation. One such strategy might involve careful titration of opioids so as to provide 
the minimum amount required to achieve adequate pain control [7]. Another poten-
tial strategy would be a multimodal approach using combinations of analgesics 
from different classes and different sites of analgesic administration for periopera-
tive pain management [95–97]. Such an approach may include peripheral nerve 
block catheters or neuro-axial catheters dispensing local anesthetic agents (without 
opioids) and opioid-sparing analgesic agents, such as nonsteroidal anti- inflammatory 
drugs, COX-2 inhibitors, acetaminophen, pregabalin, tramadol, and dexamethasone 
[98]. But caution should still be exercised even despite opioid-sparing techniques. A 
large retrospective study of patients who had undergone laparoscopic surgery found 
an association between use of gabapentin and respiratory depression. This associa-
tion tended to be present in patients who were older, had received midazolam, and 
had a slightly higher intraoperative dose of opioids [99]. This might suggest that 
even in the absence of postoperative opioid use, there may still be consequences to 
polypharmacy, and an effective postoperative monitoring strategy to identify those 
at risk for respiratory complications is important.

 Postoperative Monitoring

The preservation of arousal mechanisms is vital when it comes to self-protection 
from airway obstruction and hypoventilation. When arousal responses are sup-
pressed by sedative, anesthetic, and analgesic medications, the patient can have 
increased risk of asphyxia, cardiopulmonary arrest, and death [100]. Proper moni-
toring for return of these arousal mechanisms is key in ensuring patient safety in the 
postoperative setting. In patients with OSA, most respiratory complications occur 
on the general hospital ward in the first 24  hours post-surgery [28, 35, 101]. A 
closed claims analysis of postoperative opioid-induced respiratory depression 
revealed that 25% of claims were related to OSA [101], highlighting the importance 
of proper postoperative monitoring, especially for those patients who are within the 
24-hour postoperative window, who have a diagnosis or are at high risk for OSA, 
and who are receiving opioid analgesia. A recent review of postoperative critical 
events associated with OSA by Bolden and colleagues found events were most 
likely to occur in the first 24 hours after surgery and that death or brain damage was 
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less common in patients receiving supplemental oxygen and in patients with respi-
ratory monitoring in place at the time of the event. Death or brain damage was more 
common in patients receiving sedatives in addition to opioids, and in patients who 
were not being closely observed [102]. This would seem to advise use of supple-
mental oxygen when appropriate, close observation, and avoidance of polyphar-
macy with multiple CNS depressants if feasible.

 Oximetry

While there is no general consensus on an appropriate postoperative monitoring 
strategy for patients with OSA, the ASA and AASM both recommend continuous 
pulse oximetry postoperatively for this patient population [3, 7], although no men-
tion is made of the setting in which this monitoring should occur (e.g., PACU vs. 
general medical ward), and the ASA acknowledges that the optimal duration for 
postoperative monitoring has not been established [3].

Gali and colleagues found that patients at risk for OSA who had recurrent respi-
ratory events (bradypnea, apnea, oxygen desaturation, and pain–sedation mismatch) 
in the immediate postoperative period had the highest oxygen desaturation index on 
continuous pulse oximetry and were at the highest risk of postoperative respiratory 
complications. In this study, patients were assessed at 30, 60, and 90 minutes post-
operatively, which may be an acceptable strategy to identify patients who may ben-
efit from a higher level of care or more intensive monitoring [58].

Chan and colleagues also looked at postoperative patients at high risk for OSA 
and found that prolonged oxygen desaturations <80% during the first three postop-
erative nights portended a higher risk of postoperative cardiovascular events [103], 
again suggesting that oximetry may provide a clue as to which patients may benefit 
from closer monitoring.

These two studies would suggest that continuous pulse oximetry might be an 
important tool for risk stratification; however, other studies have failed to show a 
significant impact on clinical outcomes as a results of continuous pulse oximetry in 
the postoperative setting. A systematic review and meta-analysis of continuous 
pulse oximetry and capnography monitoring found that continuous remote pulse 
oximetry improved detection of oxygen desaturation and was associated with a 
trend toward decreased ICU transfer when compared to intermittent oxygen assess-
ment, but did not significantly reduce mortality [104]. In the previously mentioned 
closed claims analysis by Lee and colleagues, it should be noted that one-third of 
the patients who experienced complications from postoperative opioid-induced 
respiratory depression were being monitored with oximetry [101], which reinforces 
concerns that while continuous pulse oximetry may bring attention to oxygen desat-
uration, we are not currently able to translate that into definitively improved patient 
outcomes.

10 Perioperative Care of Patients with Obstructive Sleep Apnea Syndrome



200

 Capnography

One conjecture as to why continuous oximetry does not necessarily translate into 
improved postoperative outcomes is that oxygen desaturation is a late sign of 
hypoventilation particularly for patients receiving supplemental oxygen, and per-
haps continuous capnography monitoring might more effectively predict respiratory 
failure. In the assessment of capnography, a systematic review found that capnogra-
phy derangements preceded changes in oxygen saturation in the setting of supple-
mental oxygen administration [104].

But capnography may not be accurate in the setting of PAP use. End-tidal carbon 
dioxide tension (ET-CO2) and transcutaneous carbon dioxide monitoring (tc-CO2) 
accuracy have been compared in a sleep laboratory with PaCO2 levels in patients 
wearing a nasal cannula or using nocturnal positive-pressure ventilatory assistance 
[105]. ET-CO2 tension and tc-CO2 during diagnostic and therapeutic sleep studies 
did not accurately reflect the simultaneous PaCO2 levels when PAP therapy was 
applied. It may be that ET-CO2 and tc-CO2 could be used to identify trends in CO2 
levels in patients on PAP rather than serving as a surrogate for arterial PaCO2 levels, 
but more research is needed to define the clinical utility of such a strategy.

Capnography is not used on a routine basis in a clinical setting and there is no 
prospective data on whether capnography may improve outcomes or reduce postop-
erative complications. But although there are no current guideline recommenda-
tions advocating its use in postoperative patients, emerging research suggests that 
capnography may soon become more widely adopted as a tool for early detection of 
respiratory failure. A prospective, blinded, multicenter, observational trial found 
that adding capnography and the Integrated Pulmonary Index algorithm, an 
algorithm- derived value based on SpO2, EtCO2, pulse, and respiratory rate, to tradi-
tional pulse oximetry afforded an average additional 8–11 minutes lead time prior 
to an adverse respiratory event when compared to standard postoperative monitor-
ing with pulse oximetry alone [106]. This suggests that capnography may soon 
become an important tool to facilitate early detection of postoperative respiratory 
compromise, hopefully leading to early intervention and decreased respiratory risk.

 Management Algorithms

 PACU

While the literature is insufficient to provide evidence-based guidance regarding 
specific postoperative monitoring strategies, one might consider the surgery type 
and risk, patient characteristics, as well as anesthesia and analgesia-specific factors 
when planning for the postoperative period. The 2006 ASA guidelines, directed by 
expert consensus in the absence of good clinical evidence at the time, urged guid-
ance of OSA patient disposition by a weighted scoring system and patient risk fac-
tors [52]. Perioperative risk was broadly divided into severity and treatment of OSA, 

K. L. Dupuy-McCauley et al.



201

invasiveness of the surgery, anesthesia used, and postoperative opioid requirements. 
The scoring system was somewhat involved and did not recognize the importance 
of recurrent PACU events in predicting more episodes of oxygen desaturation and 
increased postoperative respiratory complications [59].

Taking into account 2006 ASA guidelines and recent evidence for identifying 
patients most at risk for postoperative respiratory complications, Seet and Chung 
[60] proposed an algorithm using recurrent PACU events as a predictive indicator to 
guide postoperative disposition of the known or suspected OSA patient (Fig. 10.2). 
A PACU event occurs if in one 30-min time block, the patient has any of the follow-
ing: (1) apnea for ≥10 s (only one episode needed for yes), (2) bradypnea of ≤8 bpm 
(three episodes needed for yes), (3) desaturations to <90% (three episodes needed 
for yes), or (4) pain-sedation mismatch, as characterized by high pain scores and 
high sedation levels observed simultaneously.

A recurrent PACU event occurs when any one of the PACU respiratory events 
occur in two separate 30-min time blocks (not necessarily the same event or con-
secutive blocks). Patients who are at high risk of OSA on the screening question-
naires and have recurrent PACU respiratory events are more likely to have 
postoperative respiratory complications. It may be prudent to monitor these patients 
postoperatively with continuous oximetry in an area where early medical interven-
tion can occur. The monitoring can occur in the step-down unit, on the surgical ward 
near the nursing station, or with remote pulse oximetry with telemetry (Fig. 10.2).

Close postoperative monitoring would certainly be called for in patients with 
known OSA with recurrent PACU events, but also in the absence of recurrent events 
if the patient’s OSA is severe or if they are not using PAP (left side of Fig. 10.2). In 
the absence of severe OSA, nonadherence, and recurrent PACU events, patients 
with at least moderate OSA, or parenteral/higher dose oral opioids (codeine 60 mg 
every 4 h or equivalent) may be managed postoperatively on the surgical ward with 
periodic oximetry monitoring. The ASA also recommends that all patients be pro-
vided supplemental oxygen on a continuous basis until they are able to maintain 
their baseline oxygen saturation while on room air [3].

For those with previously undiagnosed but suspected OSA in the postoperative 
or medical inpatient setting, our institution has developed an obstructive apnea sys-
tematic intervention strategy (OASIS) protocol, as outlined in the top half of 
Fig. 10.3. PACU utilization, overnight oximetry, ABG, inpatient events, and discus-
sion with the primary team are often enough to guide initial decision-making. 
Appropriate setting (outpatient vs. inpatient) and timing (before or after discharge) 
of a comprehensive sleep medicine assessment may be determined based on local 
resources and testing availability.

 Postoperative Use of Positive Airway Pressure

When possible, patients with known OSA who are already on PAP therapy should 
bring their own equipment to the hospital and PAP should be used liberally periop-
eratively unless a contraindication exists [3]. Contraindications to PAP therapy 
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include cardiac or respiratory arrest, severe encephalopathy, severe upper gastroin-
testinal bleeding, hemodynamic instability, cardiac arrhythmia, upper airway 
obstruction, high risk for aspiration, copious secretions, recent facial trauma, inabil-
ity to clear secretions, and lack of cooperation from the patient [108]. Patients with-
out a formal diagnosis of OSA, or who have OSA but are not on PAP therapy in the 
outpatient setting may warrant consideration of initiation of PAP postoperatively 
while hospitalized. CPAP and APAP are equally effective in the perioperative man-
agement of OSA as demonstrated by decrease in AHI, improvement in oxygenation, 
and shortened length of stay [109]. If the patient has a home machine, it is reason-
able to start at the home pressure setting, but with the acknowledgement that the 
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• Bradypnea < 8 breaths/min (3 episodes)
• Apnea ≥ 10 s (1 episodes)
• Pain sedation mismatch

Fig. 10.2 Postoperative management of the known or suspected OSA patient after general anes-
thesia Number of occurrences of more than one set of events in each 30-min evaluation period 
while in the post-anesthesia care unit (PACU), including repeat occurrence of the same event set. 
‡PAP therapy may include continuous, bi-level or auto-titrating PAP. †Monitored bed – inpatient 
area that would lend itself to early nursing intervention and includes continuous oximetry monitor-
ing (e.g., intensive care unit, step-down unit, or remote pulse oximetry with telemetry in surgical 
ward). (Adapted with kind permission from Springer Science + Business Media [60])
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Sleep consult submitted
Oximetry/ABG obtained

Call requesting service
What’s the issue?

Previous evaluation?
Discharge pending?

Patient refusing CPAP?

Follow-up as outpatient:
Sleep lab or home study

Sleep lan follow-up:
Outpatient return visit

scheduled

Perform consultation: based
on oximetry, comorbidities,
converience (eg, paraplegic)

Begin empirical CPAP/BPAP*:
Unit: start BPAP

Ward: CPAP, continue BPAP

Polysomnogram now: either
portable in-hospital (because
of medical issues) or in sleep
lab (bed availability)

Contact respiratory therapy

New CPAP introduction?
Auto-adjusting PAP
• Introduction: before 4 pm
• Fit with mask and pillows
• Assess patient’s willingness

*Criteria
1. Bad overnight oxygenation
 • 4% desaturation index > 20
 • Saturation ≤ 75% or
 • Mean saturation ≤ 88% or
 • Saturation ≤ 90% ≥ 15% of study
2. Or coronary artery disease+
3. Or congestive heart failure+
4. Or arrhythmia
5. Or reason to delay PSG Respiratory therapy

contacts sleep service

Patient agrees Patient intolerent

RT records why?
• Mask discomfort
• Pressure
• Claustrophobia
• Refusal

APAP (min/max 4/20 cm H2O)
• Heated humidification
• Repeat oximetry on APAP
• If initial oximetry on O2 then APAP on O2
• If initial oximetry on room ari, then APAP alone
BPAP for Paco2> 50 mm Hg or pH < 7.35
Heated humidification (1 or 2 setting)
Oxygen decided as above
Setting per ICU or previous use

Dowload
APAP and
oximetry

Continue CPAP/BPAP
• Order standard fixed
 CPAP, set at > 95%
 time pressure off
• Download data

Discharge from hospital

Follow-up PSG scheduled
(No home CPAP)

Continue CPAP (prescription given)
with follow-up PSG scheduled in sleep lab

Supplemental oxygen

Patient non-adherent
or refuses to continus:
• Why?

Sleep Service contacts
primary service:
• Recommend bed elevation
 and avoid back position
• Minimize narcotics,
 sedatives
• Follow-up scheduled in
 sleep lab

Fig. 10.3 Obstructive apnea systematic intervention strategy (OASIS) for assessing postoperative 
or medical patients for sleep-disordered breathing, with follow-through management algorithm 
based on patients’ PAP willingness. ABG Arterial blood gas, CPAP continuous PAP, BPAP bi-level 
PAP, PSG polysomnography, APAP auto-adjusting PAP, PSG polysomnography, RT respiratory 
therapy. (Adapted from [107])
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pressure need may need to be titrated to meet the fluctuating needs of the postopera-
tive patient and to accommodate for increased time in the supine position, thoracic 
pain, postoperative distortions in sleep architecture, and CNS depressant medica-
tions. Sleep-related breathing disturbances are typically the highest on the third 
night postoperatively, likely due to “REM rebound,” or increased proportion of 
REM sleep after the distortion in sleep architecture, (with decreased sleep effi-
ciency, slow wave sleep and REM sleep) which typically accompanies postopera-
tive night one [110]. This fluctuating severity of sleep disordered breathing in the 
postoperative period reinforces the concept that PAP needs may also vary and 
patients should be continuously monitored, and PAP adjusted appropriately. For 
patients who do not have a prior pressure setting, use of APAP or manual bedside 
titration may be more appropriate [111].

In those for which inpatient PAP initiation is desired, early assessment (prior to 
4  p.m.) by the respiratory therapist mask fit and patient willingness is recom-
mended. Once PAP is initiated, close follow-up is needed to assess patient toler-
ance. In the case of intolerance, troubleshooting may be attempted, including mask 
fit, pressure setting, addressing claustrophobia, and assessing if the treatment aligns 
with the patient’s wishes and values. Upon discharge, the patient may need a formal 
sleep evaluation in the outpatient setting if continuation of PAP therapy is desired. 
In certain institutions, the patient may be qualified for PAP therapy in the inpatient 
setting and discharged with a prescription and routine sleep medicine follow up. 
The recommended follow through of inpatient PAP initiation is outlined in the bot-
tom half of Fig. 10.3.

As there are no universal guidelines for discharge into an unmonitored setting, 
patients with known or suspected OSA should be discharged at the discretion of the 
inpatient care team when they are able to maintain oxygen saturation on room air 
[3], taking into account severity of OSA, type of surgery performed, and postopera-
tive course (Fig. 10.2). Ambulatory surgical centers managing OSA patients should 
have transfer agreements to inpatient facilities and should be equipped to manage 
contingencies associated with OSA.

 Positive Airway Pressure and Postoperative Risk Reduction

No consensus has emerged regarding the ability of PAP to reduce cardiopulmonary 
complications in patients with OSA. It is difficult to assess this body of literature as 
a whole due to its heterogeneous characteristics when it comes to the timing of PAP 
initiation (i.e., was PAP used in the preoperative period leading up to surgery vs. 
implementation during hospital admission), and low PAP compliance. Low PAP 
compliance has been a consistent hinderance to assessing OSA outcomes associated 
with PAP use in general, and PAP use tends to be even lower in the perioperative 
period [112]. Nagappa and colleagues performed a systematic review and meta- 
analysis of the existing studies on outcomes in OSA patients undergoing surgery. 
They examined six studies of 904 patients and found that use of perioperative CPAP 
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did not decrease postoperative complications but it did lower the AHI and provided 
a trend toward decrease length of hospital stay [62]. A large cohort study by Mutter 
et al. deduced that CPAP decreased cardiovascular complications by demonstrating 
increased risk in patients who had undiagnosed OSA (versus diagnosed OSA), and 
patients who had a preoperative diagnosis of OSA and a CPAP prescription [40]. A 
smaller retrospective case–control study suggested that despite CPAP use being low 
in general, those who had been using CPAP prior to admission were at less risk of 
serious postoperative complications, total ICU length-of-stay, unplanned ICU 
admission, and length of hospital stay [35].

More recently, a large retrospective database study of over 28,000 patients was 
performed to assess differences in postoperative outcomes between those with pre-
viously diagnosed OSA and preoperatively suspected OSA.  The rate of adverse 
perioperative outcomes (reintubation, mechanical ventilation, direct ICU admission 
after surgery, prolonged hospital length-of-stay, and all-cause 30-day mortality) was 
higher in those with suspected OSA after adjusting for potential confounders. But a 
subgroup analysis did not find any link between those who were diagnosed with 
OSA and compliant with CPAP versus those who were diagnosed and who were not 
compliant with CPAP, suggesting that PAP may not influence postoperative out-
comes. However, this was based on self-reported PAP compliance, which can be 
inaccurate [113].

A review of perioperative CPAP use by Chung and colleagues highlighted sev-
eral studies examining the perioperative benefits of CPAP and while some of the 
case series and cohort studies showed benefits from CPAP including decreased 
postoperative complications, and decreased length of hospital admission and ICU 
stay, the two RCTs did not show the same benefit [114].

The bariatric population offers an exceptional opportunity to study CPAP-related 
postoperative outcomes due to the high prevalence of OSA. A retrospective study of 
53 patients undergoing bariatric surgery found no differences in postoperative com-
plications, or hospital length of stay; however, similar to other literature on the 
subject, there were significant limitations including retrospective nature of the 
study, small sample size, use of oxygen desaturation index from pulse oximetry to 
define OSA presence and severity, and lack of CPAP adherence data [115]. 
Additionally, all patients with moderate-to-severe OSA were treated with CPAP, 
which may be a major confounder, being that other studies have shown varying 
postoperative risk based upon severity of OSA [22].

Although many of the studies suggesting benefit from perioperative CPAP use 
have significant limitations, they appear to be building the foundation of a body of 
evidence that may eventually show definitive reduction in postoperative complica-
tions as a result of PAP use.

And looking beyond the OSA population, there are compelling RCTs in patients 
without OSA that show a more conclusive postoperative PAP benefit. A meta- 
analysis of 9 RCTs of abdominal surgery patients without OSA found that CPAP 
reduced postoperative pulmonary complications when used perioperatively [116]. 
Similar benefits have been shown when prophylactic CPAP is used after cardiotho-
racic surgery [117, 118].
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Although the data surrounding risk reduction afforded by CPAP in OSA patients 
is inconclusive, it’s important to acknowledge the lack of large, prospective data, 
and also to consider some of the roadblocks such as poor adherence that have lim-
ited this type of investigation. Therefore, it’s reasonable to consider the possibility 
that we simply do not have all the information at this point in time to make a fair 
assessment and it therefore may be reasonable to advocate for perioperative PAP 
use in patients with OSA when possible.

 Conclusion

While it is clear that patients with OSA are at increased risk of postoperative cardio-
pulmonary complications, there is less certainty when it comes to what periopera-
tive interventions might mitigate these risks. Emphasis has been placed on 
preoperative screening for suspect OSA and minimizing risk for known and sus-
pected OSA patients by optimizing management of comorbidities and initiating 
OSA treatment preoperatively. The better question to ask is not who has OSA but 
who has an OSA phenotype that will result in postoperative complications. Our 
institution his implemented in-hospital sleep consultative services in combination 
with OASIS with a close follow-through protocol to aid workup and initial manage-
ment of perioperative inpatients with suspected OSA. Many hospitals throughout 
the country have adopted their own approaches in screening and monitoring sus-
pected and known OSA patients perioperatively, and have developed in-hospital 
sleep consultative services. But more evidence-based guidelines will need to be 
established before there can be a single algorithm to manage patients within the 
OSA population presenting for surgery.

OSA is a common entity and will likely continue to increase in prevalence in the 
coming years. We must strive to develop best practices to manage and monitor 
patients with OSA from the preoperative period to their discharge home from the 
hospital with the aim of reducing unnecessary postoperative risk. By combining 
preoperative screening, perioperative optimization of comorbidities, and identifica-
tion of recurrent postoperative and PACU events, optimal risk identification, 
prevention, and intervention strategies will hopefully be achieved as we pursue 
more robust prospective outcomes data.

Summary of Key Points
• OSA is a common, chronic health condition associated with increased risk 

of cardiopulmonary complications in the post-surgical period.
• Several organizations have developed recommendations for management 

of patients with OSA presenting for surgery.
• Questionnaires have been validated for use in the preoperative setting to 

assess for risk of OSA and provide an opportunity for sleep medicine refer-
ral if deemed necessary.
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Sleep-Disordered Breathing (SDB) 
in Pediatric Populations

Carol L. Rosen

Keywords Pediatrics · Infant · Child · Adolescent · Polysomnography · Sleep 
apnea syndromes · Sleep-disordered breathing · Obstructive sleep apnea · Central 
sleep apnea · Central hypoventilation · Control of breathing · Hypoventilation · 
Apnea of prematurity · Airway obstruction · Achondroplasia · Cleft lip and palate · 
Chiari malformation · Congenital central hypoventilation syndrome · Craniofacial 
abnormalities · Craniosynostosis · Down’s syndrome · Joubert syndrome · 
Muscular dystrophy · Neuromuscular weakness · PHOX2B · Pierre Robin 
syndrome · Prader · Willi syndrome · Rett syndrome · ROHHAD · Sickle cell 
disease · Spina bifida · Spinal muscular atrophy

 Introduction

When evaluating sleep-disordered breathing (SDB) in children, the sleep medicine 
specialist will see a broad range of respiratory problems beyond collapse of the 
upper airway. In addition to obstructive sleep apnea (OSA), the specialist should be 
prepared to evaluate control of breathing disorders, hypoventilation due to neuro-
muscular or thoracic cage disorders, and worsening sleep-related gas-exchange 
associated with chronic pulmonary conditions. The age spectrum will include 
infants to young adults with intellectual and other disabilities. Many referred chil-
dren will have other comorbidities associated with increased risk of SDB such as 
obesity, genetic or craniofacial disorders, central nervous system (CNS) disorders, 
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or neuromuscular disorders. Figure 11.1 presents a useful framework for thinking 
about the SDB in children in terms of understanding symptoms, signs, comorbidi-
ties, Polysomnography (PSG) findings, and planning a diagnosis and/or manage-
ment approach.

This chapter provides summaries of the differences between pediatric and adult 
presentation of OSA, obstructive SDB in children, distinctive patient groups who 
are at high risk for SDB and respiratory-related hypoventilation and commonly 
referred for SDB evaluation, unique features of SDB in the first year of life, control 
of breathing disorders (central hypoventilation and central sleep apnea), and the 
basics of accommodating and evaluating children in sleep laboratory. More compre-
hensive references are listed for many topics.

 Obstructive Sleep Apnea and Obstructive SDB in Children 
and Teens [1–4]

OSA is characterized by repeated episodes of partial upper airway obstruction and/
or intermittent complete obstruction associated with disruption of gas exchange and 
sleep patterns. Anatomic and neuromotor problems contribute to its pathophysiol-
ogy. The prevalence of OSA in healthy children is 1–5% but can exceed 50% in 
children with certain medical conditions (e.g., Down’s syndrome, neuromuscular 
diseases, and craniofacial disorders). OSA has two age peaks in childhood. The first 
peak is in early childhood from ages 2–6 years, coinciding with normal lymphoid 
hyperplasia of tonsils and adenoids that surround the upper airway. The second peak 
appears after puberty, coinciding with weight gain and/or obesity. Table 11.1 sum-
marizes risk factors for OSA in children.

Habitual snoring, prevalence 10%, is often the key presenting symptom, but not 
all snoring children have OSA. Table 11.2 lists symptoms and signs typically seen 
in children with OSA [1].

Clinical assessment does not reliably predict the presence or severity of OSA in 
children, but history and physical examination aids in risk assessment for OSA. In 
a large randomized controlled study of adenotonsillectomy in school-aged children 

Pediatric sleep disordered breathing

Upper airway
obstruction

(OSA and Obstructive
SDB)

Upper airway Brain → Periphery Lower respiratory tract

Control of breathing
abnormalities

(Central Apnea and
Hypoventilation)

Neuromuscular
weakness

(Motoneurons and
Muscles)

Chronic airway, lung,
or chest wall disease

Fig. 11.1 Overview of pediatric sleep-disordered breathing
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in which all participants had snoring, adenotonsillar hypertrophy, a standardized 
clinical history, and physical examination by pediatric ENT specialists, clinical 
parameters explained only 3% of the variance in the AHI [5, 6].

Laboratory-based PSG plays an important role in the diagnosis of OSA in chil-
dren [1, 2, 7–12]. Although home-based sleep apnea testing (HSAT) is widely used 
in adults to diagnosis OSA in adult patients with high pretest probability of OSA, its 
use in children has been much more limited, reflecting concerns about safety feasi-
bility, and reliability of collecting multiple respiratory signals in this population. 
Home sleep apnea testing (HSAT) devices are currently not recommended for use 
in children, but further research is needed to validate these approaches in children. 
More references on this topic are supplied later in the chapter.

Untreated OSA is associated with adverse consequences (attentional, behavioral, 
or learning problems; reduced quality of life, impaired growth, hypertension/cardio-
vascular stress, metabolic alterations and systemic inflammation, increased health-
care costs). In healthy children, adenotonsillar hypertrophy is the commonest cause 
of OSA and adenotonsillectomy is the first line of treatment, but success rates 
decrease significantly in children with underlying comorbidities. In a large random-
ized controlled trial of adenotonsillectomy in school-aged children with adenoton-
sillar hypertrophy and mild to moderate OSA, surgical treatment improved OSA 
symptoms, quality of life, PSG findings, behavior, and sleepiness [5, 13–15].

Table 11.1 Risk factors for obstructive OSA

Adenotonsillar hypertrophy
Comorbid conditions (obesity, craniofacial, neuromuscular, genetic)
Airway inflammation (nasal allergies, asthma)
Positive family history (two- to four-fold ↑ risk)
African American heritage (two- to four-fold ↑ risk)
Perinatal influences (prematurity, three-fold ↑ risk)
Prior adenotonsillectomy (unmasks anatomic and functional influences)
Socio-demographic (environmental tobacco smoke, neighborhood disadvantage, sleep 
deprivation)

Table 11.2 Symptoms and signs of OSA in children

History Physical exam

Frequent snoring (≥3 nights/week) Underweight or overweight
Labored breathing during sleep Tonsillar hypertrophy
Gasping or snorting Adenoidal facies or open mouth posture
Sleep enuresis (especially secondary) Micro- or retrognathia
Sleeps sitting up or with neck hyperextended High-arched palate
Cyanosis during sleep Pectus deformity
Morning headaches Hypertension
Daytime sleepiness
Attention, behavior, or learning problems
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Patients should be reevaluated postoperatively for residual signs and symptoms 
to determine whether further treatment is required [9]. In otherwise healthy chil-
dren, risk factors for persistence of OSA post-surgery includes obesity, African- 
American race/ethnicity, and higher obstructive apnea hypopnea indices [5]. In 
children with complex chronic conditions, residual SDB is common (30–60%) and 
anatomic and neuromotor problems are major contributors, so other surgical proce-
dures and nonsurgical management may be needed [16].

Most children who do not respond to adenotonsillectomy or who are not candi-
dates for adenotonsillectomy can be managed with PAP therapy [17, 18], but like 
adults, adherence is a challenge. Intranasal corticosteroids are an option for children 
with mild postoperative OSA or those who have not undergone adenotonsillectomy. 
Watchful waiting with supportive care may be appropriate for mild-moderate OSA 
[5]. Weight management and other lifestyle changes (exercise, sufficient and regular 
sleep) are recommended for patients who are overweight or obese. Novel dental or 
orthodontic treatments (e.g., rapid maxillary expansion, oral appliance to advance 
the mandible) may have a role in selected patients but more studies are needed to 
develop guidelines for this treatment of pediatric OSA. Positioning therapy may 
have a role in some selected patients.

 Differences Between OSA Presentation Between Children 
and Adults

The clinical presentation and management of OSA differs between children and 
adults, but preteens and teens often present with a more adult-like picture 
(Table 11.3).

In children, adenotonsillar hypertrophy is the biggest risk factor for OSA, while 
obesity begins to play a stronger role in adolescence. There is no gender 

Table 11.3 Comparison of OSA presentation in a child, adult, or obese child/teen

Child Adult Obese child/teen

Gender M = F M>> > F M> > F
Peak age 2–8 years Mid-life Preteen/Teen
Obesity + ++++ ++++
Craniofacial, genetic, or 
neuromuscular disorders

+++ + ++

Chief complaint for seeking 
medical attention

Snore
Behavior/learning

Sleepiness Snore, sleepiness
Behavior/learning

Arousal ± ++++ + to ++++
Respiratory pattern Obstructive hypopneas 

± hypoventilation
OSA Obstructive 

hypoventilation to frank 
OSA

Treatment role for 
adenotonsillectomy

Common Rare Yes, but ↑ likelihood of 
residual OSA after surgery
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predisposition in prepubertal children, but a male predominance appears in puberty. 
Overall children are much better defenders against upper airway collapse than 
adults, so their obstructive apnea hypopnea indices (AHI) are lower and OSA sever-
ity is scaled differently (Table 11.4) [19].

 Association with Obesity

The prevalence of obesity across all age groups has more than doubled in school- 
aged children and tripled in teens, up to 18% in both age group. Obesity and OSA 
are independently associated with longer-term adverse cardiovascular, metabolic, 
and neuropsychological consequences. OSA occurs more often and may be more 
severe in children and adolescents who are overweight or obese compared with lean 
children. In a large randomized controlled trial of adenotonsillectomy in school- 
aged children with adenotonsillar hypertrophy and mild-to-moderate OSA, surgery 
normalized weight in children who had failure to thrive, but increased in risk for 
obesity in overweight children [20]. While treatment options for obesity-related 
OSA includes adenotonsillectomy, “cure” is less likely [5, 21]. Obese teens with 
OSA have enlarged tonsils and smaller airways compared to lean controls or obese 
controls without OSA [22]. PAP therapy is generally successful in relieving OSA 
but limited by generally poor compliance. There is increasing experience with bar-
iatric surgery in youth with extreme obesity which may be a future OSA treatment 
option to this special population.

 Special Populations at Higher Risk for OSA and Obstructive 
SDB [23–30]

Table 11.5 lists patient groups with genetic, craniofacial, CNS, or neuromuscular 
disorders who have higher risk of OSA/obstructive SDB due to a combination of 
factors (craniofacial anatomy, muscular weakness, hypotonia, control of breathing 
abnormalities, association with obesity).

In some patient groups, PSG is needed to evaluate SDB status before and after 
prescribing advanced ventilatory support or applying newer medical, surgical, or 
gene therapies, so key features of these unique patient groups are reviewed.

Table 11.4 Comparison of OSA severity by obstructive AHI in pediatric and adult patients

Pediatric Adult

Mild 1–4.99 5–14.99
Moderate 5–9.99 15–29.99
Severe ≥10 ≥30
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 Down’s Syndrome [31–34]

Down’s Syndrome (also known as trisomy 21) is a common (prevalence 1/800 live 
births) genetic disorder and the most frequent genetic form of intellectual disability. 
Hallmarks of the syndrome include intellectual disability, hypotonia, craniofacial 
abnormalities, short stature, increased incidence of hypothyroidism, and congenital 
cardiac defects (50% of individuals). Life expectancy is now 60  years. OSA is 
highly prevalent in children with Down’s syndrome (estimates are 30–60% depend-
ing on selection criteria) and 90% in adults (almost 70% in the severe range). 
Worsening of OSA over time is related to increasing age, obesity, and associated 
hypothyroidism. Predisposing factors for OSA include midfacial hypoplasia, man-
dibular hypoplasia, small crowded airways, hypotonia, and development of obesity. 
Symptoms and signs of OSA are underreported by caregivers and managing clini-
cians. Because sleep disturbances are either unrecognized or thought to be normal 
in children with Down’s syndrome, the American Academy of Pediatrics guidelines 
for health care supervision in this group recommends referral to a sleep laboratory 
for polysomnography before 4 years of age [35]. Adenotonsillectomy is the first line 
of treatment in many cases, but often does not “cure” OSA. PAP therapy is highly 
effective, can be challenging to implement in this patient group, but often successful 
with behavioral support. Recognition and treatment of other comorbidities, such as 
gastroesophageal reflux (GER) in infants, weight management, rhinitis, asthma, or 
hypothyroidism (seen in up to one-third of children) is essential. Hypoglossal nerve 
stimulation in another therapy currently under investigation for this patient group. 
Some specialists have suggested that the increased prevalence of Alzheimer’s dis-
ease in adults with Down’s syndrome may be related in part to hypoxemia and sleep 
fragmentation from untreated OSA.

 Prader–Willi Syndrome [36–42]

Prader–Willi syndrome is a rare (1 in 10,000–25,000 live births) autosomal domi-
nant disorder resulting from the partial deletion or lack of expression of a region of 
genes on the paternal chromosome 15 or maternal uniparental disomy 15. Clinical 

Table 11.5 Conditions associated with obstructive SDB

Down’s syndrome (trisomy 21)
Prader–Willi syndrome
Craniofacial (Pierre Robin sequence, craniosynostoses, Treacher Collins syndrome, cleft lip/
palate)
Skeletal dysplasias or connective tissue disorders (achondroplasia, Marfan syndrome)
Sickle cell disease
Neuromuscular disorders (spinal muscular atrophy, Duchenne muscular dystrophy, myotonic 
muscular dystrophy)
Storage diseases (mucopolysaccharidoses, glycogen storage diseases)
Epilepsy and vagal nerve stimulator
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features in infancy include diminished fetal activity, infantile hypotonia, and failure 
to thrive. In early childhood, progressive significant weight gain due to ravenous 
appetite appears to result in risk for morbid obesity. Other features include short 
stature, small hands and feet, hypogonadotropic hypogonadism, and intellectual 
disability. Several features predispose these patients to ventilatory problems: gener-
alized hypotonia, abnormal arousal and ventilatory responses to hypoxia and hyper-
capnia, scoliosis, and developing obesity. Elevated central apnea indices can be seen 
in infancy, sometimes with sleep-related desaturation. In childhood and adulthood, 
obstructive SDB is common. A combination of factors (hypotonia, craniofacial dys-
morphism, and viscous secretions) lead to OSA along with adenotonsillar hypertro-
phy and obesity. Finally, excessive daytime sleepiness (out of proportion to SDB 
and related to hypothalamic dysfunction) can appear in childhood and affects up to 
50% of adults with a narcolepsy-like phenotype. Sleep architecture is also unusual 
with shorter REM latencies and increased REM cycles. Sleep apnea or sleep distur-
bance is a minor diagnostic criterion. GH is now routinely prescribed to improve 
development, growth, and body composition (increased muscle mass and decreased 
fat mass). Some studies report improvement in resting ventilation and inspiratory 
drive with this therapy. PSG is often performed prior to GH therapy. Untreated 
respiratory disorders can contribute to morbidity and premature death in PWS.

 Craniofacial Abnormalities [24, 26]

Children with craniofacial syndromes are at high risk for obstructive SDB and 
OSA. OSA can develop because of both anatomic features that reduce the size of 
the airway and neuromotor deficits that impair the airway patency during sleep. 
Midface hypoplasia in children with craniosynostosis and glossoptosis and/or 
micrognathia in children with Pierre Robin sequence are well-recognized OSA risk 
factors but the etiology is multifactorial with multilevel airway obstruction. 
Screening questionnaires for OSA are not validated in this patient population and 
should not be a surrogate for objective diagnostic testing, so the threshold PSG is 
low. Some treatments are like those used in healthy children such as adenotonsil-
lectomy, positive airway pressure, positive pressure ventilation, and in refractory 
cases, tracheostomy. However, distinct treatments include positioning, nasopharyn-
geal airways, tongue lip adhesion, and mandibular distraction osteogenesis in chil-
dren with Pierre Robin sequence and midface advancement in children with 
craniosynostoses.

 Pierre Robin Sequence

Pierre Robin sequence (prevalence 1  in 8500–14,000 individuals) is a triad of 
micrognathia, glossoptosis, and airway obstruction. Infants with this condition are 
at increased risk of oropharyngeal obstruction and feeding difficulties. About 
20–40% of cases of Pierre Robin sequence occur in isolation (by itself) but the rest 
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of cases occur as part of a syndrome that affects other organs and tissues in the body 
(e.g., Stickler syndrome, Treacher Collins syndrome). Pierre Robin sequence is the 
most common cause of syndromic micrognathia. Hypoplasia of the mandible leads 
to OSA due to obstruction at the base of the tongue from glossoptosis and reduced 
oropharyngeal size.

 Cleft Lip/Palate [43]

Cleft lip/palate (1 per 1600 births) is an isolated condition in 70% of cases and part 
of a syndrome with other anomalies in the rest. Upper airway obstruction is more 
common in infants who have a cleft palate as part of the Pierre Robin sequence but 
breathing abnormalities during sleep are seen across the cleft lip/palate spectrum. 
Most children with cleft palate undergo primary palatoplasty between 9 and 
12  months of age, but some children are left with velopharyngeal insufficiency 
needing further corrective surgery. OSA occurring after surgical correction of velo-
pharyngeal insufficiency is well documented in children with cleft palate.

 Craniosynostosis

Craniosynostosis, affecting 1 in 2500 births, occurs as part of a syndrome in 40% of 
cases. Apert, Crouzon, and Pfeiffer are well-known syndromes with craniosynosto-
sis and are associated with mutations in the fibroblast growth receptor gene. Between 
40% and 70% of children with syndromic craniosynostosis will have OSA. Although 
midface hypoplasia is the predominant causal factor for OSA in these children, 
multiple other factors such as adenotonsillar hypertrophy and choanal atresia con-
tribute. Central apneas are also reported in some children with craniosynostosis and 
may be explained by pressure on the respiratory centers due to an underlying Chiari 
malformation or narrowing of the craniocervical junction.

 Treacher Collins Syndrome

Treacher Collins syndrome is a rare (1 in 50,000 live births) autosomal dominant 
disorder associated with severe OSA. Family history is negative in about 50% of 
patients. Patients with this syndrome carry mutations in the TCOF1 gene that encodes 
instructions for a protein involved in forming bones and other tissues of the face. 
Classic features include micrognathia, zygomatico-temporo-maxillary dysostosis, 
mandibular hypoplasia, choanal atresia, underdevelopment of the auricles, down 
slant of the eyelids, coloboma of the eyelids, and hypoplasia of the zygomatic bone 
and lateral orbital wall. Abnormalities in these structures explain the high frequency 
of OSA, 54% in children to 41% in adults. Surgical relief of upper airway obstruc-
tion is complicated due to multiple sites of obstruction. Skillful determination of the 
most useful site(s) for reconstructive surgery is key to a successful outcome.
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 Skeletal Dysplasias [44–46]

Skeletal dysplasias are rare genetic disorders that affect bones and joints leading to 
impaired growth and development, leaving affected children with short and/or 
deformed limbs. Achondroplasia is the most common (incidence 1 in 15–40,000 
live births) form of disproportionate short stature. Over 80% of individuals with 
achondroplasia have parents with normal stature and are born with a de novo gene 
mutation. Two specific gain of function mutations in the fibroblast growth receptor 
3 gene cause more than 95% of cases. Clinical features include short stature, short-
ened limbs, macrocephaly, frontal bossing, and midface hypoplasia. Although life 
expectancy is near normal, mortality rates are increased at all ages. One-third or 
more patients may have significant obstructive SDB. Patients with achondroplasia 
are at higher risk for OSA because of craniofacial dysmorphism, but also at greater 
risk for central sleep apnea because of cervicomedullary compression. They are 
also at higher risk for nocturnal sleep–related hypoxemia with or without hypoven-
tilation because of thoracolumbar kyphosis, a small thorax, hypotonia, and ten-
dency for obesity. PSG results are often abnormal and include a range of findings: 
central apnea, obstructive apneas, hypopneas, gas exchange abnormalities. The 
American Academy of Pediatrics recommends increased monitoring and evalua-
tion for neurologic signs, especially in the first years of life [47]. Medical and surgi-
cal therapies that can improve OSA include adenotonsillectomy, targeted 
craniofacial surgeries, PAP therapy, and weight management. Other neurosurgeries 
may be needed for signs of brainstem compression. Evidence-based best practices 
are not established.

 Sickle Cell Disease [48, 49]

Sickle cell disease (SCD), the most common inherited blood disorder in the US, 
affects 1 in 500 African Americans. It is characterized by chronic hemolytic ane-
mia and complications related to recurrent vaso-occlusion. One of the strongest 
triggers for vaso-occlusion is oxyhemoglobin desaturation which has been linked 
to several complications of SCD, such as increased pain, greater risk of CNS 
events, cognitive dysfunction, history of acute chest syndrome. The prevalence of 
OSA in children with SCD is higher than in the general pediatric population. 
Habitual snoring and lower waking SpO2 values were the strongest OSA risk fac-
tors in a cohort study of children with sickle cell anemia, unselected for OSA 
symptoms or asthma [50]. Because OSA is a treatable condition with adverse 
health outcomes, greater efforts are needed to screen, diagnose, and treat OSA in 
the high-risk vulnerable population. Of note, in patient with sickle cell disease, 
lower than normal SpO2 values during sleep may not always be true hypoxemia 
because the oxyhemoglobin dissociation curve for Hb S is shifted to the right, 
compared to Hb A.
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 Neuromuscular Diseases

The term neuromuscular disease (NMD) encompasses a large variety of disorders 
that result in abnormal muscle function. Advances in understanding these diseases, 
their natural history, and increasing availability of mechanical ventilation for these 
patients have improved survival. [51, 52] Both spinal muscular atrophy (SMA) and 
Duchenne muscular dystrophy (DMD) are fatal monogenic neuromuscular disor-
ders caused by loss-of-function mutations. The availability of advanced home-based 
options for ventilatory support and development of novel genetic and molecular 
therapies [53–56] provides an opportunity to use SDB as an outcome measure while 
also allowing the use of polysomnography as a validation tool in the assessments of 
effectiveness of therapies.

 Spinal Muscular Atrophy [55, 57–59]

Spinal muscular atrophy (SMA), prevalence 1  in 7000–10,000 live births, is a 
diverse group of hereditary motor neuron disorders. Most cases are caused by a 
progressive loss of motor neurons due to the absence of the survival motor neuron 
(SMN1) protein. Historically five types have been described. Type 1 patients have a 
fatal course before age 2 years. Type 2 patients live into adulthood, and types 3 and 
4 have a normal life span. Especially in type 1 patients, clinical features include 
progressive proximal weakness with intercostal muscles affected more than the dia-
phragm resulting in thoracoabdominal asynchrony (paradox) and a bell-shaped 
chest. Cardiac muscle is not affected. SDB is characterized by hypoventilation 
related to neuromuscular weakness. However, bulbar dysfunction and acquired 
maxillary hypoplasia can lead to upper airway obstruction while aspiration, impaired 
cough, and scoliosis lead to hypoxemia from to lower airway, parenchymal, and 
chest wall problems. Two novel genetic therapies, an RNA transcript modifier and a 
gene replacement are changing the natural history of this disease. Infants who his-
torically would have succumbed by age 2 years are now sitting and standing, and 
some are walking. Children with more advanced disease are either experiencing 
disease stabilization or a return of recently lost abilities.

 Duchenne Muscular Dystrophy [55, 58, 60–63]

Duchenne muscular dystrophy (DMD), affecting 20 per 100,000 live male births, is 
an X-linked, recessive disorder of the dystrophin gene which supplies structure and 
function to skeletal and cardiac muscle. Progressive weakness appears around 3 to 
6 years of age, wheelchair is needed for mobility by 12 years of age, and scoliosis 
appears when the patient becomes nonambulatory. Chronic respiratory insufficiency 
and cardiomyopathy leading to premature death appears in the second decade of 
life. OSA is the predominant phenotypic of SDB at younger ages, sleep-related 
hypoventilation at older ages, with significant overlap given the propensity for 
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obesity and variable progression of muscle weakness. Twenty-five percent of unex-
pected deaths occur at night. There is poor correlation between patient-reported 
symptoms and the presence of SDB, so the threshold for PSG should be low. PSG 
is the gold standard evaluation for SDB in children with DMD. Overnight oximetry 
can show sleep-related hypoxemia, but hypoventilation will be missed by oximetry 
alone, so PSG must include CO2 monitoring. Central sleep apnea has been descripted 
in this patient groups, but it is unclear whether these “central” events are truly cen-
tral or are classified as central on PSG due to poor signaling in the setting of 
decreased muscle strength. Noninvasive ventilatory support has changed the natural 
history, but novel gene therapies are in clinical trials may further improve outcomes.

 Myotonic Muscular Dystrophy

Myotonic muscular dystrophy (prevalence 1  in 8000) is an autosomal dominant 
neuromuscular disease linked to cardiotocography (CTG) repeat expansions of two 
different genes with variable severity affecting all ages. Features of the adult-onset 
form of this multisystem disorder include progressive muscle weakness, excessive 
daytime sleepiness, fatigue, cataracts, endocrine dysfunction, and cardiac arrhyth-
mias [64, 65]. Sleep apnea is highly prevalent. In the rare congenital form, inherited 
maternally in 90% of cases, infants present with severe skeletal, neuromuscular, and 
cognitive abnormalities [66]. The mortality rate is high related to need for ventila-
tory support. The childhood form is later onset and less severe.

 Storage Diseases

Mucopolysaccharidosis refers to a heterogeneous group of rare (0.6–5:100,000 live 
births) genetic lysosomal storage diseases inherited disorders in which the body is 
unable to properly breakdown mucopolysaccharides with life expectancies of 
20 years. Hunter and Hurler syndromes are examples of older names for these con-
ditions. The cardinal abnormalities are musculoskeletal and cardiovascular. Upper 
airway obstruction is common in all forms of these disorders due to adenotonsillar 
enlargement, large and protruded tongue, reduced retropalatal and retroglossal 
space, narrow trachea, narrow airway, short neck, and small thoracic cage. Early 
recognition of OSA and proper treatment may reduce the high cardiovascular mor-
tality and improve quality of life. There is no cure, but treatments such as bone 
marrow transplantation and enzyme replacement therapy may help with manage-
ment of one subtype.

Glycogen storage diseases are caused by defective enzymes involved in the 
breakdown or synthesis of glycogen. The build-up of glycogen causes progressive 
muscle weakness and affects the function of the heart, skeletal muscles, liver, and 
nervous system. Of those, type 2, also known as Pompe disease (1: 40,000 live 
births) significantly affects respiratory muscles and is associated with SDB. There 
are three phenotypes based on the amount of residual enzyme activity that present 
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in infancy, childhood, or adulthood. Skeletal muscle weakness and respiratory dys-
function are the hallmarks of the phenotype in adults, and respiratory failure is 
progressive in all forms. In the infantile form, clinical features of hypotonia, cardio-
myopathy, and weakness are present within the first days to months of life.

Enzyme replacement therapy become the standard of care for the treatment of 
Pompe disease and has been available for more than a decade. The majority of 
patients with adult onset phenotype show improved ambulatory function and mus-
cle strength, stabilization of pulmonary function, and increased survival that seems 
to peak at 3–5 years of treatment and is followed by a plateau or secondary decline 
with considerable individual variation after 10 years [67]. In infants and children 
with infantile or late onset forms, OSA and hypoventilation are common PSG find-
ings, even in the absence of symptoms, with stabilization and improvements in PSG 
findings after 3  years of enzyme replacement therapy [68, 69]. They also have 
improved outcomes in terms of survival, remaining ventilator-free, and cardiac, 
skeletal muscle, and pulmonary function [70–74].

 Epilepsy and Vagal Nerve Stimulators

All types of seizures can occur during sleep and some seizures occur only in sleep. 
Seizures during sleep can be associated with cardiopulmonary events: ictal and 
post-ictal apnea, tachypnea, tachycardia, bradycardia, and hypoxemia. Central or 
obstructive apneas may precede the seizure, occur during the seizure, or be the only 
clinical manifestation of the seizures. Ictal apnea can potentially contribute to sud-
den unexpected death in epilepsy which occurs more often during sleep.

Patients with vagal nerve stimulators (VNS) for intractable epilepsy should be 
screened for SDB. [75] About one-third will develop mild OSA and a small number 
will develop severe OSA. Apneas, hypopneas, desaturations, and tachypnea have 
been reported to occur exclusively during VNS activation, but not when the VNS is 
inactive. VNS may affect breathing either by its effect on the upper airway muscu-
lature or by its effect on central control of breathing. Vagal efferent nerves alter 
neuromuscular signal to the upper airway musculature of the pharynx and larynx, 
resulting in airway narrowing and obstruction. Vagal projection to the brainstem can 
also affect the rate and depth of respiration. Severity of the airway obstruction is 
related to the frequency of the VNS.  Treatment needs to be individualized, but 
options include PAP therapy, changing the VNS settings, or stopping therapy.

 Disorders Associated with Central Control of Breathing 
Abnormalities [76–78]

Central control of breathing abnormalities are a unique part of SDB in childhood. 
Table 11.6 list conditions associated with central apnea respiratory patterns with or 
without hypoventilation.
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 Central Sleep Apnea

Central sleep apnea in early infancy is usually part of immaturity of respiratory 
control. Although the mean central sleep apnea index during sleep is usually under 
1/h, some normal children have values up to 4–5 events/h.

Elevated central apnea indices in children are reported in the setting of high alti-
tude [79–82], state-related changes in control of breathing [83], certain genetic or 
metabolic disorders [84–88], CNS malformation or tumors [89–92], cardiac dys-
function [93], and as a medication effect [94–96]. One group has reported on “idio-
pathic” central apnea in pediatric patients, but potentially explanatory medical 
conditions were present [97]. Frequent prolonged (>20–25 s) central apneas, brad-
ypnea with slow respiratory rates for age (rates less than 12/h), extreme elevation of 
periodic breathing indices or Biot’s breathing suggest a problem requiring CNS 
imaging.

 Central Hypoventilation Syndromes [98]

Hypoventilation refers to an increased arterial concentration of carbon dioxide due 
to inadequate gas exchange. Central hypoventilation means a deficiency in the cen-
tral nervous system, rather than the respiratory system, is the root of the problem. 
Central hypoventilation is uncommon and may be due to a variety of conditions 

Table 11.6 Conditions associated with central apnea respiratory patterns with or without 
hypoventilation

Immature control of breathing
High altitude–induced periodic breathing
State-related changes in control of breathing
   Transition to sleep
   Low apnea hypocapnia threshold
   High loop gain
   High ventilatory response to arousal
Treatment emergent central apnea
Obesity hypoventilation syndrome (usually with another syndrome, e.g., Prader–Willi)
Cardiomyopathy and Cheyne–stokes respiration with congestive heart failure
Medication effect (e.g., narcotic-induced, baclofen, valproic acid)
Impaired central control of breathing/autonomic dysfunction
   CCHS
   ROHHAD
   Familial dysautonomia
   Rett syndrome
Genetic syndromes (e.g., Prader–Willi syndrome, Joubert syndrome)
CNS malformations or CNS tumors
   Hindbrain malformations (Chiari I, Chiari II with myelomeningocele)
   Foramen magnum stenosis or cervical medullary compression
Mitochondrial disorders
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which are either congenital or acquired (Table 11.6). Current therapy for central 
hypoventilation focuses on achieving normal gas exchange, primarily through 
mechanical ventilatory support. Early identification of central hypoventilation and 
initiation of ventilatory support can improve adverse outcomes associated with 
chronic hypoxemia.

 CCHS [99–101]

Congenital central hypoventilation syndrome (CCHS) is a rare, lifelong genetic dis-
order that causes central alveolar hypoventilation. Paired-like homeobox 2B 
(PHOX2B) mutations are found in almost all patients with CCHS. This gene encodes 
a key transcription factor that regulates neural crest cell migration and development 
of the autonomic nervous system. Deficiencies in central integration of chemore-
ceptor inputs cause autonomic dysfunction and loss of respiratory drive in CCHS. In 
addition, many patients have other symptoms of autonomic dysfunction (e.g., 
Hirschsprung disease and neural crest tumors) in addition to hypoventilation. Most 
patients present during the neonatal period, but late onset CCHS may present in 
later infancy, childhood, or even adulthood under various circumstances (e.g., respi-
ratory infection, anesthesia). Since its original description in 1970 [102], this condi-
tion has evolved from a life-threatening neonatal onset disorder to include broader 
and milder clinical presentations, affecting children, adults, and families. Genes 
other than PHOX2B have been found to cause CCHS in rare cases.

In CCHS, the hypoventilation is worse in sleep compared to wakefulness. CCHS 
is unique in that it is the only respiratory disorder in which SDB is worse in NREM 
compared to REM sleep. Hypercapnia is greatest in NREM sleep because intact 
central chemoreception is essential to support normal ventilation in that state. 
Hypercapnia is milder in REM sleep and minimal to absent in wakefulness because 
central chemoreception is less important to ventilatory control in those states. The 
hypoventilation is caused by a shallow, low tidal volume (2 cc/kg) pattern of breath-
ing rather than recurrent prolonged central apneas or slow respiratory rate. Patients 
with CCHS have absent or negligible ventilatory and reduced arousal sensitivity to 
hypercapnia and hypoxemia, so they do not show signs of respiratory distress when 
challenged with hypercarbia or hypoxia. Residual peripheral chemoreceptor func-
tion may allow for adequate ventilation during wakefulness.

Most PHOX2B mutations occur de novo, but 5–10% of cases are inherited in an 
autosomal dominant pattern with variable penetrance depending on the genotype. 
Most patients (90%) with CCHS will be heterozygous for extra polyalanine repeats 
in a specific region of the PHOX2B gene. The normal genotype is referred to as 
20/20, while the mutated proteins produce extra repeats described as 20/24 to 20/33. 
The length of the polyalanine repeat expansion correlates with disease severity. A 
larger repeat region is associated with a more severe clinical phenotype more likely 
to present in the newborn period. In contrast, late-onset CCHS is more likely to be 
associated with a smaller repeat region and a milder clinical phenotype. The remain-
ing 10% of patients, typically those with the most severe CCHS phenotypes, will be 
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heterozygous for a non-polyalanine repeat-type mutations causing missense, non-
sense, or frameshifts in the PHOX2B gene. Testing for a PHOX2B gene mutation is 
needed to confirm the diagnosis. Between 5% and 10% of cases are inherited in an 
autosomal dominant pattern from an affected and/or asymptomatic parent with 
somatic mosaicism for the expansion mutation. Parents and siblings should also be 
screened the mutation since there will be a 50% chance of recurrence with each 
future pregnancy. Genotype–phenotype associations allow for anticipatory guid-
ance and improved clinical care. At present, management relies on lifelong ventila-
tory support (invasive and noninvasive ventilation and diaphragmatic pacing) and 
close follow up of dysautonomic progression. Infants with CCHS often require 
mechanical ventilation 24 h per day until wake–sleep periods are more stable and 
predictable, so they undergo tracheostomy.

 ROHHAD [103–106]

ROHHAD (rapid onset obesity with hypothalamic dysfunction, hypoventilation, 
and autonomic dysregulation) is a rare disorder that presents between 3 and 10 years 
of age. Rapid onset weight gain usually occurs first; but hypoventilation, hypotha-
lamic dysfunction, or tumors may bring the patient to medical attention. The hypo-
thalamic dysfunction either precedes or follows weight gain and includes central 
hypothyroidism, growth hormone deficiency, diabetes insipidus, hyperprolac-
tinemia, precocious/delayed puberty, thermal dysregulation, or corticotrophin defi-
ciency. Once severe hypoventilation develops, ventilatory support is needed. 
Children are at high risk for respiratory arrest and mortality is high. Children with 
ROHHAD are also at risk for developing neural crest tumors. Developmental delay, 
regression, and behavioral problems are common. PHOX2B mutations are not seen 
and no candidate genes have been found. The cause is unknown but may be related 
to autoimmune inflammation of the CNS. ROHHAD can be diagnosed in children 
older than 18 months based on the development of rapid weight gain, endocrine 
defects, and central hypoventilation with other features of hypothalamic dysfunc-
tion. Repeated evaluations are needed in children as the syndrome evolves. 
Treatment is supportive and includes ventilatory support at night, as needed. 
Unrecognized or inadequately treated hypoventilation may have devastating conse-
quences including death.

 Familial Dysautonomia [107–109]

Familial dysautonomia is a rare autosomal recessive disorder affecting infants and 
children of Jewish Ashkenazi population which has a high carrier rate (1:30). It is 
caused by a mutation in the ELP1 gene that encodes scaffold proteins and regulators 
of different kinases. The discovery of this mutation made prenatal diagnosis possible 
and resulted in a dramatic reduction in new patients. The pathophysiology is due to 
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progressive autonomic neuropathy (blood pressure and heart rate instability, impaired 
sensation, swallowing dysfunction, ataxia) associated with progressive loss of small 
myelinated and unmyelinated fibers. The clinical manifestations may be present at 
birth. Over time, affected children and adults suffer from cardiovascular, respiratory, 
gastrointestinal, musculoskeletal, renal dysfunction, and developmental abnormali-
ties. Patients have abnormal ventilatory responses to hypoxia and hypercapnia. 
Breath-holding spells appear during infancy and persist throughout life. Overall, 91% 
of pediatric patients and 85% of adults have some degree of SDB (obstructive apnea, 
central apnea, desaturation, hypoventilation). SDB is a consequence of chemoreflex 
failure causing impaired ventilatory drive, neuromuscular dysfunction causing or 
aggravating upper airway obstruction, scoliosis, and chronic lung disease. Untreated 
sleep apnea is a risk factor for sudden unexpected death during sleep in these patients.

 Rett Syndrome [110–114]

Rett syndrome is a rare X-linked genetic disorder (1:10,000 female infants) that typi-
cally appears after 6–18 months of age. Symptoms and signs include loss of acquired 
speech; stereotypic hand movements; deceleration of head and brain growth; autistic 
behaviors; seizures; scoliosis; dysautonomia in the form of respiratory, cardiac, and 
gastrointestinal dysfunction; and sleeping problems. More than 95% of girls show a 
de novo loss of function mutation in the gene for the MECP2 protein involved in 
transcriptional silencing and epigenetic regulation of methylated DNA.

Breathing abnormalities are a prominent clinical feature and included in the diag-
nostic criteria. The classic breathing abnormality in girls with Rett syndrome occurs 
during wakefulness. It is characterized by rapid shallow breathing (causing hyper-
ventilation), followed by central apnea with breath holding, often followed by pro-
found desaturation and cyanosis. Rett girls can have daily severe breathing 
abnormalities while awake but breathe more normally when asleep. This unexpected 
finding suggests an imbalance between the behavioral and metabolic control of respi-
ratory. Rett girls also have markedly impaired sleep–wake patterns (delayed sleep 
onset, more night waking, and excessive daytime sleep) which may worsen over time 
but may be amenable to behavioral modification and melatonin. Other night behav-
iors include nighttime laughter, night screaming, nighttime seizures, and severe brux-
ism. Approximately 25% of patients die prematurely of cardiorespiratory failure.

 Hindbrain Malformations (Chiari I and Spina Bifida) [29, 115]

 Chiari I [86, 116–121]

Chiari I malformation, occurring in 1 per 1000–5000 births, includes malformations 
of the cerebellum and brainstem in which the cerebellar tonsils are displaced below 
the foramen magnum. Patients with Chiari I malformation may present with 
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headaches, snoring, apnea, and dysphagia. SDB, including obstructive sleep apnea, 
central sleep apnea, and central alveolar hypoventilation, is estimated to occur in 
one-quarter of non-syndromic patients. SDB prevalence increases when Chiari I is 
part of a syndrome with other malformations. SDB is more severe when cervicome-
dullary compression and/or syringomyelia is present. Compression of the brainstem 
and respiratory centers is thought to be the mechanism involved in producing cen-
tral apneas while compression of cranial nerves IX and X leads to decreased upper 
airway patency and OSA.

 Chiari II [92, 122–124]

Spina bifida includes a Chiari II malformation with herniation of the cerebellum and 
medulla into the spinal canal in association with a myelomeningocele. Over one- 
half of the children have SDB which is associated with sudden death in young 
adults. SDB includes central respiratory control abnormalities [apnea (central and/
or obstructive), bradypnea, hypoventilation, impaired ventilatory and arousal 
responses to CO2 and O2, breathing holding spells] and restrictive lung disease due 
to neuromuscular weakness and scoliosis.

 CNS Tumors [89]

Medulloblastoma and brainstem gliomas are tumors that can cause both central and 
obstructive apnea by compression of the respiratory nuclei or cranial nerves that 
innervate the tongue and pharynx. Tumors that affect the hypothalamus can affect 
sleep–wake patterns and produce fragmented sleep, increased daytime sleepiness, 
obesity, and secondary narcolepsy. Medullary nuclei involved in breathing include 
the dorsal respiratory nucleus (inspiration), the ventral respiratory nucleus (inspira-
tion and expiation), the pre-Bötzinger complex and retrotrapezoid nucleus (respira-
tory pacemaker), and the nucleus of the tractus solitarius (vagal afferents). Cranial 
nerves that innervate the tongue and pharyngeal muscles emerge from nuclei in the 
medulla (hypoglossal nucleus and nucleus ambiguous). Damage to these nuclei by 
tumor compression or as a complication of surgical resection can affect breathing, 
producing central or obstructive apnea. Patients treated for CNS tumors may also 
present with more daytime sleepiness compared to patient treated for other 
malignancies.

 Sleep-Disordered Breathing in Infants [125]

Infants can show a wide range of SDB patterns including: [1] apnea of prematurity, 
[2] apnea of infancy with central apnea, [3] periodic breathing, and [4] obstructive 
sleep apnea. Apnea is extremely common in infants decreasing in frequency as 
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central control of breathing matures during the first year of life [126]. Immaturity of 
the central respiratory control system is a major factor underlying apnea in infants. 
Fig. 11.2 shows multiple factors that can trigger apnea in infants.

Infants and young children have more variable breathing during REM, including 
normal central apneas and central events that even occasionally last longer than 20 s 
[127]. Among healthy full-term infants recorded at home, 43% had central apneas 
longer than 20 s and 2% had apnea longer than 30 s. Regular breathing is seen in 
NREM sleep while irregular breathing is typical of REM sleep. Thoracoabdominal 
asynchrony in REM sleep is normal up to age 2–3 years [128]. Desaturations fol-
lowing these central apneas are typically brief, but can be associated with SpO2 
nadirs below 90%, even in healthy infants [129, 130]. Other factors that predispose 
infants to respiratory instability include low functional residual capacity, neuronal 
instability, increase time in REM sleep stage, and lower apneic threshold.

 Apnea of Prematurity [131–134]

Immaturity of central control of breathing is major factor in apnea of prematurity. 
Almost 100% of infants born less than 28-week gestational age will have apnea of 
prematurity, 25–30% of infants born at 34 weeks, but it is rare in infants born after 
38-week gestational age. The earlier the gestational age, the longer apnea of prema-
turity persists [135]. In former preterm infants, it disappears by the time the infant 
reaches 44-week postmenstrual age. Especially in former preterm or low-birth- 
weight infants, external events can trigger apnea spells in infants who were previ-
ously stable. For example, there is an increased risk of apnea events within 2–3 days 
of routine 2-month immunizations, post anesthesia, and in association with RSV 
infection.

Premature infants have impaired ventilatory and arousal responses to hypercap-
nia and hypoxia as well as more compliant chest walls, lower end-expiratory vol-
umes, greater distal airway closure, and greater bradycardia in response to 
stimulation of the carotid bodies by hypoxia. Although apnea of prematurity is often 
considered a centrally mediated problem with cessation of respiratory effort, pha-
ryngeal upper airway obstruction can precipitate up to 50% of the central apneas. 
Upper airway collapse can appear at the end of a prolonged central apnea. The 
infant’s highly compliant airway and relative ventilatory instability contribute to the 
propensity for upper airway obstruction during sleep. Of note, infants have a robust 
laryngeal chemoreceptor reflex in response to upper airway collapse which is char-
acterized by repeated swallows, central apnea, and bradycardia.

For diagnostic purposes, the American Academy of Sleep Medicine’s latest 
International Classification of Sleep Disorders (ICSD-3) defines “apnea of prema-
turity” as observed apnea or cyanosis or a detected central apnea, bradycardia, or 
desaturation on a hospital’s cardiorespiratory monitoring, when the infant is <37- 
week postmenstrual age at the time of presentation [136]. The term “apnea of 
infancy” uses the same cardiorespiratory signs, but applied to an infant who is now 
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≥37-week gestational or postmenstrual age. Caffeine is effective in the treatment of 
apnea of prematurity with evidence of long-term safety [137]. Home cardiorespira-
tory monitoring may be useful as part of an individualized plan for some infants 
with persistent apnea of prematurity [138].

 Periodic Breathing [139]

Periodic breathing, repetitive short cycles of respiratory pauses and breathing, is a 
normal pattern of breathing that occurs during sleep in most newborns. It is distinct 
from apnea of prematurity in that it occurs in term as well as preterm infants, peaks 
later, and lasts longer. Periodic breathing is absent in the first days of life, becomes 
more frequent at 2–4 weeks postnatal age, then decreases, but may continue for up 
to 6 months or longer. A major contributing factor to this immature breathing pat-
tern is altered sensitivity to changes in blood oxygen and carbon dioxide content 
with increased gain in the receptors. In newborns, the PCO2 apneic threshold is only 
slightly below the eupneic PCO2 making these infants more prone to respiratory 
oscillations and favoring the appearance of periodic breathing [140]. Supplemental 
oxygen reduces percent time spent in periodic breathing and respiratory instability 
even in preterm infants with normal baseline SpO2 values [141]. Of note, oxygen 
desaturations frequently occur during sleep, and the majority of desaturations are 
associated with periodic breathing [129, 130, 142]. Periodic breathing is also asso-
ciated with low lung volumes which predispose toward decreased oxygen reserves 
and increased intrapulmonary shunting.
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Impaired
oxygenation

Metabolic
disturbance
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or GER

Thermal
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Fig. 11.2 Factors that 
precipitate apnea in infants
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Periodic breathing persists longer in infants born at lower gestational age and 
lower birth weight, but rarely occupies more than 10% of recording time once term 
postmenstrual age is reached [125, 126, 142]. While periodic breathing is a normal 
immature breathing pattern in neonates, excessive periodic breathing or an abrupt 
increase over prior baseline warrants consideration for potential pathology. In older 
infants and children, elevated periodic breathing outside of wake–sleep transitions 
can also be a marker for a CNS pathology, hindbrain malformation, or metabolic 
disorder. Finally, periodic breathing is elevated in any age group at high altitude.

For PSG scoring purposes, periodic breathing is defined as clusters of three or 
more episodes of central apneas lasting for at least 3 seconds each and separated by 
≤20 seconds of normal breathing [143]. Periodic breathing occurs in both REM and 
NREM sleep. In NREM, periodic breathing is characterized by a regular pattern of 
pauses separated by consistent intervals of respiratory efforts, while in REM, both 
irregular and regular patterns are seen. In infants, periodic breathing is more com-
mon in REM sleep. In adults (and some children), periodic breathing is most often 
seen during NREM sleep at sleep onset or sleep-wake transitions.

 Apnea of Infancy with Central Apnea [125]

Breathing is irregular in newborns whose respiratory rates are faster and more vari-
able than in older children. Distinguishing between normal and abnormal breathing 
during sleep can be challenging, especially in infants born prematurely or with con-
genital abnormalities. For PSG scoring purposes in infants, a central apnea is 
defined as a prolonged pause in breathing (≥ 20 s) or a shorter pause with physio-
logical corroboration (≥ 3% desaturation, arousal, or bradycardia with heart 
rate < 60 bpm for at least 15 s). Hypopneas have similar duration and physiological 
corroboration and require a 30% reduction in airflow or its estimate. Obstructive 
apneas in infants and children are defined by >90% reduction in airflow lasting at 
least a two missed breaths in duration (compared with the baseline respiratory rate), 
but no physiological corroboration is required [143]. Central apneas are common in 
newborns and infants and central apnea indices are higher, so age appropriate nor-
mative data are required to interpret PSG data [144–147].

 Terminology: Apnea of Infancy, ALTE, and BRUE

The terminology and the approach to evaluation and management of apnea of 
infancy has evolved over the last decade. In 1986, NIH Consensus Conference on 
Infantile Apnea coined the term “apparent life-threatening event (ALTE)” to 
replace the term “near miss sudden infant death syndrome (SIDS).” [148] An 
ALTE was defined as an episode that is frightening to the observer and that is char-
acterized by some combination of apnea (central or occasionally obstructive), 
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color change (usually cyanotic or pallid, but occasionally erythematous or pletho-
ric), marked change in muscle tone (usually marked limpness), choking, or gag-
ging. In some cases, the observer fears that the infant has died. A broad range of 
disorders can present as an ALTE including arrhythmias, child abuse, congenital 
abnormalities, epilepsy, inborn errors of metabolism, and infections. This term was 
problematic for several reasons. First, for most well-appearing infants with ALTE-
like symptoms, the risk of recurrent events or a serious underlying disorder was 
extremely low. It created a feeling of uncertainty for both the caregiver and clini-
cian. Clinicians felt compelled to perform costly, sometimes risky, often unneces-
sary tests (including PSG) and to hospitalize the patient even though this 
management plan often was unlikely to lead to a treatable diagnosis or prevent 
future events.

In 2016, the American Academy of Pediatrics (AAP) published a clinical prac-
tice guideline that recommended replacement of the term ALTE with a new term, 
“brief resolved unexplained event” (BRUE) [149]. This term describes an event in 
an infant less than 1  year when the observer reports a sudden, brief, and now 
resolved episode of at least one of the following: (1) cyanosis or pallor; (2) absent, 
decreased, or irregular breathing; (3) marked change in tone (hyper- or hypotonia); 
and (4) altered level of responsiveness. Clinicians should diagnosis a BRUE only 
when there is no explanation for a qualifying event after conducting a history and 
physical examination. This newer guideline shows an approach to evaluation and 
management that is based on the risk that the infant will have a repeat event or has 
a serious underlying disorder. It identifies (1) lower-risk patients based on history 
and physical examination, for whom evidence-based guidelines for evaluation and 
management are offered and (2) higher-risk patient, whose history and physical 
examination suggest the need for further investigation, monitoring, and/or treat-
ment. Overnight PSG was not recommended for the management for infants who 
met criteria for having experienced a low-risk BRUE. The criteria for a higher-risk 
BRUE are listed in Table 11.7.

In an updated clinical practice guideline to provide a framework for evaluation of 
in the higher-risk group, PSG may be considered to characterize and quantify apnea 
type and is indicated in select patients with prematurity, noisy respirations, or recur-
rent and/or severe BRUE in whom SDB is suspected [150].

Table 11.7 Higher-risk BRUE criteria [150]

Age < 60 days
Prematurity: Gestational <32 weeks and postmenstrual age < 45 weeks
Recurrent event or occurring in clusters
Duration of event ≥1 min
CPR required by trained medical professional
Concerning historical features
Concerning physical examination findings
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 SUID, SIDS and Other Sleep-Related Infant Deaths [151, 152]

Each year, 3500 infants die in the US from sleep-related infant deaths, including the 
following ICD-10 diagnosis categories: sudden infant death syndrome (SIDS), ill- 
defined deaths, and accidental suffocation and strangulation in bed. SIDS is a sub-
category of sudden unexpected infant death (SUID) and a cause assigned to infant 
deaths that cannot be explained after a through case investigations including autopsy, 
a scene investigation, and review of clinical history. In 2018, the SUID rate was 90.9 
per 100,000 live births with about 1300 deaths due to SIDS, about 1300 deaths due 
to unknown causes, and about 800 deaths due to accidental suffocation and strangu-
lation in bed. SIDS rates declined significantly from 130.3 deaths per 100,000 live 
births in 1990 to 35.2 deaths per 100,000 live births in 2018 [153]. After this first 
decrease in SIDS deaths by more than 50% through several public health initiatives, 
the overall death rate attributable to sleep-related infant deaths has not declined 
further. SIDS is still the leading cause of post-neonatal (28 days to 1 year of age) 
death. These SIDS and SUID mortality rates, like other causes of infant mortality, 
have notable and persistent racial and ethnic disparities. The rates in non-Hispanic 
black and American Indian/Alaska Native infant were more than double the rate in 
non-Hispanic white infants.

The American Academy of Pediatrics updated recommendations for a safe sleep 
environment (Fig. 11.3) that can reduce the risk of all sleep-related infant deaths 
includes supine position, the use of a firm sleep surface, room-sharing without bed- 
sharing, and the avoidance of soft bedding and overheating. Other recommenda-
tions for SIDS risk reduction include the avoidance of exposure to environmental 
tobacco smoke, alcohol, or illicit drugs; breastfeeding; routine immunizations; and 
use of a pacifier.
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infant
sleep

Back

Firm surface

Share room,
not bed

No
Overheating

No tobacco
smoke,

alcohol, or
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Pacifer

Breast feeding
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Fig. 11.3 Safe infant sleep
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 OSA and oSDB Presenting in Infants [3, 19, 154, 155]

Obstructive sleep apnea in infants has a distinctive pathophysiology, natural history, 
and treatment that is different from older children and adults. Infants are particularly 
vulnerable to obstructive SDB related to their upper airway structure, adverse pul-
monary mechanics, ventilatory control, arousal threshold, laryngeal chemoreflex, 
and a REM-predominant sleep state distribution. OSA in infants can arise from 
diverse airway abnormalities extending from the nose to the larynx. Especially in 
infants, the highly compliant airway and the relative ventilatory instability further 
contribute to a propensity for upper airway obstruction during sleep. In addition to 
history of prematurity, other abnormalities that predispose to OSA and obstructive 
SDB in infants are summarized in Table 11.8.

Table 11.8 Predisposing factors and medical conditions associated with OSA in infants [125, 155]

Craniofacial Neurological
Maxillary hypoplasia Cerebral palsy
   Down syndrome Chiari malformations
   Achondroplasia Spinal muscular atrophy
   Craniosynostosis Nemaline rod myopathy
   Treacher Collins Mitochondrial disorders
Micrognathia and/or retrognathia Respiratory mechanics/ventilatory 

control
   Non-syndromic Pierre Robin sequence (cleft 

palate)
High chest wall compliance

   Syndromic Pierre Robin sequence (Stickler, 
Treacher Collins)

Rib configuration round/horizontal

   Hemifacial microsomia Small diaphragmatic zone of apposition
   Nager syndrome (acrofacial dysostosis) High metabolic rate
Macroglossia NREM apneic threshold close to eupneic 

CO2 level
   Down syndrome Ventilation-perfusion mismatch
   Achondroplasia Miscellaneous
   Beckwith-Wiedemann Prader-Willi syndrome
   Hemangioma, lymphangioma Mucopolysaccharidoses
Laryngeal Gastroesophageal reflux
Laryngomalacia Chronic lung disease of infancy
Vocal cord paralysis Obesity
Laryngeal webs/cysts; edema Adenotonsillar hypertrophy
Congenital or acquired subglottic stenosis Increased REM sleep
Hemangiomas Neck flexion
Nasal obstruction Respiratory infection
Choanal atresia or stenosis Sleep deprivation
Nasogastric tube Sedating medications
Allergic rhinitis Maternal smoking during gestation
Upper respiratory tract infection
Septal deviation
Nasolacrimal duct cysts
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OSA in infants has been associated with failure to thrive, behavioral deficits, and 
sudden unexpected death. Especially in infants, the clinical history and physical 
examination alone are poor predictors of objectively measured upper airway 
obstruction. Many otherwise healthy infants without obstructive sleep apnea will 
snore [156]. Snoring has not been found to be predictive of OSA presence or sever-
ity in infants with cleft palate and micrognathia [157, 158]. The presence and sever-
ity of the OSA can be confirmed by PSG. Infants with severe OSA can have marked 
hypoxemia, hypoventilation, and/or sleep fragmentation. PSG can be challenging in 
infants and interpretation requires comparison with normative infant data and con-
sideration of the infant’s gestational and postmenstrual ages [159]. Direct endo-
scopic visualization is essential to show the specific cause of airway collapsibility 
and critical to selecting the optimal therapy. The management plan should be 
patient-centered and consider the natural history of the disorder, severity of the 
OSA, and other co-occurring medical problems and family preferences. A high per-
centage of infants diagnosed with OSA have a history of prematurity or underlying 
congenital conditions and require coordination of care by multiple subspecialties 
[160]. Nonsurgical treatment options can include nasopharyngeal stents, PAP ther-
apy, supplemental oxygen, positional therapy, and treatment of reflux. Surgical 
options should target the underlying anatomic etiology. Examples include supra-
glottoplasty for severe laryngomalacia, mandibular distraction for micrognathia, 
tonsillectomy and/or adenoidectomy for lymphoid hyperplasia, choanal atresia 
repair, laryngeal reconstruction, and/or tracheostomy. A recent review provides 
diagnostic and management guidance for obstructive SDB in infants and toddlers 
less than 2 years of age, including those with complex conditions like Down’s and 
Prader–Willi syndromes [3].

 Polysomnography and Diagnostic Testing: Special 
Considerations in Children [161]

The American Academy of Sleep Medicine (AASM) endorses the usefulness of 
PSG in the evaluation of SDB in children of all ages. [7, 8] The AASM Scoring 
Manual supplies guidance for technical PSG performance standards and respiratory 
and non-respiratory signal scoring rules for infants and children [143]. Table 11.9 
takes an updated look at the respiratory indications for PSG in children.

In laboratory, attended PSG has been the “gold standard” for the diagnosis of 
OSA in children. The American Academy of Pediatrics also recommends that PSG 
be performed in children with snoring and symptoms or signs of OSA [1] and for 
high-risk BRUE infants in whom there are clinical concerns for SDB [150]. PSG is 
also the “gold standard” for diagnosis of pediatric SDB including nocturnal 
hypoventilation in need of ventilatory support with the goal of identification of SDB 
before patients become symptomatic [162]. PSG is also helpful in assessing for 
residual SDB prior to removing a tracheostomy [163].
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Table 11.10 summarizes the differences for acquisition, scoring, and reporting 
of respiratory parameters in children versus adults [143]. In brief, carbon dioxide 
is measured, respiratory events shorter than 10 s are scored, and periodic breath-
ing and hypoventilation are reported in children. In children, central apneas are 
scored if they are at least 2 breaths in duration (compared to the child’s baseline 
respiratory rate) and are associated with a ≥ 3% desaturation, an arousal or bra-
dycardia, or are ≥20 second in duration. This differs from adult criteria for scor-
ing central apneas where the duration of the pause must be ≥10  seconds, and 

Table 11.9 Updated view of respiratory indications for PSG assessment in children

Diagnosis Management

OSA Reevaluate residual OSA, s/p adenotonsillectomy 
or craniofacial surgery

Central sleep apnea ± hypoventilationa Initiate PAP titration or PAP respiratory supporta

CCHS or other control of breathing 
disorders

Evaluate oral appliance

Sleep-related hypoxemia/hypoventilation 
due to other disordersa

Prior to tracheostomy decannulationa

Apnea of infancy
Higher risk BRUE with concerns for SDB

Reassess adequacy of ventilatory support therapies, 
noninvasive or via tracha

aWith these diagnostic concerns, the sleep laboratory will need CO2 monitoring equipment (both 
end-tidal CO2 and transcutaneous CO2) and must be prepared to accommodate ventilatory support 
either noninvasively or via tracheostomy in medically stable patients

Table 11.10 Differences for acquisition, scoring, and reporting respiratory parameters in children 
versus adults [143]

Child Adult

Obstructive 2 missed breaths duration
No corroboration required

≥10 s duration
No corroboration required

Central 2 missed breaths duration associated 
with
≥3% desaturation, arousal, or HR 
<50 for 5 s*
If ≥20 s duration, no corroboration 
needed
Score/report periodic breathing
* If age < 1 yr., use <60 bpm for 15 s

≥10 s duration
Score/report Cheyne–stokes 
respiratory pattern if criteria met

Hypopnea 2 missed breaths duration
≥30% ↓nasal pressure or back-up 
associated with ≥3% desaturation or 
arousal

≥10 sec duration
≥30% ↓nasal pressure + ≥3% 
desaturation or arousal or
≥30% ↓nasal pressure + ≥4% 
desaturation

Hypoventilation >25% total sleep time with 
CO2 > 50 mmHg
EtCO2 or tcCO2 or arterial
Measure/report hypoventilation 
recommended

↑ CO2 > 55 mmHg for ≥10 min
↑ CO2 ≥ 10 mmHg from wake supine 
to sleep with values >50 mmHg for 
≥10 min
Report hypoventilation: optional
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there is no requirement for associated desaturation, arousal, or bradycardia. 
Desaturation with central apneas usually shows a decreased pulmonary reserve, 
while prolonged central apneas are more likely to indicate a CNS abnormality or 
immature control of breathing. Central apneas are also more common in infants 
and children because of a vigorous Hering–Breuer reflex characterized by com-
pensatory central respiratory pauses after stimulation of pulmonary stretch recep-
tors following a large breath, such as with a sigh or body movement. Normative 
respiratory and sleep PSG data are available for infants and children [145–147, 
164–170].

When assessing the severity of OSA in children, it is useful to consider the 
obstructive apnea and hypopneas indices together and separate from the central 
apnea index. Since central events can be frequent and normal in children (especially 
post movement, post sigh, in REM sleep, and in transition from waking), they 
should not contribute to measuring the severity of the obstruction, unless they are 
clearly related to unmasking of the apnea–hypocapnia phenomenon sometimes seen 
post arousal or waking after an obstructive event. It is also important to capture 
baseline cardiorespiratory data in quiet wakefulness prior to the sleep recording to 
confirm that any abnormal cardiorespiratory findings are truly sleep related, and not 
just related to the patient’s chronic health problems.

PSG, long considered to be the “gold standard” for diagnosis of OSA in children, 
allows for simultaneous, continuous comprehensive monitoring of sleep, breathing, 
and other signals and can detect the presence and severity of physiological distur-
bances. Comprehensive assessment and attended studies may be more important 
when testing children with complex medication conditions. On the downside, it is 
expensive, burdensome for families, may not be tolerated by all children, and access 
is limited to facilities with pediatric expertise.

In the COVID era, pediatric sleep medicine was thrust into telemedicine and 
HSAT quickly became a safer “option” for selected patients with other options were 
simply not available. The future role for HSAT in the diagnosis of OSA in children 
is a topic of active investigation and keen interest to improve disparities in diagno-
sis, access to care, and treatment outcomes [171–175].

 PSG Interpretation in Pediatrics

Compared to adults, healthy children are much better defenders of upper airway 
patency and have many more normal central pauses. They have healthier lungs with 
higher baseline oxyhemoglobin saturation values, more robust chemo- and 
mechano- reflexes, and are less arousable during sleep [19]. These protective factors 
result in lower obstructive apnea hypopnea indices, higher central apnea indices 
(especially in infants), less sleep-related hypoxemia, and less sleep fragmentation. 
In terms of OSA thresholds in children, many pediatric sleep specialists consider an 
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oAHI <1 as “normal,” 1–1.99 as “very mild,” 2–4.99 as “mild,” 5–9.99 as “moder-
ate,” and ≥ 10 as “severe.”

The obstructive AHI derived from the PSG has been the primary disease defining 
metric to decide the presence and severity of OSA. However, in the presence of 
medical comorbidities (e.g., chronic pulmonary conditions, neuromuscular weak-
ness, thoracic cage deformities) some of the respiratory events that meet scoring 
criteria for hypopneas may not be true signs of upper airway obstruction. Failure to 
recognize the contribution that lower respiratory tract problems make to scoreable 
hypopneas in the AHI can lead to overestimation of upper airway obstruction, mis-
diagnosis of OSA, and inappropriate therapies.

In children, when reviewing all the comprehensive physiologic data contained 
in a PSG, it is important to “read beyond the AHI.” The reader should not only 
confirm obstructive AHI, but look for other markers of respiratory dysfunction: 
oximetry metrics (lower baseline SpO2 values, frequency of desaturation events, 
time spent with low saturation values); the presence of paradoxical respiratory 
efforts, tachypnea, or loss of nasal airflow/mouth breathing; determine whether 
REM supine time was captured, track hypoventilation, unexpected central apneas, 
respiratory-related arousals or movements; sleep disruption or abnormal sleep 
architecture; and sinus tachycardia for age or other cardiac arrhythmias. When 
reviewing PSG studies in children, focusing on the AHI alone as the primary dis-
ease-defining metric can lead to an underestimation of sleep disordered breathing 
especially in the presence of comorbid medical condition. SDB can also be overes-
timated if normal central pauses that meet AHI scoring criteria are counted as 
evidence of disease.

Finally, in terms of clinical utility, the read should understand that the oAHI 
metric has not been the best predictor of OSA-related impairments or their response 
to treatments like adenotonsillectomy. In fact, OSA symptom scores were better 
than the oAHI at reflecting OSA-related impairments of behavior, quality of life, 
and sleepiness and better at predicting improvements after adenotonsillec-
tomy [176].

 Accommodating Children in the Sleep Laboratory

Most sleep laboratories are adult-oriented with more than half of AASM accredited 
sleep center only performing studies in children aged 13 years and above and very 
few dedicated solely to pediatrics [177]. Specifically for young children or older 
children and adults with intellectual or developmental disabilities, initiation of PAP 
therapy will likely require mask desensitization techniques prior to scheduling a 
titration study [178]. Several references describe best practices for accommodating 
children and families in the sleep lab [179–181]. Table 11.11 summarizes some of 
those basics.
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 Introduction

Insomnia disorder is one of the most prevalent sleep disorders and is characterized 
by trouble falling asleep, staying asleep, or awakening earlier than desired, and 
experiencing related daytime dysfunction [1, 2]. It is estimated that approximately 
one-third of adults experience insomnia symptoms, and 10% or more of the general 
population have insomnia disorder [3–5]. In addition to the high prevalence of 
insomnia disorder, this condition is characterized by its chronicity, with approxi-
mately three-quarters of individuals experiencing symptoms for at least 1 year, and 
almost half of individuals experiencing symptoms for over 3 years [5]. Although 
there are effective treatments for insomnia, almost a quarter of individuals who 
enter remission will go on to experience a relapse of symptoms [5]. Insomnia is also 
a risk factor for a variety of chronic illnesses if left untreated, particularly cardiovas-
cular disease, hypertension, type 2 diabetes, and neurodegenerative diseases such as 
dementia and cortical atrophy [6–13]. Moreover, the strong bidirectional relation-
ship between insomnia and depression is now well established [14–17]. The odds of 
an individual with insomnia developing depression are 2.6 times higher than those 
of an individual with good sleep [14]. Regardless of the presence of depression, 
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insomnia symptoms are associated with suicidal ideation, particularly in younger 
individuals [17]. Compounding the physical and mental effects of insomnia disor-
der on the patient are the consequences of untreated insomnia on the public, particu-
larly in terms of healthcare costs, reduced productivity, and risk of accidents. 
Chronic untreated insomnia can lead to decreased productivity at work and increased 
use of sick leave, as well as increased physician visits and an increased risk of motor 
vehicle accidents [18, 19]. Furthermore, the economic burden of insomnia is 
immense, with the annual direct cost of healthcare for patients with insomnia aver-
aging $851 more than those without insomnia and the nationwide cost due to 
decreased work performance is estimated at $63.2 billion [20, 21].

For these reasons, it is essential for healthcare providers to be able to recognize 
the symptoms of insomnia disorder across both specialty and primary care settings 
in order to properly diagnose insomnia disorder and recommend appropriate treat-
ments to prevent the downstream deleterious effects of insomnia on both the patient 
and society. This chapter will focus on the current diagnostic criteria for insomnia 
disorder, various biopsychosocial contributors to insomnia, challenges in insomnia 
assessment, appropriate evaluation tools, and briefly discuss goals for treatment. 
The purpose of this chapter is to prepare health care providers with the tools and 
guidance necessary to efficiently and successfully evaluate and consider treatments 
for insomnia disorder.

 Pathophysiology and Neuropsychology of Insomnia

A characteristic feature of insomnia disorder is hyperarousal, which involves a path-
ological increase in the physiologic, affective, or cognitive activities of the body and 
mind, subsequently leading to difficulty disengaging from one’s surroundings and 
significantly disrupting sleep [22]. At the cognitive level, hyperarousal can present 
in the form of racing thoughts, rumination, and perseverative thinking. Hyperarousal 
can also manifest at other levels, including increased high-frequency electroenceph-
alogram (EEG) activation (e.g., elevated beta frequency activity during sleep), dys-
regulation of hormone secretion (e.g., cortisol), increased metabolic rate, and 
elevated sympathetic nervous system activity, including increased heart rate and 
blood pressure [23]. On a molecular basis, insomnia is reflected in a dysregulation 
of the molecules involved in regulating the sleep–wake cycle, such as gamma- 
amino- butyric acid (GABA), as evidenced by widespread depletion of GABA in the 
brains of people with insomnia [22, 24]. From an integrative lens of sleep psycho-
physiology, hyperarousal can stimulate emotional and cognitive systems, which 
results in activation of wake-promoting brain regions but also suppression of sleep- 
promoting regions of the brain [22, 25]. As sleep-promoting regions are suppressed, 
wake-promoting regions may become disinhibited leading to increased wakefulness 
[22, 25, 26]. Thus, the balance between wake-promoting and sleep-promoting brain 
regions is disturbed. However, the exact nature of this dysregulation remains poorly 
understood, in terms of which specific brain system(s) and neuropeptides represent 
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differences underlying the pathophysiology of insomnia in contrast to those differ-
ences which are a consequence of the chronic sleep disruption and comorbid disor-
ders associated with insomnia.

In addition to the role of hyperarousal in insomnia disorder, changes in the nor-
mal two-process model of sleep regulation involving processes S (wake-dependent 
process, or homeostatic “sleep drive”) and C (wake-independent process, or circa-
dian rhythm) plays a similarly important role in sleep–wake cycle regulation [27, 
28]. Normally, processes S and C are synchronized with each other leading to a 
regular sleep–wake rhythm. However, in individuals with insomnia, it is suggested 
that dysfunction in process C, which controls an individual’s circadian rhythm, may 
lead to desynchronization between process S and C, resulting in the symptoms 
observed in insomnia disorder [22]. However, direct evidence supporting this role 
for circadian dysregulation as a pathophysiological process involved in insomnia 
remains scant.

Several studies provide evidence for a moderate genetic component of insomnia 
disorder. However, current evidence points to the potential role of multiple genes 
involved with a variety of physiological processes such as brain function and regula-
tion of arousal and sleep–wake cycle pathways in insomnia emphasizing the com-
plexity and heterogeneity of the molecular aspects of insomnia disorder [22, 29].

At the psychological level, one of the most prominent models of insomnia is the 
3-P model which emphasizes predisposing, precipitating, and perpetuating factors 
that play a role in the progression and prolongation of insomnia [30, 31]. Of rele-
vance to hyperarousal, specifically, are predisposing and perpetuating factors. 
Predisposing factors include individual traits or attributes such as female gender or 
a family history of insomnia that increase the likelihood of developing insomnia 
disorder, while perpetuating factors are those that further the development and 
maintenance of insomnia once it occurs [30]. For example, with regard to perpetuat-
ing factors, remaining in bed awake when unable to fall asleep may lead to increased 
anxiety about insomnia and unfavorable associations with the bedroom, leading to 
maintenance and exacerbation of insomnia symptoms. Precipitating factors can be 
severely stressful or anxiety-provoking events such as divorce or the death of a 
loved one that serve as the “tipping point” for the onset of insomnia and lead to 
overactivation of the stress response, leading to hyperarousal [30]. It is also impor-
tant to understand that predisposing factors can interact with stressful precipitating 
events, which can significantly elevate the risk of developing insomnia for certain 
individuals [32].

One predisposing factor, sleep reactivity, plays a crucial role in understanding 
the onset and course of insomnia disorder. Sleep reactivity is defined as the degree 
to which an individual’s sleep is disrupted during exposure to an external stressor 
[33]. Sleep reactivity has recently been shown to be a major predictive factor for the 
development of insomnia disorder, and its interaction with cognitive and emotional 
factors such as rumination and worry has been increasingly explored [33]. 
Specifically, there appears to be a synergistic relationship between sleep reactivity 
and cognitive-emotional arousal such that as stress progressively disrupts sleep pat-
terns in vulnerable individuals, the cognitive-emotional response is further 

12 Diagnosis of Insomnia Disorder



256

exacerbated due to additional time awake that permits continued rumination in bed 
[33, 34]. Thus, as stress heightens the cognitive-emotional response, the sleep sys-
tem responds with increased wakefulness and a vicious cycle ensues [33].

While our knowledge of the neurobiology and psychology of insomnia is still 
evolving, the advances in the field that have been made over the last several decades 
have led us to a point where we are able to use this knowledge to better evaluate 
patients in the clinic and point them toward appropriate treatment options. 
Understanding the biopsychosocial aspects that contribute to the development and 
maintenance of insomnia disorder is fundamental to understanding how to assess 
and treat patients with this chronic and challenging condition. The remainder of this 
chapter will outline how to appropriately use diagnostic criteria to evaluate insom-
nia patients in the clinical setting.

 Diagnostic Criteria

The diagnosis of insomnia disorder is symptom based, with objective sleep mea-
surements recommended only in cases of suspected comorbid sleep conditions 
(e.g., obstructive sleep apnea). There are myriad reasons for the reliance on 
patient- reported symptoms rather than objective polysomnographic (PSG) 
electroencephalogram- based laboratory measures of sleep for insomnia diagnostic 
criteria. One critical element is that cortical EEG assessment of sleep (usually 
based on limited cortical brain sites) does not necessarily reflect the subcortical-
limbic hyperarousal that is observed in insomnia using more sophisticated imag-
ing approaches, nor is PSG assessment always reflective of insomnia symptoms at 
home [35]. The purely clinical aspect of the diagnosis stresses the significance of 
being familiar with the appropriate clinical assessments and information to gather 
from the patient, as more often than not, there will be a lack of objective PSG sleep 
data to support a diagnosis.

Patients with insomnia disorder will typically present with a straightforward list 
of chief nocturnal complaints. These include trouble falling asleep or staying asleep, 
increased early morning awakenings, and impaired daytime function [1, 2]. 
Importantly, diagnostic criteria from the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5) and the International Classification of 
Sleep Disorders, Third Edition (ICSD-3) emphasize the daytime dysfunction and 
distress to the patient caused by their sleeping difficulties, as well as the duration 
and frequency of their insomnia symptoms [1, 2]. Both the DSM-5 and ICSD-3 
require an insomnia diagnosis to be made on the basis that symptoms cause distress 
to the patient and interfere with their daily functioning, in addition to nocturnal 
symptoms having occurred at least 3 days per week for at least 3 months [1, 2]. In 
addition to the distress experienced by the patient, the sleeping difficulties must 
occur despite adequate opportunity for sleep; individuals who have decreased 
opportunities for sleep exclusively due to scheduling constraints, for example, do 
not meet criteria for insomnia disorder [1, 2]. Similar to other disorders listed in the 

R. Atkinson and C. Drake



257

DSM-5 and ICSD-3, the sleeping difficulties must not be explained more com-
pletely by another sleep disorder (e.g., obstructive sleep apnea, restless legs syn-
drome), although the presence of another sleep disorder does not preclude diagnosis 
of insomnia disorder [1, 2]. Table 12.1 provides a complete review of all diagnostic 
criteria for insomnia disorder from the DSM-5 and ICSD-3.

A point of confusion for many healthcare providers may be the outdated catego-
rization of primary versus secondary insomnia disorder. Prior to 2005, the DSM-5 
separated secondary insomnia, or insomnia due to other physical/mental disorders, 
from primary insomnia [36]. The DSM-5 now emphasizes that diagnostic criteria 
for insomnia disorder may only be met if coexisting physical and mental conditions 
do not sufficiently explain the patient’s insomnia symptoms [1]. This union of pri-
mary and secondary insomnia diagnoses takes into account the comorbid nature of 
the disorder and encourages treatment of insomnia symptoms even in the context of 
a comorbid condition [37]. In terms of comorbidities, obstructive sleep apnea treat-
ment with continuous positive airway pressure (CPAP) may precipitate significant 
sleep disturbance that may require separate treatment for sleep and may be a pre-
cipitating factor for more chronic sleep disturbance leading to insomnia disorder.

Although the role of objective PSG sleep assessment in evaluating insomnia has 
been debated, recent research points to its utility in differentiating a particular phe-
notype of insomnia disorder termed insomnia with objective short sleep duration (< 
6 hours of sleep per night), which is the most severe phenotype of insomnia disorder 
in terms of morbidity [10]. It is associated with increased cognitive-emotional and 
cortical arousal, as well as activation of both the hypothalamic–pituitary–adrenal 
(HPA) and sympatho-adrenal-medullary (SAM) axes of the stress response system 
as compared to insomnia with objectively normal sleep duration [10, 38]. The 
objective short sleep phenotype of insomnia may respond better to medications, 
while insomnia with objective normal sleep duration may be successfully treated 
with cognitive behavioral therapy for insomnia (CBT-I) [10], which is the first-line 
recommended treatment for insomnia disorder. While the use of PSG assessment 
may be valuable in detecting objective short sleep in an insomnia patient and there-
fore selecting the most beneficial treatment, there is no current consensus for this 
approach and it remains an active area of study [39]. Even if PSG is able to provide 
specific and sensitive objective data, there remains a lack of consensus regarding 
quantitative cutoffs for sleep parameters that should be used for making an insomnia 
diagnosis [40]. Nevertheless, for accurate objective assessment PSG would need to 
be combined with longer-term objective monitoring as insomnia disorder has a 
characteristic longstanding pattern of sleep disruption that cannot be accurately 
determined from one or even two nights in the sleep laboratory.

For the reasons outlined above, it is not advantageous to either the patient or the 
provider to employ the use of PSG data in the insomnia disorder diagnosis. The 
expenses to both the patient and the healthcare system are too great, and there is not 
satisfactory evidence to support the finding that the objective data offered by PSG 
studies is necessary in making an insomnia disorder diagnosis. The subjective com-
plaints proffered by the patient are sufficient for the proper diagnosis of insomnia, 
given that the provider is able to accurately elicit the appropriate information and 
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Table 12.1 Comparison of diagnostic criteria for insomnia disorder based on the Diagnostic and 
Statistical Manual, 5th edition (DSM-5), the International Classification of Sleep Disorders, 3rd 
edition (ICSD-3), and the International Classification of Diseases, 10th edition (ICD-10)

DSM-5 [1] ICSD-3 [2] ICD-10 [76]

A. A predominant complaint of 
dissatisfaction with sleep 
quantity or quality, associated 
with one (or more) of the 
following symptoms:
   1. Difficulty initiating sleep. 

(In children, this may manifest 
as difficulty initiating sleep 
without caregiver intervention)

   2. Difficulty maintaining sleep, 
characterized by frequent 
awakenings or problems 
returning to sleep after 
awakenings. (In children, this 
may manifest as difficulty 
returning to sleep without 
caregiver intervention)

   3. Early-morning awakening 
with inability to return to 
sleep.

A. The patient reports, or the 
patient’s parent or caregiver 
observes, one or more of the 
following:
   1. Difficulty initiating sleep
   2. Difficulty maintaining sleep
   3. Waking up earlier than 

desired
   4. Resistance to going to bed 

on appropriate schedule
Difficulty sleeping without 
parent or caregiver intervention

Disturbance of sleep 
onset or sleep 
maintenance, or poor 
sleep quality

B. The sleep disturbance causes 
clinically significant distress or 
impairment in social, 
occupational, educational, 
academic, behavioral, or other 
important areas of functioning

B. The patient reports, or the 
patient’s parent or caregiver 
observes, one or more of the 
following related to the nighttime 
sleep difficulty:
   1. Fatigue/malaise
   2. Attention, concentration or 

memory impairment
   3. Impaired social, family, 

occupational or academic 
performance

   4. Mood disturbance/
irritability

   5. Daytime sleepiness
   6. Behavioral problems (e.g., 

hyperactivity, impulsivity, 
aggression)

   7. Reduced motivation/energy/
initiative

   8. Proneness for errors/
accidents

   9. Concerns about or 
dissatisfaction with sleep

The afflicted individuals 
focus extremely on their 
sleep disorder (especially 
during the night) and 
worry about the negative 
consequences of 
insomnia.
The insufficient sleep 
duration and quality is 
coupled with a high 
degree of suffering or 
impairs daily activities.
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rule out other causes. The following section will detail the information that must be 
gathered from the patient and will outline an appropriate patient encounter when 
insomnia disorder is suspected.

 Clinical Evaluation of Insomnia Disorder

 Challenges in Insomnia Assessment

When evaluating patients for insomnia disorder, it is important for practitioners to 
be aware of common challenges they may experience during the office visit. The 
primary issue that practitioners may face will be the time it takes to properly assess 

Table 12.1 (continued)

DSM-5 [1] ICSD-3 [2] ICD-10 [76]

E. The sleep difficulty occurs 
despite adequate opportunity for 
sleep

C. The reported sleep–wake 
complaints cannot be explained 
purely by inadequate opportunity 
(i.e., enough time is allotted for 
sleep) or inadequate 
circumstances (i.e., the 
environment is safe, dark, quiet, 
and comfortable) for sleep

C. The sleep difficulty occurs at 
least 3 nights per week

D. The sleep disturbance and 
associated daytime symptoms 
occur at least three times per 
week

Sleep disturbances occur 
at least three times a 
week over a period of 
1 month

D. The sleep difficulty is present 
for at least 3 months

E. The sleep disturbance and 
associated daytime symptoms 
have been present for at least 
3 months

F. The insomnia is not better 
explained by and does not occur 
exclusively during the course of 
another sleep–wake disorder 
(e.g., narcolepsy, a breathing- 
related sleep disorder, a circadian 
rhythm sleep–wake disorder, a 
parasomnia)

F. The sleep/wake difficulty is 
not explained more clearly by 
another sleep disorder

G. The insomnia is not 
attributable to the physiological 
effects of a substance (e.g., a drug 
of abuse, a medication)
H. Coexisting mental disorders 
and medical conditions do not 
adequately explain the 
predominant complaint of 
insomnia
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a patient with insomnia symptoms, as practitioners are frequently pressed on time 
and have a myriad of other important factors to address during the visit. Therefore, 
it is imperative for practitioners to have a solid roadmap in place when evaluating 
insomnia symptoms in order to conduct the interview in the most efficient manner 
possible. The Structured Clinical Interview for Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5) Sleep Disorders (SCISD) has been shown 
to have excellent interrater reliability and is a reasonable tool for clinicians to utilize 
as it takes approximately 10–20 minutes to administer [41].

An additional challenge that practitioners may face is lacking assurance of the 
most appropriate treatment option for their patients, as these guidelines have 
recently changed. Cognitive behavioral therapy for insomnia (CBT-I) has recently 
been recommended as the first-line treatment for insomnia disorder, and it is no 
longer recommended that medications be used as an initial treatment approach for 
most patients [42]. However, approved hypnotics may be acceptable in combination 
with CBT-I, as a second-line therapy, or in circumstances where CBT-I may not be 
feasible (e.g., cognitively impaired patients) or desirable for a given patient. As 
discussed above, insomnia disorder typically has both psychological and physiolog-
ical elements, and CBT-I has been shown to be highly effective in providing long- 
term benefits for insomnia disorder in comparison to pharmacotherapy with fewer 
potential risks [43].

Most importantly, the rapport that a practitioner has with their patient is para-
mount in uncovering insomnia symptoms as well as encouraging the patient to 
adhere to appropriate insomnia treatment. Practitioners may struggle to form a gen-
uine connection with their patients during short office visits, especially with new 
patients. Compounding this issue, many patients are unsure of how to discuss insom-
nia symptoms with their practitioner; therefore, practitioners should actively create 
a welcoming space to discuss their patients’ sleep habits. As many physicians’ 
offices are now administering the Patient Health Questionnaire-9 (PHQ-9) to detect 
symptoms of depression in patients, a logical opening to the conversation of sleep 
difficulties may be the patient’s answer to item three on the PHQ-9 (“Trouble falling 
or staying asleep, or sleeping too much”) [44]. If the patient has endorsed this item 
(“Several days,” “More than half the days,” “Nearly every day”), the practitioner has 
a natural opportunity to address this sleep concern with the patient even if the patient 
does not have depression. If the office does not offer the PHQ-9 or the patient has 
not endorsed item three, the practitioner still ought to inquire about the patient’s 
sleep [44]. While the use of an open-ended question such as “How is your sleep?” is 
a sufficient opening into a conversation about sleep, it must be followed with more 
definitive, closed-ended questions that address more specific aspects of the patient’s 
sleep. Examples of apt follow-up questions include “How many hours of sleep did 
you get on average over the past 2 weeks?”, “When you get into bed, how long does 
it take you to fall asleep?”, “On a typical night, how many times do you wake up? 
And how long does it take to fall back asleep?” These closed-ended questions that 
address explicit characteristics of the patient’s sleep allow ample opportunity for the 
patient to discuss any sleep difficulties they may be suffering from as well as help 
the patient to feel that the practitioner genuinely cares about their health and 
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well-being, thereby building rapport. Finally, this type of quantitative assessment of 
insomnia (i.e., minutes to fall asleep, sleep duration, etc.) will allow the health pro-
vider to [1] assess the patients sleep relative to others with insomnia in terms of 
severity and [2] provide a good basis for assessing response to treatment.

 Identifying Patients to Evaluate for Insomnia Disorder

Sleep is a vital aspect of a patient’s physical and emotional well-being and ought to 
be, at a minimum, briefly discussed with the practitioner at every visit. However, 
there are particular social, psychological, and biological conditions that practitio-
ners ought to pay special attention to, as these may be predisposing factors for 
patients to develop insomnia disorder. In particular, older adults and women are at 
heightened risk for developing insomnia disorder, as well as patients with signifi-
cant life stressors or comorbid disorders such as chronic pain, psychiatric illnesses, 
and substance abuse problems [45]. The latter is particularly important as alcohol is 
frequently used by patients to address sleep problems and this pattern can lead to 
increased risk for exacerbation of substance use problems. The practitioner should 
take extra care to assess pregnant and peri-menopausal women for insomnia disor-
der, as these are transient periods where women are vulnerable to developing insom-
nia symptoms that can develop into insomnia disorder as well as an increased risk 
of depression and suicidal ideation [46, 47]. Recent data suggest CBT-I is highly 
efficacious in these populations of pregnant and peri-menopausal women [48, 49]. 
Additionally, it is of principal importance that the practitioner gathers a full social 
history for each patient, as patients who work the night shift are unemployed, have 
lower socioeconomic status, reside in dangerous neighborhoods, or experience dis-
crimination are also at risk of developing insomnia disorder [50, 51]. While there is 
no known gene directly responsible for insomnia disorder, individuals with past or 
current diagnosis of insomnia disorder are more likely to report having a family his-
tory of insomnia than individuals without a past or current insomnia diagnosis, and 
these individuals rate their insomnia as more severe than those without a family 
history [52]. This points to the significance of gathering a family insomnia history 
from patients, as it may lead to increased support for an insomnia disorder diagno-
sis. Taken together, these “red flags” for insomnia disorder susceptibility can help 
guide the practitioner toward an insomnia disorder diagnosis and will aid in preven-
tion efforts and early intervention.

 Approach to Assessment of Insomnia Disorder

When weighing an insomnia disorder diagnosis, having a standardized format for 
the patient interview will allow for consistency across patients, as well as efficiency 
during the office visit. The assessment of insomnia disorder can be viewed similarly 
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to the evaluation of any routine complaint, as the practitioner should conduct a his-
tory of present illness for the chief complaint followed by sleep-specific follow-up 
questions. The characterization of each type of complaint – difficulty falling asleep, 
nighttime awakenings, time to fall back asleep, early morning awakenings, and day-
time functioning  – should be addressed in full, followed by the onset, duration, 
frequency, severity, course (progressive, intermittent, chronic), and remitting or 
exacerbating factors related to the specific symptoms.

Patients often pursue insomnia treatments on their own before talking with a 
healthcare provider, and inquiring about these attempts can inform the clinical pic-
ture. When evaluating self-treatments, it is critical to inquire about the use of alco-
hol or other substances of abuse, over-the-counter sleep medications, and off- label 
medications. These substances are common methods of self-medication for insom-
nia symptoms that are often maladaptive and may be harmful to the patient. As one 
becomes tolerant to many medications or substances over time, dose escalation can 
occur leading to additional risks such as substance abuse. Additionally, withdrawal 
symptoms from these substances, particularly alcohol, may contribute to the 
patient’s insomnia symptoms and continued use of alcohol for sleep [53]. Of note, 
the impact of the insomnia symptoms on the patient’s daytime function should be 
evaluated, as the patient may instead simply be a short sleeper if they do not experi-
ence any dissatisfaction or daytime dysfunction as a result of their sleep problems. 
Information regarding the patient’s past or current treatment attempts for insomnia 
disorder should also be gathered, as this may affect the future course of treatment 
and it is not always clear if a patient’s previous treatment(s) were appropriately 
selected and implemented [50, 54].

Following the history of present illness portion of the interview, practitioners 
should gauge the pre-sleep conditions of their patients, including their sleeping 
environments, bedtime routines, and states of mind prior to sleep. If a practitioner 
uncovers that their patient is sleeping in a noisy, light-filled environment and eats a 
large meal or exercises directly before bedtime, this is an appropriate time to edu-
cate the patient on proper sleep hygiene. However, it should be recognized that sleep 
hygiene is not a suitable standalone treatment for patients with insomnia disorder 
and should only be used as a primary treatment for insomnia symptoms if the prac-
titioner determines that the patient’s poor sleep habits are the major factor in the 
patients presenting complaint [50]. The practitioner should also assess the patient’s 
perspective of why they may be experiencing insomnia symptoms, as this may 
uncover any potential stressors in the patient’s life or maladaptive beliefs that could 
be countered through cognitively focused treatment [55, 56]. Additionally, inquir-
ing about the patient’s coping responses when they are unable to sleep (e.g., watch-
ing television, remaining in bed, moving to a different room) can be useful in 
informing the treatment approach.

Uncovering the sleep–wake schedule of the patient is valuable in narrowing the 
differential diagnosis and distinguishing insomnia disorder from circadian rhythm 
disorders (advanced/delayed sleep phase type) and behaviorally induced insuffi-
cient sleep due to restricted time in bed. If a patient works several jobs and does not 
have a sufficient amount of opportunity to sleep, they will not meet criteria for an 
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insomnia diagnosis. Similarly, if a patient’s natural sleep–wake schedule is signifi-
cantly advanced or delayed, leaving them with a constrained amount of time for 
sleep due to social responsibilities such as work or school, a diagnosis of a circadian 
rhythm disorder may be more appropriate along with a referral to a sleep specialist 
for the application of circadian interventions. When assessing the sleep–wake 
schedule, the practitioner should determine the patient’s time to bed, estimated time 
to fall asleep, number and length of awakenings, wake time, time out of bed during 
the night, and any naps during the daytime. Use of a sleep diary or sleep log can be 
an effective approach to gathering reliable information on these and other sleep 
habits. Patients who take frequent daytime naps will have a decreased sleep drive in 
the evening which can manifest as an increased sleep onset latency or a later time to 
bed. Counseling the patient against frequent daytime napping can be a beneficial 
recommendation in the outpatient setting before referring the patient for more inten-
sive treatment such as CBT-I. Additionally, the practitioner should ask the patient to 
differentiate between their sleep–wake schedules on work and school days versus 
weekend and vacation days. This may allow the practitioner to clue in on maladap-
tive behaviors such as “catching up on sleep” or may point to a circadian rhythm 
disorder if the patient’s sleep–wake schedule varies drastically between weekdays 
and weekends or vacation days [50, 54, 57].

Inquiring about the nocturnal behaviors that the patient engages in when they are 
unable to sleep can point to comorbid conditions that the patient may have. For 
example, if a patient reports that they lie awake in bed allowing their thoughts to race 
or engages in rumination, there is cause for suspicion that they may respond well to 
a course of CBT-I. Similarly, if a patient endorses severe snoring, gasping or chok-
ing, or frequent leg movements or discomfort, comorbid diagnoses of OSA or rest-
less legs syndrome (RLS), respectively, is appropriate to consider. Bed partner 
reports, if possible, are also critical to include in the evaluation of nocturnal behav-
iors, as a bed partner may report snoring that the patient themselves is unaware of, 
leading to consideration of OSA, or may counter the patient’s reports that they do not 
sleep at night, pointing toward a potential paradoxical insomnia diagnosis [50, 54].

To thoroughly assess the patient’s daytime functioning, there are an assortment 
of aspects that must be considered. In addition to feeling a lack of energy during the 
day or the presenting complaint of “fatigue,” patients may endorse problems with 
their work or school, difficulties with concentration and memory, and cognitive-
emotional problems such as irritability or mental health conditions [58, 59]. Notably, 
most patients with insomnia disorder will present with feelings of fatigue rather 
than sleepiness, so it is essential to consider these two facets of insomnia separately. 
The eight-item Epworth Sleepiness Scale (ESS) should be used to assess daytime 
sleepiness, as this questionnaire can also be used to support an OSA diagnosis when 
scores are elevated [60]. If a patient scores 10 or greater on the ESS, the patient 
should be educated about the risks of excessive sleepiness while driving or operat-
ing heavy machinery, as the patient is exhibiting excessive sleepiness [60]. The 
number, length, and timing (morning, afternoon, evening) of naps is also a useful 
indicator of a patient’s daytime sleepiness and provides an additional opportunity 
for sleep hygiene education. On the contrary, the nine-item Fatigue Severity Scale 
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(FSS) is useful in evaluating fatigue as opposed to sleepiness [61]. Assessing the 
patient’s mood disturbances and cognitive difficulties as well as the effect of their 
insomnia symptoms on their overall quality of life is also critical when evaluating 
the patient’s daytime function. The fatigue, irritability, and cognitive challenges 
associated with insomnia disorder may result in an inability to engage in one’s nor-
mal daytime activities, leading to decreased quality of life. Finally, the bidirectional 
relationship between comorbid conditions and insomnia disorder (e.g., depression, 
pain disorders) may result in the exacerbation of comorbid conditions such as 
depression, anxiety, or joint pain. Therefore, if applicable, the practitioner ought to 
ask the patient how their insomnia symptoms have impacted their comorbid condi-
tions. As the symptom-based nature of insomnia disorder requires evidence for day-
time impairment, appropriate evaluation of the effect of the patient’s insomnia 
symptoms on their daily activities is a critical element of the assessment [50, 54].

To conclude the patient interview, obtaining a detailed medical history, social 
and psychiatric history, and medication list can provide important supplemental 
information to support or detract from a potential insomnia disorder diagnosis. 
Information attained from a detailed medical history, particularly for new patients, 
may inform the practitioner of comorbid conditions that may impact the patient’s 
insomnia symptoms. Understanding these comorbid conditions can ensure that the 
chosen treatment method will optimize the reduction of both the symptoms of 
insomnia and those of the patient’s comorbid conditions. Inquiring about the 
patient’s social and psychiatric history will allow the practitioner to learn that the 
patient may be a shift worker or have a concomitant anxiety or depression diagno-
sis, which may alter the diagnosis and treatment approach. Similarly, discussing the 
patient’s work or school hours as well as any current stressors in their life will pro-
vide the practitioner with useful information for formulating a differential diagno-
sis. Examining the patient’s current medications (including route of administration, 
dosage, frequency, timing, and side effects) and inquiring specifically about caf-
feine and alcohol use may also point to a contributor of the patient’s insomnia 
symptoms and may provide an initial option for symptom relief from reduction of 
these substances [62, 63]. Beyond caffeine and alcohol use, the use of antidepres-
sants ought to be considered, as medications such as imipramine, desipramine, 
fluoxetine, paroxetine, venlafaxine, reboxetine, and bupropion can have either 
sedating or activating effects on the patient that must be addressed by moving the 
medication dose from evening to morning or transitioning to a more appropriate 
antidepressant that has fewer sleep disrupting side effects [64]. Over-the-counter 
allergy medications such as pseudoephedrine or phenylephrine as well as asthma 
medications such as albuterol have stimulatory properties that may also contribute 
to insomnia symptoms, and patients need to be advised not to take these medica-
tions within at least several hours of bedtime. Finally, the use of beta-blockers 
should be assessed and moved to morning administration as these medications can 
suppress melatonin and disrupt sleep [65].

Due to the symptom-based nature of the insomnia disorder diagnosis, it is vital 
that the patient interview be conducted in a manner that emphasizes the concerns of 
the patient in a trusted environment, while also maintaining logical order and 
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efficiency for the practicality of an outpatient office visit. The following section on 
useful tools for insomnia disorder diagnosis will provide strategies for both building 
rapport with the patient without compromising efficiency.

 Tools for Assessment of Insomnia Disorder

Utilizing a variety of tools and questionnaires may drastically expedite obtaining 
information necessary to make an insomnia disorder diagnosis. The Insomnia 
Severity Index (ISI) is useful in questioning the patient about their insomnia- specific 
symptoms such as their sleep onset latency and nighttime awakenings [66]. It is 
common for patients to have a sleep onset latency of ≤35 minutes; however, sleep 
onset latencies of >30–35  minutes should be broached by the clinician [57]. 
Similarly, several brief nighttime awakenings are benign, but the clinician should 
address nighttime awakenings that lead to prolonged wakefulness during the night 
known as wake after sleep onset (WASO). A duration of wakefulness >40 minutes 
is outside the normal range and indicates potential insomnia if occurring on a fre-
quent basis [67]. In addition to measures such as sleep onset latency and WASO, the 
Pittsburgh Sleep Quality Index (PSQI) asks questions such as “During the past 
month, how often have you taken medicine (prescribed or ‘over the counter’) to help 
you sleep?” in order to ascertain aspects of the patient’s sleep problem that may 
otherwise not be addressed by the patient interview [68]. Both of these instruments 
allow for the evaluation of the patient’s insomnia complaints in the context of nor-
mative data so that a clear picture of the severity of the sleep disturbance can be 
obtained. Normative cutoffs for the ISI vary, but a frequently used cutoff in the com-
munity setting is ≥ 10 while the cutoff for the PSQI is >5 [68, 69].

 Sleep Diary

A valuable tool for the practitioner is a 2-week “sleep diary” that the patient com-
pletes each morning immediately after awakening. The sleep diary includes the 
patient’s self-reported bedtime, “lights out time,” sleep onset latency, number and 
duration of nighttime awakenings, amount of wake after sleep onset, time in bed, 
total sleep time, sleep efficiency (total sleep time divided by time in bed), self- 
reported sleep quality, number and duration of naps, and any caffeine, alcohol, or 
sleep aid use (prescription or over the counter). The sleep diary allows the practitio-
ner to gain an accurate picture of the patient’s sleep habits and sense any trends in the 
patient’s sleep schedule, such as a phase advance/delay or excessive use of caffeine 
or alcohol. The advantage to using the sleep diary as opposed to asking the patient to 
recall this information during the office visit is that the patient may struggle to recol-
lect information about their sleep or may misperceive their long-term sleep habits. 
Having a patient fill out a sleep diary each morning for 2 weeks provides the most 
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accurate picture of their sleep and should be utilized prior to full clinical evaluation 
whenever possible. If the practitioner is aware in advance that a patient is scheduling 
a visit for insomnia symptoms, they may request office staff to send a sleep diary 
worksheet or recommend app-based sleep diaries to the patient to fill out for 2 weeks 
prior to the visit. Alternatively, it may be beneficial to schedule a 2-week follow-up 
visit with the patient and request that they fill out the sleep diary during this 2-week 
interval to better ascertain their sleep habits and develop a successful treatment plan. 
When used properly, sleep diaries are a valuable part of the treatment process as they 
allow both the patient and the practitioner to track the progress of the treatment and 
adjust the treatment as needed. The National Sleep Foundation is an excellent source 
for obtaining a free to use standardized sleep diary [70].

Despite the rise in popularity of “wearable” devices such as Fitbits, Apple 
watches, etc., their questionable validity makes them less than ideal methods for 
tracking the sleep of insomnia patients. When compared to PSG sleep measures, 
wearable technology demonstrated a high sensitivity of over 90% for detecting 
sleep; however, its specificity for detecting wake was substantially diminished, 
leading to an artificially inflated total sleep time and diminished WASO [71]. Sleep 
onset also tended to be delayed when measured with wearable technology, with a 
typical delay of about 20  minutes when compared to PSG [71]. While results 
remained consistent across various categories of body mass indices and sexes, 
results tended to vary across age groups [71]. Additionally, wearable technology is 
generally programmed to detect a certain amount of sleep, typically at least an hour, 
leading to extreme inaccuracies in detecting napping [71]. Therefore, it is important 
for practitioners evaluating patients for insomnia disorder to not rely only on data 
from wearable devices but rather on information presented from sleep diaries filled 
out by patients themselves. In most cases, patient reports of symptoms should be 
taken at face value given the frequent discrepancy between subjective and objective 
sleep assessments (including actigraphy) in insomnia disorder. However, wearable 
devices are particularly useful for tracking sleep in patients who may be unable to 
provide accurate self-assessments (e.g., young children, cognitively impaired) or 
for those with widely varying sleep schedules such as night shift workers.

Taken together, the information provided through validated questionnaires such 
as the ESS, ISI, and PSQI in combination with sleep diary worksheets that track the 
patient’s sleep habits will provide the practitioner with the most accurate depiction 
of the patient’s insomnia symptoms.

 Differential Diagnosis

In the differential diagnosis for insomnia disorder, a variety of other sleep and non- 
sleep- related disorders should be considered. Primarily, depression often presents 
with symptoms of insomnia, so it is imperative that the practitioner utilizes 
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screening questionnaires such as the PHQ-9 and ISI to establish whether the patient 
is experiencing symptoms of depression, insomnia, or both. In many cases, due to 
the high comorbidity between insomnia and mental illness, the patient may be expe-
riencing both depression and insomnia, and the patient ought to have both condi-
tions treated at the time of the office visit. Although certain atypical antidepressants 
such as trazodone and mirtazapine have been used to treat insomnia, they are off-
label and guidance on efficacy and appropriate doses for treatment of insomnia 
disorder are limited [72].

The symptoms of OSA may also present similarly to insomnia disorder, with 
patients reporting fatigue during the daytime and frequent awakenings at night. To 
differentiate between insomnia disorder and OSA, the practitioner should use tools 
that assess risks and symptoms of sleep-disordered breathing and OSA, such as the 
ESS and the four-item STOP/STOP-BANG [73, 74]. If a patient screens positive on 
either or both of these questionnaires, the practitioner should schedule a diagnostic 
study (home sleep apnea test or PSG) or make an appropriate referral to further 
investigate a potential diagnosis of OSA.

Movement disorders such as RLS may also present similarly to insomnia disor-
der, as the unpleasant sensations and urge to move at nighttime may prevent the 
patient from falling asleep. Questioning the patient about the symptoms of RLS and 
following up with a PSG study if positive symptoms are endorsed will help the 
practitioner to differentiate RLS from insomnia disorder. There are several unique 
characteristics of RLS that facilitate this process including a circadian rhythm of 
symptoms, unpleasant sensations in the legs, and the patient reports some relief with 
movement.

As previously mentioned, circadian rhythm disorders may also present as 
insomnia disorder, as a patient with phase delay may be unable to fall asleep 
until far past the patient’s usual bedtime. Patients with a circadian rhythm disor-
der can show either a phase delay (i.e., delayed sleep onset and waketime) or a 
phase advance (i.e., earlier sleep onset than desired and early morning awaken-
ings). Therefore, closely examining a patient’s sleep diary and paying particular 
attention to weekday and weekend, holiday, or vacation data will inform the 
practitioner of a possible circadian rhythm disorder. When a patient presents 
with a consistently extreme early or consistently extreme late bedtime additional 
assessment is warranted by a sleep specialist to rule out a circadian rhythm dis-
order. If there is substantive discord between the objective and subjective data 
and all other disorders have been ruled out, paradoxical insomnia could be con-
sidered [75].

In summary, insomnia disorder has a host of comorbid conditions that can con-
tribute to insomnia symptoms or that may present similarly to insomnia disorder. If 
the practitioner is uncertain that an insomnia disorder diagnosis is the most appro-
priate for a given patient, a variety of screening questionnaires and the use of a PSG 
study in conjunction to sleep specialist referral are important aspects for obtaining 
an accurate diagnosis.
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 Treatment Options and Goals

Evaluation of insomnia should conclude with a discussion of treatment options and 
the patient’s treatment goals. The primary goals in treating patients with insomnia 
disorder are typically to improve their sleep quality, thereby improving the patient’s 
subjective experience of their sleep [50] and improving their daytime functioning. 
For patients wishing to discontinue the use of sleep medications, tapering and even-
tual discontinuation of pharmacological treatment may occur in concert with CBT-I 
once the patient’s insomnia symptoms are below the threshold for severe insomnia 
for several weeks (ISI < 22) [50, 66]. Secondary goals of insomnia disorder treat-
ment should be to reduce any psychological distress or correct any maladaptive 
belief systems that the patient has regarding sleep by referring the patient to a CBT-I 
provider [42, 50]. Importantly, when discussing treatment goals with the patient, the 
practitioner ought to ask the patient for their desired outcome and any treatment 
preferences they may have. Engaging in shared decision-making and goal formula-
tion in this way will not only help to guide treatment options but also help the 
patient to be actively engaged in their treatment and build rapport [42].

Assessment of insomnia remission after initiation of treatment should include 
the same measures and questionnaires used for the initial evaluation of the diagnosis 
rather than exclusively asking the patient if their symptoms have improved. Of note, 
many patients will learn to tolerate their symptoms or believe that poor sleep is 
acceptable yet will still be displaying insomnia symptoms and experiencing day-
time impairment [40]. Repeating the initial measures and questionnaires will pro-
vide a more accurate picture of the progression of the patient’s sleep pattern before 
and after treatment. Importantly, emphasis should be placed on if the patient’s day-
time functioning has improved, as this is one foundation of the insomnia disorder 
diagnosis. If the patient is still exhibiting impaired daytime functioning or display-
ing other symptoms of insomnia, the practitioner should question the patient about 
treatment adherence (both behavioral and pharmacological), or consider if a differ-
ent diagnosis is more appropriate. In some cases where remission does not occur, it 
can be effective to have the patient to use an alternative or additional treatment 
approach. Furthermore, as over a quarter of individuals in remission will relapse 
within 3 years, it is essential that the practitioner follow-up with the patient at all 
future appointments [5]. Thorough documentation in the medical record of the 
insomnia disorder diagnosis and treatment efforts will help in future visits with the 
patient and will aid other providers if insomnia recurrence occurs.

 Summary

Insomnia disorder is a highly pervasive and persistent sleep disorder that negatively 
impacts both the patient and society as a whole. The clinical management of insom-
nia disorder in a primary care setting can be challenging, but given the proper tools, 
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any practitioner can be prepared to efficiently and effectively treat insomnia disor-
der. Keeping in mind the potential etiology of the disorder, the practitioner will be 
able to understand the myriad underlying reasons for the patient’s symptom presen-
tation and use this knowledge to inform the patient of their appropriate treatment 
options. Being familiar with the signs, symptoms, and treatments of insomnia dis-
order will allow general practitioners including those in primary care to be optimal 
first-line interventionists for these patients and deliver high-quality, compassionate 
care to those suffering from this debilitating disorder.
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 Management of Insomnia Disorder

Insomnia disorder is characterized by difficulty initiating and maintaining sleep. It 
is estimated that 10–30% of the population experiences insomnia [1–3]. There are 
two primary diagnostic systems for the identification of clinically significant insom-
nia symptoms: (1) the American Psychiatric Association’s (APA) Diagnostic and 
Statistical Manual of Mental Disorder-fifth Edition (DSM-5) [4] and (2) the 
International Classification of Sleep Disorders-Third Edition (ICSD-3) of the 
American Academy of Sleep Medicine (AASM) [5]. A diagnosis of insomnia 
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disorder is characterized by poor sleep, with daytime consequences, that persists for 
3 months and occurs at least three times per week. Per the ICSD-3, a diagnosis of 
chronic insomnia requires that a patient report sleep disturbance for at least 
3 months, with short-term insomnia characterized by sleep disturbance that is less 
than 3  months in duration [5]. Consequences associated with sleep disturbance 
include increased risk for other medical and mental health comorbidities, lost pro-
ductivity and increased absenteeism, and increase risk for accident, injury, and 
death [6].

Given the prevalence of and impairment associated with poor sleep, interven-
tions have been developed to treat the symptoms of insomnia disorder [2, 7, 8]. 
Interventions include both behavioral (i.e., non-medication) treatments and medica-
tion treatments. This chapter describes the best practices for the treatment of insom-
nia disorder. Based on the AASM Clinical Practice Guidelines [8], Fig.  13.1 
describes a decision-making framework for the treatment of insomnia disorder. 
Evidence-based treatments, patients’ preferences, sleep disorder comorbidities, and 
treatment responses will inform decision-making. The following sections describe 
the treatments included in this framework and factors that may influence treatment 
delivery and referral.

Does the patient meet
diagnostic criteria for
insomnia disorder?

Yes

Are they interested in
behavioral treatment?

Are there comorbid
conditions that can be

treated simultaneously?

Evaluate for other sleep
disorders and refer for

sleep study if not
previously conducted

NoYesNoYes

Practice or
refer to CBT-I

Treatment
Response

Evaluate for other sleep
disorders and refer for

sleep study if not
previously conducted

Consdier implementation
of other behavioral

treatments for insomnia
Yes

Continue treatment for
comorbid condition and

refer to CBT-I

Evaluate for other sleep
disorders and refer for

sleep  studt if not
previously conducted

Supplement
with medication

as needed

Yes

Was there a treatment
response?

Pratice or refer to CBT-
I and implement

treatment for comorbid
conditions

Evaluate for other sleep
disorders and refer for

sleep study if not
previously conducted

Consider
Implementation of
other behavioral

treatments for insomnia

Treatment
Response

Treatment
Non-Response

No

NoTreatment
Non-Response

Provide medication with
lowest risk or refer to

prescriber

Were there previous
attempts to treat this

condition(s)?

Pratice or refer to
CBT-I

No

Fig. 13.1 Treatment decision-making framework for the treatment of insomnia disorder
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 Behavioral Interventions

Cognitive behavioral therapy for insomnia The first line treatment for insomnia 
is cognitive behavioral therapy for insomnia (CBT-I) [7]. The AASM Clinical 
Practice Guidelines strongly recommend clinicians use multicomponent CBT-I for 
the treatment of chronic insomnia disorder in adults [9]. A “strong recommenda-
tion” indicates that clinicians should implement or refer to this treatment under 
most circumstances. A “conditional” recommendation indicates that clinicians 
should consider knowledge of the patient (i.e., patient values and preferences) and 
clinical knowledge and experience to determine the best intervention. While multi-
component CBT-I is strongly recommended, individual components of CBT-I are 
also conditionally recommended for the treatment of chronic insomnia disorder in 
adults. The following sections will describe the components of CBT-I.

The “3-Ps” model underlies the rationale for CBT-I. This model proposes that 
insomnia develops from and is maintained by predisposing factors, precipitating 
factors, and perpetuating factors [10]. Predisposing factors increase an individual’s 
risk of developing insomnia (e.g., family history of sleep disorders). Precipitating 
factors include circumstances or events that lead patients to experience clinically 
significant sleep difficulties (e.g., injuries/medical conditions, interpersonal events) 
[11]. Attempts to cope with precipitating factors can lead to perpetuating factors 
(e.g., compensatory daytime napping, prolonged time awake in bed at night, caf-
feine use during that day). According to the 3-Ps model, perpetuating factors lead to 
chronic insomnia [10]. Insomnia is maintained by the interrelations among prob-
lematic emotions, thoughts, and behaviors. Patients can develop anxiety or other 
emotions regarding their sleep difficulties, experience inaccurate and unhelpful 
thoughts about their sleep difficulties, and engage in maladaptive behaviors to cope 
with difficulties initiating and maintaining sleep [12, 13]. CBT-I intervenes on this 
problematic cycle by changing problematic behaviors and thoughts [8]. CBT-I ses-
sions typically incorporate the following intervention components: (1) stimulus 
control, (2) sleep restriction, (3) sleep hygiene recommendations, (4) relaxation 
strategies, and (5) cognitive therapy exercises. Of these components, the strongest 
evidence supports stimulus control and sleep restriction as stand-alone treatments, 
while evidence for the other components remains more modest [14, 15].

Stimulus control Stimulus control is a behavioral phenomenon that underlies mul-
tiple behaviors, including sleep [16]. In basic terms, sleep is considered an instru-
mental behavior, and cues (or stimuli) in a patient’s environment provide information 
about whether sleep will be reinforced or not [17, 18]. Example of discriminative 
stimuli for sleep include darkness/nighttime or being in bed. However, if these stim-
uli are inconsistently paired with sleep, difficulty sleeping may be the result of inad-
equate discriminative stimulus control. Patients who undergo CBT-I are provided 
with education about classical and operant conditioning to ensure they understand 
the rationale for stimulus control therapy [19]. The provider and patient discuss the 
associations that can develop between the bed (i.e., place of sleep) and anxiety  and/
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or other non-sleep behaviors/activities and how these associations lead to condi-
tioned insomnia [14]. The intervention of stimulus control involves using the sleep 
area only for sleeping, refraining from doing other activities in the sleep area, and 
avoiding sleeping in areas other than the designated sleep area. Per the AASM 
Clinical Practice Guidelines, it conditionally recommended that clinicians imple-
ment stimulus control as a single-component therapy for the treatment of insomnia 
disorder.

Sleep restriction In addition to stimulus control, patients are oriented to the ratio-
nale for tracking sleep. Behavior monitoring is a common component of many 
behavioral therapies [20]. Patients are oriented to the sleep diary and are asked to 
complete a weekly sleep diary, which includes daily bedtimes, sleep onset latencies, 
wake times after sleep onset, number of nighttime awakenings, rise times, and day-
time awakenings (see Fig. 13.2 for an example of sleep diary information). Based 
on data on the sleep diary, patients are oriented to the concept of sleep efficiency. 
Sleep efficiency is calculated by dividing total sleep time by total time in bed (min-
utes from bedtime to rise time) and converting the quotient to a percentage. Patients 
and providers discuss how low sleep efficiency can exacerbate problematic associa-
tions between bed and wakefulness, maintaining insomnia symptoms [15]. Patients 
may develop inaccurate beliefs that more time in bed provides a greater opportunity 
for sleep. In fact, excessive time in bed not sleeping can further contribute to inad-
equate stimulus control. Sleep restriction involves reducing the amount of time a 
patient spends in bed in an effort to improve sleep efficiency [18, 21]. This involves 
setting a sleep window based on a patient’s sleep diary total time in bed. Patients are 

Complete on: Sun Mon Tues Wed Thurs Fri Sat [date] ______________
Day 1

Morning questions Bedtime questions

1. What time did you got to bod last night? ___:___  am/pm

___:___  am/pm

Time off ____:____  am/pm Time on: ____:____  am/pm

___:___  am/pm

___ cups/glasses

___:___  am/pm

_________  drinks

___:___  am/pm

___:___  am/pm

minutes minutes

minutes

times

No Yes

No Yes

No

No Yes

No Yes

No Yes

Yes

2. How long did it take you to fall asleep last night?

3. Did you wake up during the night last night?

4. Last night, did you take any medication to help
 you sleep?

5. What time did you wake up for the last time this
 morning?

6. This morning, what time did you get up for the
 day?

a. If yes, How many times did you wake up?

7. Did you take any naps or doze off at any time today
 before getting into bed for the night?

8. Did you drink any beverages containing caffeine
 today?

9. Did you drink any beverages containing alcohol
 today?

10. Did you remove the sleep watch for any reason
 today?

(Please refer to the “Drink Conversion Table” on the inside back
cover)

a. If yes, How many times did you spend napping or
 dozing?

a. If yes, About how many cups or glasses?

a. If yes, About how many drinks did you have?

a. If yes, what time?

b. Reason removed ______________________________________

b. What time did you have your last drink?

b. If yes, What time did you have your last one?

a. If yes, What did you take? (write down any sleep aid below)

b. What time did you take this?

b. If yes, What was the total amount of time that
 you wereawake?

Fig. 13.2 Example of information collected in sleep diary
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instructed to only sleep within this window of time (i.e., between prescribed bed-
time and rise time). Patients should not go to bed earlier than their prescribed bed-
time or wake up later than their prescribed rise time, and should avoid napping 
outside of their sleep window [15, 22]. It is conditionally recommended that provid-
ers implement sleep restriction as a single-component treatment for insomnia dis-
order [9].

Sleep hygiene recommendations CBT-I providers present information about day-
time and nighttime activities that can help or hinder good sleep. Patients receive 
information about how factors (e.g., light exposure, alcohol/substances, medica-
tions, caffeine, food intake, and exercise) can impact wakefulness and sleepiness 
[23]. The patient and provider also discuss the sleep environment and what environ-
mental factors can help or hinder sleep (e.g., temperature, noise, light, bodily dis-
comfort, bed partner, etc.). The patient and provider discuss changes the patient can 
implement to improve their sleep [23]. Sleep hygiene education, as a standalone 
intervention, has been shown to be less effective than multicomponent CBT-I [24]; 
however, sleep hygiene is conditionally recommended as a single-component treat-
ment for insomnia disorder [8].

Relaxation strategies Anxiety and hyperarousal at bedtime serve as barriers to 
sleep initiation. CBT-I providers educate patients about the problematic relation-
ships among thoughts, emotions, and sleep behaviors that occur in the context of 
insomnia. The goal of relaxation strategies in the context of insomnia is to reduce 
hyperarousal at bedtime. Consistent with the principle of counter-conditioning, an 
undesired response (i.e., arousal) is reduced as the stimulus (i.e., place of sleep) is 
consistently paired with a more desired response (i.e., relaxation) [25]. Relaxation 
strategies, including breathing exercises [26] and progressive muscle relaxation 
[27], are often presented as part of CBT-I protocols [28]. Additionally, patients are 
encouraged to implement a relaxing bedtime routine (i.e., buffer zone) each night in 
an effort to (1) reduce anxious thoughts at bedtime [22] and (2) weaken the associa-
tion between hyperarousal and bedtime that may have developed due to poor sleep 
habits. Relaxation therapy is conditionally recommended as a single-component 
treatment for insomnia disorder [8].

Cognitive therapy techniques As a form of cognitive behavioral therapy, CBT-I 
incorporates cognitive techniques to challenge unhelpful and inaccurate thoughts 
that lead to problematic sleep behavior (i.e., “I have to go to bed early, and then I 
will sleep more tonight”) [29]. To identify and adapt problematic thoughts related to 
sleep, providers will utilize Socratic questioning [30]. Additionally, providers may 
ask patients to examine their thoughts by looking at their sleep diary data (i.e., “Do 
you actually sleep more if you spend more time in your bed?”) or encourage patients 
to test these thoughts by engaging in a behavioral experiment. Sleep diary informa-
tion can also help to challenge inaccurate or problematic thoughts about daytime 
functioning (e.g., “If I don’t get eight hours of sleep, I will not be able to function 
the next day”). By providing evidence to the contrary regarding the relationship 
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between total sleep time and daytime functioning, data gathered during CBT-I ses-
sions can lessen anxiety about sleep difficulties and the perceived consequences of 
insomnia. Additionally, cognitive techniques can be used if patients express reluc-
tance to engage in other components of CBT-I (e.g., sleep restriction). Other cogni-
tive techniques include but are not limited to (1) evaluating the evidence for or 
against a thought, (2) exploring alternative explanations or interpretation, (3) and/or 
presenting new information to patients [31].

Multiple meta-analyses have demonstrated the effectiveness of CBT-I at improv-
ing wake/sleep patterns among patients with insomnia, including patients with 
comorbid medical and psychiatric conditions [28, 32, 33]. The intervention compo-
nents of CBT-I and their implementation are described in Table 13.1. It should be 
noted that the delivery of CBT-I is individualized for each patient, with the empha-
sis and timing of each intervention component depending on the clinical presenta-
tion of each individual patient.

Individual format CBT-I interventions have been most commonly studied using a 
one-on-one, in person therapy format [28, 32]. Most protocols consist of four to six, 
60-minute sessions with a trained CBT-I provider. However, CBT-I has also been 
delivered using telemedicine platforms, with high feasibility and acceptability 
reported by patients and providers [34]. Meta-analyses have consistently found 
individual-based CBT-I to be an effective treatment for insomnia symptoms [32, 
33]. As previously stated, the multicomponent, individual-based form of CBT-I is 
strongly recommended by the AASM Clinical Practice Guidelines for the Treatment 
of Insomnia [8]. This means that under most circumstances (or when possible), 
providers should refer patients to or implement individual-based CBT-I [8].

Group format Despite the efficacy of this intervention, we recognize that there 
are circumstances when one-on-one CBT-I may not be readily available or acces-
sible to patients [35]. Fortunately, there is also research demonstrating the efficacy 
for group-based CBT-I, though there is less evidence for group-based CBT-I com-
pared to one-on-one CBT-I [36]. This form of CBT-I involves providing psycho-
education about sleep, including the rationales for stimulus control, sleep 
restriction, and the other intervention components of CBT-I to a group of patients 
[37]. Each patient tracks their sleep using a sleep diary, and sleep windows are 
prescribed to each patient based on individual data from patients’ respective sleep 
diaries.

Telehealth Telehealth modalities have been used to deliver CBT-I in several stud-
ies and can increase access to treatment for patients with insomnia disorder who 
many find it difficult to travel to in-person sessions or to navigate a self-guided 
treatment without provider support. There is evidence that CBT-I can be delivered 
via telehealth in both individual and group format, and it is non-inferior to in-person 
delivery [38, 39]; however, there are challenges to group delivery including privacy 
consideration and technological challenges.
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Self-guided formats To increase access to CBT-I, online, self-guided protocols and 
CBT-I informed apps have been developed. Evidence-based examples include the 
Veteran Health Administration’s (VHA) “Path to Better Sleep” [40] and “CBT-I 
Coach.” [41] Online behavioral interventions for insomnia have been shown to 
improve sleep outcomes [42–44]. There is also evidence that face-to-face CBT-I is 
more effective than guided online interventions [45]. That being said, CBT-I provid-
ers report using CBT-I Coach when delivering one-on-one CBT-I, and research 
demonstrates that the app is viewed favorably by patients [46, 47]. It should be 
noted that use of CBT-I Coach or other apps alone is not comparable to the delivery 
of CBT-I by a trained provider.

Brief behavioral treatment for insomnia Given that stimulus control and sleep 
restriction are the intervention components of CBT-I with the strongest evidence, 

Table 13.1 Typical intervention components of cognitive behavioral therapy for insomnia (CBT-I)

Topics covered Session activities Homework

Getting started with CBT-I (sleep education, sleep hygiene, and stimulus control)

Sleep education: sleep regulation, 
insomnia (3P model), sleep stages 
and macrostructure
Introduce stimulus control concepts
Lifestyle habits that enhance or 
hinder sleep
Introduce and explain daily sleep 
diary

Discuss classical 
conditioning and insomnia
Action plan: sleep hygiene 
changes, stimulus control

Implement action plan 
(sleep hygiene practices, 
stimulus control)
Daily sleep diary

Scheduling sleep (sleep restriction therapy)

Learn about the homeostatic and 
circadian sleep processes
Introduce sleep restriction

Review/discuss sleep diary
Action plan: daily sleep 
schedule

Implement action plan 
(sleep schedule)
Daily sleep diary

Thoughts about sleep (cognitive therapy)

Adjust time in bed
Discuss validity and utility of 
unhelpful sleep-related thoughts

Review/discuss sleep diary
Action plan: revise sleep 
schedule, develop coping 
cards

Implement action plan 
(sleep schedule, coping 
cards)
Daily sleep diary

CBT-I: progress and obstacles (cognitive therapy)

Adjust time in bed
Review progress and obstacles
Use cognitive strategies to address 
barriers to adherence

Review/discuss sleep diary
Addressing barriers and 
obstacles using cognitive- 
therapy methods
Action plan: identify 
obstacles and strategies to 
address them

Implement action plan 
(sleep schedule, strategies 
to address obstacles)
Daily sleep diary

CBT-I: sleeping well over the long-term (relapse prevention)

Adjust time in bed
Discuss relapse prevention and 
coping

Review/discuss sleep diary
Action plan for relapse 
prevention

Use tools/skills for future 
sleepless nights
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brief behavioral treatment for insomnia (BBT-I) was derived from CBT-I. BBT-I is 
shorter than CBT-I [48, 49], typically involving four sessions, and focuses on help-
ing patients to make behavioral changes to improve their sleep. BBT-I provides 
education about homeostatic (i.e., sleep drive) and circadian drives (i.e., biological 
clock) and how waking behaviors associated with insomnia disorder can interfere 
with these processes [50]. Similar education is provided in CBT-I protocols as well 
[22]. Intervention components of BBT-I include (1) sleep restriction to increase 
sleepiness at the prescribed bedtime, (2) stimulus control to reduce time spent 
awake in bed, (3) adherence to prescribed bedtimes and rise times, (4) and elimina-
tion/reduction of bad sleep hygiene behaviors and promotion of good sleep hygiene 
behaviors. BBT-I encourages patients to modify waking behaviors to normalize 
homeostatic and circadian drives. BBT-I does not target sleep-related thoughts and 
does not incorporate cognitive strategies [50]. While CBT-I remains the first line 
treatment for insomnia disorder, a recent noninferiority clinical trial found no sig-
nificant differences between BBT-I and CBT-I on sleep-related outcomes [51]. The 
AASM Clinical Practice Guidelines recommend that providers may use multicom-
ponent brief therapies for insomnia [9].

Consistent with CBT-I, patients who undergo BBT-I complete a sleep diary each 
week, which guides treatment recommendations. If a patient’s sleep onset latency is 
>20 minutes, it is recommended they leave their sleeping area and engage in a low- 
stimulating activity until they are sleepy, at which point they are instructed to return 
to bed. Generally, if a patient is taking >30 minutes to fall asleep or they are awake 
>30 minutes after sleep onset, it is recommended that the patient reduce their time 
in bed by 15 minutes. Alternatively, if the patient is taking <30 minutes to fall asleep 
or they are awake <30 minutes after sleep onset, it is recommended that the patient 
increase their time in bed by 15 minutes [22, 50]. This is known as the 30/30 rule in 
BBT-I [50, 52].

Due to the high incidence and persistence of untreated insomnia [53], an impor-
tant part of both CBT-I and BBT-I is relapse prevention. Patients are encouraged to 
consider the strategies they have learned in insomnia treatment and to identify a 
plan for how they will intervene on their own behavior in the future should they 
have trouble initiating or maintaining sleep again. A recent meta-analysis showed 
the effects of CBT-I remain significant a year after therapy [54]. The focus on 
relapse prevention in the termination session highlights the importance of patient 
education in both CBT-I and BBT-I, ensuring that patients understand the treatment 
rationales and develop a sense of agency regarding their sleep.

Novel behavioral approaches Despite the body of research demonstrating the 
efficacy and effectiveness of CBT-I, challenges with treatment completion remain. 
Estimates of treatment dropout in clinical settings range from 13.7% to 34.0% [55, 
56]. Shorter total sleep time and greater depression symptoms at baseline predict 
treatment attrition in clinical trials of CBT-I. Adherence challenges have also led 
practitioners and researchers to explore adaptations of CBT-I [57]. Mindfulness and 
acceptance-based approaches (so-called third-wave cognitive behavioral therapies) 
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are receiving growing attention. Kabat-Zinn (1994) defined mindfulness as “paying 
attention in a particular way: on purpose, in the present moment, and  nonjudgmentally” 
(p. 4) [58]. Components of mindfulness (e.g., present moment awareness, observa-
tion, description) have been incorporated into cognitive behavioral therapies, with 
the goal of noticing thoughts, rather than challenging or changing said thoughts [59].

Mindfulness-based Ong et al. (2012) proposed a model of insomnia consist with 
third-wave approaches. The model suggests that sleep-related arousal is caused first 
by sleep difficulties and their consequences, and then the arousal is exacerbated by 
“meta-cognitive” factors, such as distress about concerns regarding the insomnia 
[60]. Addressing meta-cognitive factors may improve the general effectiveness of 
treatment and reduce non-adherence through increased tolerance of discomfort 
[60]. Mindfulness-based therapy for insomnia (MBTI) incorporates (1) experiential 
mindfulness practices (e.g., body scan, sitting meditation), (2) education about 
mindfulness, and (3) behavioral strategies to improve insomnia (i.e., stimulus con-
trol, sleep restriction, and targeted sleep hygiene recommendations). Similar to 
CBT-I and BBT-I, patients undergoing MBTI are asked to keep a sleep diary, but 
they are also asked to keep a meditation diary [61]. MBTI has been found to be 
effective at improving insomnia symptoms [62].

Acceptance-based A third-wave cognitive behavioral therapy that incorporates 
mindfulness is Acceptance and Commitment Therapy (ACT) [63, 64]. CBT and 
ACT have similarities and distinct differences. Both emphasize the role of cognition 
in psychopathology, but each model proposes different mechanisms of change [65]. 
In CBT, adaptive changes in thoughts and behaviors contribute to therapeutic 
change [66]. The ACT model suggests that thoughts do not directly cause problem-
atic behaviors and a decrease in dysfunctional thoughts is not a prerequisite for 
therapeutic change [67]. Therapeutic change occurs by changing the relationship 
one has with “dysfunctional thoughts” through contacting the present moment, and, 
based on what that situation affords, acting in accordance with one’s chosen values. 
This process is referred to as psychological flexibility [64].

Within the ACT framework, there are six interrelated processes which promote 
psychological flexibility including (1) present moment awareness, (2) acceptance of 
current experience, (3) self as context (i.e., non-identification with thoughts), (4) 
cognitive defusion (i.e., creating “space” between self and thoughts), (5) values 
(i.e., activities that give lives meaning), and (6) committed actions (i.e., behaviors in 
service of these values) [63, 64]. While ACT has been used to treat multiple psychi-
atric conditions and improve distress among individual with multiple comorbid 
medical conditions, few studies have examined insomnia as a primary outcome 
variable [68]. However, there was a recent meta-analysis that examined the impact 
of ACT on insomnia and sleep quality, and findings indicated that engagement in 
ACT was associated with improved sleep outcomes [69]. While case studies and 
developmental study findings for ACT-based insomnia treatment are promising [70, 
71], additional clinical trials are needed.
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 Behavioral Treatment for Insomnia: Safety Considerations

The risks associated with participation in CBT-I or other behavioral treatments for 
insomnia are minimal [8]. However, there are times when sleep restriction is contra-
indicated. For instance, if a patient has a history of bipolar disorder, disruptions to 
the sleep schedule can trigger hypomanic/manic symptoms [72, 73]. Generally, it is 
not recommended that providers prescribe a sleep window less than 5 hours [22], 
even when patients are reporting total sleep time of less than 5 hours. BBT-I guide-
lines recommend a sleep window of no less than 6 hours [50]. CBT-I providers and 
patients should also discuss the utility of sleep outside of the prescribed sleep win-
dow when patients are sleepy and they must engage in activities where sleep depri-
vation is dangerous (e.g., driving).

Additionally, while CBT-I has been shown to be effective at treating insomnia in 
patients with comorbid sleep conditions, assessment of sleep disorders (e.g., 
obstructive sleep apnea [OSA], restless leg syndrome) [8, 74, 75] is recommended 
prior to initiation of behavioral insomnia treatment. This ensures that patients 
receive treatments for their other sleep disorders (e.g., continues positive airway 
pressure [CPAP], medications/supplements) and optimizes the effectiveness of 
behavior treatments for insomnia. Research has also shown that participation in 
CBT-I increases CPAP use in patients with comorbid insomnia and OSA [76]. 
Finally, research has demonstrated that insomnia is a risk factor for suicidal ideation 
[77, 78]. While research has shown CBT-I and attendance of sleep medicine appoint-
ments reduces depression symptoms and lowers risk of suicide [79, 80], risk assess-
ment and safety planning should be conducted prior to initiating CBT-I with patients 
to ensure that patients are not a harm to themselves or others.

 Behavioral Treatments for Insomnia: Considerations 
for Special Populations

Since insomnia disorder is highly comorbid with a variety of medical and mental 
health disorders [3, 81], special considerations should be made with some patients. 
Providers should involve caregivers when patients with insomnia present with cog-
nitive impairment or are dependent on caregivers to complete activities of daily 
living. Caregivers may also benefit from components of CBT-I to both optimize 
their sleep and caregiving abilities [82]. Additionally, patients with limited mobil-
ity or pain may require modification to traditional stimulus control recommenda-
tions. Understanding the unique factors that contribute to nighttime awakenings 
(e.g., pain, need to urinate, hot flashes) is critical in developing effective behavioral 
treatment plans [3, 83, 84]. Patients with psychiatric comorbidities may require 
greater emphasis on interventions for problematic thoughts related to sleep and 
avoidance of sleep (e.g., patients with posttraumatic stress disorder [PTSD] may 
avoid sleep due to fear of nightmares) [85]. Finally, for a patient to be diagnosed 
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with insomnia, the patient must report sleep problems, despite having the opportu-
nity to sleep [4]. This differentiation is important when assessing patients who may 
not have a consistent opportunity to sleep (e.g., parents of infants) and/or patients 
who do not have a consistent/safe place to sleep (i.e., individual with unstable 
housing). In these circumstances, it may be best to delay initiation of behavioral 
treatments for insomnia and first address barriers to consistent and safe opportuni-
ties for sleep.

 Medication Treatments for Insomnia

While CBT-I is the gold standard first line treatment for insomnia disorder, pharma-
cotherapy plays a role in several clinical situations. Medications are often used for 
short-term insomnia, for individuals who cannot or choose not to undergo CBT-I, 
for individuals who did not respond fully to CBT-I treatment, and for individuals 
who require intermittent medication in addition to CBT-I.  A limited number of 
medications are FDA approved for treatment of insomnia (Table 13.2), although 
many other prescription medications, dietary supplements, and over-the-counter 
medications with sedating properties are used off-label in clinical practice. 
Importantly, off-label use of medications to treat insomnia but that are not FDA 
approved is also not recommended for use in clinical practice guidelines, generally 
due to the fact that the potential side effects from these medications outweigh the 
potential benefits for treating insomnia disorder [86, 87].

Table 13.2 FDA medications approved for treatment of insomnia disorder in adults

Prescription medications Over-the-counter agents

Ambien (zolpidem)
Belsomra (suvorexant)
Butisol (butabarbital)
Doral (quazepam)
Edluar (zolpidem)
Estazolam
Flurazepam
Halcion (triazolam)
Hetlioz (tasimelteon)
Intermezzo (zolpidem)
Lunesta (eszopiclone)
Restoril (temazepam)
Rozerem (ramelteon)
Seconal (secobarbital)
Silenor (doxepin)
Sonata (zaleplon)
Zolpimist (zolpidem)

Benadryl (diphenhydramine)a

Unisom (doxylamine)a

Source: US Food and Drug Administration [104]
aNote: agents also in many cold and headache combination products
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The choice of pharmacotherapy agent should be made using a shared decision- 
making approach. Factors to consider include type of insomnia (sleep onset, main-
tenance, or early awakening), consideration of the patients’ age, comorbidities 
inclusive of renal and hepatic dysfunction, additional medications including poly-
pharmacy, response to prior therapy, cost and availability of medications, prior his-
tory of dependence on controlled substances, and patient and clinician preferences. 
Medication alone rarely results in a full remission of insomnia disorder, and over 
time increased dosage is needed to obtain the same efficacy. In addition, unlike 
CBT-I, where the effects of treatment are long lasting, discontinuation of pharmaco-
therapy for insomnia results in return of the insomnia symptoms.

Several randomized controlled studies comparing pharmacotherapy vs. CBT-I 
have been performed with consistent findings that behavioral therapies are superior 
in treating insomnia when compared to medication and that the effects achieved 
with behavioral therapy are long lasting. Morin et al. compared CBT-I with temaze-
pam for an 8-week treatment period and then a 2-year follow-up [88]. In this study, 
CBT-I was superior to temazepam in improving sleep time after sleep onset imme-
diately post-treatment, and at 24 months follow-up, CBT-I gains in sleep time were 
sustained while the temazepam group was similar to the placebo group. Similar 
results were noted by Jacobs et al. using CBT-I compared to zolpidem when using 
sleep latency as a primary outcome [89]. CBT-I resulted in more sustained benefits 
than medications in both studies.

Non-Benzodiazepine receptor agonists (non-BZRAs) Non-BZRAs are com-
monly used to treat insomnia and include eszopiclone, zaleplon, and zolpidem. 
Middle of the night formulations (dissolving tablets or spray) of zolpidem are avail-
able. The mechanism of action is enhancement of the neurotransmitter gamma- 
aminobutyric acid (GABA) function at the GABA-A receptor within the central 
nervous system (CNS). These medications are FDA approved for sleep onset and 
sleep maintenance insomnia and, due to their shorter half-life (1–6 hours), are con-
sidered to have a better safety profile and less daytime impairment when compared 
with benzodiazepines. They are all Schedule IV controlled substances although 
appear to have less potential for abuse when compared with traditional benzodiaz-
epines. All the non-BZRAs are metabolized by CYP enzymes resulting in potential 
drug interactions and in reduced recommended dosages in older patients. For mid-
dle of the night awakenings, zolpidem spray and sublingual dissolving tablets offer 
a faster onset of action. Zaleplon can also be considered due to its very short half- 
life (1 hour). For middle of night awakening, these medications can be used if there 
is remaining 4 hours of sleep after the awakening. Zolpidem extended release has 
the longest half-life and can be considered in patients where the other non-BZRAs 
wane in efficacy over the course of the night. In addition to the usual central nervous 
system impairment noted with all insomnia medication, the non-BZRAs carry an 
FDA box warning for sleep behaviors such as sleepwalking, sleep driving, sexsom-
nia, and sleep eating among others. They should not be prescribed in patient with 
preexisting parasomnias. According to a meta-analytic review, these medications 
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decrease sleep latency by 10–20 minutes and increase sleep time by 10–30 min-
utes [90].

Benzodiazepine receptor agonists (BZRAs) BZRAs with FDA approval for 
insomnia include estazolam, flurazepam, quazepam, temazepam, and triazolam. All 
are Schedule IV controlled substances and tend to be avoided for treatment of 
insomnia due to their longer half-life when compared with non-BZRAs, increased 
potential for dependence, and increased risk for side effects with abrupt discontinu-
ation. Benzodiazepines also function by enhancing GABA at the GABA receptor 
within the CNS but have less affinity for the GABA-A receptor, and thus tend to 
cause more sedation than their non-BZRA counterparts. They are metabolized by 
CYP-34A, and like the non-BZRA medications, adjustments must be made for age 
and polypharmacy. Due to the long half-life of these sedatives, the FDA has placed 
a box warning to avoid with use of narcotics due to the concern for respiratory sup-
pression. Studies on the efficacy of BZRAs use both self-reported and polysomnog-
raphy data, and the results vary. On average this class of medication reduces sleep 
latency by 10–20 minutes and increases nighttime sleep by 30–60 minutes [90].

Melatonin receptor agonists Ramelteon is a MT1 and MT2 melatonin receptor 
agonist which is FDA approved for the treatment of sleep onset insomnia. Ramelteon 
is cleared by CYP1A2 and CYP2C9 and should be avoided in individuals with 
severe liver disease and those on medications inhibiting these enzymes (i.e., fluvox-
amine). Effect size of ramelteon is small, but a meta-analysis showed a reduction in 
sleep latency of approximately 5  minutes and increase in overall sleep time of 
7 minutes [91].

Orexin receptor antagonists Lemborexant and suvorexant are dual orexin recep-
tor antagonists (DORAs) which function at the OX1R and OX2R receptors. Both 
are FDA approved for sleep onset and sleep maintenance insomnia. The orexin/
hypocretin system initiates at the hypothalamus and communicates with multiple 
wake-promoting regions of the brain responsible for secreting acetylcholine, dopa-
mine, histamine, norepinephrine, and serotonin. As with other insomnia medica-
tions, DORAs cause somnolence. This class should specifically be avoided in 
individuals with narcolepsy and individuals on medications which inhibit CYP3A 
and those with hepatic impairment. Both medications improve sleep onset latency 
and increase sleep time [92].

Antidepressants Trazadone is one of the most commonly prescribed antidepres-
sants for insomnia, and it improves some sleep parameters over the short-term [93]. 
Its mechanism of action is via antagonism of 5-HT2A, 5-HT2B, alpha-1A, and 2C 
receptors, agonism of 5-HT1, and inhibition of serotonin reuptake. The AASM 
clinical practice guidelines recommend against use of trazadone for insomnia as 
there is minimal data regarding its efficacy and a very small size effect which was 
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not sustained over time noted in the one randomized trial available for inclusion in 
the guidelines [87]. There are many potential side effects of trazadone including QT 
prolongation, orthostatic hypotension, priapism, increased suicidal ideation, mania 
and hypomania, closed-angle glaucoma, and serotonin syndrome, among others. 
Due to the potential side effects at higher doses, it is not recommended to increase 
doses over 150 mg nightly for the treatment of insomnia. Trazadone also has a long 
half-life (10–12  hours) leading to the risk of increased daytime sleepiness in 
patients [94].

Low-dose doxepin (3 or 6 mg tablets) is FDA approved for the treatment of sleep 
maintenance insomnia. Doxepin is a tricyclic antidepressant with primarily antihis-
tamine antagonist (H1 receptor) features at a low dose. As with all other tricyclic 
antidepressants, MAOI inhibitors need to be avoided, and it should not be used in 
patients with urinary retention or those with untreated closed-angle glaucoma. Due 
to the cost of the low-dose tablets, providers may sometimes prescribe the liquid 
formulation or the 10  mg tablets, which are significantly lower priced in the 
USA. On average doxepin increases sleep time by 25–40 minutes.

Antipsychotics Quetiapine is a commonly prescribed anti-psychotic medication 
for insomnia although there is minimal data on its effect on sleep in patients without 
psychiatric disease, and it poses significant side effect risks [87]. Its mechanism of 
action is not wholly understood but is known to be a D2 and 5-HT2 antagonist, and 
it is metabolized by CYP3A4. It has a high side effect profile including orthostatic 
hypotension, dizziness, suicidality in younger patients, and extrapyramidal symp-
toms, among others. Due to its high side effect profile and the paucity of data on 
sleep, it is not recommended for the treatment of insomnia, especially in individuals 
without mood disorders or schizophrenia [95].

 Nutritional Supplements

Several dietary supplements are marketed for insomnia. Dietary supplements are 
not FDA regulated, resulting in variability of concentration and purity of active 
ingredients [96]. Although there is scant evidence for the efficacy of supplements 
for the treatment of insomnia, overall, the risk for adverse effects is low. Hepatic 
failure, however, has been reported with valerian root and kava root.

Melatonin Melatonin is a commonly used dietary supplement for the treatment of 
insomnia. It is a melatonin receptor agonist acting at the suprachiasmatic nucleus, 
among other areas. As with endogenous melatonin, exogenous melatonin assists 
with sleep onset by reducing arousal caused by the suprachiasmatic nucleus. It is 
typically dosed between 1 and 5 mg for insomnia. Studies of efficacy of melatonin 
for the treatment of insomnia show a minimal effect on sleep onset and total sleep 
time, which may not be clinically meaningful [97]. Potential side effects include 
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headache, nightmares, dizziness, and daytime sleepiness. Exogenous melatonin is 
not recommended for use by AASM clinical practice guidelines due to the lack of 
efficacy data [87].

 Medication Treatments for Insomnia: Safety Considerations

All medications for treatment of insomnia can result in depression of the central 
nervous system and motor impairment leading to increased risk of falls, motor vehi-
cle accidents, and occupational accidents. This is confounded in individuals with 
polypharmacy inclusive of other sedating medications, individuals with cognitive 
impairment, individuals with obstructive sleep apnea, and in those who drink alco-
hol. The benzodiazepines can also suppress respiratory drive. This is enhanced by 
addition of opiates and other sedating medications leading to a potential deadly 
combination.

Special consideration in the pharmacologic treatment of insomnia needs to occur 
in individuals where side effects are particularly problematic or may increase risk 
for adverse outcomes. This includes:

• Advanced age
• Cognitive impairment
• Fall risk
• Obstructive sleep apnea or hypoventilation
• Hepatic and renal impairment
• Concomitant medications which induce or inhibit CYP P450 3
• Polypharmacy inclusive of opiates or other sedating medications
• History of dependence on controlled or illicit substances
• History of significant depression, especially in those with active or historical 

suicidal ideation or attempts
• Abnormal sleep behaviors

There is also extensive epidemiological data indicating increased mortality with 
hypnotic use. Kripke et al. [98] reviewed 10,529 patients who received hypnotic 
prescriptions in the USA (mean age 54) and 23,676 matched controls between 2002 
and 2007. After controlling for other co-factors associated with increased mortality 
the group prescribed hypnotics had a mortality hazard ratio (HR) from 3.6 to 5.32 
compared to controls, with increasing HR in individuals with higher number of 
prescriptions for hypnotics. Similar findings were reported in a later study by Linnet 
et  al. in multi-morbid and non-multi-morbid patients with increasing mortality 
noted in individuals with high numbers of hypnotic prescriptions [99]. Although the 
specific cause of death is not delineated in these cohort studies, there is ample evi-
dence to suggest increased mortality with increasing number of prescriptions for 
hypnotics.
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Summary of Key Points
Insomnia is highly prevalent with the population [100]. CBT-I is the first line 
treatment for insomnia disorder, and a large body of research shows that 
CBT-I is highly effective for the treatment of insomnia in patients with mul-
tiple medical and psychiatric comorbidities [8, 32]. The strongest research is 
for the delivery of CBT-I in an individual treatment format, but there is also 
research demonstrating the helpfulness of group-based CBT-I, self-guided 
CBT-I, and apps as a supplement to traditional CBT-I treatment [45, 47]. 
There is also research support for BBT-I and mindfulness-based intervention 
for insomnia [51, 62]. The risks associated with behavioral treatments for 
insomnia are minimal, though there are circumstances in which some inter-
vention components (e.g., sleep restriction) may be contraindicated [72, 73]. 
It is important to thoroughly assess daytime activities, comorbid sleep disor-
ders, medical conditions, and mental health conditions, as well as potential 
safety concerns prior to initiating behavioral treatments with patients endors-
ing insomnia symptoms. CBT-I has been shown to be superior for the treat-
ment of insomnia when compared with pharmacologic treatment in terms of 
immediate effect on sleep and longevity of treatment. Ideally, pharmacother-
apy should not be used without a behavioral component to address factors that 
contribute to insomnia maintenance over time; however, pharmacotherapy 
can be used in specific situations with emphasis on a time-limited treatment 
plan and monitoring of side effects.

Patient preferences are important considerations when providers collabo-
rate with patients to develop a treatment plan. The shared decision-making 
model of clinical practice involves presenting evidence-based treatment 
options to the patient [101]. In the case of insomnia, this would involve edu-
cating patient about the strong recommendation for the use of CBT-I to treat 
insomnia disorder and conditional recommendations for behavioral compo-
nents of CBT-I to treat insomnia disorder. Providers should also describe the 
risks associated with CBT-I relative to medication treatments for insomnia 
and the impact of CBT-I and/or medications on any comorbid conditions (e.g., 
sleep apnea) and their corresponding treatments (e.g., CPAP). This informa-
tion will allow patients to make informed choices about their treatment. While 
each patient is unique, research suggests that patients prefer non-medication 
treatment for insomnia over medication treatment [102]. Additionally, when 
patients with comorbid insomnia, depression, and PTSD are presented with 
evidence-based treatments for each condition, a study found that patients 
report preference for CBT-I [103]. Figure 13.1 includes a decision-making 
framework for providers to follow after they have educated patients about 
evidence-based treatments for insomnia. Through a collaborative and trans-
parent process, providers can connect patients with insomnia symptoms to the 
most effective interventions available.
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 Introduction

All life forms have intrinsic daily rhythms in cellular activity, physiology, and 
behavior. These self-sustained biological rhythms are near-24-hour oscillations that 
allow organisms to coordinate their internal processes to anticipate the environment 
so that physiological functions occur at the appropriate times. Misalignment of the 
internal circadian clock with the external 24-hour  day-night cycle and/or social 
behavior can lead to sleep disturbances, daytime impairments, mood disturbances, 
and increase the risk for chronic disease [1–3].

Circadian properties are determined by both genetic and environmental influ-
ences. On a molecular level, circadian rhythms are generated by a transcriptional- 
translational feedback loop of clock genes and proteins. At its core, the molecular 
clock consists of a heterodimeric complex of proteins of the genes CLOCK and 
BMAL1, which positively regulate the expression of Period (PER 1,2,3) and 
Cryptochrome (CRY 1, 2) genes which, in turn, form their own transcription repres-
sor complex to inhibit the activity of CLOCK and BMAL1. This feedback loop is 
further regulated by kinases like casein kinase 1 (CK1) which contribute to time-
keeping through the destabilization of PER proteins [4]. The cycle takes 
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approximately 24 hours to complete, and disruptions to this molecular system can 
alter the period and amplitude of circadian rhythms.

On an organismal level, the mammalian circadian system is organized hierarchi-
cally. The suprachiasmatic nucleus (SCN) of the hypothalamus is the master clock 
that not only organizes and synchronizes peripheral clocks to other tissues but also 
to the 24-hour external environment [5–7]. If humans are isolated from all environ-
mental time cues, their intrinsic circadian rhythms will “free run” with a period 
slightly longer than 24  hours. In sighted people, the average circadian period is 
24.18 hours [8]. Thus, synchronization of the endogenous circadian system to the 
24-hour day requires frequent adjustments in response to time cues (zeitgebers) in a 
process known as entrainment. Light is the most powerful zeitgeber, but a number 
of external stimuli such as food availability, exercise, social activity, and internal 
stimuli such as melatonin secretion can also influence this process [9].

Photic information is conveyed from the eyes by melanopsin-expressing intrinsi-
cally photosensitive retinal ganglion cells (ipRGCs) that send projections to the 
SCN via the retinohypothalamic tract [10, 11]. The timing of light exposure is an 
important aspect of the entrainment process, producing shifts of the circadian 
rhythm, as demonstrated by the phase response curve (Fig. 14.1). Light exposure in 
the first half of the night before the nadir of core body temperature will delay circa-
dian timing. Light exposure in the latter half/early morning will advance circadian 
timing [12]. The magnitude of phase shifting in response to light depends on the 
time of exposure, intensity, and wavelength as ipRGCs are most sensitive to short- 
wavelength light [10]. Although light is the strongest signal, non-photic cues can 
also regulate circadian rhythm timing. Melatonin is a hormone secreted by the 
pineal gland and regulated by the SCN to be released in a circadian pattern, with 
endogenous levels rising at night and declining before morning [13]. Opposite of 
the light exposure phase response curve, administration of exogenous melatonin at 
night will advance the circadian rhythm, and melatonin given in the early morning 
will delay the rhythm [14].
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One of the many patterns generated by the circadian system is a rhythm in sleep/
wake timing. The current understanding of sleep timing and regulation lies within 
the two-process model of continuous interaction between circadian rhythmicity 
(Process C) and sleep homeostasis (Process S) proposed more than three decades 
ago [15, 16]. Process S represents the homeostatic sleep drive and accumulates dur-
ing wakefulness and declines during sleep. Process C is the endogenous biological 
rhythm oscillating between day and night in response to external time cues to 
oppose and balance the homeostatic drive to facilitate wakefulness during the day 
and continuous sleep during the night [17].

Circadian rhythm sleep-wake disorders (CRSWDs) arise from disruption of the 
circadian system or mismatch between the external sleep/wake schedule and the 
intrinsic circadian rhythm. This chapter focuses on the diagnosis and treatment of 
CRSWDs as well as providing a general overview of each disorder. The International 
Classification of Sleep Disorders (ICSD-3) describes six CRSWD subtypes: delayed 
sleep-wake phase disorder (DSWPD), advanced sleep-wake phase disorder 
(ASWPD), non-24-hour sleep-wake rhythm disorder (N24SWD), irregular sleep- 
wake rhythm disorder (ISWRD), shift work disorder, and jet lag disorder. DSWPD, 
ASWPD, N24SWD, and ISWRD are considered intrinsic circadian disorders, 
resulting from physiologic circadian disruption or misalignment. Shift work and jet 
lag disorders are considered extrinsic circadian disorders because they result from 
misalignment secondary to externally imposed schedules. Per ICSD-3 diagnostic 
criteria, CRSWDs must meet the following three requirements: A) Sleep complaint 
is chronic and primarily due to misalignment between endogenous circadian 
rhythm, sleep-wake schedule, and/or social schedule. B) Circadian rhythm disrup-
tion leads to symptoms of insomnia, excessive sleepiness, or both. C) Symptoms 
cause clinically significant distress or impairment in functioning [18]. Each CRSWD 
has an additional set of specific diagnostic criteria that must be met. Assessment of 
sleep-wake patterns and endogenous circadian timing is important for the accurate 
diagnosis and treatment of CRSWDs. Sleep logs and actigraphy are essential tools 
for diagnosis, and measurement of circadian phase markers such as melatonin 
rhythms can provide additional useful information for diagnosis and treatment. 
Effective treatment often requires a multimodal and individualized approach of stra-
tegically timed light exposure and/or melatonin as well as behavioral modification 
aimed to adjust circadian misalignment.

 Delayed Sleep-Wake Phase Disorder

Delayed Sleep-Wake Phase Disorder (DSWPD) is the most commonly diagnosed 
CRSWD and can be challenging to differentiate from sleep-onset insomnia. It was 
first described in 1981 by Weitzman et al. and is characterized by sleep-wake timing 
that is significantly delayed compared to a conventional schedule [19]. These indi-
viduals have circadian rhythms that are entrained to 24 hours but are out of phase 
with the environment. Symptoms manifest as difficulty initiating sleep with delayed 
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sleep onset and excessive daytime sleepiness. It typically presents in adolescence 
and persists into adulthood [18].

 Prevalence

The prevalence of DSWPD has not been well-documented and is estimated between 
0.1 and 9% depending on the population sampled and diagnostic criteria used. An 
early Norwegian study among adults aged 18–67 calculated a prevalence of 0.17% 
[20]. A study of New Zealand adults aged 20–59 estimated prevalence between 
1.51% and 8.90% depending on the definition used [21]. The prevalence of delayed 
sleep phase is estimated to be between 3.3% and 8.4% in the adolescent population 
[22, 23]. DSWPD is extremely rare in older adults as circadian timing advances 
with age [24]. Approximately 10% of patients presenting with insomnia have 
DSWPD, and a detailed sleep history is important to differentiate the two [18].

 Pathophysiology

The etiology of DSWPD is unclear, and the pathophysiology may be multifactorial 
and include biological, psychological, behavioral, and genetic elements. Several 
possible mechanisms include differences in properties of the circadian oscillator, 
altered homeostatic regulation of sleep, increased sensitivity to light, and genetics.

Intrinsic circadian timing plays an important role in sleep-timing preference 
[25]. A prolonged circadian period (tau) has been found in those with evening pref-
erence, indicating a longer amount of time to complete the circadian cycle which 
can contribute to a delay in circadian phase [25–27]. Multiple studies have found 
delays in circadian timing in patients with DSWPD compared to normal sleepers as 
evidenced by delays in physiologic markers of circadian phase such as body tem-
perature and melatonin rhythms [28–31]. In addition to circadian dysfunction, there 
may be a difference in homeostatic sleep mechanisms in these patients. Studies have 
found that those with DSWPD are less able to accumulate compensatory sleep drive 
than controls and are slower to wake [30, 32]. Environmental factors also contribute 
to the pathogenesis of DSWPD. Patients are exposed to more light at night and less 
light in the morning, which may perpetuate the delayed sleep/wake timing [33]. 
There is also evidence that they are more sensitive to light and have altered circa-
dian phase shifting with larger delays in response to light exposure [34, 35]. A 
recent study showed that patients with DSWPD had decreased exposure to light 
during the phase advancing window, increasing the tendency to delay [36].

While there are multiple genetic variations that shorten the circadian period 
linked to a familial type of Advanced Sleep-Wake Phase Disorder (FASPD), the 
genetic component of DSWPD is less clear. Twin studies indicate there is a strong 
hereditary influence on chronotype, and the heritability of bedtime preference is 
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estimated to be approximately 50% [37–39]. A UK study found that a four-repeat 
allele length polymorphism in Per3 is associated with DSWPD, while the five- 
repeat allele is linked to morning preference [40]. However, a South American study 
showed the opposite effect linking the five-repeat allele to DSWPD and speculate 
the difference may be due to variables related to latitude such as day length and 
temperature [41]. A familial form of DSWPD has been identified with a gain-of- 
function mutation of the CRY1 gene resulting in lengthened circadian period and 
inheritance of DSWPD in an autosomal dominant pattern. This allele has a fre-
quency between 0.1% and 0.6% [42]. Most recently a study of Japanese patients has 
shown that a low-frequency missense variant in PER2 within the CRY-binding 
domain is associated with DSWPD [43].

 Clinical Features

DSWPD is characterized by a persistent inability to fall asleep until late in the eve-
ning and excessive sleep inertia (difficulty waking) in the morning. These patients 
have great difficulty adhering to conventional sleep-wake schedules and typically 
follow a sleep-wake schedule delayed by more than 2 hours [44]. Typical bedtimes 
range from 2:00 AM to 6:00 AM or even later. Patients frequently have complaints 
of insomnia, morning drowsiness, and tend to be more alert in the evening [19]. 
When patients can set their own schedules, such as during weekends or on vacation, 
they no longer have difficulty sleeping or waking but will prefer a later schedule. 
This is a fundamental feature that differentiates DSWPD from sleep-onset insomnia.

 Diagnosis

The ICSD-3 requires five essential diagnostic criteria that must be met to be diag-
nosed with true DSWPD: (A) significant delay in sleep phase that manifests as an 
inability to fall asleep and difficulty waking in relation to a desired or required time; 
(B) symptoms are present for at least 3 months; (C) patients experience improved 
sleep quality and duration for age when allowed to dictate their own schedule and 
will exhibit a delayed sleep-wake pattern; (D) sleep log and/or actigraphy for at 
least 7  days (preferably 14  days) including school/work days and free days that 
demonstrate a delayed sleep-wake pattern; (E) sleep disturbance is not better 
explained by other causes of insomnia and daytime sleepiness such as another sleep 
disorder, psychiatric disorder, or medical disorder [18].

Clinical assessment should involve a detailed sleep history and include informa-
tion regarding the patient’s sleep-wake schedule on work/school days as well as free 
days and their preferred schedule if given the opportunity to choose. To aid in the 
diagnosis, obtain sleep logs for at least 7–14 days, with wrist actigraphy if possible. 
Measurement of circadian phase biomarkers such as salivary dim light melatonin 
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onset (DLMO) is helpful to confirm intrinsic circadian timing and can be used to 
time treatments. However, it is important to note that not all patients with clinically 
diagnosed DSWPD will have delayed DLMO. In an Australian study of 182 DSWPD 
patients sampled, 57% had delayed DLMO occurring at or after desired bedtime, and 
43% did not show misaligned timing of melatonin rhythm with DLMO occurring 
before desired bedtime [45]. The Morningness-Eveningness Questionnaire is a self-
assessment of the patient’s preferred sleep-wake and activity timing and can provide 
a reasonable estimate of chronotype and demonstrate an evening preference [46]. 
Polysomnography is not indicated for diagnosis and should demonstrate normal 
sleep architecture other than possible prolonged sleep onset latency and decreased 
duration if conducted during typical laboratory times [47]. Insomnia may co-occur 
with DSWPD secondary to conditioned arousal from time spent in bed unable to fall 
asleep at standard bedtimes [48]. Comorbid psychiatric disorders are common, and 
a thorough mental health history should be obtained [45]. Diagnosis of DSWPDs 
should be made only after the exclusion of other sleep disorders, psychiatric disor-
ders, or medical disorders that can lead to the presenting sleep disturbance.

 Treatment

Treatment of DSWPD is primarily focused on advancing the patient’s biological 
clock to better align with their imposed environment. Current treatment primarily 
relies on a combination of appropriately timed melatonin and bright light therapy. 
Shortly after the discovery of DSWPD, chronotherapy was developed as a therapeu-
tic technique by progressively delaying sleep time further until the sleep period 
circles around the clock and reaches the desired bedtime [49]. However, caution is 
advised, as there have been some reports of adult patients who subsequently devel-
oped a non-24-hour sleep-wake pattern after treatment [50]. Chronotherapy is not 
currently a recommended treatment per the most recent American Academy of 
Sleep Medicine (AASM) guidelines as there have been insufficient published trials 
showing efficacy. Sleep-promoting agents and wakefulness-promoting agents are 
also not currently recommended for DSWPD, as there is little data showing effi-
cacy [44].

The mainstay of DSWPD treatment is strategically timed administration of 
exogenous melatonin in the evening as recommended by AASM guidelines [44]. 
Low doses (0.5–3 mg) of melatonin are most effective with less concern for the 
residual elevation of melatonin, causing further phase delay [51, 52]. A recent ran-
domized, placebo-controlled, double-blind trial of 0.5 mg melatonin taken 1 hour 
before the desired bedtime resulted in an average sleep onset advance of 34 min in 
patients diagnosed with DSWPD [53]. The magnitude of the phase advance response 
is dependent upon the timing of melatonin administration, and maximum advances 
occurred at 2 to 4 hours before DLMO, making the ideal time for melatonin 5 to 
6 hours before habitual bedtime [48, 54].
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Although there is no specific AASM recommendation for timed light therapy for 
adults, morning light can provide an additional benefit in entrainment when admin-
istered at the optimal time for phase advance. A combination of bright light therapy 
and melatonin is often used in the clinical setting. It is imperative for light therapy 
to be administered at the correct time to avoid further phase delay. To appropriately 
phase advance the patient, bright light should be delivered after the nadir of core 
body temperature (referred to as CBTmin), which occurs approximately 2 to 3 hours 
before habitual wake time [55, 56]. Exposure to light before the CBTmin can cause 
further delay and evening light should be restricted. Combination therapy of low 
dose melatonin (0.5–3 mg) 5 to 6 hours before bedtime and bright light (>5000 lux) 
for 30 min to 2 hours on awakening with a gradually advancing schedule results in 
greater long-term phase-advancing capacity than either alone [48, 57–59]. Large- 
scale randomized trials are still needed to fully determine the efficacy of combined 
light and melatonin.

 Advanced Sleep-Wake Phase Disorder

Advanced Sleep-Wake Phase Disorder (ASWPD) is characterized by sleep-wake 
timing that is advanced in relation to conventional schedules. These individuals 
typically present with an earlier natural sleep phase than the general population with 
earlier bedtime and wake-up time. There is also a familial subtype of ASWPD in 
which a strong family history of advanced sleep phase is present, and multiple caus-
ative mutations have been identified [60–62].

 Prevalence

There are few population studies on the prevalence of ASWPD, and true ASWPD 
by stringent diagnostic criteria is thought to be rare. Of 10,000 randomly sampled 
Norwegian adults aged 18–67 who received screening questionnaires, there were 
zero cases of ASWPD detected [20]. A sample of 9100 New Zealand adults aged 
20–59 was surveyed, and the calculated prevalence of ASPWD ranged from 0.25% 
to 7.12% depending on the definition used, with a higher prevalence in older adults 
[21]. A recent study of 2422 new patients presenting to a North American sleep 
center over 10  years calculated an advanced sleep phase (ASP) prevalence of 
0.33%, familial ASP prevalence of 0.21%, and estimated prevalence of ASPWD by 
strict definition of chronic circadian dysfunction to be at least 0.04%. Most cases 
presenting in young people were due to familial ASP [63]. One possible explana-
tion for the low prevalence of ASPWD may be that it is minimally disruptive, or 
even advantageous, to daily life and affected individuals are less likely to seek 
medical attention.
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 Pathophysiology

There is a strong genetic component to ASWPD, and those with reports of advanced 
sleep phase in a first-degree relative can be considered to have a familial form [64]. The 
first report of a familial subtype was in 1999 when three families were identified with 
members experiencing significant phase advances of almost 4 hours in sleep-wake, 
melatonin, and temperature rhythms inherited in an autosomal dominant pattern [60]. 
One family was found to have a missense mutation in the PER2 gene, which disrupts 
the casein kinase Iε (CKIε) binding region, resulting in a shortened endogenous circa-
dian period [62]. Multiple additional mutations have been identified in CKIδ, CRY2, 
PER3, and TIMELESS [61, 65–67]. Additional mechanisms include dysregulated phase 
resetting in response to light with a blunted phase-delay response to evening light [67].

 Clinical Features

Patients with ASWPD usually present with an advance of sleep-wake schedule by 
at least 2 hours in relation to desired or required times [44]. These individuals usu-
ally have difficulty staying awake between 6:00  PM and 9:00  PM and wake up 
between 2:00 AM and 5:00 AM with complaints of excessive late afternoon/early 
evening sleepiness and morning insomnia [48]. They also may experience chronic 
sleep loss due to early morning awakenings and sleep maintenance insomnia 
(ICSD-3). When patients are allowed to set their own sleep-wake schedule, they 
experience good age-appropriate sleep quality and quantity and will prefer an early 
schedule. The onset of ASWPD usually occurs later in life and is more common in 
older adults due to age-related advancing of circadian timing. However, familial 
types typically present with earlier age of onset.

 Diagnosis

The diagnostic process of ASWPD is similar to that of DSWPD. The ICSD-3 requires 
five essential criteria: (A) significant advance in sleep phase episode that manifests as 
an inability to stay awake and inability to remain asleep until desired or required con-
ventional bedtime and wake-up time; (B) symptoms are present for at least 3 months; 
(C) patients experience improved sleep quality and duration for age when allowed to 
dictate their own schedule and will exhibit an advanced sleep- wake pattern; (D) sleep 
log and/or actigraphy for at least 7 days (preferably 14 days) including school/work 
days and free days that demonstrate an advanced sleep-wake pattern; (E) sleep distur-
bance is not better explained by other causes of insomnia and daytime sleepiness such 
as another sleep disorder, psychiatric disorder, or medical disorder [18].

Clinical assessment should involve a detailed sleep history, including the patient’s 
sleep-wake schedule on work/school days as well as free/vacation days and their 
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preferred schedule if given the opportunity to choose. Diagnosis can be made based 
on sleep logs and actigraphy data, if feasible, for at least 7–14 days. Circadian phase 
biomarkers such as DLMO should demonstrate an advanced phase, and standard-
ized chronotype questionnaires such as the Morningness-Eveningness Questionnaire 
should show a morning preference. These tools can be helpful in diagnosis and 
treatment. Diagnosis of ASWPD must be made only after the exclusion of other 
causes of sleep disruption, such as major depressive disorder.

 Treatment

The primary goal of treatment is to delay the circadian clock to the desired schedule. 
The AASM practice guidelines recommend light therapy as treatment. Bright light 
before the nadir of core body temperature results in a delay of circadian phase, and 
several studies have shown some efficacy with evening light treatment. In an early 
study, exposure to bright white light (2500 lux) for two consecutive nights in nine 
patients with early morning insomnia resulted in 1 to 2-hour delays in circadian 
biomarkers including melatonin and temperature [68]. Similarly, treatment of 24 
patients with 2500 lux light for 4 hours between 8:00 PM and 9:00 PM on two con-
secutive nights resulted in average phase delays of 2 hours [69]. It is important to 
note that patients in these cohorts were not formally diagnosed with ASWPD. A 
study testing exposure to bright white light (4000 lux) against dim red light control 
(50 lux) for 2 hours before habitual bedtime in older subjects meeting ICSD criteria 
for ASWPD resulted in a delay in wake time of 1 hour and improved sleep effi-
ciency and sleep time [70]. Per AASM guidelines, the largest phase-delay effects 
were achieved after a 12-day treatment of 2 hours of bright, broad-spectrum light 
(4000 lux) between 20:00 and 23:00, before habitual bedtime [44].

Exogenous melatonin administered in the morning results in circadian phase 
delay, and low dose melatonin upon early morning awakening can be considered as 
an option [71]. However, there has been no evidence demonstrating its efficacy and 
administration of melatonin in the morning may cause drowsiness. Therefore, 
morning melatonin is not currently recommended by the AASM [44]. One case 
study reported a patient with ASWPD who responded to chronotherapy with sched-
uled bedtime and wake time advancing 3 hours every 2 days until goal bedtime was 
reached [72]. There have been no further investigations of the efficacy of chrono-
therapy to date, and it is currently not a recommended treatment [44].

 Non-24-Hour Sleep-Wake Disorder

The human circadian pacemaker has an average endogenous period of slightly lon-
ger than 24 hours at approximately 24.18 hours, and entrainment of the endogenous 
clock to the 24-hour day-night cycle requires daily tuning to environmental cues [8]. 
Non-24-hour sleep-wake rhythm disorder (N24SWD) is characterized by cycles 
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that are typically longer than 24 hours and are not synchronized to the environment, 
leading to a daily drift of progressively delayed sleep-wake timing. Symptoms are 
often cyclical as they resolve during the time that the individual’s sleep-wake sched-
ule lines up with the 24-hour environment before continuing to drift. N24SWD 
primarily affects blind individuals with no light perception and, although rare, has 
been reported in sighted patients as well.

 Prevalence

N24SWD affects both blind and sighted patients. It is most common in those who 
are blind due to a lack of external light signals and rare in sighted individuals. The 
prevalence of N24SWD in either population has not been well studied. There is a 
high frequency of sleep disturbances in individuals who are blind and can be as high 
as 66% in those with complete loss of light perception [73]. In a study of 20 totally 
blind subjects, approximately 50% were found to have free running endogenous 
rhythms with a high incidence of N24SWD [74]. In a study of 127 blind female 
subjects, 2/3 of those with no light perception were not entrained to the 24-hour 
environmental cycle compared to 1/3 in those with some light perception [75]. In a 
cohort of sighted patients with N24SWD, 63% developed symptoms during their 
teenage years, and 72% were male [76].

 Pathophysiology

The average endogenous circadian period in humans is slightly longer than 24 hours 
and requires daily tuning in response to external cues to synchronize to the 24-hour 
environmental cycle. The strongest of these external influences is light, but other 
daily cues include food intake, social activity, and exercise. In blind patients who 
have no photic input to the central circadian pacemaker, light signaling to the SCN 
is disrupted, and the circadian phase resetting response to light is absent. Interestingly, 
not all of those who are totally blind are free-running, and this is most strikingly 
illustrated by evidence of some bilaterally enucleated subjects who are normally 
entrained [77]. This is perhaps because these individuals have endogenous rhythms 
that are closer to 24 hours to begin with or are more responsive to entrainment by 
non-photic time cues [78].

The pathophysiology of N24SWD in sighted patients is less well understood and 
likely multifactorial. In sighted patients with N24SWD subjected to a forced desyn-
chrony protocol (i.e. a reasearch protocol designed to uncouple sleep-wake timing 
from circadian timing), it was found that they had significantly lengthened periods 
with a mean melatonin rhythm of 24.48 ± 0.05 hours [79]. Many individuals ini-
tially present with complaints similar to that of DSWPD but eventually develop 
N24SWD [76, 80]. There are reports of patients with DSWPD who subsequently 
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developed a non-24-hour pattern after chronotherapy [50]. There may also be a 
decreased ability to suppress melatonin in response to bright light and blunted 
plasma melatonin rhythm in sighted patients with N24SWD [81, 82]. This may be 
due to decreased sensitivity to light, although it is unclear if phase shifting is affected 
in these patients. Inappropriately timed light exposure may also contribute to the 
development of a non-24-hour pattern. These patients often initiate sleep at a later 
phase than normal patients and expose themselves to light at a time in the circadian 
cycle that causes further phase delay.

Lastly, there are reports of N24SWD in the context of traumatic brain injury or 
schizophrenia, suggesting congenital or acquired lesions that disrupt circadian 
structures or pathways can contribute to the development of non-24-hour sleep/
wake patterns [83, 84]. No familial patterns have been observed in N24SWD, and 
genetic associations have not been explored.

 Clinical Features

Patients with N24SWD present with a progressive daily delay in the sleep-wake 
pattern, often with complaints of nighttime insomnia and/or excessive daytime 
sleepiness that alternate with periods of normal sleep. Symptomatic periods are 
most severe when the intrinsic biological rhythm and the extrinsic 24-hour environ-
mental cycle are most out of phase, and sleep is occurring during the daytime. The 
frequency and duration of symptomatic periods depend on the magnitude of the 
daily delay. For example, a patient with an intrinsic period of closer to 25 hours 
would have a greater magnitude of delay and experience more frequent symptoms 
than a patient with an intrinsic period closer to 24 hours. These patients frequently 
have severe social disruption and may not be able to complete school or hold down 
a job. For most sighted patients, the average age of onset was in adolescence [76, 
80]. These patients commonly start with a delayed sleep-wake phenotype and then 
progress to a N24 pattern [80].

 Diagnosis

The ICSD-3 requires four essential diagnostic criteria that must be met: (A) his-
tory of insomnia, excessive daytime sleepiness, or both, due to circadian mis-
alignment. Sleep disturbances alternate with asymptomatic episodes of normal 
sleep. (B) Symptoms persist for at least 3 months. (C) Daily sleep log and actig-
raphy for at least 14 days (longer for blind individuals) demonstrating a sleep-
wake pattern that delays each day. The circadian period is longer than 24 hours. 
(D) Sleep disturbance is not better explained by other causes of insomnia and 
daytime sleepiness such as another sleep disorder, psychiatric disorder, or medi-
cal disorder [18].
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Documentation of a non-24-hour sleep-wake pattern is essential for diagnosis. 
Thus, sleep log and/or actigraphy must be adequately long to capture the progres-
sively delaying pattern and should be continued for at least 14 days. Circadian bio-
markers such as DLMO or the urinary melatonin metabolite 6-sulfatoxymelatonin 
should be obtained at two time points 2–4 weeks apart (enough time for drift to be 
apparent) to confirm a non-entrained rhythm. Chronotype questionnaires are less 
helpful as sleep-wake preferences may vary depending on which stage of the cycle.

 Treatment

Treatment varies depending on the underlying cause of the disorder with the com-
mon goal of entraining to a 24-hour cycle and maintenance of synchronization. For 
blind individuals, strategically timed melatonin is the mainstay of treatment and has 
been relatively well-studied [44]. The first demonstration of the efficacy of exoge-
nous melatonin was in blind subjects with N24SWD who received placebo or 5 mg 
melatonin at 21:00 for 35–71 days. Four of the seven subjects receiving melatonin 
exhibited shortening of circadian period similar to entrainment [85]. In a crossover 
study with seven totally blind subjects with free-running rhythms given 10 mg mel-
atonin or placebo 1 hour before preferred bedtime, six of seven were entrained to 
24-hr  cycle with daily melatonin compared to zero entrained with placebo. 
Entrainment persisted even once the daily dose was lowered to 0.5  mg [86]. 
Subsequent studies demonstrated that 0.5 mg melatonin was sufficient to initiate 
synchronization and was as effective as higher doses at shortening the circadian 
period [87, 88]. An alternative to melatonin, the selective melatonin receptor agonist 
Tasimelteon is approved for the treatment of N24SWD by the Food and Drug 
Administration. Two consecutive placebo-controlled trials in blind adults with 
N24SWD showed daily administration 1 hour before target bedtime for 6 months 
showed circadian entrainment and improved clinical outcome measures [89].

Treatment of sighted patients is less established and relies on a combination of 
light and melatonin based on known phase response curves. The usage of melatonin 
in the treatment of sighted patients has been demonstrated in several case reports 
with the administration of evening low dose melatonin (0.5 mg) or high dose mela-
tonin (5 mg) with vitamin B12 showing evidence of entrainment [81, 90]. Morning 
bright light therapy upon awakening has also been shown to be effective in restoring 
a 24-hour rhythm [91, 92]. Combination therapy with bright light upon awakening 
and 2 mg melatonin 2 to 3 hours before habitual bedtime or 3 mg 1 hour before 
bedtime successfully entrained the rhythm with a delayed phase [93, 94]. A recent 
case series demonstrated a combination treatment algorithm of bright light and mel-
atonin initiated when the predicted bedtime aligns with the target bedtime. Treatment 
consisted of low dose melatonin (0.5–1 mg) given 2 hours before predicted bedtime 
and bright light therapy (10,000 lux) given for 1 hour after predicted wake time. The 
goal was to maintain timing, rather than inducing large phase shifts, to achieve tar-
get sleep-wake timing [80].
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 Irregular Sleep-Wake Rhythm Disorder

Irregular sleep-wake rhythm disorder (ISWRD) is characterized by the lack of a 
clearly discernable circadian pattern in sleep-wake behavior. This typically mani-
fests as chronic complaints of fragmented periods of sleep that occur both during 
the day and night with no major sleep episode. ISWRD is more commonly 
observed in adults with neurodegenerative disorders or children with developmen-
tal delays.

 Prevalence

The exact prevalence of ISWRD is unknown, but is generally considered to be rare 
and mostly observed in those with neurodevelopmental or neurodegenerative disor-
ders. It is more common in older adults, as the incidence of dementia increases [24]. 
There have been no reports of gender differences in ISWRD.

 Pathophysiology

The pathogenesis of ISWRD is not entirely understood and is likely multifactorial. 
It may depend on the underlying neuropathological cause of sleep disruption associ-
ated with the patient. Those affected include older patients with neurodegenerative 
diseases, such as Alzheimer’s, adults with psychiatric disorders including schizo-
phrenia, and children with neurodevelopmental disorders such as Angelman syn-
drome, Smith-Magenis syndrome, and Autism spectrum disorder [48]. One 
important underlying causative factor is thought to be the degeneration or disruption 
of SCN neurons in the circadian system. Disruptive lesions can be congenital or 
result from neurodegeneration or traumatic injury. This is supported by SCN abla-
tion studies in the diurnal squirrel monkey, which resulted in the fragmentation of 
sleep, similar to an irregular sleep-wake pattern [95].

In the older adult population, insufficient exposure to entrainment cues such as 
light can contribute to the development of ISWRD.  Older adults are exposed to 
significantly less environmental bright light relative to healthy younger adults. 
Those who are institutionalized are exposed to even less light overall. Older patients 
are also at risk of decreased transmission of light to the retina due to age-related 
changes such as cataracts, glaucoma, macular degeneration, and diabetic retinopa-
thy [96]. In Alzheimer’s disease, there is evidence of a reduction in numbers of 
vasopressin-expressing neurons in the SCN as well as an age-related decrease in 
melatonin secretion that can contribute to the loss of cohesive rhythms [97]. 
Furthermore, sleep abnormalities may precede dementia and may be an early sign 
of neurodegeneration as well as accelerate pathology [98].
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 Clinical Features

ISWRD typically presents as a lack of a discernable circadian sleep-wake rhythm in 
which the patient sleeps in multiple short bursts lasting less than 4 hours throughout 
the day and night. ICSD-3 diagnostic criteria require at least three short sleep epi-
sodes with no extended sleep period during the 24-hour cycle. The longest sleep 
episode usually occurs between 2 and 6 AM with multiple naps throughout the day. 
However, total sleep time over 24 hours is typically appropriate for age [99]. Patients 
or their caretakers may report chronic symptoms of sleep maintenance insomnia, 
excessive daytime sleepiness, or both. ISWRD is more common in the setting of 
neurodegenerative disorders, neurodevelopmental disorders, and psychiatric disor-
ders and can be quite challenging for caregivers.

 Diagnosis

Per ICSD-3, four diagnostic criteria must be met to be diagnosed with ISWRD: (A) 
chronic or recurrent pattern of irregular sleep and wake periods throughout the 
24-hour day with symptoms of insomnia during normal sleep period at nighttime, 
excessive sleepiness or napping during the daytime, or both. (B) Symptoms present 
for at least 3 months. (C) Sleep log and/or actigraphy for at least 7 days (preferably 
14 days) showing no extended sleep period and at least 3 irregular sleep episodes 
during a 24-hour period. (D) Sleep disturbance is not better explained by other 
causes of insomnia and daytime sleepiness such as another sleep disorder, poor 
sleep hygiene, psychiatric disorder, or medical disorder [18].

Clinical assessment should involve a detailed sleep history, and sleep logs should 
be obtained for at least 7–14 days and with wrist actigraphy, if available. Actigraphy 
may show low amplitude activity rhythms and at least three short sleep episodes 
throughout the day and night in a 24-hour period [48]. Caregivers may also provide 
valuable information regarding sleep-wake timing if the patient is unable to give 
accurate information. Polysomnography is not required for diagnosis. Measurement 
of circadian biomarkers such as melatonin and core body temperature may reveal 
loss of circadian rhythmicity or a low amplitude rhythm [18].

 Treatment

The goal of ISWRD treatment is to consolidate sleep and enhance circadian entrain-
ment to the day/night cycle. Treatment is multimodal and includes light therapy, 
exogenous melatonin, and behavioral interventions. The AASM practice guidelines 
recommend bright light therapy for the treatment of ISWRD in older adults with 
dementia. In early trials, patients with dementia treated with 2 hours of 3000–5000 
lux broad-spectrum light each morning for 4 weeks consolidated nocturnal sleep, 
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decreased daytime napping, and improved behavioral symptoms [100]. Bright light 
exposure of 2500 lux for 2  hours in either morning or evening is beneficial in 
patients with dementia and resulted in increased consolidated sleep [101]. Exogenous 
melatonin alone is not recommended in older patients with dementia due to the lack 
of evidence for efficacy and possible exacerbation of mood symptoms but may be 
effective in combination with light [44]. A randomized study of assisted living facil-
ities with common areas lit with bright white broad-spectrum light (1000 lux) or 
dim light (300 lux) with evening melatonin (2.5 mg) or placebo found that a combi-
nation of bright light and melatonin led to improved sleep efficiency, nocturnal rest-
lessness, and less aggressive behavior [102]. For adults with dementia, a 
non-pharmacological mixed modality approach consisting of morning bright light 
exposure (>10,000 lux), daytime physical activity, minimizing noise and light at 
night, and a structured bedtime routine was effective in reducing nighttime awaken-
ings and improving daytime sleepiness [48, 103, 104]. The AASM currently does 
not recommend the use of sleep-promoting medications for older patients with 
dementia due to the high potential for adverse effects [44].

In children with neurodevelopmental delay and sleep disturbances, bright light 
exposure of a minimum of 4000 lux resulted in normalization of sleep in some of 
the children treated [105]. In a randomized controlled trial of children with autism 
spectrum disorder and sleep disturbances, 2 mg–10 mg of melatonin 30–40 min 
before bedtime improved sleep latency and total sleep time by 45 min compared to 
placebo [106].

 Shift Work Disorder

Shift work disorder (SWD) is a consequence of shift work that prevents individuals 
from adhering to a normal sleep-wake schedule. Shifts outside of the traditional 
9-to-5 workday may require the worker to sleep during the day and be awake at the 
times of night typically reserved for sleep. Some workers may have trouble adapting 
to this schedule, leading to chronic circadian misalignment and impairments in 
sleep and wakefulness with significant negative consequences impacting health and 
quality of life. Shift workers suffer increased rates of cancer, higher incidence of 
cardiovascular and metabolic disorders, and are at a significantly higher risk for 
psychiatric disorders [107, 108]. Other adverse consequences of SWD include 
increased risk of workplace injuries and errors as well as auto accidents, which 
incur a high societal cost.

 Prevalence

Recent calculations approximate that 15–30% of the European and American work-
force are shift workers [107]. An estimated 20% of US workers are engaged in shift 
work, and the numbers are rising in an increasingly 24/7 global economy [109]. 
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While some workers may be able to adapt to their schedules, others experience 
chronic sleep disturbance and impaired function. Data obtained from the US 
National Health and Nutrition Examination Survey estimated a 62% prevalence of 
short sleep duration (< 7  hours/day) and 31% prevalence of poor sleep quality 
among night-shift workers with impaired activities of daily living (ADL) score and 
insomnia in 36% [110]. In a study of 2570 US workers, the prevalence of SWD 
meeting ICSD diagnostic criteria was estimated to be 10% in night and rotating shift 
workers [111].

 Pathophysiology

Shift workers live within the confines of an imposed schedule that conflicts with 
their endogenous circadian rhythm and the external environment. Shift schedules 
vary depending on industry, and overnight work is especially common in service 
and healthcare occupations. Common examples include night shifts, early morning 
shifts, evening shifts, rotating shifts, on-call overnight duty, and extended shifts of 
24 hours or longer [18]. There is wide variability in the adaptability of shift workers 
to their schedules. It is not completely clear why some people are more affected 
than others, but individuals do vary in their sleep requirements and preferences for 
timing. For example, those with evening-oriented chronotype may prefer night 
shifts and be more challenged by early morning shifts, and those with morning 
chronotypes may be more challenged by night shifts. Age may be a risk factor for 
SWD, as young people are able to recover more quickly from shifts [112]. Other 
factors that can influence tolerance of shift work include sex, health status, and 
lifestyle choices [113]. The type of shift may contribute to the development of 
SWD. Rapidly rotating shift rotations are associated with a greater reduction in total 
sleep time compared to slowly rotating or permanent shifts [114]. There may also 
be a genetic predisposition for excessive sleepiness in some shift workers. Shift 
workers who reported insomnia and sleepiness during wake hours were found to be 
more likely to carry a long polymorphism of PER3 than those who were less 
sleepy [115].

 Clinical Features

Shift work disorder is characterized by insomnia, excessive sleepiness, or both, as a 
consequence of shift work with hours that interfere with conventional sleep times. 
Patients experience chronically decreased total sleep time due to sleep disruption 
and may report worsening function during waking hours. The effects of chronic 
sleep deprivation compounded with circadian misalignment leave many shift work-
ers vulnerable to depression, anxiety, chronic fatigue, substance use, and cognitive 
deficits [116]. Symptoms usually only last for the duration of the shift work, but 
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some sleep difficulties may persist as shift work can be a precipitant of insomnia in 
certain individuals [117].

 Diagnosis

The ICSD-3 requires the four following criteria must be met to be diagnosed with 
shift work disorder: (A) symptoms of insomnia and/or excessive sleepiness, or both, 
accompanied by decreased total sleep time associated with a work schedule that 
overlaps with the usual time for sleep. (B) Symptoms have been present and associ-
ated with shift work schedule for at least 3 months. (C) Sleep log and wrist actigra-
phy (preferably with light exposure measurement) for at least 14 days (including 
work and free days) demonstrate a disturbed sleep/wake pattern. (D) Sleep distur-
bance is not better explained by other causes of insomnia and excessive sleepiness 
such as another sleep disorder, poor sleep hygiene, psychiatric disorder, or medical 
disorder [18].

Diagnosis is made based primarily on history. Clinical assessment should involve 
a detailed sleep history, including sleep schedule and habits before and after the 
initiation of shift work. Work history should be obtained that includes occupation 
with a detailed work schedule, and sleep patterns should be assessed for working 
and non-working periods. Cognitive difficulties, performance deficits, and safety 
concerns are important to identify as there is an increased risk of fatigue-related 
motor vehicle accidents in shift workers [118, 119]. It is imperative to assess safety 
risks such as excessive sleepiness while driving or operating machinery. The 
Epworth Sleepiness Scale is a validated and commonly used method to assess sleep-
iness during waking hours. Polysomnography is not required for diagnosis but can 
be helpful if there is a need to rule out other causes of poor sleep, such as sleep apnea.

 Treatment

The goal of SWD treatment is to improve sleep quality and reduce wake-time sleep-
iness. A multifaceted approach is most effective in addressing symptoms and pro-
moting stable circadian entrainment, and should be tailored to the patient’s individual 
needs and circumstance.

Non-pharmacological approaches aim to maintain circadian alignment and 
include keeping a comfortable sleeping environment, adhering to a regular sleep/
wake and dietary schedule, scheduled napping, and strategic light exposure. There 
is strong evidence for napping before or during a night shift, which has been shown 
to improve performance and decrease accidents [120–122]. Appropriately timed 
light may be effective in targeting circadian misalignment and aid in adaptation to 
shift work schedules. Several studies have shown that exposure to bright light 
(2000–12,000 lux) administered in constant or intermittent schedules for various 
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durations before or during the first half of night shift was effective in improving 
alertness and tolerance of night shift [123, 124]. Avoidance of light at times that 
may interfere with sleep is also an important part of optimizing entrainment to night 
shifts. Patients can reduce bright light exposure in the morning, for example, on the 
drive home, with dark sunglasses [47]. Exogenous melatonin can be used to enhance 
daytime sleep. A meta-analysis found that administration of 1–10 mg of melatonin 
before bedtime is associated with increased daytime sleep duration in those who 
work night shifts but does not affect sleep latency time [125].

Wake-promoting agents that increase alertness may be prescribed to improve 
function during work hours. Modafinil and armodafinil are FDA approved for the 
treatment of excessive wake time sleepiness with modest improvement. In random-
ized trials of patients with SWD, 150 mg armodafinil taken 30–60 min before the 
start of the night shift improved work shift sleepiness compared with placebo 
regardless of shift duration [126–128]. Treatment with 200 mg modafinil before the 
start of night shift is more effective in reducing sleepiness than a placebo [129, 130]. 
Caffeine can also be an effective agent for improving alertness during work hours 
and has significantly fewer side effects than stimulant-type medications [109].

For patients who have trouble initiating daytime sleep, short-acting hypnotics 
may be used to treat insomnia and promote sleep at the desired time [109]. 
Benzodiazepine and non-benzodiazepine hypnotics have been found to be effective 
in inducing sleep in the setting of chronic insomnia, although with a risk of signifi-
cant side effects such as dependence, withdrawal, and rebound insomnia [130, 131]. 
Short-acting hypnotics such as zolpidem and intermediate- acting benzodiazepines 
such as triazolam have been shown to increase daytime sleep in shift workers [132, 
133]. However, these medications do not address circadian misalignment and may 
have serious side effects. There is evidence that suggest matching individual 
employee chronotypes to shift schedules reduces circadian disruption and improves 
sleep and general wellbeing [134]. However, this may not be practical in most work 
environments but should be taken into consideration, if feasible. When possible, 
pharmacologic agents should be used in combination with non-pharmacologic ther-
apy, and good sleep hygiene should be a key element of any treatment regimen. 
Lastly, all patients should be educated on the dangers of fatigue and drowsiness 
while driving and should be counseled on how to recognize when they are unable to 
operate a vehicle.

 Jet Lag Disorder

Jet lag disorder (JLD) is characterized by temporary symptoms of insomnia and/or 
excessive daytime sleepiness, with a decrease in total sleep time as a consequence 
of circadian misalignment associated with air travel across at least two time zones. 
Under these circumstances, the circadian system is not given enough time to catch 
up to the current time zone, and there is a lag in the entrainment of the intrinsic 
rhythms relative to the new environment. Although JLD is generally self-limited, it 
can be extremely disruptive to travelers, and severe symptoms warrant treatment. 
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Treatment and prevention of jet lag are of particular interest to professional athletes, 
business travelers, and the military.

 Prevalence

The prevalence of JLD is unknown but likely affects many people, considering the 
large proportion of the population who engage in air travel globally. International 
and frequent travelers are especially vulnerable, especially if crossing five or more 
time zones [135]. All age groups and genders are at risk for jet lag. Some studies 
suggest that middle-aged and older individuals are more prone to having symptoms 
and take a longer time to recuperate [24, 136] while others have found older subjects 
were less likely to experience jet lag and fatigue [137]. More studies are needed to 
better establish a relationship between age and jet lag.

 Pathophysiology

The pathophysiology of JLD is relatively straightforward. Insomnia and daytime 
somnolence are caused by a misalignment between the endogenous circadian 
rhythm, homeostatic sleep drive, and local sleep-wake schedule caused by the rapid 
changing of time zones. A period of desynchrony persists until the circadian system 
is re-entrained. Symptom severity and duration are dependent on the number of time 
zones crossed, the direction of the time change, the extent of travel-related sleep 
deprivation, and individual differences in circadian adaptability [138]. Because the 
human endogenous rhythm is longer than 24 hours, it is easier for the circadian 
system to phase delay than to advance. Thus, individuals are more likely to experi-
ence jet lag and take longer to resynchronize with eastward travel due to the require-
ment to advance rather than delay the body’s intrinsic rhythm [18].

 Clinical Features

Patients suffering from jet lag usually present with symptoms of insomnia and day-
time drowsiness with impaired functioning within a day or two of air travel across 
at least two time zones. Many may also experience fatigue, headaches, irritability, 
cognitive difficulties, and gastrointestinal dysfunction such as indigestion, appetite 
changes, and inconsistent bowel function [139]. Eastward travel is associated with 
sleep onset difficulty as the traveler’s biological time is behind the local time. 
Westward travel is associated with daytime and early evening sleepiness as the trav-
eler’s biological time is ahead of the local time. Symptoms tend to be more severe 
going from West to East and are typically compounded by general fatigue and stress 
caused by travel [18]. Unlike typical travel fatigue, jet lag symptoms typically do 
not resolve after a good night’s sleep and can take several days to re-adjust.
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 Diagnosis

The ICSD-3 requires three essential diagnostic criteria that must be met: (A) com-
plaint of insomnia and/or excessive daytime sleepiness, accompanied by reduced 
total sleep time in the setting of air travel across at least two time zones. (B) Presence 
of associated impairment of daytime function, fatigue, or somatic symptoms such as 
gastrointestinal disturbance within one to two days after travel. (C) Sleep distur-
bance is not better explained by other causes of insomnia and daytime somnolence 
such as another sleep disorder, psychiatric disorder, or medical disorder [18].

The diagnosis can be made based on sleep and travel history alone, and labora-
tory testing is usually not indicated. However, a thorough history and physical exam 
may help exclude underlying sleep or medical conditions, especially in the setting 
of gastrointestinal complaints. In some cases of international travel across multiple 
time zones, prophylactic treatment can be initiated before travel to blunt the effects 
of jet lag, and a diagnosis will not be required.

 Treatment

Treatment for JLD differs for eastward or westward travel but has a shared focus on 
reducing symptoms of insomnia and excessive sleepiness as well as speeding up the 
adjustment process. Therapy is tailored to facilitate phase advances for travel east-
ward and delays for travel westward. Treatment for international trips across mul-
tiple time zones may begin before travel to shift the patient’s schedule preemptively 
or after travel to accelerate entrainment.

For eastbound travel, a combination of timed morning bright light, evening low 
dose melatonin, and gradually advancing sleep scheduling starting 3 days before the 
day of travel can be employed to phase advance the circadian clock preemptively. 
Both light and melatonin have advancing effects when used alone and can be used 
together with an additive effect [140]. In one study, continuous bright light (>3000 
lux) for 3 hours each day for 3 days was sufficient to produce a 2-hour phase advance 
[141]. Another found that four 30  min pulses of 5000 lux light alternating with 
30 min ambient light produced phase advances of 1 hour per day with the addition 
of 0.5–3.0 mg melatonin 5 hours before bedtime [142, 143]. As sitting in front of 
bright light for an extended period of time can be difficult, a study determined that 
a single 30 min exposure of 5000 lux light with 0.5 mg melatonin 5 hours before 
bedtime produced phase advances of similar magnitude as longer light treatments 
(approximately 2 hours) [59]. If treatment is initiated after travel, melatonin can 
decrease the effects of jet lag and is recommended for travelers crossing five or 
more time zones. A comprehensive meta-analysis found melatonin doses ranging 
from 0.5 mg to 5 mg taken near target bedtime are similarly effective, but higher 
doses had greater sleep-inducing effects [144]. There are fewer studies pertaining to 
westbound travel, and it is much easier to phase delay than to advance. Maximizing 
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evening light exposure and avoiding morning light may be useful in facilitating 
phase delay [145]. Administration of morning melatonin could help delay timing, 
but its hypnotic effects may cause daytime drowsiness.

If travel is short (2 days or less), the sleep/wake schedule can be kept unchanged, 
and short-term use of hypnotics or wake-enhancing agents such as caffeine can be 
considered for the alleviation of symptoms, as circadian realignment may not be 
necessary or practical [109]. These agents can be used for symptom relief for more 
extended travel as well, but it should be kept in mind that they do not address the 
underlying circadian desynchrony.

 Conclusion

The circadian system regulates and synchronizes many important physiologic func-
tions, including the sleep/wake cycle. CRSWDs arise as a consequence of the mis-
alignment between the endogenous rhythm and the external environment. This may 
result from biological modifications within the circadian system or from behavioral 
and societal pressure that imposes a mismatched schedule. In an increasingly global-
ized 24-hour economy in which people are surrounded by artificial lighting and bright 
screens, it is more important than ever to recognize the importance of circadian disor-
ders. Early identification and treatment are important in prevention of the negative 
health impacts of chronic circadian misalignment and improving patient quality 
of life.

Key Summary Points
 1. The primary circadian pacemaker is located in the suprachiasmatic nucleus 

in the hypothalamus.
 2. Most humans have an endogenous circadian period that is slightly longer 

than 24 hours.
 3. Light is the strongest regulator of the mammalian circadian clock, and 

timed light exposure can be used to either advance or delay circa-
dian timing.

 4. Other non-photic time cues such as melatonin, activity, and food timing 
provide weaker time signals than light, but can also be used to adjust cir-
cadian timing.

 5. Circadian rhythm sleep-wake disorders result when the endogenous circa-
dian clock is misaligned with the external environment. This can occur 
either secondary to endogenous differences in circadian timing creating 
misalignment with the external environment (DSWPD, ASWPD, 
N24SWD, and ISWRD) or because of extrinsic factors requiring an indi-
vidual to be awake during their biological night (SWD and JLD).
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 Introduction

Narcolepsy was originally described by Gelineau in 1880 as a disorder involving 
excessive sleepiness and sleep attacks associated with a variety of emotional states. 
He also described episodes of falls or “astasia” which was later termed cataplexy. 
Our understanding of narcolepsy has since advanced. In the 1950s sleep onset REM 
periods were identified as a prominent feature in narcolepsy. In the latter part of the 
1900s, the discovery of the association between narcolepsy and the Human 
Leukocyte antigens (HLA) DRB1*1501/DRB1*1503 and with DQB1*0602 sug-
gested an autoimmune process. Also, the discovery by two independent groups in 
2005 of a reduction in the neuropeptide, hypocretin/orexin, is now strongly believed 
to be responsible for many of the symptoms of narcolepsy. Around 2010, our under-
standing of the genetic factors and environmental factors (e.g., vaccines, infections) 
associated with narcolepsy has given us a window into the pathophysiology of the 
disorder.

Additionally, in 2013, the International Classification of Sleep Disorders, third 
edition (ICSD-3), categorized narcolepsy into two different types: narcolepsy type 
1 and narcolepsy type 2 based on cataplexy and the deficiency, or non-deficiency, of 
hypocretin/orexin, respectively. The terms that classified narcolepsy based on the 
presence or absence of cataplexy, as used by the International Classification of 
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Sleep Disorders, second edition, were deemed inappropriate as some patients with-
out cataplexy will also have low cerebrospinal fluid hypocretin levels.

The term “idiopathic hypersomnia” was first used in 1976 by Bedrich Roth to 
describe a disorder with both a monosymptomatic and a polysymptomatic form. 
The monosymptomatic form exhibits only EDS, whereas the polysymptomatic 
form manifests not only symptoms of EDS but also a long duration of the major 
sleep period and a prominent sleep inertia upon awakening. Accordingly, in 2005, 
the ICSD-2 classified idiopathic hypersomnia into two types, one associated with a 
prolonged sleep episode at night, which was called idiopathic hypersomnia with 
long sleep time, and another that has a normal duration of sleep at night called idio-
pathic hypersomnia without long sleep time. The ICSD-3 eliminated the division of 
the idiopathic hypersomnia’s classification based on the sleep duration because of 
the lack of validity for such a division based on sleep duration and classifies it only 
as idiopathic hypersomnia.

 Clinical Features

 Narcolepsy

Narcolepsy is described as a syndrome consisting of EDS (including periods of 
irresistible sleep), cataplexy, sleep paralysis, and hypnagogic hallucinations; addi-
tional features include frequent and vivid dreams, automatic behaviors, and frag-
mented or disrupted nighttime sleep. The effects of narcolepsy can be considered a 
manifestation of REM sleep dissociation, with features of REM sleep that intrude 
into sleep and wakefulness.

Narcolepsy typically begins with the symptom of excessive sleepiness, and other 
symptoms of variable severity can develop slowly, suddenly, or not at all. 
Occasionally, cataplexy can develop first and then later be followed by the develop-
ment of excessive sleepiness; this is especially true in children, where sleepiness is 
disguised as behavioral abnormalities [1]. Narcolepsy patients often have an irre-
sistible urge to sleep, which often occurs at inopportune times whether it is during 
monotonous sedentary tasks or while performing mentally or physically demanding 
activities. For instance, they can fall asleep while eating, while sitting at a meeting, 
during phone conversations, during sexual intercourse, or while driving a car. These 
sleep episodes occur about 3–5 times/day in most patients and usually vary from a 
few minutes to several hours in duration [2]. Patients often report that after these 
sleep episodes or after taking scheduled naps, they wake up feeling refreshed and 
may not feel sleepy again for up to a few hours later; however, there are also many 
patients who indicate persistent (although perhaps somewhat improved) sleepiness 
despite taking these naps. Patients can also experience microsleep events, which are 
seconds or less of sleep that intrude into the waking state. Patients are not aware of 
the microsleep episodes and continue the activities they were performing. It is likely 
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that such episodes are at least partially associated with patients’ complaints of dif-
ficulty concentrating, inattention, or memory impairment.

In children, it is difficult to identify classic narcolepsy symptoms since many are 
not able to provide an accurate history of cataplexy, sleep-related hallucinations, or 
sleep paralysis. Sleepiness may also manifest as behavioral problems (e.g., irritabil-
ity, hyperactivity), decreased performance, inattentiveness, lack of energy, or bizarre 
hallucinations that makes it even more difficult to diagnose narcolepsy. Furthermore, 
when excessive sleepiness is present, it can often be mistaken for normal behaviors 
in children of preschool age, as they usually take habitual naps. Occasionally in 
school-aged children, excessive sleepiness can be identified when there is a reap-
pearance of daytime naps in a child who had previously discontinued regular nap-
ping [3].

Cataplexy is the most specific symptom of narcolepsy consisting of an abrupt, 
bilateral (occasionally unilateral) loss of skeletal muscle tone; it is associated with 
narcolepsy type 1. It is usually triggered by the occurrence of sudden emotion such 
as laughter or humorous experiences; sometimes even the memory of a humorous 
event can precipitate an attack. Other triggers for cataplexy include anger, embar-
rassment, surprise, stress, or even sexual arousal [4]. During a cataplexy attack, 
which can last up to several minutes, the patient is unable to move; however, the 
diaphragm and ocular muscles are unaffected. During this time, the patient remains 
awake, aware of their surroundings and able to remember the details of the event 
and comments or questions that were made to them. If the attack is prolonged, how-
ever, sleep can follow. More commonly, attacks of cataplexy are partial, affecting 
only certain muscle groups, such as the arms, neck, or face. During partial cataplexy 
attacks, the jaw may sag, the head can droop, and speech may become garbled [5]. 
Deep tendon reflexes are usually absent during generalized cataplexy episodes; 
however, they have been reported to be persistent during partial attacks [6]. In chil-
dren, atypical manifestations of cataplexy can include blurred vision, irregular 
breathing, sudden loss of smiling, or “semipermanent eyelid and jaw weakness.” 
Additionally, children’s cataplexy may also manifest as subtle and unusual facial 
expressions or choreic-like movements which are not seen in adults [7, 8].

Sleep-related hallucinations, sleep paralysis, and automatic behaviors are com-
mon manifestations of many disorders that disrupt/fragment sleep and cause exces-
sive sleepiness, including narcolepsy and idiopathic hypersomnia [9]. Similar to 
cataplexy, patients with sleep paralysis experience a brief loss of voluntary muscle 
control with an inability to move or speak, but retain awareness during the event. 
Unlike cataplexy, these episodes are not provoked by intense emotion or stress. The 
phenomena usually occur during sleep–wake transitions and are often associated 
with fearful sleep-related hallucinations, hypnopompic or hypnagogic. They are 
intense dream-like states that occur when falling asleep (hypnagogic) or when wak-
ing from sleep (hypnopompic) [10]. The events typically remit on their own within 
1–10 min, but can also be terminated when someone touches the patient [10].

The sleep-related hallucinations can also occur independently of the sleep paral-
ysis episodes and are usually visual or auditory and occasionally involve other 
senses, e.g., tactile or vestibular. They are occasionally pleasant, but quite often 
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frightening or disturbing to the patient. The visual hallucinations can consist of 
simple forms, such as circles or multi-sided geometric figures or can be more intri-
cate such as animals or people. Similarly, the auditory hallucinations can manifest 
as simple sounds, such as knocking on a door or a phone ring, or more complex 
tunes, such as a musical composition. Less often, patients report hallucinations such 
as smelling a scent/odor, or having a sense that one is falling, or feeling that some-
one or something is touching them.

Automatic behavior is the performance of simple or complex routine tasks by 
individuals who remain unaware of the activity. These behaviors range from activi-
ties such as talking on the phone or writing to walking, cooking, or driving. Some 
patients report that they have ordered items through the phone, or cooked a meal, 
and did not remember doing so. Some also report driving home from work and not 
realizing how they got there. The personal and public hazards of such behaviors are 
self-evident.

In addition to episodes of EDS, narcolepsy patients also report difficulty in main-
taining sleep at night due to a dysfunction of central sleep regulation which causes 
frequent transitions between sleep and wakefulness throughout the entire 24-h cycle. 
Typically they can fall asleep quickly but report frequent nocturnal awakenings and 
occasionally indicate that they do not sleep for long periods during the night.

 Idiopathic Hypersomnia

Similar to narcolepsy, patients with idiopathic hypersomnia also can have symp-
toms of excessive sleepiness. As mentioned earlier, it is no longer differentiated into 
subtypes based on sleep duration. It is characterized either by excessive sleep that 
usually is at least 11 hours in duration, but typically 12–14 hours, or daytime sleepi-
ness with a mean sleep latency of less than or equal to 8 minutes with less than 2 
sleep onset REM periods on a multiple sleep latency test (MSLT).

There is typically severe or prolonged sleep inertia with difficulty waking up that 
is often associated with irritability, automatic behaviors, and confusion. This sleep 
drunkenness is similar to the confusion and behaviors a normal person may experi-
ence if abruptly awoken from deep sleep. Patients are confused upon awakening and 
are unable to perform tasks or react appropriately [9, 11]. Accordingly, these patients 
also experience difficulty waking up in the morning and at the end of naps. They 
often never feel fully alert, even after their prolonged sleep period. They often 
require multiple alarm clocks to awaken in the morning or after naps, but usually 
end up becoming dependent on other people to awaken them. The naps are often 
irresistible, prolonged (up to 3–4 hours in duration) and unrefreshing [3, 9, 11].

In a report by Bassetti and Aldrich in 1997 [11], some patients with idiopathic 
hypersomnia were noted to have orthostatic hypotension, headaches, as well as cold 
hands and feet (Raynaud’s type phenomena). A more recent study suggests that 
patients may have parasympathetic dysfunction during sleep and wake with altered 
autonomic responses to arousals [12]. Similar to narcolepsy (and sleep deprivation), 
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other associated features in idiopathic hypersomnia include sleep-related hallucina-
tions and sleep paralysis that are present in patients to a variable degree. Additionally, 
overnight polysomnograms may also demonstrate a high sleep efficiency (≥90%) [3].

 Epidemiology

 Narcolepsy

Due to the overlap of clinical symptoms and polysomnographic/multiple sleep 
latency test (MSLT) features with other conditions such as depression, other sleep 
disorders, or even with normal individuals, it is difficult to make an accurate assess-
ment of the true prevalence of narcolepsy. It is estimated that less than 50% of 
patients with narcolepsy have been diagnosed [13, 14]. Nevertheless, narcolepsy 
has been documented to begin at any age from infancy (rarely) to as late as old age, 
with a median age of 16 years but most commonly within the first two decades of 
life. Narcolepsy type 1 affects both men and women equally (perhaps a slight pre-
ponderance for males) with an approximate prevalence of 1 in 2000 people (0.05%) 
in the United States [15], less in Israel, and more in Japan.

There appears to be a genetic, racial, and ethnic predisposition for the develop-
ment of narcolepsy [16]. The risk of a first-degree relative developing narcolepsy 
with cataplexy is approximately 1–2%, which is prominently higher than that esti-
mated for the general population [17]. In addition, the HLA subtypes DR2 
(DRB1*1501) and DQ (DQB1*0602) have also been found to be closely associated 
with narcolepsy. The HLA marker, DQB1*0602, has a prevalence ranging from 85 
to 95% in patients with narcolepsy with cataplexy and about 40% in patients with 
narcolepsy without cataplexy vs. about 26% in the general population [18]. A review 
of the literature indicates that the prevalence of narcolepsy/cataplexy ranges from a 
low of 0.002% among Israeli Jews to a high of 0.15% among the Japanese general 
population. More recently, a general population study with a representative sample 
of over 18,000 subjects in five European countries estimated a prevalence of 
0.047% [3].

The prevalence of cataplexy among patients with narcolepsy varies widely with 
estimates ranging from 60 to 90% [19]. Patients with cataplexy generally report that 
this symptom remains persistent with only minor fluctuations in severity; however, 
the severity and frequency of attacks may vary widely and range from occasional to 
multiple attacks daily. A few patients have reported spontaneous remission of cata-
plexy attacks. It has been suggested that a decline in cataplexy over time represents 
the ability of patients to adapt to their illness and learning to avoid those situations 
where cataplexy is most likely to occur.

The prevalence of narcolepsy type 2, on the other hand, is more uncertain. It is 
estimated that up to 36% of clinics’ narcolepsy population have “narcolepsy with-
out cataplexy.” The ambiguity is at least partially attributed to population-based 
studies using MSLT diagnostic criteria for narcolepsy without the clinical symptom 
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of cataplexy; these studies included individuals with sleep deprivation, shift work 
disorders, and even sleep apnea that likely contributed to false positive diagnoses 
[3]. It should be noted that the true prevalence of narcolepsy type 1 and narcolepsy 
type 2 are unknown as most epidemiologic studies were done prior to the publica-
tion of the ICSD 3.

 Idiopathic Hypersomnia

More challenging than assessing the prevalence of narcolepsy is that of determining 
the prevalence of idiopathic hypersomnia. The reported prevalence in clinic popula-
tions when compared to narcolepsy patients widely varies depending upon the lit-
erature reviewed [7, 20–22]. At least part of the difficulty in determining idiopathic 
hypersomnia’s prevalence is due to its nosological ambiguity. There has also been a 
propensity to label all difficult-to-classify cases of EDS as idiopathic hypersomnia 
[23]. Similar to narcolepsy type 1 and narcolepsy type 2, since the ICSD-3 classifi-
cation scheme was developed, there have not been any systematic prevalence stud-
ies for idiopathic hypersomnia. Accordingly, it is safe to say that the true prevalence 
of idiopathic hypersomnia is unknown. What we do know is that there appears to be 
a female predominance [24] with the age of onset ranging from birth to early adult-
hood [25]. Some earlier studies also suggest an autosomal dominant mode of inheri-
tance [26].

 Pathophysiology

 Narcolepsy

The discovery of the neuropeptide hypocretin [27, 28] has greatly enhanced our 
understanding of the pathophysiology of narcolepsy. It is thought that a deficiency 
of this arousal system (and perhaps other yet unknown arousal systems), rather than 
an overactivity of the sleep systems, underlies the pathogenesis of the symptoms in 
narcolepsy [29]. Hypocretin-containing neurons are located in the perifornical and 
lateral hypothalamus where they project widely to communicate with numerous 
brain nuclei including those responsible for the regulation of sleep, alertness, and 
muscle tone. Evidence suggests that most cases of narcolepsy are associated with 
loss of or partial loss of hypocretin-containing hypothalamic neurons and the devel-
opment of cataplexy occurs when hypocretin is absent or nearly absent. Thannickal 
et al. [30] and Mignot et al. [31] reported an 85–95% loss of hypocretin-containing 
neurons in narcolepsy with cataplexy patients that corresponded to the finding of 
low or undetectable concentrations (≤110 pg/mL) of hypocretin in the cerebrospi-
nal fluid (CSF) of these patients. Thannickal et al. [32] later found a loss of about a 
third of the hypothalamic hypocretin-containing cells in one patient with narcolepsy 
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without cataplexy. An autoimmune process may be responsible for the loss of the 
hypocretin neurons; however, antibodies to hypocretin and hypocretin receptors 
have not been found [33–36].

As mentioned earlier, there is a higher occurrence of HLA DQB1*0602 in nar-
colepsy patients than in the general population. It is suspected that patients with this 
HLA marker (and likely other non-HLA genes associated with immune regulation 
or other currently unknown genetic links) may possess a genetic susceptibility for 
some event (e.g., environmental influences) that leads to the development of narco-
lepsy. This HLA association suggests a T-cell mediated autoimmunity. Researchers 
found a significant correlation between the degree of excessive sleepiness and the 
presence of activated T-cells in the central nervous system of narcolepsy type 1, 
narcolepsy type 2, and idiopathic hypersomnia patients lending further support to 
evidence of T-cell mediated autoimmunity [37].

Several studies have shown increased cases of narcolepsy in children and adoles-
cents in relation to swine influenza A (H1N1). In Europe, the Pandemrix vaccina-
tion induced narcolepsy in patients who carried the HLA allele DQB1*0602, while 
in China infection with the virus was associated with the development of narcolepsy 
[38]. As mentioned above, polymorphisms in other non-HLA genes that may affect 
immune regulatory function are likely present as well. For example, the non-coding 
RNA gene GDNF-A51 was also significantly associated with the development of 
narcolepsy in the patients given the Pandemrix vaccination [39].

Environmental factors such as infections [40, 41], head trauma [42], neurotoxic 
metals, combustion smoke [43], or even a change in sleeping habits [41] have been 
associated with the onset of narcolepsy. While it is not known exactly how these 
environmental elements result in neurodegeneration of hypocretin neurons, Mori 
[43, 44] suggested these agents may cause release of proinflammatory cytokines in 
the olfactory bulb resulting in a breakdown of the blood-brain barrier; subsequently, 
this allows autoimmune cells access to the hypocretin neurons in the hypothalamus, 
which results in its degeneration.

Supporting evidence for the autoimmune etiology hypothesis continues to grow. 
Increased antistreptococcal antibodies were reported in patients with recent onset of 
narcolepsy, suggesting streptococcal infections may be an inciting event that is ini-
tiating an autoimmune process [40, 45]. Hallmayer et al. [46] also found a strong 
association between narcolepsy and a polymorphism in the T-cell receptor alpha 
locus (another indication that an autoimmune process has a role). Earlier in 2010, 
elevated Tribbles homolog 2 (Trib2) specific antibody levels were discovered in 
16%–26% of patients with narcolepsy. Trib2 was previously known as an autoanti-
gen in autoimmune uveitis; it has been identified in hypocretin neurons of a trans-
genic mouse model. In narcolepsy patients, titers of Trib2-specific antibodies were 
highest soon after narcolepsy onset and then decreased within the first 3 years of the 
disorder and finally stabilized at levels much higher than that of controls (normal 
controls and patients with idiopathic hypersomnia, multiple sclerosis, or other 
inflammatory neurologic disorders). Intracerebroventricular administration of 
immunoglobulin-G purified from anti-trib2 positive narcolepsy patients in subjects 
caused degeneration of hypocretin neurons [47, 48]. This finding provided support 
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for an autoimmune etiology for narcolepsy; however, additional work by Tanaka S 
et al. in 2017 suggested that the anti-TRIB2 antibody seen in narcolepsy patients 
was a result rather than the cause of hypocretin cell degeneration [48].

 Idiopathic Hypersomnia

In comparison to narcolepsy, less is known about the pathophysiology of idiopathic 
hypersomnia. One possible reason for this is that there are no specific criteria, clini-
cal or polysomnographic, that is pathognomonic or even partially characteristic of 
the disorder, such as cataplexy or sleep onset REM periods in narcolepsy. There is 
no clear association with CSF hypocretin levels [49] as in narcolepsy. Although 
there appears to be a strong genetic component suggested by the high proportion of 
familial cases, no associated genes have been identified. Studies with HLAs have 
also found no connection [11].

Some studies suggested that dopamine and certain monoamine metabolites had 
a role in the etiology of idiopathic hypersomnia [50–53], but further studies have 
been inconclusive [3]. In some idiopathic hypersomnia patients, an endogenous 
hypnotic peptide stimulating GABA receptors during wakefulness is suspected to 
be at least partially etiologic [54]. Autoimmunity has also been suggested as etio-
logic in idiopathic hypersomnia [37]. Further studies to assess the validity of these 
hypotheses need to be done.

There is a possible common pathway between the pathophysiology of narco-
lepsy and idiopathic hypersomnia. A low CSF histamine level has been identified in 
both these disorders and has not been seen in patients with excessive sleepiness due 
to sleep apnea [55, 56]. Accordingly, it is hypothesized that low histamine may be 
specific to hypersomnias of central origin [56]; however, a more recent study failed 
to demonstrate this deficiency [57]. In addition, since idiopathic hypersomnia hypo-
cretin levels are normal, it has been suggested that factors other than hypocretin 
deficiency are the cause of these low histamine levels. Further research still needs to 
be done to validate this hypothesis and to better understand the role of histamine in 
these disorders.

 Diagnosis

 Narcolepsy

There are three main types of narcolepsy: narcolepsy type 1, NT1, narcolepsy type 
2, NT2, and secondary narcolepsy (Table 15.1). Narcolepsy type 1 is defined as 
excessive sleepiness that occurs for at least 3 months and is associated with definite 
cataplexy and/or a low CSF hypocretin level (≤110 pg/mL or one third of mean 
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normal control values) [27]. In the presence of cataplexy, if CSF hypocretin level is 
unknown or ≥ 110 pg/ml, then a polysomnography followed by a MSLT is needed 
[58]. The polysomnography should confirm at least 7 h of sleep and exclude other 
sleep disorders that could account for the symptoms, such as obstructive sleep apnea 
syndrome. It usually demonstrates a short sleep latency and fragmented nocturnal 
sleep and may show increased stage 1 sleep and early REM sleep onset [59]. The 
MSLT should exhibit two or more sleep onset REM periods (SOREMP) with a 
mean sleep latency of ≤8 min [3]. If a sleep onset REM period occurs during the 
preceding polysomnogram (i.e., within 15 minutes of sleep onset), then only one 
SOREMP is needed in the MSLT [3]. Accordingly, a patient with hypersomnia 
without cataplexy can still meet criteria for a diagnosis of NT1 if CSF hypocretin 
levels are reduced as described above. Alternatively, a patient with hypersomnia 
with cataplexy can meet criteria for a diagnosis of NT1 if CSF hypocretin levels are 
“normal.”

Patients with NT2 either do not have cataplexy or have atypical cataplexy-like 
events. The PSG followed by an MSLT should demonstrate features similar to that 
of NT1 as described above, and their CSF hypocretin-1 levels should be ≤110 pg/
mL or one third of mean normal control values if measured [21, 27]. Other disorders 
that can explain the EDS and/or MSLT findings must be ruled out prior to making a 
diagnosis of NT2.

Table 15.1 Diagnostic criteria for narcolepsy

Narcolepsy type 1
1.  At least 3 months of excessive daytime sleepiness (EDS) as well as item 2 and/or item 3 

below are present
2A. Cataplexy is present
2B. On a polysomnogram (PSG) followed by a multiple sleep latency test (MSLT):

   (a)  The PSG rules out other causes of disrupted nocturnal sleep and demonstrates at least 
7 h of sleep

   (b)  The MSLT should show a sleep latency of ≤8 min and two or more sleep onset REM 
periods; if the PSG has a sleep onset REM period (i.e., within 15 minutes of sleep 
onset), then only 1 SOREMP is needed on the MSLT study.

3. A cerebrospinal fluid (CSF) hypocretin-1 level  ≤110 pg/mL or < 1/3 of normal control values
Narcolepsy type 2
1. At least 3 months of EDS
2. Cataplexy is absent; however, questionable or atypical cataplexy-like episodes can be present
3. On a PSG followed by a MSLT:

  (a)  The PSG rules out other causes of disrupted nocturnal sleep and demonstrate at least 7 h 
of sleep

  (b)  The MSLT should show a sleep latency of ≤8 min and two or more sleep onset REM 
periods; if the PSG has a sleep onset REM period (i.e., within 15 minutes of sleep onset), 
then only 1 SOREMP is needed on the MSLT study.

4.  CSF hypocretin-1 levels must be either unknown or  ≥110 pg/mL (or 1/3 of normal control 
values)

5.  The EDS or MSLT findings cannot be better explained by other causes, e.g., other sleep 
disorders, medication effect, or sleep deprivation

Adapted from American Academy of Sleep Medicine [3]
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Secondary narcolepsy is classified as a subtype of NT1 and NT2 in the ICSD 3, 
namely, as narcolepsy type 1 due to a medical condition and narcolepsy type 2 due 
to a medical condition. Secondary narcolepsy can potentially occur after any lesion 
affecting the hypothalamus, including but not limited to tumors, autoimmune disor-
ders, paraneoplastic disorders, sarcoidosis, multiple sclerosis, Parkinson’s disease, 
or head trauma [3]. This condition is given the diagnosis of NT1 due to a medical 
condition or NT2 due to a medical condition, if the criteria for NT1 or NT2 are met, 
respectively, and is attributable to another medical disorder.

Similar to adults, the diagnosis of NT1 can be made in children if excessive sleep-
iness and definite cataplexy is present and the MSLT is diagnostic or if CSF hypo-
cretin-1 deficiency is present. However, as mentioned earlier, it is difficult to identify 
classic narcolepsy symptoms in children. Additionally, normal values on sleep stud-
ies, especially for MSLTs, have not been standardized in subjects younger than 
6 years of age and results should be interpreted with care. Carskadon [60] suggested 
using a child’s Tanner stage of sexual development to compare sleep study results to 
normal values of nocturnal total sleep time, daytime sleep latency, and daytime REM 
sleep latency as these are closely linked to the Tanner stages. A more recent study 
showed that a MSLT with at least 2 SOREMPs and a mean sleep latency of ≤8.2 min-
utes was a reliable marker for the diagnosis of NT1 in the pediatric population [61]. 
Nevertheless, if the MSLT results are equivocal and there is still a high clinical sus-
picion for narcolepsy, a repeat study is warranted after a period of time.

Children with NT2 present similarly to those with NT1 except they do not have 
cataplexy and CSF hypocretin levels if measured are in the normal range. 
Occasionally, cataplexy may develop after the presenting symptom of excessive 
sleepiness. In this situation, the patient (typically a child, but also can be an adult) 
is given the diagnosis of NT2 until the onset of cataplexy at which time the diagno-
sis is changed to NT1.

As suggested earlier, HLA testing (in a child or adult) is not a useful screening 
or diagnostic tool; however, it might be useful in atypical narcolepsy with cataplexy 
presentations. A negative test should encourage the physician to make certain that 
other sleep disorders are excluded before assigning a diagnosis of NT1 narcolepsy.

 Idiopathic Hypersomnia

In order to make the diagnosis of idiopathic hypersomnia (Table 15.2), the associ-
ated excessive sleepiness, similar to narcolepsy, needs to occur almost daily for at 
least 3 months and cataplexy is not present. There is often difficulty awaking from 
the sleep period including any naps. Polysomnography should rule out other causes 
of excessive sleepiness (e.g., sleep apnea), and a MSLT performed following the 
nocturnal polysomnography should show a mean sleep latency of ≤8 min with less 
than two sleep onset REM periods. If the preceding PSG has a SOREMP (i.e., 
within the initial 15  minutes of the study), then the MSLT should not have any 
SOREMPs [3]. Awaking patients with idiopathic hypersomnia in the morning 
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following an overnight polysomnogram to do a MSLT does not allow for the docu-
mentation of a prolonged sleep time. Additionally, the mean sleep latency on the 
MSLT may not always be diagnostic, and the short naps scheduled every 2 h do not 
allow for the demonstration of prolonged unrefreshing naps. Therefore, as an alter-
native to the MSLT showing a mean sleep latency of ≤8 min, the typical nocturnal 
sleep duration of at least 11 hours can be demonstrated with a 24 hr. polysomno-
graphic recording or by wrist actigraphy and sleep logs over at least 7  days. 
Insufficient sleep syndrome and other sleep disorders should also be ruled out [3].

Similar to adults, before a diagnosis of idiopathic hypersomnia is made in chil-
dren, other sleep disorders, especially insufficient sleep syndrome, and use of recre-
ational drugs should be ruled out. If the sleep duration criteria is being used to 
diagnose idiopathic hypersomnia in the pediatric population, age appropriate nor-
mal values for total sleep time should be taken into account. A repeat MSLT study 
should be considered in patients diagnosed with idiopathic hypersomnia after a cer-
tain time interval, because SOREMPs may develop overtime in narcolepsy. If 2 or 
more SOREMP are present in the repeat PSG/MSLT study, then the patient should 
be reclassified as having NT2.

It is evident by many experts that the current diagnostic criteria have its limita-
tions. It relies on ancillary testing such as the MSLT that is not well validated in all 
patient populations and is relatively nonspecific. The stability of repeated MSLT 
results is also in question with one study showing only 10–20% of patients with a 
positive initial MSLT being positive after the test was repeated in 4  years [62]. 
Additionally, although validated, the method for measurement of CSF hypocretin 
levels has some issues [63–65]. Sakai et al. showed that the typical method of hypo-
cretin measurement actually measures hypocretin-1 metabolites believed to be inac-
tive. Therefore, while standard testing would demonstrate deficiency of 
“hypocretin- 1” in some NT1 patients, an alternative method of testing which mea-
sures the true active hypocretin-1 protein can actually demonstrate some degree of 
deficiency in NT1 and NT2 patients that were found to have no deficiency when 
tested with standard techniques [64].

Table 15.2 Diagnostic criteria for idiopathic hypersomnia

Idiopathic hypersomnia
1. At least 3 months of EDS
2. Cataplexy is not present
3.  The MSLT should show a sleep latency of ≤8 min and less than two sleep onset REM 

periods; if the preceding PSG has a sleep onset REM period (i.e., within 15 minutes of sleep 
onset), then there should not be a SOREMP on the MSLT.

4.  If the mean sleep latency on the MSLT is >8 min, then a total sleep time of at least 
11 hrs/24 hr. period should be demonstrated either with a 24 hr. polysomnogram or by wrist 
actigraphy and sleep log (averaged over at least 7 days)

5. Insufficient sleep syndrome should be ruled out
6.  Other sleep, medical, or psychiatric disorders or medications/drugs should not better explain 

the EDS and/or MSLT findings

Adapted from American Academy of Sleep Medicine [3]
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Accordingly, it stands to reason that diagnostic tools utilizing other markers to 
aid in the diagnosis of narcolepsy are needed. For instance, Stephansen et al. dem-
onstrated that a combination of a more thorough evaluation of the overnight poly-
somnogram and HLA testing yielded a high sensitivity and specificity for NT1 
diagnosis. A PSG analysis revealing unusual sleep stage overlap alone achieved a 
sensitivity of 91% and specificity of 96%, and when combined with testing showing 
HLA-DQB1*0602, the specificity increased to 99% [66]. Identification of REM 
sleep without atonia (in at least 8% of stage REM sleep epochs) in the pediatric 
population has demonstrated high specificity for the diagnosis of narcolepsy [67]. 
Additionally, Murer et al. verified that sleep stage analysis with better characteriza-
tion of REM sleep duration and sleep stage sequence during the PSG contributed to 
a higher MSLT specificity for narcolepsy [68].

Other features in patients with narcolepsy have been identified, and future tools 
utilizing these findings may aid in diagnosing narcolepsy or differentiating it from 
other hypersomnias. For instance, the frequency and distribution of eye movements 
during various sleep stages throughout the night as well as while awake was shown 
to be significantly different in NT1 patients compared to clinical controls as well as 
NT2 patients [69]. Furthermore, heart rate variability abnormalities during stage 
NREM 2 and non-dipping blood pressure patterns were found to be more prevalent 
in NT1 patients compared to control groups [70, 71]. Additionally, certain neuro-
anatomical correlates on neuroimaging studies may also contribute to diagnosing 
narcolepsy and other hypersomnias [72].

 Differential Diagnosis

Excessive sleepiness is common to many sleep disorders, besides narcolepsy and 
idiopathic hypersomnia, and can also be a normal phenomenon in certain circum-
stances (e.g., sleep deprivation). Some of these sleep disorders can be differentiated 
from narcolepsy or idiopathic hypersomnia by history. For instance, identification 
of a disruptive environmental feature during sleep may lead one to the diagnosis of 
an environmental sleep disorder. A history of sleeping less than expected from age- 
adjusted normative data or having a sleep period that is delayed, advanced, or irreg-
ular would suggest behaviorally induced, insufficient sleep syndrome or a circadian 
rhythm disorder, respectively. A description of normal sleep between episodes of 
hypersomnia can suggest a diagnosis of recurrent hypersomnia. Certain psychiatric 
disorders (e.g., depression or substance abuse) can also be responsible for excessive 
sleepiness and are identifiable on history.

Narcolepsy is commonly comorbid with several medical and psychiatric disor-
ders that can not only cause a misdiagnosis but can complicate narcolepsy treat-
ment. Cardiac, mental, neurologic, gastrointestinal, renal, and pulmonary disorders 
are more common in narcolepsy [73]. Cardiac disorders can complicate therapy as 
some narcolepsy medications can cause cardiac arrhythmias or exacerbate fluid 
retention and add to hypertension or heart failure. Of the mental disorders, 
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depression and anxiety are particularly prevalent and are common causes of delay 
in narcolepsy diagnosis. Anxiety disorders can contribute to stimulant medication 
failure due to exacerbating adverse effects [74]. In addition, concurrent sleep disor-
ders, such as obstructive sleep apnea syndrome, sleep deprivation, restless legs syn-
drome, and circadian rhythm disorders, can contribute to, or mask, a narcolepsy 
diagnosis.

Disorders that cause excessive sleepiness cannot always be identified by history 
alone; additional studies to differentiate them from narcolepsy and idiopathic hyper-
somnia are often required. A polysomnogram will help identify sleep disordered 
breathing. Imaging studies may discover the presence of a brain tumor or stroke 
(although other findings on exam are also usually present). Blood work or CSF 
analysis can help identify metabolic abnormalities or encephalitis as a cause of 
sleepiness. There was a case report by Maestri et al. [75] on a patient that was diag-
nosed with idiopathic hypersomnia but after further evaluation was found to have an 
insulinoma. After management of the insulinoma, his symptoms of excessive sleep-
iness resolved. Another report by Shinno et al. [76] identified a patient with idio-
pathic hypersomnia who was subsequently found to have subclinical hypothyroidism; 
after management with levothyroxine his sleepiness improved.

History and additional laboratory studies are also useful in ruling out disorders 
that can mimic cataplexy. Transient weakness episodes can represent transient isch-
emic attacks (TIAs) if there is no history of an association with emotion or if there 
is a history of vascular risk factors and/or stroke. Seizures, syncope, and brainstem 
or diencephalic tumors can look like cataplexy; a positive EEG may suggest sei-
zures; imaging studies can help identify tumors; and a history of loss of conscious-
ness may help differentiate syncope or seizures from cataplexy.

 Excessive Sleepiness Due to Head Trauma

Sleep disturbances, including excessive sleepiness, can occur as a result of trau-
matic brain injury (TBI); accordingly, TBI should be considered in the differential 
diagnosis of excessive sleepiness. Some researchers contend that the excessive 
sleepiness is due to the increased prevalence of obstructive sleep apnea and periodic 
limb movement disorder that is seen in TBI patients [77]. In addition, changes in 
nocturnal sleep pattern seen in TBI patients are similar to those of depressed 
patients, namely, increased nighttime awakenings and longer sleep onset latency 
[78]. It is speculated that the sleepiness is due in part to this disturbed nocturnal 
sleep and that treatment of concomitant mood disorders may improve the sleepiness 
in the TBI patients; however, further research needs to be done in this area.

Hypothalamic damage, not necessarily visible on imaging studies, may be 
responsible for the excessive sleepiness that is seen in many TBI patients. The 
ICSD-3 classified this group of TBI patients under several separate subtypes: NT1 
or NT2 due to a medical condition and hypersomnia due to a medical condition 
(posttraumatic hypersomnia subtype). A 2007 study found that the CSF 
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hypocretin- 1 levels were decreased in these TBI patients, and a follow-up study in 
2009 demonstrated the number of hypocretin neurons in the hypothalamus was sig-
nificantly reduced [79, 80]. The loss of hypocretin is likely the etiology underlying 
TBI associated with narcolepsy and possibly post-traumatic hypersomnia.

 Treatment

There is no known cure for either narcolepsy or idiopathic hypersomnia; however, 
with respect to idiopathic hypersomnia, there are reports of spontaneous remission 
[25]. For those with persistent disease, treatment is targeted at symptom manage-
ment. Even with optimum management, the EDS in narcolepsy and idiopathic 
hypersomnia patients, and the cataplexy in narcolepsy patients, are seldom com-
pletely controlled.

 Nonpharmacologic Management

Nonpharmacologic management should be initiated in all patients. Patient educa-
tion is an important component of any treatment plan. Good sleep habits with avoid-
ance of sleep deprivation and/or irregular sleep patterns should be emphasized. In 
narcolepsy patients, the scheduling of short naps (15–20 min) 2–3 times/day can 
help control EDS and improve alertness, but this is impractical in many settings. 
Napping, in contrast, is not recommended for management of sleepiness in patients 
with idiopathic hypersomnia as it usually does not help and may result in unpleasant 
sleep inertia. Patients and family members should also be warned about the poten-
tial dangers of sleepiness relative to driving and/or in other hazardous settings. 
Typically, lifestyle changes alone are not enough to adequately control the symp-
toms of either narcolepsy or idiopathic hypersomnia; most patients require lifelong 
medication.

 Pharmacologic Management of Symptoms Common to Both 
Narcolepsy and Idiopathic Hypersomnia

Pharmacological management of EDS, with a few exceptions, is similar in both 
narcolepsy and idiopathic hypersomnia; however, it should be noted that random-
ized, double-blind, placebo-controlled clinical trials have not been done on idio-
pathic hypersomnia patients. Stimulants, such as methylphenidate or 
dextroamphetamine, have previously been used as first-line therapy. This transi-
tioned to the use of modafinil and armodafinil as first-line treatment for most patients 
[81, 82], and more recently a newer agent, solriamfetol, might be the next agent that 
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will gain acceptance as initial therapy for EDS treatment. Most clinical studies of 
stimulant medications report objective improvements in sleepiness in 65–85% of 
subjects.

Common adverse effects associated with stimulants include nervousness, head-
aches, irritability, tremor, insomnia, anorexia, gastrointestinal upset, and cardiovas-
cular stimulation [83]. The development of drug tolerance or addiction can also 
occur; however, this risk is thought to be less than in other patient groups.

Modafinil is generally well tolerated, with headache and nausea being the most 
common side effects. Rarely, severe rashes and allergic reactions can occur. 
Modafinil also increases the metabolism of ethinylestradiol which lessens the effi-
cacy of oral contraceptive agents. Armodafinil is the long-acting dextro-enantiomer 
component of racemic modafinil, which has equal amounts of S- and R-modafinil. 
It has a similar therapeutic and side effect profile to racemic modafinil, but with the 
advantage of having a longer elimination half-life (t ½) (3–4 h for S-modafinil vs. 
10–15 h for armodafinil) [84]. Although comparative studies have not been done in 
narcolepsy or idiopathic hypersomnia, armodafinil has been shown to be effective 
and produce longer wakefulness than racemic modafinil in patients with sleepiness 
due to acute sleep loss [85].

Sodium oxybate, the sodium salt of gamma-hydroxybutyrate (GHB), an endog-
enous substance in the brain, is an effective medication in the treatment of daytime 
sleepiness cataplexy and sleep disruption in narcolepsy [81, 86, 87] and perhaps 
also the sleep-related hallucinations and sleep paralysis episodes prominent in this 
disorder. It is currently being studied in patients with idiopathic hypersomnia. 
Sodium oxybate’s adverse effects include nausea (19%), dizziness (18% incidence), 
headache (18%), nasopharyngitis (6%), somnolence (6%), vomiting (8%), and uri-
nary incontinence (6%) with most described as mild or moderate in severity. 
Dizziness, nausea, vomiting, and enuresis may be dose related [88].

Pitolisant is a medication that acts as an antagonist/inverse agonist on the hista-
mine 3 receptors which results in increase of brain histamine levels that subsequently 
help maintain wakefulness. The more common adverse reactions include headaches, 
insomnia, nausea, and anxiety. Caution needs to be taken in patients at cardiac risk 
for prolonged QTc. As with modafinil, pitolisant also increases the metabolism of 
ethinylestradiol and therefore will lessen oral contraceptive efficacy. Although 
pitolisant does not currently have an FDA-approved indication to treat cataplexy, 
studies have also shown improvement in this symptom in treated NT1 patients [89, 
90]. Alternative forms of H3 receptor inverse agonists are in investigation.

Solriamfetol works by inhibiting reuptake of both dopamine and norepinephrine. 
It has a similar adverse reaction profile to other medications with headache being 
most common followed by nausea, decreased appetite, nasopharyngitis, dry mouth, 
and anxiety. With its relatively unique mechanism of action, efficacy, and side effect 
profile, it has been increasingly used as first- or second-line therapy for the treat-
ment of EDS [91]. It has an FDA-approved indication for the treatment of EDS in 
patients with narcolepsy.

Currently, sodium oxybate, amphetamines, methylphenidate, modafinil, 
armodafinil, solriamfetol, and pitolisant are the only medications FDA approved in 
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the United States for the treatment of EDS in narcolepsy. Alterations of gamma 
amino butyric acid (GABA) levels in the brain with GABA-A receptor agonists 
(e.g., clarithromycin and flumazenil) have shown some efficacy in the treatment of 
EDS in narcolepsy patients [92]. Medications targeting the hypocretin receptors for 
the treatment of EDS are in development. One such medication currently undergo-
ing clinical trials is TAK-994, which is a hypocretin-2 receptor selective agonist that 
has shown promise in preliminary studies. Other medications under investigation 
include a low sodium formulation of oxybate, and a new drug application (NDA) 
has been submitted for approval by the FDA. A long-acting, once-nightly formula-
tion of sodium oxybate has been studied, and an NDA is about to be submitted. 
Reboxetine, a norepinephrine reuptake inhibitor, is currently undergoing evaluation 
in narcolepsy. Other medications have been reported to have beneficial results, but 
little data is available [93]. All medications are used “off-label” for the management 
of excessive sleepiness due to idiopathic hypersomnia.

 Pharmacologic Management of Symptoms Specific 
to Narcolepsy

 Cataplexy

Although treatment of sleepiness can have a mild beneficial effect on cataplexy, 
most wake-promoting agents/stimulants do not provide sufficient relief from cata-
plexy. Pitolisant, as mentioned earlier, has been shown to improve both EDS and 
cataplexy symptoms in patients with narcolepsy. Most medications used for the 
treatment of cataplexy have REM sleep suppressant properties and/or increase 
aminergic (mainly by blocking the norepinephrine (NE) transporter) activity [94]. 
Tricyclic antidepressants (TCAs), serotonin reuptake inhibitors, and NE reuptake 
inhibitors have demonstrated benefit in animal studies (which is believed to be a 
function of the NE reuptake inhibition). Sodium oxybate is highly efficacious for 
the treatment of cataplexy in narcolepsy and, as of the writing of this chapter, 
remains the only FDA-approved medication for its management.

Several small open-label studies and several decades of use have demonstrated 
that the TCAs desmethylimipramine, protriptyline, imipramine, and desipramine 
have beneficial anticataplectic effects [95]; however, clomipramine remains the 
most widely used. Adverse events commonly associated with TCA therapy include 
nausea, anorexia, dry mouth, urinary retention, and tachycardia. Men may encoun-
ter decreased libido, impotency, or delayed ejaculation. An unusual property of 
TCAs is the rebound cataplexy phenomenon that occurs upon abrupt discontinua-
tion of TCA therapy. When severe, this is known as status cataplecticus and can be 
disabling for several days [96].

Similar to TCAs, the SSRIs including fluvoxamine, zimeldine, femoxetine, par-
oxetine, and fluoxetine have all demonstrated anticataplectic activity; however, 
fluoxetine appears to be the most commonly used of the SSRIs for the treatment of 
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cataplexy [97]. As a class, the SSRIs are generally less efficacious than TCAs; how-
ever, they have a better safety profile and are better tolerated than the older antide-
pressants. Reported adverse events include headache, nausea, weight gain, dry 
mouth, and delayed ejaculation [97]. Other antidepressant medications have also 
been found to have some anticataplectic activity; these include monoamine oxidase 
inhibitors such as phenelzine and selegiline as well as other atypical antidepressants 
with pronounced NE reuptake inhibition, such as venlafaxine and atomoxetine.

Given the evidence supporting an autoimmune etiology of narcolepsy, intrave-
nous immunoglobulin therapy (IVIG) has been used for the treatment of narcolepsy. 
Unfortunately, the studies evaluating its use are limited, and the few case reports 
have yielded conflicting results. Currently, it is not considered a valid treatment 
option [98].

 Fragmented Nocturnal Sleep

As mentioned earlier, sodium oxybate taken at bedtime and again during the night 
increases slow wave sleep, decreases light sleep (stage N1 sleep), and decreases the 
number of arousals. REM sleep is initially increased, but then decreases after 
increasing dose and duration of therapy [87].

Other medications have also been tried in the management of the fragmented 
sleep of narcoleptics. A study evaluating 0.25  mg of triazolam taken at bedtime 
showed improved sleep efficiency and overall sleep quality, but had no beneficial 
effect on daytime sleepiness [99]. Unlike the GABA-A receptor agonists mentioned 
earlier, baclofen is actually a GABA B receptor agonist that has shown some effi-
cacy in the treatment of EDS as well as sleep fragmentation in adolescent narco-
lepsy. Morse et  al. described five patients that failed treatment with traditional 
narcolepsy medications, but reported subjective improvement in sleep maintenance 
and daytime sleepiness. Accordingly, baclofen may be an effective treatment option 
in narcolepsy that warrants further study [100]. Other medications such as zolpi-
dem, eszopiclone, or clonazepam have been used with varying success in some 
patients (personal experience and conversations with other sleep medicine physi-
cians). For symptoms of sleep paralysis and hypnagogic hallucinations, TCAs, 
other REM suppressant medications, and sodium oxybate have been successful.

 Conclusion

Narcolepsy and idiopathic hypersomnia are primary central hypersomnias character-
ized by either EDS or prolonged nocturnal sleep. Whereas cataplexy is pathogno-
monic for narcolepsy, there is no pathognomonic symptom for idiopathic hypersomnia. 
Narcolepsy is believed to be due to a deficiency in hypocretin- producing neurons in 
the lateral hypothalamus, possibly as a result of an autoimmune disorder. The 
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pathophysiology of idiopathic hypersomnia is currently unknown. The diagnosis is 
currently made by a combination of appropriate clinical symptoms, polysomnogra-
phy followed by an MSLT and/or CSF hypocretin-1 testing. There are both nonphar-
macologic and symptom directed pharmacologic treatments using medications 
targeting monoaminergic or GABA receptors. New formulations of oxybate and 
orexin receptor agonists are under investigation, as well as alternative NERIs and 
histaminergic medications. The effective pharmacologic management of narcolepsy 
is becoming a reality, although the treatment options are many and medication com-
binations are usually required for optimal management of cataplexy and excessive 
sleepiness.

Summary of Keypoints
• Narcolepsy is a syndrome consisting of EDS, cataplexy, sleep paralysis, 

and hypnagogic hallucinations. Additional features include automatic 
behaviors and fragmented or disrupted nighttime sleep.

• Classic narcolepsy symptoms are difficult to identify in children as sleepi-
ness may manifest as inattentiveness, lack of energy, behavioral problems, 
or decreased performance.

• Cataplexy is the most specific symptom of narcolepsy consisting of an 
abrupt, bilateral loss of skeletal muscle tone, triggered by sudden emotion 
such as laughter. Cataplexy is seen in 60–90% of patients with narcolepsy.

• Poor nighttime sleep is also common in narcolepsy, due to a dysfunction of 
central sleep regulation which causes frequent transitions between sleep 
and wakefulness throughout the entire 24-h cycle.

• Most cases of NT1 are associated with reduced or absent csf hypocretin; 
cases of NT2 may be caused by a partial loss of hypocretin-containing 
hypothalamic neurons.

• Sleep disturbances, including excessive sleepiness, may occur following 
TBI. It is important to consider TBI among the causes of EDS.

• Appropriate sleep hygiene is critically important in patients with narco-
lepsy or idiopathic hypersomnia. Short naps (15–20 min) 2–3 times/day 
can help control sleepiness in narcolepsy and improve alertness. However, 
scheduled naps are not recommended in idiopathic hypersomnia.

• Alerting medications are the mainstay of management of daytime sleepi-
ness in patients with narcolepsy or idiopathic hypersomnia, with most 
clinical studies reporting objective improvements in sleepiness in 65–85% 
of subjects. Cataplexy can be effectively treated with oxybate, H3 receptor 
inverse agonists, or NERIs.

• New formulations of current medications and orexin receptor agonists are 
currently under investigation and hold promise of greatly improving patient 
management.

I. Ahmed and M. Thorpy



345

References

 1. Nevsimalova S. Narcolepsy in childhood. Sleep Med Rev. 2009;13(2):169–80.
 2. Roth B. Narcolepsy and hypersomnia. Basel: Karger; 1980. p. 66–77.
 3. American Academy of Sleep Medicine. International classification of sleep disorders. 3rd ed. 

Darien: American Academy of Sleep Medicine; 2014.
 4. Krahn LE, Lymp JF, Moore WR, Slocumb N, Silber MH. Characterizing the emotions that 

trigger cataplexy. J Neuropsychiatry Clin Neurosci. 2005;17:45–50.
 5. Overeem S, Mignot E, van Dijk JG, et al. Narcolepsy: clinical features, new pathological 

insights, and future perspectives. J Clin Neurophysiol. 2001;18:78–105.
 6. Barateau L, Pizza F, Lopez R, et al. Persistence of deep-tendon reflexes during partial cata-

plexy. Sleep Med. 2018;45:80–2.
 7. Serra L, Montagna P, Mignot E, et  al. Cataplexy features in childhood narcolepsy. Mov 

Disord. 2008;23(6):858–65.
 8. Plazzi G, Clawges HM, Owens J. Clinical characteristics and burden of illness in pediatric 

patients with narcolepsy. Pediatr Neurol. 2018;85:21–32.
 9. Vernet C, Arnulf I. Idiopathic hypersomnia with and without long sleep time: a controlled 

series of 75 patients. Sleep. 2009;32:753–9.
 10. Guilleminault C, Fromherz S.  Narcolepsy: diagnosis and management. In: Kryger MH, 

Roth TA, Dement WC, editors. Principles and practice of sleep medicine. Philadelphia: WB 
Saunders; 2005. p. 780.

 11. Bassetti C, Aldrich MS.  Idiopathic hypersomnia: a series of 42 patients. Brain. 
1997;120(8):1423–35.

 12. Sforza E, Roche F, Barthelemy JC, et al. Diurnal and nocturnal cardiovascular variability and 
heart rate arousal response in idiopathic hypersomnia. Sleep Med. 2016;24:131–6.

 13. Mayer G, Kesper K, Peter H, Ploch T, Leinweber T, et al. Comorbidity in narcoleptic patients. 
Dtsch Med Wochenschr. 2002;127(38):1942–6. German.

 14. Kryger MH, Walid R, Manfreda J. Diagnoses received by narcolepsy patients in the year prior 
to diagnosis by a sleep specialist. Sleep. 2002;25(1):36–41.

 15. Ohayon MM, Ferini-Strambi L, Plazzi G, et  al. Frequency of narcolepsy symptoms and 
other sleep disorders in narcoleptic patients and their first-degree relatives. J Sleep Res. 
2005;14(4):437–45.

 16. Ohayon MM, Ferini-Strambi L, Plazzi G, et al. How age influences the expression of narco-
lepsy. J Psychosom Res. 2005;59(6):399–405.

 17. Mignot E. Genetic and familial aspects of narcolepsy. Neurology. 1998;50(2 Suppl 1):S16–22.
 18. Mignot E, Lin L, Rogers W, et al. Complex HLA-DR and -DQ interactions confer risk of 

narcolepsy-cataplexy in three ethnic groups. Am J Hum Genet. 2001;68:686–99.
 19. Silber MH, Krahn LE, Olson EJ, et al. The epidemiology of narcolepsy in Olmsted County, 

Minnesota: a population-based study. Sleep. 2002;25(2):197–202.
 20. Vignatelli L, d’Alessandro R, Mosconi P, et al. Health-related quality of life in Italian patients 

with narcolepsy: the SF-36 health survey. Sleep Med. 2004;5:467–75.
 21. Heier MS, Evsiukova T, Vilming S, et al. CSF hypocretin-1 levels and clinical profiles in 

narcolepsy and idiopathic CNS hypersomnia in Norway. Sleep. 2007;30:969–73.
 22. Dauvilliers Y, Paquereau J, Bastuji H, et al. Psychological health in central hypersomnias: the 

French Harmony Study. J Neurol Neurosurg Psychiatry. 2009;80:636–41.
 23. Billiard M, Dauvilliers Y. Idiopathic hypersomnia. Sleep Med Rev. 2001;5(5):349–58.
 24. Aldrich MS. The clinical spectrum of narcolepsy and idiopathic hypersomnia. Neurology. 

1996;46:393–401.
 25. Anderson KN, Pilsworth S, Sharples LD, et al. Idiopathic hypersomnia: a study of 77 cases. 

Sleep. 2007;30:1274–81.
 26. Billiard M, Merle C, Carlander B, et al. Idiopathic hypersomnia. Psychiatry Clin Neurosci. 

1998;52(2):125–9.

15 Narcolepsy and Idiopathic Hypersomnia



346

 27. Nishino S, Ripley B, Overeem S, et al. Hypocretin (orexin) deficiency in human narcolepsy. 
Lancet. 2000;355:39–40.

 28. Zeitzer JM, Nishino S, Mignot E. The neurobiology of hypocretins (orexins), narcolepsy and 
related therapeutic interventions. Trends Pharmacol Sci. 2006;27(7):368–74.

 29. Barateau L, Lopez R, Dauvilliers Y. Clinical neurophysiology of CNS hypersomnias. Handb 
Clin Neurol. 2019;161:353–67.

 30. Thannickal TC, Moore RY, Niehus R, et al. Reduced number of hypocretin neurons in human 
narcolepsy. Neuron. 2000;27:469–74.

 31. Mignot E, Lammers GJ, Ripley B, et al. The role of cerebrospinal fluid hypocretin measure-
ment in the diagnosis of narcolepsy and other hypersomnias. Arch Neurol. 2002;59:1553–62.

 32. Thannickal TC, Nienhuis R, Siegel JM. Localized loss of hypocretin (orexin) cells in narco-
lepsy without cataplexy. Sleep. 2009;32(8):993–8.

 33. Scammell TE. The frustrating and mostly fruitless search for an autoimmune cause of narco-
lepsy. Sleep. 2006;29(5):601–2.

 34. Black JL III. Narcolepsy: a review of evidence for autoimmune diathesis. Int Rev Psychiatry. 
2005;17(6):461–9.

 35. Dauvilliers Y, Tafti M.  Molecular genetics and treatment of narcolepsy. Ann Med. 
2006;38(4):252–62.

 36. Tanaka S, Honda Y, Inoue Y, et al. Detection of autoantibodies against hypocretin, hcrtrl, and 
hcrtr2 in narcolepsy: anti-Hcrt system antibody in narcolepsy. Sleep. 2006;29(5):633–8.

 37. Lippert J, Young P, Gross C, et al. Specific T-celll activation in peripheral blood and cerebro-
spinal fluid in central disorders of hypersomnolence. Sleep. 2019;1:42(2).

 38. Dye TJ, Gurbani N, Simakajornboon N. Epidemiology and pathophysiology of childhood 
narcolepsy. Paediatr Respir Rev. 2018;25:14–8.

 39. Halberg P, Smedje H, Eriksson N, et al. Pandemrix-induced narcolepsy is associated with 
genes related to immunity and neuronal survival. EBioMedicine. 2019;40:595–604.

 40. Aran A, Lin L, Nevsimalova S, et al. Elevated anti-streptococcal antibodies in patients with 
recent narcolepsy onset. Sleep. 2009;32(8):979–83.

 41. Picchioni D, Hope CR, Harsh JR. A case-control study of the environmental risk factors for 
narcolepsy. Neuroepidemiology. 2007;29(3–4):185–92.

 42. Castriotta RJ, Wilde MC, Lai JM, et al. Prevalence and consequences of sleep disorders in 
traumatic brain injury. J Clin Sleep Med. 2007;3(4):349–56.

 43. Mori I. The olfactory bulb: A link between environmental agents and narcolepsy,from the 
standpoint of autoimmune etiology. Med Hypothesis. 2019;131:109294.

 44. Mori I.  The olfactory bulb: a link between environmental agents and narcolepsy. Med 
Hypothesis. 2019;126:66–8.

 45. Longstreth WT Jr, Ton TG, Koepsell TD. Narcolepsy and streptococcal infections. Sleep. 
2009;32(12):1548.

 46. Hallmayer J, Faraco J, Lin L, et al. Narcolepsy is strongly associated with the T-cell receptor 
alpha locus. Nat Genet. 2009;41:708–11.

 47. Cvetkovic V, Bayer L, Dorsaz S, et al. Tribbles homolog 2 as an autoantigen in human narco-
lepsy. J Clin Invest. 2010;120:713–9.

 48. Tanaka S, Honda Y, Honda M, et al. Anti-Tribbles Pseudokinase 2 (TRIB2)-immunization 
modulates hypocretin/orexin neuronal functions. Sleep. 2017;40(1). https://doi.org/10.1093/
sleep/zsw036.

 49. Dauvilliers Y, Baumann CR, Carlander B, et  al. CSF hypocretin-1 levels in narcolepsy, 
Kleine-Levin syndrome, and other hypersomnias and neurological conditions. J Neurol 
Neurosurg Psychiatry. 2003;74:1667–73.

 50. Montplaisir J, de Champlain J, Young SN, et  al. Narcolepsy and idiopathic hypersomnia: 
biogenic amines and related compounds in CSF. Neurology. 1982;32:1299–302.

 51. Faull KF, Guilleminault C, Berger PA, et al. Cerebrospinal fluid monoamine metabolites in 
narcolepsy and hypersomnia. Ann Neurol. 1983;13:258–63.

I. Ahmed and M. Thorpy

https://doi.org/10.1093/sleep/zsw036
https://doi.org/10.1093/sleep/zsw036


347

 52. Faull KF, Thiemann S, King RJ, et al. Monoamine interactions in narcolepsy and hypersom-
nia: a preliminary report. Sleep. 1986;9:246–9.

 53. Bassetti CL, Khatami R, Poryazova R, et al. Idiopathic hypersomnia: a dopaminergic disor-
der. Sleep. 2009;32:A248–9.

 54. Arnulf I, Leu-Semenescu S, Dodet P. Precision medicine for idiopathic hypersomnia. Sleep 
Med Clin. 2019;14(3):333–50.

 55. Nishino S, Sakurai E, Nevsimalova S, et al. Decreased CSF histamine in narcolepsy with and 
without low CSF hypocretin-1 in comparison to healthy controls. Sleep. 2009;32:175–80.

 56. Kanbayashi T, Kodama T, Kondo H, et al. CSF histamine contents in narcolepsy, idiopathic 
hypersomnia and obstructive sleep apnea syndrome. Sleep. 2009;32:181–7.

 57. Dauvilliers Y, Delallee N, Jaussent I, et al. Normal cerebrospinal fluid histamine and tele- 
methylhistamine levels in hypersomnia conditions. Sleep. 2012;35:1359–66.

 58. Rack M, Davis J, Roffwarg HP, et al. The multiple sleep latency test in the diagnosis of nar-
colepsy. Am J Psychiatry. 2005;162(11):2198–9.

 59. Ferri R, Franceschini C, Zucconi M, et al. Sleep polygraphic study of children and adoles-
cents with narcolepsy/cataplexy. Dev Neuropsychol. 2009;34(5):523–38.

 60. Carskadon MA. The second decade. In: Guilleminault C, editor. Sleeping and waking disor-
ders: indications and techniques. Menlo Park: Addison-Wesley; 1982. p. 99–125.

 61. Pizza F, Barateau L, Jaussent I, et al. Validation of multiple sleep latency test for the diagnosis 
of pediatric narcolepsy type 1. Neurology. 2019;93(11):e1034–44.

 62. Mayer G, Lammers GJ. The MSLT: more objections than benefits as a diagnostic gold stan-
dard? Sleep. 2014;37:1027–8.

 63. Baumann CR.  Bassetti CI Hypocretin (orexins) and sleep-wakedisorders. Lancet Neurol. 
2005;10:673–82.

 64. Sakai N, Matsumura M, Lin L, et al. HLPC analysis of CSF hypocretin-1 in type 1 and 2 
narcolepsy. Sci Rep. 2019;9:477.

 65. Basseti CL, Adamantidis A, Burdakov D, et al. Narcolepsy - clinical spectrum, aetiopatho-
physiology, diagnosis and treatment. Nat Rev Neurol. 2019;15(9):519–39.

 66. Stephansen JB, Olesen AN, Olsen M, et al. Neural network analysis of sleep stages enables 
efficient diagnosis of narcolepsy. Nat Commun. 2018;9(1):5229.

 67. Bin-Hasan S, Videnovic A, Maski K. Nocturnal REM sleep without atonia is a diagnostic 
biomarker of pediatric narcolepsy. J Clin Sleep Med. 2018;14(2):245–52.

 68. Murer T, Imbach LL, Hackius M, et al. OptimizingMSLT specificity in narcolepsy with cata-
plexy. Sleep. 2017;1:40(12).

 69. Chritensen JAE, Kempfner L, Leonthin HL, et al. Novel method for evaluation ofeye move-
ments in patients with narcolepsy. Sleep Med. 2017;33:171–80.

 70. Aslan S, Erbil N, Tezer FI. Heart rate variability during nocturnal sleep and daytime naps in 
patients with narcolepsy type 1 and type 2. J Clin Neurophysiol. 2019;36(2):104–11.

 71. Sieminski M, Chwojnicki K, Sarkanen T, et al. The relationship between orexin levels and 
blood pressure changes in patients with narcolepsy. PLoS One. 2017;12(10):e0185975.

 72. Hong SB.  Neuroimaging of narcolepsy and Kleine-Levin syndrome. Sleep Med Clin. 
2017;12(3):359–68.

 73. Black J, Reaven NL, Funk SE. Medical comorbidity in narcolepsy: findings from the burden 
of narcolepsy disease (BOND) study. Sleep Med. 2017;33:13–8.

 74. Ruoff CM, Reaven NL, Funk SE. High rates of psychiatric comorbidity in narcolepsy: find-
ings from the burden of narcolepsy Dise ofase (BOND) study of 9312 patients in the United 
States. J Clin Psychiatry. 2017;78(2):171–6.

 75. Maestri M, Monzani F, Bonanni E, et al. Insulinoma presenting as idiopathic hypersomnia. 
Neurol Sci. 2010;31(3):349–52.

 76. Shinno H, Inami Y, Inagaki T, et  al. Successful treatment with levothyroxine for idio-
pathic hypersomnia patients with subclinical hypothyroidism. Gen Hosp Psychiatry. 
2009;31(2):190–3.

15 Narcolepsy and Idiopathic Hypersomnia



348

 77. Masel BE, Scheibel RS, Kimbark T, et al. Excessive daytime sleepiness in adults with brain 
injuries. Arch Phys Med Rehabil. 2001;82(11):1526–32.

 78. Dl P, Ponsford JL, Rajaratnam SM, et al. Self reported changes to nighttime sleep after trau-
matic brain injury. Arch Phys Med Rehabil. 2006;87(2):278–85.

 79. Baumann CR, Werth E, Stocker R, et al. Sleep-wake disturbances 6 months after traumatic 
brain injury: a prospective study. Brain. 2007;130(Pt 7):1873–83.

 80. Baumann CR, Bassetti CL, Valko PO, et al. Loss of hypocretin (orexin) neurons with trau-
matic brain injury. Ann Neurol. 2009;66(4):555–9.

 81. Black J, Guilleminault C. Medications for the treatment of narcolepsy. Expert Opin Emerg 
Drugs. 2001;6(2):239–47.

 82. Didato G, Nobili L. Treatment of narcolepsy. Expert Rev Neurother. 2009;9(6):897–910.
 83. Mitler MM, Hayduk R.  Benefits and risks of pharmacotherapy for narcolepsy. Drug Saf. 

2002;25:791–809.
 84. Harsh JR, Hayduk R, Rosenberg R, et al. The efficacy and safety of armodafinil as treat-

ment for adults with excessive sleepiness associated with narcolepsy. Curr Med Res Opin. 
2006;22(4):761–74.

 85. Dinges DF, Arora S, Darwish M, et al. Pharmacodynamic effects on alertness of single doses 
of armodafinil in healthy subjects during a nocturnal period of acute sleep loss. Curr Med Res 
Opin. 2006;22(1):159–67.

 86. U.S. Xyrem® International Study Group. A double blind placebo controlled study demon-
strates sodium oxybate is effective for the treatment of excessive sleepiness in narcolepsy. J 
Clin Sleep Med. 2005;1(4):391–7.

 87. U.S. Xyrem® Multicenter Study Group. Sodium oxybate demonstrates long-term efficacy 
for the treatment of cataplexy in patients with narcolepsy. Sleep Med. 2004;5:119–23.

 88. Xyrem® Product Information, Orphan Medical, Inc.
 89. Li S, Yang J. Pitolisant for treating patients with narcolepsy. Expert Rev Clin Pharmacol. 

2020;13(2):79–84.
 90. Dauvilliers Y, Arnulf I, Szakacs Z, et al. Long-term Use of Pitolisant to Treat Patients with 

Narcolepsy: Harmony III Study. Sleep. 2019;42(11):zsz174.
 91. Thorpy MJ, Shapiro C, Mayer G, et al. A randomized study of solriamfetol for excessive 

daytime sleepiness in narcolepsy. Ann Neurol. 2019;85(3):359–70.
 92. Abad VC.  Guilleminault. New developments in the management of narcolepsy. Nat Sci 

Sleep. 2017;9:39–57.
 93. Morgenthaler TI, Kapur VK, Brown T, et al. Practice parameters for the treatment of narco-

lepsy and other hypersomnias of central origin. Sleep. 2007;30(12):1705–11.
 94. Guilleminault C, Raynal D, Takahashi S, et al. Evaluation of short-term and long-term treat-

ment of the narcolepsy syndrome with clomipramine hydrochloride. Acta Neurol Scand. 
1976;54:71–87.

 95. Houghton WC, Scammell TE, Thorpy M. Pharmacotherapy for cataplexy. Sleep Med Rev. 
2004;8:355–66.

 96. Martinez-Rodriguez J, Iranzo A, Santamaria J, et al. Status cataplecticus induced by abrupt 
withdrawal of clomipramine. Neurologia. 2002;17:113–6.

 97. Frey J, Darbonne C.  Fluoxetine suppresses human cataplexy: a pilot study. Neurology. 
1994;44:707–9.

 98. Ruppert E, Zagalaa H, Chambe J, et al. Intravenous immunoglobulin therapy administered 
early after narcolepsy type 1 onset in three patients evaluated by clinical and polysomno-
graphic follow-up. Behav Neurol. 2018;2018:1671–2.

 99. Thorpy MJ, Snyder M, Aloe FS, et al. Short-term triazolam use improves nocturnal sleep of 
narcoleptics. Sleep. 1992;15(3):212–6.

 100. Morse AM, Kelly-Pieper K, Kothare SV. Management of excessive daytime sleepiness in 
narcolepsy with baclofen. Pediatr Neurol. 2019;93:39–42.

I. Ahmed and M. Thorpy



349© Springer Nature Switzerland AG 2022
M. S. Badr, J. L. Martin (eds.), Essentials of Sleep Medicine, 
Respiratory Medicine, https://doi.org/10.1007/978-3-030-93739-3_16

Chapter 16
Non-REM Parasomnias
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 Introduction

Parasomnias are defined as “undesirable physical events or experiences that occur 
during entry into sleep, within sleep, or during arousal from sleep” [1]. As part of a 
larger collection of nocturnal events, parasomnias are included in the pathologies 
that produce behaviors and occurrences at night. Many envision these events as 
entertaining stories from family or roommates, or may be thought of as strange 
inexplicable incidents. The clinical symptoms of parasomnias include complex pur-
poseful movements, unusual behaviors, perceptions, or emotional experiences. 
Many of the parasomnias are very common in the general population, especially in 
children. Although the majority of parasomnias are not harmful, injuries, sleep dis-
ruption, and psychosocial impairment can result from the events, and these events 
provide the opportunity to diagnose underlying sleep disorders or medical issues 
that may provoke the events. Therefore, it is useful to know the symptoms, clinical 
associations, and treatment options to guide patients.

In early nomenclature, parasomnias were categorized based upon the most prom-
inent behavior. Some remnants of this convention still exist in terms such as sleep-
walking and sleep-related eating. However, as we have furthered our understanding 
of the neuronal circuits determining the states of sleep and wake, we have grouped 
events toward the originating sleep-wake state while acknowledging pathologies 
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that are held in common [1]. The brain’s three distinct states of wake and NREM 
and REM sleep allow us to understand the starting physiological state that provides 
the substrate for some of these parasomnias. Thus parasomnias may be associated 
with NREM sleep, REM sleep, or the transitions between wake and sleep as a plat-
form which demonstrates the underlying pathology. The current categorization in 
the International Classification of Sleep Disorders third edition (ICSD 3) divides the 
parasomnias into four main categories: NREM-related parasomnias, REM-related 
parasomnias, other parasomnias, and normal variants (Table  16.1). This context 
includes consideration of the drivers for the parasomnias as well as how to separate 
mimics that may present with similar behaviors.

This classification scheme also allows us to ultimately move toward a classifica-
tion structure more aligned with physiology and subsequently underlying pathol-
ogy. Several parasomnias represent a mixture of states [2]. This model is best 
demonstrated when considering the non-REM sleep-related parasomnias, disorders 
of arousals. The disorders of arousals (sleep terrors, sleepwalking, and confusional 
arousals) are associated with a mixture of features of NREM sleep with some wake- 
like behaviors. These disorders represent a continuum of complex behaviors that 
share features of NREM sleep, such as minimal cognitive functioning and amnesia 
for the events, with features of the awake state such as complex motor patterns and 
eyes open (Table 16.2) [1]. Commonly these events are triggered by stimuli during 
deeper NREM sleep and involve a variety of nonstereotyped behaviors. One REM- 
related parasomnia, recurrent isolated sleep paralysis, also represents a mixture of 
wake and REM sleep. Although many times associated with narcolepsy, these 

Table 16.1 Outline of parasomnias

1. Non-REM parasomnias
   (a) Disorders of arousal
    (i) Confusional arousals
    (ii) Sleepwalking
    (iii) Sleep terrors
   (b) Sleep-related eating disorder
2. REM-related parasomnias
   (a) REM sleep behavior disorder
   (b) Recurrent isolated sleep paralysis
   (c) Nightmare disorder
3. Other parasomnias
   (a) Exploding head syndrome
   (b) Sleep-related hallucinations
   (c) Sleep enuresis
   (d) Parasomnia due to a medical disorder
   (e) Parasomnia due to a medication or substance
   (f) Parasomnia, unspecified
4. Isolated symptoms and normal variants
   (a) Sleep talking
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events in isolation are related to the intrusion of REM sleep-related paralysis into 
wakefulness [3, 4]. Other REM sleep parasomnias such as nightmare disorder and 
REM sleep behavior disorder are confined to the state. The latter is an example of 
neurological impairment of the circuitry that produces the REM sleep associated 
paralysis [5]. This disorder represents an example of how sleep dedicated neural 
circuitry may be uniquely more vulnerable to specific types of degeneration 
or injury.

Many of the “other parasomnias” represent events that occur during the transi-
tion between wake and sleep (Table 16.1). Some sensory events such as exploding 
head syndrome and sleep-related hallucinations are events that may occur as the 
patient enters light sleep, but may also occur upon awakening. Additionally, in this 
group are parasomnias that occur across the spectrum of sleep states or represent a 
loss of sleep-wake state distinction.

The goal of this chapter is to review the variety of disorders classified as para-
somnias. This chapter provides a framework for parasomnias and outlines an over-
arching approach to patients with nocturnal events. The text reviews the known 
pathology and the possible drivers for the parasomnias as well as describes mimics 
that may present with similar behaviors. The challenge for the ardent clinician is to 
utilize historical and physical examination clues with the appropriate investigative 
tools to discern the underlying causes and propose appropriate therapy to improve 
the patient’s condition.

 Non-REM Related Parasomnias

As the name implicates, non-rapid eye movement (NREM) sleep-related parasom-
nias are parasomnia events that arise from NREM sleep. This group includes the 
disorders of arousal and sleep-related eating disorder. As a whole, the episodes may 
include a variety of complex movements that range a variety of basic behaviors. 
These parasomnias are classically thought of as partial triggered awakenings with 
retention of some features of sleep. Each of these disorders has their own criteria for 
diagnosis and unique features.

 Disorders of Arousal

The International Classification of Sleep Disorders, 3rd edition (ICSD-3) defines 
disorders of arousal by specific universal features and then specific findings for the 
subdivisions of confusional arousals, and sleepwalking and sleep terrors. The disor-
ders of arousal (DOA), as a group, have several common manifestations that define 
the cluster, while each also has unique features in behavior that allow their distinc-
tion. For the group of DOA, the ICSD-3 requires several features to be present to 
qualify as a DOA (Table 16.3).
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Furthermore, these three diagnoses share clinical features that help clinicians 
identify these as NREM sleep events. The majority of events occur in the first third 
of sleep and are relatively brief. Most of the events in disorders of arousal last for 
30  seconds to a few minutes, but some may last up to 30 minutes. Many times, 
patients have their eyes open but have a glassy confused stare. They may be partially 
reactive to the environment and even may appear disoriented for several minutes 
following the events. During the events, patients lack higher cognitive processing 
and appear to be functioning unconsciously. These patients are difficult to awaken 
from the events, and stimulation may result in the patients becoming agitated. 
Following the event patients may have partial or total amnesia, although adults are 
more likely to remember portions of the episodes. These disorders are most com-
mon in children and typically improve with age. Males and females are equally 
represented in disorders of arousal, and family history of events is in nearly two 
thirds of carefully screened cases.

 Pathology

The vast majority of patients with disorder of arousal are neurologically and psy-
chologically normal. When examining the sleep physiology in these patients, the 
studies show relatively normal sleep architecture. On sleep studies the onset of 
NREM parasomnia is an abrupt arousal, usually from stage N3 sleep with the 
patients having a dull confused look on video. Some studies have shown increased 
spontaneous awakening or arousals from slow wave sleep, and some investigators 
have found increased runs of hypersynchronous delta waves just prior to events [6, 
7]. These studies have suggested increased slow wave activity and slow oscillations 
in EEG patterns prior to sleepwalking events. These findings suggest that the 
pathology is related to incomplete switching of deeper NREM sleep to wake. 
Examination of the gross structure of the brain shows little differences between 
patients and control subjects. However, Heidbreder reported that subjects with 
NREM parasomnias had smaller gray volume of the dorsal posterior cingulate 
when compared to nonparasomnia controls using magnetic resonance imaging 
(MRI) and diffusion tensor imaging (DTI) [8]. Further studies using depth EEG 
electrode recordings showed that disorder of arousal events activated the motor and 
central cingulate cortex while deactivating the hippocampal and association 

Table 16.3 Features of disorders of arousal (adapted from ICSD-3)

1. Recurrent episodes of incomplete awakening from sleep
2. Inappropriate or absent responsiveness to intervention from observers or from others 
attempting to redirect the person during the episode
3. Limited or no associated cognition or dream imagery
4. Partial or complete amnesia for the episode
5. The disturbance is not better explained by other medical, psychiatric or sleep conditions or 
medications, or substance use
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cortices [9, 10]. This activation pattern of cingulate motor area while deactivation 
of other association cortices was seen using Single-Photon Emission Computed 
Tomography (SPECT) when tracer was injected during a sleepwalking episode 
[11]. Furthermore, studies of network function related to frontal inhibition elicited 
by transcranial magnetic stimulation (TMS) showed that sleepwalkers have an 
impaired efficiency of inhibitory circuits [12]. Based on their results, the authors 
postulated that sleepwalkers have a dysfunction of both GABA-A and cholinergic 
pathways leading to an inability to maintain slow wave sleep and suppress partial 
arousals in sleep. As part of testing this functional inhibition, another study of 
sleepwalkers showed they had greater impairment of inhibitory control resulting in 
increased errors on Stroop Color Word Test and errors of commission on Continuous 
Performance Test following 25  hours of sleep deprivation [13]. These studies 
appear to suggest that the typical processes that inhibit specific portions of the 
subclinical arousals are not sufficient in suppressing these partial arousals. Thus 
patients with disorders of arousal are more vulnerable to activity that produces 
arousals from NREM sleep.

 Associated Conditions

Disorders of arousal have been reported with a variety of medical disorders includ-
ing endocrinological, vascular, neurological, and sleep disorders. Case reports of 
new onset DOA have described right thalamic lesion, breathing disorder with Chiari 
I malformation, hyperthyroidism, and diabetes [14–16]. Historically, disorders of 
arousal were thought to be associated with depression and anxiety. However, more 
recent studies show no relationship of these disorders to psychopathology [17, 18]. 
One caveat is that sleep terrors in children do not usually present with psychopa-
thology, but it may play a larger role in adults with sleep terrors [19].

The most common sleep disorder associated with NREM parasomnias is obstruc-
tive sleep apnea. Several studies have suggested the link of breathing disorders 
increasing the frequency of disorder of arousal events. Goodwin found that children 
with even mild upper airways disturbance were significantly more likely to have 
parasomnia events than those without any disturbance [20]. Similarly in adults, 
Lundetræ reported that sleepwalking has a higher prevalence in patients with severe 
OSA than those with mild OSA [21]. These reports highlight that disorders of 
arousal events may signal the presence of other sleep disorders and that patients 
with NREM parasomnias may benefit from investigation and treatment of these 
disorders.

Some disorder of arousal events appear to be elicited by specific medications. 
Medications such as antidepressants, antipsychotic agents, beta blockers, and 
GABA modulators have been reported as possible agents that can trigger events. Of 
these, the most well recognized are the short-acting hypnotic agents, such as zolpi-
dem or sodium oxybate. These medications are linked to increase frequency of 
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sleepwalking and confusional arousal events. This association raises the possible 
question that the mechanism is impairment of arousal circuitry caused by the medi-
cation [22].

 Diagnosis

The gold standard for making the diagnosis of DOA is capturing an event arising 
from NREM sleep on polysomnography (PSG). This finding helps elucidate the key 
features of a mixture of wake and NREM sleep (Fig. 16.1). This testing also can 
shed some light if the patient is having other sleep issues, such as sleep apnea, that 
may be provoking the nocturnal events. Fois showed, in a study of 124 subjects, that 
PSG confirmed parasomnia diagnosis in up to 60% of their study group [23]. PSG 
was also helpful in identifying other diagnoses that may mimic the parasomnia. 
Video PSG can capture the events in detail, and these events may show a spectrum 
of behaviors from appearing awake and confused to non-agitated motor activity to 
events with extreme emotional distress. These events typically arise from stage N3 
sleep but less commonly occur from N2 sleep. Although recording spontaneous 

Fig. 16.1 This figure shows a standard polysomnogram during a confusional arousal in a 7-year- 
old boy. The patient is with eyes open during the event and has a confused look on his face. 
(Reprinted with permission from Bradley Vaughn MD)
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parasomnia activity during PSG is uncommon, Pilon tested a technique that pro-
voked events in nearly all of their subjects [24]. In their protocol, subjects with a 
history of sleepwalking were kept awake through the night and then allowed to 
sleep during the day. Once the subjects entered stage N3, an auditory stimulus was 
introduced to cause an arousal. Nearly all of the patients had a subsequent event. 
This study has yet to be repeated, but offers a possibility of a higher yield of events.

 Management

Management of patients with disorders of arousal focuses on three major areas: 
safety, decreasing the frequency of events, and determining the possibility of other 
underlying provocative factors. The clinician initially needs to assess the possibility 
of harm from the events to the patient or family members. Many patients may have 
events without leaving the bed and have little chance of harm. For these patients 
reassurance is an important component in the treatment plan. For all cases, the 
patients and their families should be counselled on a safe sleeping environment and 
how to safely interact with the patient when they are having an event. For those at 
risk, placing the bed on the floor, securing windows and doors, and eliminating any 
access to sharp or dangerous objects are key. For some patients having their bed-
room on the first floor to avoid falling or the use of door alarms is helpful.

Management may also focus on the predisposing, priming, and precipitating fac-
tors of what is called the three P model of NREM parasomnias [25]. The predisposing 
factors such as genetics, thus understanding family history, may help families be 
aware of the risks. Priming factors include medication that may increase the arousal 
threshold, e.g., Z-drugs; sleep deprivation which can increase the amount of SWS and 
increase arousal threshold; or substances that may increase arousals, caffeine or alco-
hol. Precipitating factors can include pain, a sleeping environment unconducive to 
sleep, and a myriad of other sleep disorders. Therefore, targeting good sleep hygiene, 
avoidance of priming substances/situations, and precipitating factors are useful tac-
tics to reduce events. Tracking the frequency of events on a calendar may help iden-
tify patterns that lead to clues of provoking agents, as well as response to therapies.

Patients and their families may look for sources of arousals to reduce, such as 
environmental noise or stimuli as well as keeping a regular sleep schedule and avoid-
ing sleep deprivation. Anticipatory awakening therapy is one behavioral therapy that 
is shown to be successful in children in reducing the frequency of events [26]. For this 
therapy the patient is allowed to go to sleep but awoken anywhere from 10 to 30 min-
utes prior to the typical time of the event. This is repeated for 2–3 weeks, and then the 
patient is assessed for further events. If the patient does resume having events, another 
round of awakenings can be performed. For a small minority of patients, medication 
is needed. Due to a lack of case control studies or randomized control trials, recom-
mendations at times can be contradictory. Clinically, patients appear to respond to 
agents such as clonazepam or longer-acting benzodiazepines. In one series of 69 
patients treated with these agents, 86% showed improvement [27]. Several case 
reports have suggested response to imipramine, trazadone, or paroxetine [28–30].
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Confusional Arousals

Confusional arousals are the events of disorder of arousal in which the patient nei-
ther shows a prominent fear reaction nor ambulates. This diagnosis can include a 
wide variety of behaviors that range from mild sitting with a confused look to com-
plex actions appearing to meet a variety of basic needs. Patients may engage in a 
range of emotions from amorous to aggressive outbursts, and behaviors can include 
a variety of common everyday activities to more intrusive events including eating 
and sexual behaviors.

Clinical Presentation

Confusional arousals are one of the disorders of arousal from NREM sleep [1]. 
Patients appear to be both asleep and awake. As the name implies, the patient 
appears very confused. The patient is typically in bed, and the event commonly 
involves the patient sitting upright with their eyes open and looking around. The 
patient is often unresponsive or poorly responsive to questions or commands, and 
some sleep talking may occur. The events are associated with partial or total amne-
sia and typically last only a few minutes with the person returning to sleep. 
Confusional arousals occur in the first third of the night, predominantly from N3 or 
slow wave sleep (SWS), when SWS is most likely to occur.

Epidemiology

Confusional arousals are more common in children than adults. Although these 
events are nearly ubiquitous in children under the age of 3 years, the events are 
noted to occur in 20–50% of preschool to school aged children [2]. These events are 
present in up to 1–4% of young adults and as possibly as high as 7% in older adults 
[26, 31]. The true incidence in all age groups is likely higher due to lack of reporting 
and/or observation of events.

Pathophysiology

It is thought that confusional arousals and the other disorders of arousal (sleepwalk-
ing and night terrors) are due to a dissociation between the wake state and NREM 
sleep. There is an incomplete arousal from NREM sleep that tends to occur in the 
first third of the night when SWS predominates. However, 20% of cases may occur 
from N2 or Stage 2 sleep [31, 32]. The preponderance of NREM parasomnias in 
children may be due to the increased amounts of SWS as compared to adults. 
Arousal thresholds are also at their highest during SWS. Substances or scenarios 
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that increase the arousal threshold can increase the likelihood of disorders of arousal, 
such as sleep aides and sleep deprivation, respectively [31]. Conversely, agents that 
increase arousals, such as a noisy sleeping environment or sleep apnea, can increase 
the occurrence of NREM-related parasomnias [32]. There is a strong genetic com-
ponent to confusional arousals and the other disorders of arousals as there is usually 
a strong family history [31, 33].

Diagnosis

Currently, the diagnosis of confusional arousals is based on the clinical history. The 
ICSD-3 sets the specific characteristics for the diagnosis of confusional arousals as 
disorders of arousal:

 1. The disorder meets the general criteria for NREM disorder of arousal.
 2. The episodes are characterized by mental confusion or confused behavior that 

occurs while in bed.
 3. An absence of terror or ambulation out of the bed.

The criteria specific for confusional arousal help differentiate these events from 
sleepwalking and sleep terrors. Video polysomnography (VPSG) is used for the 
diagnosis of confusional arousals when there is concern for the patient harming 
themselves or others or the other disorder of arousals except to differentiate from 
other disorders, i.e., seizures, in complex cases or to diagnose concomitant disor-
ders, such as sleep apnea [1, 2, 33].

Treatment

Confusional arousals are usually self-resolving and usually resolve by adolescence. 
In children with little risk of harm, parents should be offered reassurance. Parents and 
bed partners should be counseled not to attempt to wake the patient during these 
events as it can result in worsening the confusion, increased agitation or aggressive-
ness, and prolonging the event. Treatment should focus on the priming and precipitat-
ing factors of the three P model (predisposing, priming and precipitating) of NREM 
parasomnias. Priming factors such as avoidance of actions such as sleep deprivation 
that increase the amount of slow wave sleep, and avoidance of substances that may 
increase arousals, such as caffeine or alcohol. Precipitating factors also need evalua-
tion; thus the patient should be asked about things that cause arousals such as environ-
mental noise and light as well as other symptoms suggestive of other sleep disorders. 
Therefore, targeting good sleep hygiene, avoidance of priming substances/situations, 
and precipitating factors are useful tactics to reduce events [2, 25, 33]. In the event 
that episodes are persistent despite the above or that the severity of the events is plac-
ing the patient or others at risk of harm, pharmacologic treatment may be necessary. 
Clonazepam is the medication with the most evidence for use, but melatonin, antide-
pressants, and even the hypnotic z-drugs have been used with reported effect [33].
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Sleepwalking (Also Known as Somnambulism)

Sleepwalking or somnambulism is another disorder or arousal from NREM sleep. It 
is characterized by an incomplete arousal from NREM sleep with complex behavior 
and ambulation out of the bed. These events may go unnoticed as the sleepwalker 
may return to bed unnoticed and therefore not be reported. The main adverse out-
come from sleepwalking is injury to the patient or others. Patients have limited 
ability to respond to the environment and thus are at risk for injury. As with other 
disorders of arousal, they occur mostly in children and usually improve with age; 
however onset in adulthood likely points to prior sleepwalking history or another 
underlying sleep disorder.

Clinical Presentation

Sleepwalking usually starts like a confusional arousal with the patient sitting up 
confused; however, unlike confusional arousal the patient gets out of bed. The 
events can be more complex than simple wandering about and involve opening 
locked doors or windows, dressing, and even urinating in inappropriate places. The 
episodes can end with the patient back in bed without reaching conscious aware-
ness, or it may end suddenly in an inappropriate place, such as outdoors in inclem-
ent weather. Patients may have limited or no memory or vague dream like mentation 
of the event. Most events are relatively brief, but some patients have events that last 
several minutes [1, 2].

Epidemiology

Like the other disorders of arousal, sleepwalking is more common in children. The 
peak incidence is in the pre-teen to early teen years, 10–13, and resolves by adoles-
cence in 75% of people. The lifetime prevalence is estimated to be between 22 and 
29% [2, 34]. In roughly 13% of adults sleepwalking develops de novo, and the 
overall prevalence in adults is 4% [34]. Most adults with sleepwalking have a his-
tory of sleepwalking as children, and the de novo cases are most often associated 
with medications and neurodegenerative disorders [35].

Pathophysiology/Etiology

The basic pathophysiology of sleepwalking like other disorders of arousal is related 
to incomplete arousal from SWS. The patient has both features of being asleep and 
awake that evoke motor central pattern generators for complex motor behaviors. 
Several studies have shown that different brain regions have dissociative activity, 
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that is, certain regions showing activity consistent with the waking state and others 
with activity consistent with the sleep state [10, 36]. Like the other disorders of 
arousal, there is a strong family history pointing to a genetic underpinning. There 
has been identification of chromosome 20q12-q13 as a possible locus as well as high 
frequency in patients with the HLA-DQB1 05:01 allele [2, 32]. Sleepwalking can be 
precipitated by increased arousals from SWS such as in the case of OSA, or it can 
be primed in the case of sleep deprivation. There are numerous reports of medica-
tions associated with somnambulism, particularly the z-drugs (zolpidem, zaleplon), 
but also for antidepressants of all classes, antipsychotics, and beta- blockers [22].

Diagnosis

The ICSD-3 criteria for sleepwalking include that the disorder meets the general 
criteria for a disorder of arousal and that the patient has events that are associated 
with ambulation or other complex behaviors out of bed. The ICDS-3 requires the 
following to establish the diagnosis:

 1. The disorder meets the general criteria for NREM disorder of arousal.
 2. The arousals are associated with ambulation and other complex behaviors 

out of bed.

The diagnosis of sleepwalking can usually be diagnosed based on clinical his-
tory, but since the patient is at inherent risk of harm by virtue of leaving the bed, 
video PSG is an important component of the evaluation. Patients need evaluation to 
determine if the events appear to be occurring from NREM sleep as well as other 
possible provoking factors such as sleep apnea.

Treatment

For most patients, therapy can focus on non-pharmacologic avenues unless the 
patient is at significant risk for harm. Reassurances should be given to parents that 
sleepwalking is not a sign of developmental disability nor other mental issues. The 
sleep environment should be made safe for the sleepwalker by removing sharp 
objects and sharp-edged furniture, locking doors and windows, and bed alarms. 
Parents and bed partners should be advised not to attempt to wake the patient as this 
can result in prolongation of the event, aggressive or violent behavior, or running 
away potentially causing harm to self and others. Additionally, efforts should be 
directed at avoiding or targeting priming and precipitating factors, such as sleep 
deprivation, sedative hypnotics, other sleep disorders, anxiety, etc. In the majority 
of childhood cases, sleepwalking is self-resolving, but adults may frequently need 
further intervention. Melatonin and clonazepam may be options [2, 6, 25, 33].
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Sleep Terrors (Also Known as Night Terrors or 
Pavor Nocturnum)

Sleep terrors are the most dramatic of the disorders of arousal from NREM sleep. 
They often start with a piercing scream followed by consolable fear. These events 
are very impressive to the observer, but have little impact on the patient. Like the 
other disorders of arousal, they usually occur in the first part of the night and are 
more common in children. Sleep terrors resolve with age and rarely occur 
after age 7.

Clinical Presentation

Sleep terrors start abruptly, usually with an intense terrified scream, associated 
with intense fear and significant sympathetic outlay of the autonomic system. The 
patient can be found profusely diaphoretic with tachycardia, mydriasis, and tachy-
pnea. The patient will be inconsolable and attempts to calm the patient can pro-
long the event. The patient is poorly responsive to observers and the environment 
but may look around or reach around. The episodes usually only last a few min-
utes, and then the patient will spontaneously return back to sleep. There is no 
memory for the event, and if the patient does wake at the end of the event, there is 
usually only a vague remembrance of fear, but no accompanying dream imagery 
[2, 31–33].

Epidemiology

Sleep terrors are more common in preschool children with 20–40% of children 
younger than 3 years experiencing an event and reduces to less than 14% of school 
aged children [37]. It is rare for adults, but prevalence has been reported to be 
around 2.7% [2].

Etiology/Pathophysiology

Sleep terrors occur from an incomplete arousal from SWS as with the other 
disorders of arousals above. The exact cause is unknown, but a strong genetic 
component is suspected based on strong family histories in patients and concor-
dance twin studies. Patients have been shown to have more fragmented N3 
sleep [2].
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Diagnosis

The diagnosis can be made by clinical history. The key is related to the piercing 
scream at the beginning of the event. The ICSD-3 requires the following items to 
establish the diagnosis [1]:

 1. The disorder must meet the general criteria for NREM disorders of arousal.
 2. The events are characterized by episodes of abrupt terror, typically beginning 

with an alarming vocalization such as a frightening scream.
 3. The events also have accompanying features of intense fear and signs of auto-

nomic arousal, including mydriasis, tachycardia, tachypnea, and diaphoresis 
during an episode.

Sleep terrors can be distinguished from nightmares as night terrors tend occur in 
the first third of the night, when N3 is most prevalent, and there is lack of memory 
for the event and the patient is difficult to arouse. By contrast, nightmares occur 
from REM sleep, and the patient is not confused and is easily arousable. There is 
also story-like recall in the case of nightmares, whereas night terrors are only asso-
ciated with vague, fragmented memory if any [2, 37].

Treatment

Sleep terrors are very dramatic and patients must first be protected from harming 
themselves or others. Typically the patients are trying to escape and may even fling 
themselves out of windows. The environment must be made safe from potential 
hazards, and windows need to be blocked. Other means are locks on doors or noti-
fication alarms to avoid the patient leaving the house. Treatment should be focused 
on addressing predisposing factors as mentioned above and examination for other 
sleep and medical disorders such as sleep apnea that need treatment. Some have 
recommended that anticipatory awakening therapy can be helpful in this population. 
For this therapy the patient is awakened roughly 10–30 minutes prior to the usual 
event time each night for 2 weeks, then allowed to sleep to see if the events resume. 
The process can be repeated; however this should only be performed once other 
disorders such as sleep apnea have been ruled out. In cases that are refractory to the 
nonpharmacologic interventions or there is risk of harm to self or others, clonaze-
pam or tricyclic antidepressants have been used [2, 25, 33].

 Sleep-Related Eating Disorder

Sleep-related eating disorder is characterized by patients having repeated bouts of 
eating while in a partial sleep state. Unlike the other NREM parasomnias, sleep- 
related eating disorder is not considered one of the disorders of arousal as discussed 
above. However, SRED has similar characteristics including occurring from NREM 
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sleep and is also associated with incomplete arousal. The eating occurs after sleep 
onset has occurred and needs to be distinguished from nocturnal eating syndrome 
(NES) as discussed below.

 Clinical Presentation

This condition is characterized by recurrent eating episodes that occur after an arousal 
from sleep. During these events patients may consume unusual to bizarre foods 
including raw meats, cake batter, and frozen foods to inedible non-foodstuffs like 
buttered cigarettes to toxins such as cleaning liquids. In addition to ingesting harmful 
foods or substances, there is risk of harm from improperly attempting to prepare 
foods [38–41]. The person with sleep-related eating disorder (SRED) has partial or 
total amnesia for the event. The events occur almost nightly. Occurring during NREM 
sleep they tend to occur in the first half of the night. SRED is, not surprisingly, associ-
ated with weight gain and morning anorexia, but also injury from eating toxic sub-
stances or inedible items. These types of events also raise several issues beyond being 
unusual stories, and a complete evaluation is vital for the patients’ well being.

 Epidemiology

The prevalence of SRED is estimated at 1–4.6% in the general population [38–40]. 
However Winkelman found up to 17% in patients with other eating disorders and 
that these symptoms are more common in those patients who have been hospitalized 
for eating disorders than the general population [42]. Sleep-related eating disorder 
appears to have a peak incidence in young adulthood and is more common in 
females than males. Santin, who examined a Chilean population, described a peak 
age of diagnosis around 39 years, but symptoms starting on average 8 years prior to 
diagnosis [43]. Concomitant sleep disorders are present in up to 80% of patients 
with SRED [38].

 Etiology/Pathophysiology

A familial relationship has been shown in 5–26% of patients [38]. This may be in 
part related to the possible relationship to the DOA for some of these patients; how-
ever, other contributors such as eating disorders also appear to run in families. Thus 
the pathophysiology is not known, but it is surmised that arousals from NREM sleep 
may result in varying levels of consciousness resulting in SRED in susceptible indi-
viduals. The strongest association is with other eating disorders, and this may have 
a relationship to the underlying focus on food and eating. There is also an associa-
tion with restless leg syndrome, suggesting a possible dopaminergic pathway 
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involving the reward system of the mesolimbic region. Some medications such as 
zolpidem are associated with episodes of sleep-related eating, and there is also an 
association with many psychoactive drugs. Sedative hypnotics, antidepressants, and 
antipsychotics have all been associated with SRED [38, 40, 41].

There is a high rate of psychiatric comorbidity and SRED as well. In the original 
description of SRED over 40% of the patients had a coexisting mood disorder [41]. 
The rate of depression has been reported at 37% and 18% for anxiety disorder. The rate 
of substance abuse is also high at 24% [38]. Daytime eating disorders, i.e., anorexia 
and bulimia, also have a high association with SRED. The frequent co- occurrence of 
SRED and psychiatric illness suggests a similar underlying pathology [41].

 Diagnosis

The diagnosis of SRED is typically based upon the clinical features presented at the 
initial history and physical examination. The key element is to have a reliable wit-
ness of the events describe the features of several events. The ICSD-3 sets four cri-
teria for diagnosing SRED. These include:

 1. Recurrent episodes of dysfunctional eating occurring after an arousal from sleep
 2. The presence of one of the following: ingestion of odd or peculiar foodstuffs or 

combinations or inedible or toxic substances, injuries sustained by or potentially 
injurious behavior when getting food or in the preparation of food that is sleep 
related, and adverse health consequences, e.g., weight gain or diabetes

 3. Partial or complete amnesia for the event
 4. And finally that the above is not better explained by some other disorder, sub-

stance, or medication

Although the presence of SRED can usually be diagnosed based on the clinical 
history, the clinician needs to have a high suspicion for other sleep, neurological, or 
psychiatric disorders. If the episodes are stereotypic or other sleep disorders are 
considered in the differential, then the VPSG should be performed. During this 
study, the usual foods that the patient tends to eat during SRED should be available 
in the room during the overnight study [38].

 Differential Diagnosis

 – SRED needs to be distinguished from another form of abnormal nighttime eating 
disorder. Nocturnal eating syndrome (NES) is defined differently depending on 
the literature, but key distinctions are the level of consciousness, timing of eat-
ing, and frequency of comorbid sleep disorders [41]. Nocturnal eating syndrome 
has similar features of eating during the night, but, as opposed to SRED, these 
patients are fully conscious during the nocturnal eating. In addition, nighttime 
eating very often occurs prior to sleep onset as NES is actually a circadian phase 
delay in the eating schedule. Finally, SRED is more associated with other sleep 
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disorders, e.g., sleep apnea, than patients with NES [38, 41]. There is, however, 
considerable overlap in other features of NES and SRED.  NES can also be 
accompanied by an eating episode after arousal from sleep. In addition, affective 
disorders are also highly associated with NES as with SRED [38]. The astute 
clinician may be able to delineate the two disorders by careful history; however 
the diagnosis of NES should be on the differential with any sleep disturbance 
accompanied by eating. On PSG studies of NES eating was accompanied by full 
consciousness and no other sleep disorders were described, save for decreased 
total sleep time and sleep efficiency [38].

 Treatment

In general most treatments of SRED are anecdotal reports. If a patient started the 
sleep-related eating events with the initiation of a medication such as a short-acting 
hypnotic, then the hypnotic should be discontinued. Similarly good sleep hygiene 
and avoidance of initiating or provoking factors are a foundation point for therapy. 
Pharmacologic treatment includes pramipexole which showed some modest effec-
tiveness in a small placebo controlled trial [40]. Another trial has shown the anti- 
epileptic medication topiramate to be effective as well. Case reports have shown the 
SSRIs fluvoxamine, paroxetine, and fluoxetine to be successful [38, 40]. Treatment 
should also be aimed at any sleep disruptors, including other sleep disorders that 
may arouse the patient from NREM.

 REM-Related Parasomnias

REM sleep is characterized by relative atonia of the voluntary muscles, rapid eye move-
ments, and vivid dream mentation. Portions of these characteristics are key in the 
description of REM-related parasomnias as a group of parasomnias that, obviously, 
arise out of REM sleep. These disorders share many of the characteristics of REM but 
represent a variety of underlying pathologies. The disorders can be an intrusion of 
REM sleep into wake, such as sleep paralysis, demonstrate a vulnerable neurocircuitry 
as in REM sleep behavior disorder, or an over expression of emotion into the state such 
as in nightmare disorder. Arising from REM sleep these parasomnias tend to occur in 
the second half of the night. They affect both children and adults, and in the case of 
REM behavior disorder can be a sign of or precursor to a neurodegenerative disorder.

 REM Sleep Behavior Disorder

REM sleep behavior disorder (RBD) is characterized by the loss of the usual paraly-
sis during REM sleep resulting in the patient acting out their dreams. These events 
are often violent resulting in injury of the patient as well as the bed partner. RBD 
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has a high association with a group of neurodegenerative disorders and can precede 
the hallmark clinical characteristics by years.

 Clinical Presentation

RBD is a parasomnia that is characterized by abnormal behaviors occurring during 
REM sleep. Due to the loss of the muscle atonia that normally accompanies REM 
sleep, the affected sleeper has motor responses correlating to dream imagery. In 
general RBD manifests as dream enactment, resulting in thrashing, slapping, or 
kicking of the extremities and even yelling [44–47]. Self-injury is a common occur-
rence and a little over 60% of patients injuring a bed partner [44]. The usual dream 
semiology involves predominantly defensive types of events in which the patient is 
being attacked or threatened by animals or intruders or has to defend in a sport. The 
resulting behaviors are the result of attempts at self-defense or the defense of others. 
The patient usually wakes at the end of the dream and can recall the dream content 
that parallels the observed behavior while asleep.

 Epidemiology

The prevalence of RBD in the general population has been reported to be from 0.38 
to roughly 2% [47]. However, the prevalence has been suggested to be as high as 
5–13% of adults aged 60–99 [46]. The disorder is thought to be more common in 
men than women, yet some of this may be related to reporting bias. In younger onset 
patients, those under 50 years old, men and women are equal [46].

 Etiology/Pathophysiology

The exact mechanisms underlying RBD appear to be related to impairment of the 
pathway that induces atonia during REM sleep. This syndrome can be created in 
animal models by lesions involving the REM atonia pathways, suggesting involve-
ment of the REM sleep control centers located in the pons and medulla. The result-
ing dysfunction results in loss of the normal atonia associated with REM sleep [45]. 
Although several reports show that lesions in the pons, midbrain, and medulla can 
elicit RBD, in older adults there is a high association with RBD, and a group of 
neurodegenerative disorders called alpha-synucleinopathies. This group is named 
for the protein that can be found intracellularly in these disorders. The alpha- 
synucleinopathies include Parkinson’s disease (PD), multiple system atrophy 
(MSA), and dementia with Lewy bodies (DLB). RBD is considered a predictor for 
future conversion to one of the above disorders. Indeed RBD may precede pheno-
conversion to one of the alpha-synucleinopathies by decades. The risk of conversion 
over 2–5 years is roughly 15–35% and after 25 years is over 90% [45]. Many medi-
cations have been associated with RBD as well. SSRIs and SNRIs are well known 
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to cause REM sleep without atonia (RSWA) and are associated with RBD. Up to 
15% of patients taking SSRIs have been shown to have RSWA [18]. In younger 
patients with the onset of RBD, narcolepsy may be a key driver. As with other par-
tial induction of the REM sleep state in narcolepsy, RBD can occur with the same 
violent behaviors [48].

 Diagnosis

The diagnosis of RBD requires two major features, the presence of dream enact-
ment and the loss of REM sleep-related atonia. The ICSD-3 requires the following 
features to make the diagnosis of RBD:

 A. A.  Repeated episodes of sleep-related complex motor behaviors and/or 
vocalization.

 B. The behaviors are documented on polysomnography to arise during REM sleep 
or, based on the description of the events including dream enactment, they are 
presumed to occur during REM sleep.

 C. Polysomnographic recording demonstrates the loss of REM sleep atonia.
 D. The disturbance is not better explained by another sleep or mental disorder, 

medication, or substance.

Thus unlike the NREM-related parasomnias, the diagnosis of RBD requires a poly-
somnogram to document the loss of atonia in REM sleep (Fig. 16.2). The loss of ato-
nia is best demonstrated with recording EMG activity from all four extremities. Events 
do not need to be captured during the recording; however, the diagnosis can be made 
either with a clinical history consistent with RBD and the findings of REM sleep with-
out atonia on polysomnogram. If there is no history of dream enactment, the diagnosis 
can be made by capturing an episode of complex behavior or vocalizations during 
REM on the study. RBD should be distinguished from other diseases that have vivid 
dreams with dream enactment, such as PTSD and obstructive sleep apnea [46].

 Clinical Approach

For patients suspected of having RBD, historical features of dream enactment 
with clear description of the events are key. These events should vary in their 
content but may center around the theme of defending. For patients over 55 years, 
clinicians should ask about the other non-motor signs of alpha-synucleinopathies 
such as constipation, loss of smell, or orthostatic hypotension. These features 
may co-exist with the RBD events and precede other manifestations by years. 
Similarly, a detailed neurological exam is essential to evaluate for other neuro-
logical features. Since RBD can be related to other processes impairing the atonia 
pathways, patients should also be evaluated for possible underlying structural 
causes of RBD such as stroke, demyelinating lesions, or tumors and undergo 
brain imaging.
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b

Fig. 16.2 This polysomnogram is a representative sample of loss of atonia during REM sleep. 
Note that the submental EMG does not have a high amount of AMG activity but the extremities are 
noted to demonstrate significant muscle activity. (a) This tracing is from a 76-year-old man with 
multiple system atrophy and history of violent dream enactment. (b) It is from a 65-year-old 
female who was not being evaluated for parasomnia and had incidental sudden movement of her 
arm and leg during REM sleep and noted dreaming she was shooing a cat off the bed. The patient 
later admitted to multiple events of dream enactment
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 Treatment

Patients should be counseled on bedroom safety to prevent injury. This includes 
removal of furniture near the bed, placing the mattress on the floor, and removal of 
weapons from the bedroom. The patient or the bed partner should be advised to 
sleep in another bed or another room to prevent injury to others. Any OSA, if pres-
ent, should be treated as this may reduce incidence of events [45, 46]. The mainstay 
of pharmacologic treatment is melatonin and clonazepam. Melatonin of 3–15 mg 
dosed at bedtime has been shown in trials to reduce the incidence and severity of 
events. In addition, clonazepam 0.25–2.0  mg at bedtime can be used as well. 
However, the cautious use of clonazepam is advised in patients with dementia, gait 
difficulties, and OSA as the medication can worsen these conditions [44–47].

 Recurrent Isolated Sleep Paralysis

Recurrent isolated sleep paralysis is the phenomenon of the inability to move any 
part of the body during the sleep-wake transition or vice versa. These events leave a 
lasting impression upon the subject that can be remembered for decades. The events 
typically occur upon awakening but may be related to going to sleep. Although 
events are fairly uncommon, the events are noted to be described across a variety of 
cultures and given sacred explanations.

 Clinical Presentation

Sleep paralysis is the phenomenon of the inability to move the limbs, head, or trunk 
at the onset of sleep or upon awakening. The episodes only last a few seconds to 
minutes and resolve abruptly. Respiratory muscles are not affected, and the patient 
is usually fully conscious of their environment. The episodes are frequently accom-
panied by an overwhelming sense of impending doom or hallucinations of someone 
or thing in the room, a sense of pressure as if someone sitting on their chest, and a 
sense of fear or distress [3, 49–51]. Patients remember these events for decades with 
unusual clarity.

 Epidemiology

Sleep paralysis is fairly uncommon in the full-blown events; however partial events 
may have a lifetime prevalence as high as 7.6% in the general population. Events 
appear to be more prevalent in students with history of sleep deprivation and circa-
dian rhythm phase shifts ranging up to 28% in selected series, and almost 32% of 
patients with psychiatric illness [49]. Women are slightly more likely to experience 
sleep paralysis than men.
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 Etiology/Pathophysiology

Sleep paralysis is thought to be a mixture of states with elements of REM invading 
the waking state. Risk factors for experiencing sleep paralysis include sleep depri-
vation, sleep disruption, or shifts in circadian rhythm. Shift workers are noted to 
experience sleep paralysis more commonly. Sleep paralysis is also more likely to 
occur when sleeping in the supine position. Psychiatric illness has also been reported 
to be a risk factor for sleep paralysis [3, 49–51].

 Diagnosis

Recurrent isolated sleep paralysis is diagnosed by the clinical history and requires 
that the episodes cause significant distress including fear of sleep and/or the bed-
time/bedroom. The ICSD-3 requires the following criteria to establish the diagnosis:

 1. Recurrent episodes of inability to move the trunk and all of the limbs at sleep 
onset or upon awakening from sleep.

 2. Each of the individual episodes should last seconds to a few minutes.
 3. The episodes cause significant distress which can include bedtime anxiety or fear.
 4. The disturbance is not better explained by another sleep disorder (especially 

narcolepsy), mental or medical disorder, or medication, or substance use.

As noted in the criteria, recurrent isolated sleep paralysis should not be diag-
nosed in a patient with symptoms consistent with narcolepsy. The patient with sleep 
paralysis will not have daytime sleepiness nor cataplexy [1, 51]. VPSG does not 
need to be performed unless an underlying sleep disorder is suspected; however 
rarely an event can be captured during a recording (Fig. 16.3).

 Treatment

For the most part, patients do not need to be treated for recurrent isolated sleep 
paralysis as the majority do not have significant distress associated with the events. 
The pharmacologic treatment is based on treatment for narcolepsy. SSRIs and tricy-
clic antidepressants have been used to effectively treat sleep paralysis, presumably 
for their REM suppressant effects [51].

 Nightmare Disorder

Nightmare disorder involves recurrent frightening dreams that cause the patient 
anxiety or daytime distress. There is a high association with psychiatric illness, 
particularly PTSD. Nightmares are common and affect both children and adults. 
They are often associated with awakening and, unlike night terrors, are associated 
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with complete recall and quick orientation to full consciousness. Nightmare disor-
der, however, results in daytime sequelae, which is what distinguishes it from the 
general occurrence of nightmares.

 Clinical Presentation

Nightmare disorder consists of repeated episodes of nightmares that cause clinically 
significant impairment in social, occupational, or other important areas of function-
ing. When the patient wakes from the nightmare, they are immediately oriented and 
alert, and there is recall of the dream imagery. Nightmares are defined as dysphoric 
dreams and usually involve threat of harm to the person [1]. The nightmares are 
associated with negative emotions, most commonly fear. The nightmares can be 
idiopathic or post-traumatic. Idiopathic nightmares are more imaginative and do not 
have a traumatic content. Post-traumatic nightmares usually involve the direct rep-
lication of the traumatic event or contain material that is symbolically related to the 
trauma [52, 53].

 Epidemiology

Occasional nightmares are relatively common in the general population, and 
approximately 3–8% of adults report recurrent nightmares. Although more common 
in childhood roughly 7–11%, the rate increases to 15 to as high as 67% of adult 
patients with psychiatric illness. Men and women appear to be equally affected, but 
the overall prevalence of nightmare disorder is unclear.

Fig. 16.3 This is the tracing of a 27-year-old male with recurrent episodes of sleep paralysis, who 
woke after this epoch, that he was having one of his events of paralysis. He noted a visual halluci-
nation of a small older man sitting on his chest. The epoch shows typical features of REM sleep. 
(Reprinted with permission from Bradley Vaughn)
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 Etiology/Pathophysiology

Nightmares by themselves usually occur in relationship to either an experience of 
the day, such as a horror movie, or related to a substance consumed – such as alco-
hol. Nightmare disorder, however, is associated with psychopathologies, particu-
larly PTSD, and personality characteristics. Some medications that affect serotonin, 
norepinephrine, GABA, histamine, acetylcholine, and dopamine are associated 
with nightmares. The withdrawal of REM suppressant medication is also associated 
with nightmares [1, 52]. Dream generation is thought to be a process of brain regions 
and mechanisms independent of REM generation. Nightmare disorder has been 
proposed to be due to a two-factor process of hyperarousal and impaired fear extinc-
tion. Hyperarousal is a hallmark of not only insomnia but PTSD in which 80% of 
patients report nightmares [53, 54].

 Diagnosis

Diagnosis is usually established by clinical history. Nightmares should be distin-
guished from night terrors as discussed above. The ICSD-3 requires the following 
for the diagnosis:

 1. Recurrent extremely dysphoric, distressing well-remembered dreams that usu-
ally involve threats to survival, security, or physical integrity.

 2. Upon awakening from the nightmare, the person quickly becomes oriented 
and alert.

 3. When awakening from the nightmare, the person has clinically significant dis-
tress or impairment in social, occupational, or other important areas of function-
ing as indicated by the report of at least one of the following:

• Mood disturbance (e.g., persistence of nightmare affect, anxiety, dysphoria)
• Sleep resistance (e.g., bedtime anxiety, fear of sleep/subsequent nightmares)
• Cognitive impairments (e.g., intrusive nightmare imagery, impaired concen-

tration, or memory)
• Negative impact on caregiver or family functioning (e.g., nighttime disruption)
• Behavioral problems (e.g., bedtime avoidance, fear of the dark)
• Daytime sleepiness
• Fatigue or low energy
• Impaired occupational or educational function
• Impaired Interpersonal/Social Function

When considering this diagnosis, the key is to have a clear description of the 
nightmare events, and also the key features of the sequelae during wake. The later 
part is what distinguishes nightmare disorder, from the occasional disturbing 
dream.  Many times patients may not spontaneously disclose the impairment in 
social, occupational, or other important areas as they have not drawn the connec-
tion. Thus further questioning may be needed.
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 Treatment

Non-pharmacologic treatment consists of image rehearsal therapy (IRT), cognitive 
behavioral therapy (CBT), lucid dreaming therapy, and hypnosis, among others 
[52]. IRT is part of the recommended guidelines and appears to be successful in 
patients with history of trauma. IRT consists of changing dream content by recreat-
ing the dream with positive images and rehearsing the dream for 10–20 minutes 
daily while awake. Several RCTs have shown efficacy of IRT in the treatment of 
nightmare disorder with reduction in nightmare frequency [52, 53]. Pharmacologic 
treatment of nightmare disorder is based on studies of their efficacy in treating 
PTSD-associated nightmares. Prazosin was initially thought to reduce the recur-
rence of nightmares but has mixed results in larger trials [55]. Other commonly 
used medications in this instance include the atypical antipsychotics, clonidine, 
cyproheptadine, trazodone, tricyclic antidepressants, and clonazepam with mixed 
results [52].

 Other Parasomnias

Other parasomnias include a collection of disorders that are either related to 
sleep- wake transitions, or have no clear tie to a particular sleep stage. Some of 
these are very specific phenomena, while others are more general catch-all 
disorders. Each has specific criteria to help the clinician distinguish the 
syndromes.

 Exploding Head Syndrome

Exploding head syndrome is named due to the phenomenon of the sudden sensation 
of an explosion or loud noise going off in the head. This usually occurs at sleep 
onset, but can occur upon awakening. The person usually has an abrupt arousal 
immediately after the event, which is brief, and is accompanied by a sense of fright, 
but is not accompanied or associated with any significant pain [1, 56]. The preva-
lence is not well known due to the transient nature of the phenomenon and due to 
underreporting and under recognition. However, prevalence has been reported to be 
roughly 11% in the general population. Individuals may only have one episode in a 
lifetime or may have clusters of events over a night or more. The most common 
concern for a patient is bleeding or a tumor. Treatment is focused on reassurance as 
the condition is benign and usually self-limiting. In the instances that exploding 
head syndrome is recurrent or results in distress for the patient, medications may be 
tried. Several medications, such as clonazepam, clomipramine, and topiramate, 
have had varying success [57, 58].
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 Sleep-Related Hallucinations

Hypnic hallucinations are dreamlike imagery that occur during the wake-sleep 
transition or vice versa. Hypnopompic hallucinations occur on the transition from 
sleep to wake, and hypnogogic hallucinations occur at the onset of sleep and are 
thought to be the intrusion of REM into the wake state [59–61]. The hallucinations 
are most often visual, but can be auditory or tactile. Though hypnic hallucinations 
occur commonly in narcolepsy, they can occur independent of any other disorder 
and are common in the general population. Hypnogogic hallucinations are more 
common than hypnopompic, with a reported prevalence of 37% and 12.5%, 
respectively [62]. Sleep-related hallucinations are associated with sleep problems, 
such as insomnia or poor sleep/wake schedules. Treatment is not usually necessary 
as the episodes are short-lived and benign. Most individuals are aware that the 
images are not real, but they can be distressing [59–61]. Treatment with benzodi-
azepines and tricyclics has been unsuccessful, but there are reports of success with 
melatonin [59].

 Sleep Enuresis or Nocturnal Enuresis

Sleep enuresis is the phenomenon of involuntary voiding during sleep in a patient 
that is older than 5, occurring at least 2 nights a week, for at least 3 months. 
Sleep enuresis or nocturnal bedwetting is delineated into primary and secondary 
nocturnal enuresis, wherein primary there has never been dry periods of at least 
6 months and in secondary forms the patient had previously been dry. Though 
there is a common symptomatology of wetting the bed a night, the two have 
distinct etiologies [1]. The prevalence is between 6 and 10% by age 7, which 
then decreases to 2% and less than 2% in teenagers and adults, respectively. The 
pathophysiology of nocturnal enuresis is thought to involve nocturnal polyuria, 
decreased bladder storage ability, and poor arousal [63]. Primary nocturnal 
enuresis is usually considered a disorder of acquired developmental skills, and 
therefore there is a range of ages when these skills are acquired. However, in 
secondary nocturnal enuresis it can be caused by a number of problems, includ-
ing diabetes, urinary tract infections, urinary tract malformations, and psychoso-
cial factors [1, 64]. In addition, there is a high rate of sleep disordered breathing 
associated with nocturnal enuresis, being reported in 8–47% of cases. Diagnosis 
involves a careful history, and it is important to distinguish between primary and 
secondary enuresis as further workup is warranted in the latter. The mainstay of 
treatment in primary enuresis is bed alarms. In secondary enuresis the underly-
ing cause should be investigated and treatment targeted based on the underlying 
pathology. In suspected cases of sleep apnea, a PSG may need to be performed 
[63–65].
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 Approach to Distinguishing Nocturnal Events

The goal of any evaluation of a patient with nocturnal events is to prevent harm to 
the patient or others. For this the clinician should focus the initial consultation upon 
answering the following questions: (1) Is the patient at risk potential for harm or 
causing harming to someone else? (2) What may be driving the appearance of these 
events? (3) Are these events indicating another underlying disorder?

In general, an astute clinician can differentiate parasomnias by looking for key 
distinguishing features (Table 16.2). The key for any evaluation of nocturnal events 
is a thorough history and excellent physical exam. Although these are foundational, 
the underpinning of the evaluation is based on a clear description of the events from 
witnesses who can give an accurate testimony of the behaviors. Key historical fea-
tures such as time of night, duration, frequency of occurrence, behavioral character-
istics with each event, eyes open or closed, memory recall, age of onset, and family 
history of nocturnal events may help differentiate these disorders [66]. The physi-
cian should also search for factors that precipitate parasomnias such as poor sleep 
environment, improper sleep hygiene, sleep deprivation, circadian rhythm abnor-
malities, other sleep disorders, medical issues, fever or other illnesses, emotional 
stress, medication use, and ingestion of alcohol or sedatives before sleep onset [22, 
67–69]. Additional search for other neurological symptoms such as decrease sense 
of smell, constipation, or other autonomic issues may give clues to REM sleep 
behavior disorder [46]. Similarly, features suggesting cognitive decline in adult may 
provide the opening for further investigation of encephalopathic processes or 
dementia [69].

Further testing may be indicated for patients with parasomnia. Key features may 
elucidate the need for further study in the sleep lab (Table 16.4). Polysomnographic 
recording can also provide important information in determining the etiology of the 
nocturnal events, with the goal of capturing the physiology of each sleep state and 
to evaluate the possibility of other contributing sleep disorders. Overnight polysom-
nography is necessary if the history is atypical, sleepiness is significant, other sleep 
disorders are suspected, or the patient is at risk for harming themselves or others 

Table 16.4  Indications for polysomnography in patients with nocturnal events. Reprinted with 
permission from Bradley Vaughn

Unusual or atypical presentation for a parasomnia (time of night, behavioral description)
Events injurious or with significant risk for injury
Significant disturbance to patient’s home life
Unusual age of onset
Events stereotyped or repetitive
High frequency of the events
Patient has excessive daytime sleepiness or complaints of insomnia
Complaints suggestive of sleep apnea, periodic limb movements, or other sleep disorders
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[70]. Studies should include complete respiratory monitoring, time-synchronized 
video monitoring, additional electromyographic recording from all four limbs, a 
complete set of cephalic electrodes, and ability to extensively review the electroen-
cephalogram [5, 71, 72]. Incorporation of a full 10- to 20-electrode array and ability 
to view the tracing at 10 second windows is necessary in evaluating for seizures and 
the differentiation of the epileptiform discharges from potential normal variants or 
artifacts [73].

Parasomnias may be distinguished using key features. The challenge for the 
ardent clinician is to utilize historical and physical examination clues and appropri-
ate diagnostic tools to distinguish the underlying causes and propose directed ther-
apy to improve the patient’s condition.
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Chapter 17
Rapid Eye Movement Parasomnias

Jordan Taylor Standlee and Margaret A. Kay-Stacey

Keywords REM parasomnias · REM sleep behavior disorder · Recurrent isolated 
sleep paralysis · Nightmare disorder

 REM Sleep Behavior Disorder

 Definition

REM Sleep Behavior Disorder (RBD) is clinically defined as having all of the fol-
lowing: (A) repeated sleep-related vocalizations and/or complex motor behaviors, 
(B) the episodes are documented to occur in REM sleep either based on PSG or 
clinical history, (C) PSG demonstrates REM sleep without atonia (RSWA), and (D) 
the episodes are not better explained by an alternative disorder [1– 3].

 Clinical Features

The usual presentation of RBD is dramatic, aggressive physical activity during 
sleep. Patients may punch, kick, scream, curse, or even run or fall out of bed. It is 
not uncommon for these activities to be associated with injury to the individuals and 
bed partners, or to damage to objects around the bedroom. The movements tend to 
be brief and can appear purposeful to observers. Bruises, fractures, and even legal 
issues can result from these activities. In contrast to NREM parasomnias, it is 
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uncommon for the behaviors to be elaborate or involve leaving the room, though 
relatively complex behaviors have occasionally been described in children and teen-
agers, and in non-Western populations [4, 5]. When questioned afterward, patients 
report vivid dreams that commonly obtain life-threatening, action-filled content. As 
a distinction from a confusional arousal, the patient will rapidly reorient upon awak-
ening and have clear recollection of dream content. There is usually no associated 
daytime somnolence. As is true with all REM-related conditions, they are much 
more common in the middle or latter third of the night, though this may not be the 
case in patients with narcolepsy, as those patients often have REM abnormally early 
within a sleep period. Frequency of events can be quiet variable, ranging from mul-
tiple events per night to one every few months. The onset of symptoms tends to be 
gradual and slowly progressive, with usually a long lag between initial symptom 
onset and diagnosis. When asked in retrospect, patients often report a gradual pro-
drome of limb jerking, teeth grinding, or sleep talking for years prior to RBD diag-
nosis [3, 6–9].

As will be discussed below, there is a strong association between idiopathic RBD 
and alpha-synucleinopathies, and RBD is often one of the cardinal prodromal symp-
toms portending later neurodegeneration. As such, at the point where patients are 
diagnosed with RBD, they often have other signs of early alpha-synucleinopathies: 
loss of olfaction, chronic constipation, autonomic dysfunction (particularly ortho-
stasis), and impaired visuospatial abilities [2, 10–13].

 Risk Factors

There is a clear association between RBD and neurodegenerative diseases, particu-
larly alpha-synucleinopathies (idiopathic Parkinson disease, dementia with Lewy 
bodies, multiple system atrophy), though a huge range of other non-synuclein 
degenerative diseases have been implicated including tauopathies like Alzheimer 
disease, frontotemporal dementia, and progressive supranuclear palsy; Huntington 
disease; amyotrophic lateral sclerosis; myotonic dystrophy; paraneoplastic and 
autoimmune encephalitides; and spinal cerebellar ataxia [2, 3, 14–17]. Given the 
association of RBD with neurodegenerative disease, it is unsurprising that the stron-
gest risk factor for RBD is older age, particularly age greater than 50 [3], and the 
median age of diagnosis is 60–70 years old [18]. However, the absence of a comor-
bid neurodegenerative syndrome should not rule out clinical suspicion for RBD, 
since RBD tends to be part of the initial prodrome of the syndrome and can precede 
development of further symptoms by up to 50 years [19]. Often, the only comorbid 
symptoms are anosmia and constipation which, together with RBD, make up the 
classic prodrome for alpha-synucleinopathies. A 2019 meta-analysis found that 
among patients diagnosed with RBD, at 5-year follow-up, a third (33.5%) had 
developed a neurodegenerative disorder, whereas by 14-year follow-up, nearly 
everyone (96.6%) had developed one [20]. This finding speaks to both the robust 
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association between RBD and neurodegenerative diseases, as well as the relatively 
long lag time that can separate the two.

Male sex is another very strong risk factor, though the mechanism for this is 
unknown [3]. Some case series report a male-female prevalence of 9:1, though this 
is likely inflated due to both the fact that women generally express less injurious 
dream enactment behaviors, which makes them less likely to seek medical attention, 
and that older women often outlive their spouses and therefore do not have a bed 
partner to report their symptoms [21]. Other risk factors include the presence of 
comorbid psychiatric conditions and antidepressant use, especially in cases where 
RBD has a relatively rapid onset [22–24]. Antidepressants of nearly all categories 
have been observed to acutely precipitate or exacerbate RBD episodes, including 
SSRIs, SNRIs, tricyclic acids (TCAs), monoamine oxidase inhibitors (MAOIs), and 
mirtazapine, though notably this has not been seen with bupropion [3, 23, 25, 26]. 
Further medications which have been implicated include beta-blockers and selegi-
line, and anticholinesterase inhibitors [3]. PTSD has an association with RBD, 
though it is more commonly associated with a different REM parasomnia, night-
mare disorder, as discussed in section “Nightmare Disorder”. There is also a clear 
association with narcolepsy, primarily narcolepsy type 1 [27]. Up to 50% of patients 
with narcolepsy type 1 may demonstrate RBD, though the mechanism for this is 
distinct from other causes of RBD, as discussed below. Unfortunately, treatments 
aimed at reducing cataplexy in narcolepsy patients, such as TCAs or SNRIs, may 
exacerbate RBD symptoms. While patients commonly report dreams with aggres-
sive content, in waking life there is no clear association with aggressive personality 
traits; therefore, no particular personality traits are thought to impart risk [28–30]. 
Traumatic brain injury is a risk factor for all types of parasomnia (both NREM and 
REM), with one study estimating new onset of RBD in 8% of TBI patients [31]. 
Family history is also a risk factor, with one study showing that among patients with 
confirmed idiopathic RBD, 14% had a close family member with a history of dream 
enactment [32]. Tobacco smokers are also more likely to develop RBD, both among 
those with Parkinson disease and among the general population [33, 34].

 Pathophysiology

While numerous distinct neurodegenerative diseases have all been associated with 
RBD, the underlying pathophysiology connecting them appears to be disruption of 
the dopaminergic and noradrenergic pathways through the pons, striatum, and fron-
tal lobes, as demonstrated by functional neuroimaging [3, 20, 35–42]. These path-
ways are integral to normal sleep physiology, involving the usual paralysis of 
skeletal muscles during REM sleep. Alpha-synucleinopathies tend to target these 
pontine nuclei of sleep early-on, which explains their strong association with 
RBD. The exception to this physiology is in narcolepsy, where orexin deficiency 
from the hypothalamus is the culprit, leading to destabilization of sleep architecture.
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 Epidemiology

Prevalence of RBD in the general population is thought to range from 0.5% to 1%, 
though some studies estimate a higher prevalence in the elderly population, around 
2% [3, 43, 44]. As discussed above, it is more common in elderly males, though it 
has been reported in women, children, and teenagers.

 Diagnostic Workup

In-laboratory video polysomnography (PSG) demonstrating REM sleep without 
atonia (RSWA) is required for a diagnosis of RBD; this entails capturing REM sleep 
with simultaneous capturing of excessive EMG activity on chin or limb leads. When 
RSWA occurs in the setting of a clinical complaint of dream enactment, then the 
diagnosis of RBD can be made. Practically speaking, when setting up for an RSWA 
screen, EMG leads should be placed on upper and lower limbs as well as the chin in 
order to increase sensitivity for muscle activity. RSWA tends to occur in all REM 
periods throughout the night, though it is often most prominent in latter portions of 
the night, when REM sleep is more emphasized. Home sleep apnea testing is not a 
useful screen for this condition, as the lack of sleep stage identification prevents an 
evaluation of RSWA.

Though there is a strong association between RBD and neurodegenerative dis-
eases, identification of such processes is not necessary for a diagnosis of RBD. As 
such, it is not required to send diagnostic tests such as a dopamine transport scan 
(DAT) or a neuropsychological battery to evaluate for neurodegeneration, though 
these tests could be considered as part of a patient’s larger multidisciplinary care 
plan, and would generally be coordinated by a neurologist.

The presence of significant autonomic activation such as tachycardia during a 
behavioral episode should raise a diagnostic red flag because while this does not 
rule out RBD, it is uncommon in this condition whereas it is quite common in the 
NREM parasomnias associated with arousals. Also, in RBD, general sleep architec-
ture is preserved between wake, NREM, and REM stages, which differentiates it 
from status dissociatus (as discussed in 17.1.9).

 Differential Diagnosis

Other conditions that can manifest as dramatic sleep-related behaviors are NREM 
parasomnias such as sleepwalking and sleep terrors, sleep-related hypermotor epi-
lepsy (SHE), rhythmic movement disorders, and OSA.

To distinguish REM from NREM parasomnias, PSG and clinical history can be 
used to elucidate the stage of sleep associated with the behavior. Often the dramatic 
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behavior itself is not captured on a single night PSG, so clinical history is relied on 
to clarify how early in the sleep cycle the behavior emerges. Typically, NREM para-
somnias occur within the first one-third of the night, and REM parasomnias occur 
in the latter two-thirds of the night [3]. Further, RBD is characterized by rapid alert-
ness and orientation, whereas NREM parasomnias may have a prolonged period of 
confusion [45]. Individuals with RBD tend to report vivid dream content, whereas 
those with NREM parasomnias have at most a fragmentary, limited recall of dream 
content. Vocalizations can be seen in both RBD and NREM parasomnias, but those 
due to RBD are often loud and feature expletives or aggressive content, whereas 
NREM vocalizations more often resemble usual conversation, though this can be 
seen in REM as well [45]. NREM parasomnias tend to present in childhood or 
young adulthood, whereas REM parasomnias traditionally present in older age, 
though as discussed above, there are exceptions in both directions [3].

Sleep-related hypermotor epilepsy (SHE), formerly known as Nocturnal Frontal 
Lobe Epilepsy (NFLE), is characterized by recurrent motor behaviors arising from 
sleep which can sometimes by dramatic or injurious in nature, similar to RBD. A 
key feature to screen for, especially from bed partners who can better describe the 
specific motions being performed, is whether the behaviors are stereotyped, as RBD 
tends to involve a range of vocalizations and actions, whereas epilepsy-induced 
behaviors tend to be a very stereotyped action or set of actions which can occur 
more than a dozen times throughout the night [46, 47].

Rhythmic movement disorder tends to be seen in childhood and only rarely 
occurs in adults. It consists of rhythmic movement of large muscle groups, such as 
body rocking or head-banging during sleep. These movements often occur in devel-
opmentally normal children and do not cause harm or distress to the affected indi-
viduals. When seen in adults, it may be related to other underlying sleep disorders 
such as restless leg syndrome or obstructive sleep apnea.

Periodic limb movements of sleep (PLMS), while also consisting of movements 
during sleep, are differentiated from RBD in that they predominantly occur during 
NREM and often consist of a stereotyped triple flexion of a leg (hip flexion, knee 
flexion, ankle dorsiflexion) that can occur frequently through the night around once 
per minute [3]. These movements do not have an association with dream content.

Untreated obstructive sleep apnea (OSA) should be considered in any case of 
parasomnia, given that it is a common condition that causes fractured sleep, which 
can provoke parasomnias. Pseudo-RBD, as it is known, occurs when a patient with 
sleep apnea presents with symptoms of RBD.  However, the RSWA and dream 
enactment are secondary to apneas and hypopneas disrupting REM sleep. Treatment 
of OSA with CPAP or other therapies leads to resolution of the RBD symptoms [2].

 Treatment

The predominant goal of all treatment strategies is to prevent injury by reducing the 
burden of behavioral events.
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First, clinicians should screen for any factors that may have provoked secondary 
RBD and address those triggers. For instance, in cases of OSA-provoked parasom-
nias, appropriately treating the OSA generally resolves the symptoms [48, 49]. 
Further, if a medication, such as an antidepressant, is thought to be contributing, 
then that medication should be discontinued if possible.

Second, if no provoking factor is identified, then the patient is considered to have 
idiopathic primary RBD and warrants symptomatic treatment. Pharmacotherapy is 
a mainstay of treatment, though optimizing the sleeping environment to minimize 
injuries and property damage should also be part of treatment. For example, walls 
should be padded, dangerous or breakable objects should be moved away from the 
bed, and bed partners may be counseled to sleep in a separate bed. The primary 
pharmacologic agents are melatonin and clonazepam [50, 51]. Both medications 
have shown efficacy in reducing or eliminating RBD. Many clinicians prefer mela-
tonin as an initial agent given its favorable side effect profile, especially since clon-
azepam’s sedating properties can predispose elderly patients to falls, particularly 
those with dementia or gait disorders, which is a large portion of the RBD popula-
tion [51]. There has never been a head-to-head trial between these agents, but clon-
azepam may be more likely to eliminate symptoms than melatonin, so it is a 
reasonable second-line agent if patients do not respond to an adequate melatonin 
trial (3–15 mg of melatonin).

Other medications which have some evidence suggesting their efficacy toward 
RBD include “z-drugs” such as zopiclone, benzodiazepines other than clonazepam, 
acetylcholinesterase inhibitors such as donepezil and rivastigmine, carbamazepine, 
sodium oxybate, clozapine, pramipexole, levodopa, and paroxetine. Many of these 
drugs have only been studied in case reports or limited populations and are rarely 
used. However, they could be considered when both melatonin and clonazepam 
have been ineffective.

 Subtypes

 Status Dissociatus

Status dissociatus is a subtype of RBD where the individual expresses clinical 
behaviors suggestive of classic RBD (e.g., aggressive dream enactment), but on 
PSG, there is a lack of identifiable sleep stages. The PSG has a mixture of markers 
for wakefulness, NREM, and REM, without a clear delineation between these 
stages. Even more than in classical RBD, individuals with status dissociatus are 
often interpreted by observers to be awake when engaging in dream enactment 
behaviors, and these individuals may often be confused about whether they are 
awake or asleep [3]. If this condition is accompanied by generalized motor overac-
tivity during wakefulness, loss of slow wave sleep, and sympathetic overactivation, 
then this would be consistent with a syndrome called “agrypnia excitata” and raises 
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concern for an autoimmune/paraneoplastic encephalitis, delirium tremens, or fatal 
familial insomnia [3]. The prevalence of this subtype is unknown.

 Parasomnia Overlap

Parasomnia overlap disorder refers to patients who meet clinical criteria for RBD 
and, in addition, have an NREM-related parasomnia or rhythmic movement disor-
der. Unlike isolated RBD, overlap syndrome is much more common in younger 
ages, often beginning during childhood and adolescence, though any age range 
could be affected. The associated pathophysiology is not as clear as with isolated 
RBD, and many diverse causes have been implicated, including pharmacotherapies, 
substance use, various psychiatric disorders, multiple sclerosis, narcolepsy, and 
traumatic brain injury [3]. As with status dissociatus, the prevalence is unknown. 
While this disorder may sound like status dissociatus in that REM and NREM con-
ditions are blended, parasomnia overlap disorder does not feature involvement of 
the awake state, and affected individuals do not report confusion about whether they 
are awake, asleep, or dreaming.

 Recurrent Isolated Sleep Paralysis

 Definition

Recurrent isolated sleep paralysis is defined as (A) a recurrent inability to move the 
trunk and all limbs at onset or offset of sleep, (B) the episodes last seconds to min-
utes, (C) the episodes cause distress, and (D) the episodes are not better explained 
by a different medical condition [3].

 Clinical Features

Recurrent isolated sleep paralysis is a recurrent distressing sensation of an inability 
to move one’s body while transitioning to or from sleep [52, 53]. While it is benign, 
it can be associated with significant anxiety during and after an episode. Affected 
individuals are unable to speak or move, though they are fully conscious. Respiratory 
muscles are unaffected. These episodes tend to resolve spontaneously within a short 
period, usually seconds though it can last up to a few minutes, and sometimes an 
episode can be ended early if an observer speaks to or touches the patient. These 
episodes are not classified as a disease unless they are associated with significant 
distress to the patient, such as inducing bedtime anxiety or fear of sleep. 
Hallucinations often occur, including visual, auditory, or tactile hallucinations such 
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as a sensation of a creature sitting on the individual’s chest. The condition often 
presents in adolescence, with mean age of onset 14–17 years old, and most episodes 
occur in patient’s teens and 20s [3].

 Risk Factors

A familial form of sleep paralysis has been reported in two families, suggesting that 
underlying genetics may play a role; however, most cases do not have a clear famil-
ial component. Male and female sexes appear to have equal risk. As with all para-
somnias, sleep deprivation and irregular sleep cycles are risk factors [54]. Patients 
who sleep supine appear to be at higher risk, though the mechanism for this is not 
understood. One case has been reported of isolated sleep paralysis induced by the 
abrupt withdrawal of bupropion [55]. As with all parasomnias, psychiatric disease 
is a risk factor [24].

 Pathophysiology

Like narcolepsy, isolated sleep paralysis is thought to occur from a state dissocia-
tion, with the normal expected REM paralysis of skeletal muscles continuing abnor-
mally into wakefulness. Brainstem systems that control serotonin, norepinephrine, 
and acetylcholine appear to be affected. Individuals who are sensitive to sleep dis-
ruptions may be particularly vulnerable, and abrupt awakenings from REM may 
produce an episode [3].

 Epidemiology

There are limited global data on the prevalence of recurrent isolated sleep paralysis, 
partially due to the various definitions that have been used. When examining for 
single occurrences of isolated sleep paralysis, prevalence may range from 5% to 
40% [3, 56].

 Diagnostic Workup

A polysomnogram (PSG) is not required for diagnosis, and subjective history can be 
sufficient. A PSG may be supportive if it demonstrates REM atonia on EMG leads 
that persists into wakefulness.

J. T. Standlee and M. A. Kay-Stacey



389

 Differential Diagnosis

The primary disease to consider is narcolepsy, which also often includes sleep 
paralysis episodes and hypnagogic and/or hypnopompic hallucinations. However, 
the prominent features of narcolepsy are extreme daytime somnolence and reduced 
mean sleep latency time, whereas these features are absent from recurrent isolated 
sleep paralysis. Another related phenomenon, cataplexy, also involves REM atonia 
invading the awake state, though it occurs during full wakefulness rather than at 
periods of transition to and from sleep; cataplexy also tends to be triggered by 
intense emotions, whereas sleep paralysis does not. Similar to cataplexy, atonic 
seizures can involve preserved consciousness with inability to move limbs, but 
atonic seizures occur during wakefulness rather than only at times of sleep transition.

Periodic paralysis syndromes may resemble isolated sleep paralysis in that the 
affected individual is conscious but unable to move the body. These episodes may 
occur during wakefulness or at periods of sleep transition; if the latter is the case, 
the primary way to differentiate these syndromes from isolated sleep paralysis is 
that periodic paralysis lasts for hours rather than seconds. Periodic paralysis is also 
less likely to affect bulbar muscles the way sleep paralysis can. These periodic 
paralysis syndromes include a hypokalemic, hyperkalemic, and thyrotoxic form, 
and involve mutations in skeletal muscle ions channels. Paralysis attacks can be 
precipitated by a large intake of carbohydrates, excessive exercise, or alcohol intake. 
Most cases of periodic paralysis are hereditary with an autosomal dominant inheri-
tance [57].

 Treatment

If sleep deprivation is thought to be a provoking factor, then that component can be 
addressed, such as avoiding shift work, addressing jet lag, or other general sleep 
hygiene components. Further pharmacotherapy options include tricyclic antidepres-
sants (e.g., imipramine and clomipramine) or SSRIs (e.g., fluoxetine or escitalo-
pram), all of which are thought to work by suppressing REM [58, 59].

 Nightmare Disorder

 Definition

Nightmare disorder is defined as (A) repeated, extended, well-remembered dreams 
associated with intensely unpleasant emotions, (B) rapid, full alertness on awaken-
ing, and (C) associated distress or impairment in functioning [3].
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 Clinical Features

Nightmares entail a realistic and vivid dream sequence that tends to become increas-
ingly frightening, though other negative emotions can be predominant such as 
anger, disgust, guilt, or embarrassment. There is often a theme of imminent bodily 
harm, though this is not universally true. On awakening, affected individuals are 
quickly oriented, and can vividly recall dream content. There is often difficulty 
returning to sleep after an episode, and individuals may note signs of increased 
sympathetic activity such as rapid heart rate or piloerection. These episodes tend to 
occur in the latter third of a sleep session, as this is when REM sleep is most promi-
nent. Nightmares associated with PTSD may be more variable in their timing within 
a sleep cycle, and can occur at sleep onset or from NREM sleep [3].

While occasional nightmares are quite common among the general population, a 
diagnosis of nightmare disorder is only made if these occurrences are persistent and 
affect a person’s daily functioning. Distress can be manifested by any of the follow-
ing: mood disturbances, sleep resistance, cognitive impairment such as concentra-
tion difficulties, negative impact on family functioning, behavioral disturbances, 
daytime somnolence, low energy, impairment in one’s education or occupation, or 
impaired social function [3].

 Risk Factors

The greatest risk factor for nightmare disorder is exposure to severe psychosocial 
stressors. This is particularly true in children, though in all age groups there is an 
association between physical or sexual abuse and nightmares. Trauma often pre-
cedes the onset of nightmares, though there may be a prolonged delay prior to night-
mare onset. In acute stress disorder, symptoms occur immediately after a trauma, 
whereas in posttraumatic stress disorder, symptoms may arise more than a month 
after the event [3, 60].

Individuals who had recurrent nightmares as children are more likely to report 
recurrent nightmares as an adult, suggesting that predisposition to nightmares may 
be a component of one’s personality traits. Twin studies also demonstrate that there 
are genetic predispositions to nightmares, analogous to the pattern seen with NREM 
parasomnias such as sleepwalking and sleep talking [61].

Nightmares can be induced by pharmaceuticals that affect neurotransmitter con-
centrations and function, particularly for serotonin, dopamine, and norepinephrine 
[62, 63]. Medications of interest include antidepressants of all classes; antihyperten-
sive agents including beta-blockers and calcium channel blockers; dopaminergic 
drugs including levodopa and methylphenidate; atypical antipsychotics including 
risperidone and olanzapine; sedatives including alcohol and barbiturates (particu-
larly withdrawal from these); acetylcholinesterase inhibitors, including donepezil 
and rivastigmine; and varenicline, which is a nicotinic acetylcholine receptor 
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antagonist. Another class of implicated medications is antimicrobials (e.g., cipro-
floxacin, ganciclovir, and mefloquine) which, in contrast to the above list, are 
thought to act via modulation of cytokines that are involved in sleep such as IL-1B 
and TNF-alpha. Implicated medical conditions include hypoglycemia induced by 
nocturnal insulin use [64], as well as all mood disorders including major depression, 
bipolar affective disorder, and schizoaffective disorder [24, 65]. As with all para-
somnias, sleep deprivation and OSA can be a predisposing factor [66].

 Pathophysiology

The pathophysiology of nightmares is not known.

 Epidemiology

Occasional nightmares occur in 60–75% of children, and in most cases these night-
mares are sporadic. Only in a small minority of children are nightmares frequent 
and extensive, occurring in 1–5% of children [3]. Among the general population, 
2–8% report distress related to nightmares, and the age most likely to be affected is 
between 6 and 10 years old [67–69]. However, the incidence is increased among 
adults with psychopathology, most notable among those with PTSD where 80% 
report recurrent nightmares.

 Diagnostic Workup

Patient history is sufficient for diagnosis of nightmare disorder, and further PSG 
evaluation is not required [70]. However, it may be considered if during the patients’ 
nightmares they perform actions that either cause harm to self or others, or are 
highly stereotyped in nature, as this would raise clinical suspicion for other condi-
tions, as described below.

 Differential Diagnosis

The main conditions to distinguish from nightmare disorder are sleep terrors, noc-
turnal panic attacks, seizures, RBD, and sleep paralysis.

Sleep terrors also involve an awakening from sleep with appearance of distress. 
However, with sleep terrors there is a prominent component of confusion and dis-
orientation, which is not seen with nightmares. Further, in sleep terrors there is a 
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lack of recall of dream content, whereas dream recall tends to be vivid with night-
mares. Prominent autonomic activity (e.g., diaphoresis, pupillary dilatation) is more 
common with sleep terrors than nightmares. As sleep terrors arise from NREM 
sleep, they tend to occur earlier in the night, while nightmares occur later in the 
night. Similarly, nocturnal panic attacks tend to arise from NREM sleep, occurring 
earlier in the night and are not typically associated with vivid dream content.

Nocturnal seizures can, in rare cases, present only with recurrent nightmares 
[71]. These can be difficult to distinguish from true nightmares by history, though 
suspicion should be raised in patients with underlying cerebral disease or a history 
of epilepsy. Nightmares from epilepsy are more likely to resemble classic temporal 
lobe auras, such as déjà vu or intense panic without any associated dream content to 
induce the fear. These episodes come from NREM sleep rather than true REM sleep. 
A PSG, preferably with an extended EEG montage, is required to capture and prove 
that episodes are epileptic in nature.

REM sleep behavior disorder (RBD), as discussed in section “REM Sleep 
Behavior DisorderS30”, involves involuntary acting out of dream content, much of 
which tends to involve frightening and life-threatening situations. While the dream 
content can be analogous between these two conditions, nightmare disorder does 
not involve any physical action, movement, or injury, so the presence of these would 
be strongly suggestive of RBD. RBD is most common in older age, whereas night-
mare disorder is most common in childhood, though there are exceptions in both 
directions, as discussed above.

Sleep paralysis, whether occurring as part of isolated recurrent sleep paralysis 
(see section “Recurrent Isolated Sleep Paralysis”) or narcolepsy, occurs at periods 
of transition to or from sleep and can often be associated with anxiety during the 
episode. Hallucinations commonly co-occur and can be disturbing in nature. While 
nightmares can occasionally involve an inability to move or speak, a recurrent expe-
rience of total paralysis with simultaneous wakefulness is much more suggestive of 
sleep paralysis.

 Treatment

Nightmares on their own do not necessitate treatment, as they can often be self- 
limited. In particular, nightmares occurring in the context of recent bereavement 
tend to resolve over time [72]. For those patients who do require treatment, the next 
step is to address general sleep hygiene and any predisposing medications or medi-
cal conditions. When this approach is insufficient, then a choice or combination 
between cognitive behavioral therapy (CBT) and pharmacotherapy can be 
employed [73].

CBT interventions for nightmare disorder emphasize stress management and 
repeated exposures [74]. As with other forms of CBT, it consists of a limited set of 
therapy sessions, aimed at addressing the maladaptive thoughts, emotions, and 
behaviors that disrupt patients’ lives. One option is image rehearsal therapy, where 
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patients recall the nightmare while awake, write down its details including emo-
tional content, modify the story to have a more positive ending, and then rehearse 
the new narrative with the goal of replacing the nightmare if the dream recurs [73, 
75, 76]. Another option is lucid dreaming treatment, where the patient is taught to 
identify that they are dreaming during a nightmare and then actively change the end-
ing of the nightmare to a positive one [77]. Hypnosis has also been shown in small 
case studies to be effective in decreasing nightmare frequency [78]. Finally, sys-
temic desensitization, where patients are gradually exposed to cues associated with 
their nightmares and taught stress management techniques, can be used [79].

The best-studied pharmacotherapy option is prazosin, which is a centrally active 
alpha1-adrenergic antagonist, and has been well-described to be effective in both 
PTSD and other nightmare disorders [73, 80–83]. It is thought to act via blunting of 
the sympathetic arousal state associated with nightmares. The only other medica-
tions recommended by the American Academy of Sleep Medicine (AASM) are tri-
azepam and nitrazolam [84]. If these medications are ineffective or not tolerated, 
then there are many other options, which have primarily been studied in the context 
of PTSD nightmares: topiramate [85, 86], trazodone [87], risperidone [87], gaba-
pentin [73, 88], olanzapine [89, 90], clonidine [73], aripiprazole [84], cyprohepta-
dine [84], phenelzine [84], tricyclic antidepressants [84], and synthetic cannabinoids 
[91, 92]. Two medications which the AASM specifically recommends against using 
are venlafaxine and clonazepam, as the limited studies looking at these two have 
shown no efficacy [84]. Once a patient has attained prolonged relief from night-
mares, pharmacotherapy can be tapered off.
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 Introduction

Sleep-related movement disorders are conditions that are characterized by simple, 
usually stereotyped, movements that disturb sleep or its onset, such as RLS. The 
Third Edition of the International Classification of Sleep Disorders (ICSD-3) 
includes restless legs syndrome (RLS), periodic limb movement disorder (PLMD), 
sleep-related leg cramps, sleep-related bruxism and sleep-related rhythmic move-
ment disorder (RMD). Propriospinal myoclonus at sleep onset, sleep-related move-
ment disorder due to a medical disorder, and sleep-related movement disorder due 
to a medication or substance are also included under this heading [1] (Table 18.1). 
RLS is classified within this group of disorders due to its close association with 
PLMD. Movement alone is not sufficient for the diagnosis of a sleep-related move-
ment disorder as an associated sleep disturbance or an impairment of daytime func-
tioning is required. Daytime impairment can affect any important area of functioning 
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such as mental, physical, social, behavioral, educational, or others. Each of these 
topics will be discussed in this chapter.

 Restless Legs Syndrome

RLS is a sensorimotor disorder characterized by a distressing urge to move the legs 
and sometimes other parts of the body such as the arms. The British physician Sir 
Thomas Willis first described RLS in the seventeenth century by these very descrip-
tive words “Wherefore to some, when being abed they betake themselves to sleep, 
presently in the arms and legs, leapings and contractions of the tendons, and so great 
a restlessness and tossings of their members ensue that the diseased are no more 
able to sleep than if they were in a place of the greatest torture” [2]. The first signifi-
cant clinical review was carried out by the Swedish neurologist Karl-Axel Ekbom 
in the 1940s who also coined the term “restless legs” [3]. The severity of RLS can 
vary from mild with only occasional symptoms to daily severe symptoms that can 
have a profound effect on sleep and daytime functioning. The pathophysiology of 
RLS is incompletely understood, but probably results from derangements in iron 
and dopamine metabolism and has a genetic component [4–6].

 Demographics

The prevalence of RLS varies from region to region; in Europe, South and North 
America, and the Indian subcontinent, it is estimated to be 4–10% of the adult popu-
lation, while in Japan, Korea, and China, for example, it is 0.6, 0.9, and 1.6%, 
respectively [7–9]. In the United States, it is believed to affect more than ten million 
adults. The 2005 National Sleep Foundation Poll reported RLS symptoms in 8% of 
men and 11% of women [10]. Women and older adults appear to be at increased risk 
[11]. The prevalence of RLS in women is roughly twice that reported in men [12]. 
A population survey study reported that the prevalence of symptoms of RLS was 

Table 18.1 Sleep-related movement disorders

Restless legs syndrome
Periodic limb movement disorder
Sleep-related leg cramps
Sleep-related bruxism
Sleep-related rhythmic movement disorder
Propriospinal myoclonus at sleep onset
Sleep-related movement disorder due to a medical disorder
Sleep-related movement disorder due to a medication or substance
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3% between the ages of 18 and 29 years, 10% between the ages of 30 and 79 years, 
and 19% in persons older than 80 years of age [13].

 Diagnosis

RLS diagnosis is based on clinical grounds and no laboratory study reliably identi-
fies RLS.  It does not require a polysomnogram (PSG) unless an additional sleep 
disorder is thought to be present. The diagnosis of RLS in adults according to 
ICSD-3 requires the following: (a) The patient reports an urge to move the legs, 
usually accompanied or caused by uncomfortable and unpleasant sensation in the 
legs. (b) The urge to move or the unpleasant sensations begin or worsen during 
periods of rest or inactivity such as lying or sitting. (c) The urge to move or the 
unpleasant sensations are partially or totally relieved by movement, such as walking 
or stretching, at least as long as the activity continues. (d) The urge to move or the 
unpleasant sensations are worse, or only occur, in the evening or night. (e) The con-
dition is not better explained by another current sleep disorder, medical or neuro-
logical disorder, mental disorder, medication use, or substance use disorder. (f) The 
symptoms cause concern, distress, sleep disturbance, or impairment in daytime 
functionning [1] (Table 18.2). Separate diagnostic criteria have been developed for 
cognitively impaired adults and young children (age 2–12 years) who have diffi-
culty in reporting these symptoms.

 Associated Features

There are several supportive clinical features which, while not required, may assist 
in diagnosis. These include a response to dopaminergic agents, the presence of peri-
odic leg movements (PLMs) on diagnostic polysomnography (PSG), and a positive 
family history for RLS. PLMs may occur in sleep (PLMS) and resting wakefulness 
(PLMW). PLMS ≥5/hour is a highly sensitive marker for RLS, occurring in 80–90% 
of patients, but has low specificity as it is also frequently associated with narcolepsy, 
rapid eye movement behavioral disorder (RBD), and even healthy individuals, nota-
bly the elderly [14, 15]. PLMW may be noted during the wake time on standard 

Table 18.2 Diagnostic criteria for restless legs syndrome (RLS)

Uncomfortable sensation in the legs associated with an urge to move
Symptoms are worse at rest
Symptoms are temporarily relieved by movement
Symptoms are worse or only occur at night
The condition is not better explained by another disorder
Symptoms cause concern, distress, sleep disturbance, or impairment in daytime functioning
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PSG recorded 1 hour before the usual bedtime while the patient is upright in bed 
with stretched-out legs (Suggested Immobilization Test – SIT). A rate greater than 
40 PLMW/hour supports the diagnosis of RLS [1]. RLS is associated with PLMW 
in ≈ 1/3 of patients [14]. The frequency of RLS among first-degree relatives of 
people with RLS is 3–5 times greater than in people without RLS [16]. There is a 
negative impact of RLS symptoms on sleep including reports of disrupted sleep, an 
inability to fall asleep, and insufficient hours of sleep [11]. Sleep disruption has also 
been associated with negative effects on cognitive function in patients with RLS 
[17]. Onset occurs at all ages from early childhood to late adult life with a mean age 
of onset between the third and fifth decade [18]. In children RLS may be misdiag-
nosed as “growing pains” or attention deficit hyperactivity disorder (ADHD). Two 
age-of-onset phenotypes for RLS have been described. Early-onset RLS usually 
starts before the age of 45 years with intermittent symptoms and progresses slowly. 
Late-onset RLS is usually either stable at onset or rapidly progresses over 5 years to 
a stable pattern. Patients may describe the symptoms as creeping, crawling, pulling, 
aching, prickling, or tingling. RLS can occur unilaterally or bilaterally in the lower 
extremities. About half (48.7%) of patients with RLS complain of restlessness in the 
arms as well. However, every patient who had arm restlessness also had leg restless-
ness. In most mild cases or RLS, symptoms are localized to the lower extremities, 
and only with increased severity do they also affect the arms and other parts of the 
body [19]. Peak intensity of RLS symptoms is on the falling phase of the core tem-
perature cycle suggesting that RLS is related to the circadian rhythm [20].

 Differential Diagnosis

The differential diagnosis of RLS includes neuropathic paresthesias, positional dis-
comfort, akathisia, sleep starts (hypnic jerks), PLMD, sleep-related leg cramps, 
habitual foot tapping, and pain from other conditions. RLS can be distinguished 
from positional discomfort as the discomfort is resolved with change of body posi-
tion without the need for continued movement and an urge to move the legs is not 
present. Akathisia involves a generalized need to move the body and often in asso-
ciation with neuroleptic medication. Akathisia sufferers frequently report an inner 
sense of restlessness rather than leg discomfort and lack the circadian pattern char-
acteristic of RLS. Sleep starts produce brief body movements during the transition 
from wake to sleep, and an urge to move is not present. PLMD is a disorder that is 
only present during sleep without the essential diagnostic features of RLS. Sleep- 
related leg cramps are painful sensations caused by sudden and intense involuntary 
contractions of muscles and require stretching the legs to relieve symptoms rather 
than movement alone. Patients also describe hardening of the leg muscles that is not 
typical of RLS. Residual pain is also usually present with sleep-related leg cramps. 
Pain may be worse at rest but does not include an urge to move the legs. The pres-
ence of pain does not exclude a diagnosis or RLS as some patients report their RLS 
symptoms as pain; however, the additional characteristic features must also be 
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present. Habitual foot tapping is easily differentiated from RLS but the absence of 
nocturnal predominance of symptoms except when exacerbated by alcohol or medi-
cations taken in the evening.

 Primary Versus Secondary Factors

RLS can be classified as primary or secondary. The majority of cases of primary 
RLS are hereditary (autosomal dominant) with possible loci on chromosomes 12, 
14, and 9. Onset of symptoms before the age of 40 years indicates an increased risk 
of RLS occurrence in the family. Physical and neurologic examinations are normal 
in the majority of primary RLS cases [21]. A number of secondary causes can con-
tribute to RLS and can be expected to improve when the other disorders are treated. 
Iron deficiency has been associated with RLS. Pathologic studies suggest decreased 
iron and ferritin in the substantia nigra of RLS patients [22]. Low serum ferritin 
levels (< 45 μg/l) correlate significantly with increased RLS symptoms and with 
decreased sleep efficiency. A significant correlation to serum iron levels has not 
been found [23, 24]. Studies suggest disordered transport of iron from the periphery 
to the central nervous system [25]. The most commonly reported neurologic cause 
of secondary RLS is peripheral neuropathy [21]. Uremia associated with renal fail-
ure has also been identified as a cause of RLS. A 2008 study found that as many as 
58.3% of dialysis patients have RLS [26]. Renal transplantation, unlike dialysis, 
causes significant or complete resolution of RLS symptoms [27]. Ekbom made the 
first observation that there is a high prevalence of RLS in pregnancy. In a study of 
642 pregnant women, 26% were found to be affected by RLS during pregnancy. 
RLS was strongly associated with the third trimester [12]. A recent study in a French 
population of women in their third trimester of pregnancy found that 32% were 
affected by RLS. RLS disappeared after delivery in 64.8% of the women [28]. In a 
study of 184 narcolepsy with cataplexy patients, RLS was found to be significantly 
more prevalent compared to controls (14.7% vs. 3%). In this population, RLS 
symptoms occurred more than 10 years after narcolepsy onset and were less familial 
and, in contrast to idiopathic RLS, not more prevalent in women [29]. Transient 
RLS has been described in those undergoing spinal anesthesia [30]. Other second-
ary causes of RLS include myelopathy, Parkinson’s disease, and diabetes. 
Medications may also precipitate RLS symptoms. Common medications which can 
precipitate RLS include those with dopamine receptor-blocking properties (sedat-
ing antihistamines, antipsychotics, and antinausea drugs) and those with serotonin- 
promoting activity (most antidepressants with the exception of bupropion, with its 
dopamine-promoting properties). There is limited or contradictory evidence for caf-
feine, tobacco, and alcohol as aggravating factors for RLS [31–33]. Multimorbidity 
was shown to be a strong risk factor for RLS in two independent German cohort 
studies indicating that the severity of underlying morbidity is a stronger risk factor 
for RLS than any specific single disease. Furthermore, the association was stronger 
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with incident than with preexisting RLS, suggesting that RLS developed subse-
quently to preexisting comorbid diseases [34].

 Management

The first step in managing RLS is performing a medication review. Medications that 
can precipitate or worsen RLS should be discontinued if possible. Secondary causes 
should undergo evaluation and treatment as this may resolve or improve symptoms. 
Patients with iron deficiency will benefit from iron replacement therapy to target 
ferritin levels ≥75 μg/l [35]. Intravenous (IV) iron may be considered when oral 
iron is not appropriate provided ferritin ≤100 μg/l. IV iron, unlike oral iron whose 
absorption in the gastrointestinal tract is highly variable, helps to achieve higher 
levels of peripheral iron required to increase cerebral iron levels. Vitamin C may 
enhance oral iron absorption. Non-pharmacologic treatments include improving 
sleep hygiene, warm baths, leg massage, and acupuncture. Only one study assessed 
the effect of a 12-week moderate-intensity aerobic and resistance exercise program 
and found 39% improvement in symptoms with a ceiling effect after 6 weeks [36]. 
Two studies, to date, have investigated the effectiveness of sequential compression 
devices for the treatment of RLS [37, 38]. In a prospective, randomized, double- 
blinded, sham-controlled trial, there was significant improvement in RLS severity 
and quality of life measures in those using the sequential compression device com-
pared to the sham devices. Complete relief occurred in one-third of the therapeutic 
group in this study [38]. There has been one case reporting the improvement in RLS 
symptoms with a 4-week near-infrared light therapy [39]. A subsequent study by the 
same group, with 34 volunteers, reported significant improvement in RLS symp-
toms in the near-infrared light treatment group compared to the control group [40]. 
More research is necessary to investigate these and other potential non- pharmacologic 
therapies.

Pharmacologic treatment of RLS consists of four classes of medications which 
include dopaminergic agents, anticonvulsants, benzodiazepines, and opioids though 
other agents have been used (Table 18.3). An evidence-based review produced by a 
task force commissioned by the Movement Disorder Society concluded that 
levodopa, ropinirole, pramipexole, cabergoline, pergolide, and gabapentin were 
efficacious for the treatment of RLS, while rotigotine, bromocriptine, oxycodone, 
carbamazepine, valproic acid, and clonidine were likely efficacious [41]. Levodopa/
benserazide or levodopa/carbidopa at dosages of 100/25 to 200/50 mg is considered 
efficacious for the treatment of RLS. The side-effect profile of levodopa is favor-
able; however treatment carries the highest incidence of augmentation among all 
dopamine agonists; hence levodopa is used mainly to treat intermittent RLS [42]. 
The dopamine agonists ropinirole and pramipexole are FDA approved for the treat-
ment of RLS. Ropinirole (0.25–4 mg, mean 2 mg) and pramipexole (0.75 mg) are 
efficacious for treating RLS in patients with moderate to severe symptoms. Several 
studies have demonstrated the effectiveness of the rotigotine transdermal patch for 
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treatment of RLS including a randomized, double-blinded, placebo-controlled trial 
including 505 participants with moderate to severe RLS [43–47]. Ergot-derived 
dopamine agonists, including bromocriptine, pergolide, and cabergoline, require 
special monitoring due to increased incidence of cardiac valvular fibrosis and other 
fibrotic side effects. While efficacious, these agents are rarely used currently. 
Augmentation is the main side effect of long-term dopaminergic treatment of RLS 
and is characterized by an earlier onset of symptoms (≥ 4 hours) or a shorter time 
advance (2–4 hours) along with other required features such as an overall increase 
in severity of symptoms, a faster onset of symptoms at rest, and extension of the 
symptoms to other body parts, notably the upper extremities. A paradoxical response 
to dopaminergic agonists (worsening of symptoms with dosage increase and vice 
versa) constitutes an alternative diagnostic criterion [48, 49]. Mild cases may be 
followed with either a trial of judicious dose increase or dividing the dose and ear-
lier dose administration, while in more severe cases, a complete change in treatment 
is indicated [49]. Ferritin may play a role as a biomarker for patients likely to 
develop augmentation [50], and treatment with oral/intravenous iron should be 
strongly considered in combination with other measures if ferritin levels <50–75 μg/l. 
Side effects of dopaminergic agents include excessive daytime sleepiness, nausea, 
vomiting, hallucinations, and insomnia. Dopaminergic therapy for RLS has also 
been associated with impulse control behaviors such as compulsive gambling and 
shopping. Antiepileptics used in the treatment of RLS include carbamazepine, gab-
apentin, pregabalin, and lamotrigine. Antiepileptics may be considered first-line 
therapy in those with concomitant neuropathy or painful leg symptoms. Gabapentin 
has been reported to be as effective as ropinirole in improving the sensorimotor 
symptoms in idiopathic RLS [51]. Pregabalin also has been demonstrated to improve 
RLS symptoms in double-blinded, placebo-controlled trial [52, 53]. Of the benzo-
diazepines, clonazepam is the best documented for treatment of RLS. Side effects 
of these agents include sleepiness and tolerance. Opioids are used in the treatment 

Table 18.3 Treatment for RLS

Non-pharmacological treatments
   Improved sleep hygiene
   Exercise
   Massage
   Acupuncture
   Sequential compression devices
   Near-infrared light
Pharmacological treatments
   Dopaminergic agents
   Antiepileptics
   Benzodiazepines
   Opioids
   Iron
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of RLS; however at sufficient analgesic doses, they cause a series of minor and 
major adverse effects including sedation, fatigue, and constipation. Short-acting 
agents including hydrocodone, oxycodone, and codeine may be used for intermit-
tent or nightly symptoms. Tramadol has also been used. For more severe symptoms, 
low dose of longer-acting opioids such as oxycodone and methadone is usually very 
effective and safe in appropriate patients.

 Periodic Limb Movement Disorder

Initially termed “nocturnal myoclonus” by the English neurologist Charles P 
Symonds in 1953, the term periodic movements in sleep was suggested by Coleman 
in 1980 [54, 55]. PLMD is characterized by periodic episodes of repetitive, highly 
stereotyped, limb movements that occur during sleep (PLMS) and by clinical sleep 
disturbance that cannot be accounted for by another primary sleep disorder. PLMS 
typically involve the extension of the big toe, often in combination with partial flex-
ion of the ankle, the knee, and sometimes the hip. Similar movements can occur in 
the upper limb. They can occur individually in association with arousals or awaken-
ings from sleep. PLMS may occur unilaterally, alternate between legs, or occur 
simultaneously in both legs. Significant night-to-night variability may be present.

 Demographics

In a study of randomly selected community-dwelling persons 65 years and older, 
the prevalence rate of PLMS was 45% [56]. Considerable clinical evidence suggests 
that although PLMS are common, the diagnosis of PLMD is extremely rare in adults 
and is best thought of as a diagnosis of elimination.

 Diagnosis

The diagnosis of PLMD in adults according to the ICSD-3 requires the following: 
(a) Polysomnography demonstrates repetitive, highly stereotyped, limb movements 
that are 0.5–5 seconds in duration, of amplitude greater than or equal to 25% of toe 
dorsiflexion during calibration, in a sequence of four or more movements, and sepa-
rated by an interval of more than 5 seconds and less than 90 seconds. (b) The PLMS 
index exceeds 5/hour in children and 15/hour in most adult cases. (c) There is clini-
cal sleep disturbance or a complaint of daytime fatigue. (d) The PLMS are not better 
explained by another current sleep disorder, medical or neurological disorder, men-
tal disorder, medication use, or substance use disorder [1] (Table 18.4).
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 Associated Features

Patients often report history of sleep onset or maintenance problems, unrefreshing 
sleep, or excessive daytime hypersomnolence or fatigue. However, the presence of 
insomnia or hypersomnia with PLMS is insufficient to diagnose PLMD, as in most 
cases, the sleep disturbance is better explained by another underlying sleep disorder. 
In that case, PLMS are solely noted as polysomnographic findings. PLMS have been 
associated with a number of sleep disorders including narcolepsy, RBD, and sleep 
apnea as well as with a number of neurologic disorders. PSG is necessary to exclude 
sleep-related breathing disorders as the cause of the PLMS. Bed partner observations 
of leg movements may help in the clinical evaluation of PLMS. PLMD cannot be 
diagnosed if sleep disruption of the bed partner is the only complaint. PLMS should 
also be distinguished from other movements such as change in body position, stretch-
ing, or leg cramps. Movements are reported as an index of the number of leg move-
ments per hour of sleep called the PLM index. PLMS may produce no change in the 
EEG or associated arousal or may be associated with K complexes, K alpha com-
plexes, alpha activity, or other evidence of arousal. In a study of 23 patients with 
PLMs and/or RLS, 60% of PLMS were associated with microarousals, 4% were 
associated with slow-wave activity, and 36% showed no electroencephalographic 
changes. There was a prevalence of leg movements with microarousals in stage N1 
and N2 sleep, while PLMS without microarousals were prevalent in slow- wave 
sleep [57].

PLMS are usually absent during rapid eye movement (REM) sleep. Two types of 
PLMS have been described. Type I has a peak frequency between midnight and 
3 a.m. followed by a decrease in late morning hours and is seen in those with RLS 
and idiopathic PLMS.  In Type II, leg movements are more evenly distributed 
throughout the night and are associated with sleep-related breathing disorders, 
RBD, and narcolepsy.

 Differential Diagnosis

The differential diagnosis includes sleep starts, normal phasic REM activity, and 
fragmentary myoclonus. Sleep starts are limited to the transition from wakefulness 
to sleep and are shorter than PLMS. Normal phasic REM activity is usually associ-
ated with bursts of rapid eye movements and does not have the periodicity of 

Table 18.4 Diagnostic criteria for periodic limb movement disorder (PLMD)

Polysomnography demonstrates repetitive, highly stereotyped, limb movements
The periodic limb movement index exceeds 15/hour in most adult cases
Clinical sleep disturbance or daytime fatigue
Limb movements during sleep are not better explained by another disorder
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PLMS. Fragmentary myoclonus activity is briefer and is primarily an EMG diagno-
sis with little or no visible movement.

 Management

Similar to management of RLS, an investigation to identify secondary causes of 
PLMD is recommended. Consideration should be given to discontinuing medica-
tions that may contribute to PLMD. The decision to treat PLMD should be based on 
signs of EEG arousal, disturbed nocturnal sleep, or associated daytime mental or 
functional impairment. Medication treatment is similar to that of RLS and includes 
dopaminergic agents, anticonvulsants, benzodiazepines, and opioids. Given that 
many patients may not be aware of PLMS, assessment of response to therapy is 
dependent on improvement in sleep quality and daytime symptoms, including 
fatigue. In some instances, PSG performed on treatment is required to assess 
response to therapy.

 Sleep-Related Leg Cramps

Sleep-related leg cramps are painful sensations caused by sudden and intense invol-
untary contractions of muscles or muscle groups, usually in the calf or small mus-
cles of the foot and occurring during the sleep period. The lay term is “Charley 
horse.” These episodes may last up to a few minutes, awaken the patient, and inter-
rupt sleep.

 Diagnosis

The diagnosis of sleep-related leg cramps according to ICSD-3 requires the follow-
ing: (a) A painful sensation in the leg or foot is associated with sudden muscle hard-
ness or tightness indicating a strong muscle contraction. (b) The painful muscle 
contraction in the legs or feet occurs during the sleep period, although they may 
arise from either wakefulness or sleep. (c) The pain is relieved by forceful stretching 
of the affected muscles, releasing the contraction [1] (Table 18.5).

Table 18.5 Diagnostic criteria for sleep-related leg cramps

Painful sensation in the leg or foot associated with strong muscle contraction
Painful muscle contraction occurs during the sleep period
Pain is relieved by forceful stretching of the affected muscles
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 Demographics

Sleep-related leg cramps appear to occur at any age but are more common and fre-
quent in the elderly. In an epidemiologic study in children, an overall incidence of 
7.3% was reported [58]. In a general practice-based study of 233 people older than 
age 60, almost one-third had cramps during the previous 2 months, and this increased 
to one-half in those older than 80. In addition, 40% had cramps more than 3 times a 
week and 6% reported daily cramps [59]. A study of outpatient veterans found that 
56% reported leg cramps [60]. Sleep-related leg cramps may appear or worsen dur-
ing pregnancy and were reported in 75% of women in their third trimester in a study 
of 12 women [61].

 Differential Diagnosis

The differential diagnosis of sleep-related leg cramps includes muscle strain, dysto-
nia, claudication, RLS, PLMS, and nocturnal myoclonus. The pain associated with 
muscle strain is often associated with overuse or injury and does not usually occur 
only at night. The pain associated with claudication is usually relieved by rest. RLS 
involves an urge to move the legs with temporary relief with movement and does not 
require stretching of the muscle. PLMS occur during sleep and are not associated 
with pain or muscle hardening. Muscle cramps may also be a feature of a number of 
other neurologic conditions; however these cramps are not usually restricted to 
nighttime or the legs alone.

 Associated Features

During the cramp the muscles are firm and tender. Tenderness and discomfort in the 
muscle may persist for several hours after the cramping. Delayed sleep onset and 
awakenings from sleep are often present with persistent discomfort delaying return 
to sleep. Patients may need to get out of bed to stand and stretch to alleviate symp-
toms. Sleep-related leg cramps are not sleep-stage specific as they may occur in any 
sleep stage. Although sleep-related leg cramps are idiopathic in most individuals, a 
large number of potential contributing factors have been reported. Medications that 
have been reported to cause leg cramps include diuretics, nifedipine, statins, 
β-agonists, steroids, morphine, cimetidine, penicillamine, and lithium. Medical 
conditions associated with sleep-related leg cramps include uremia, diabetes, thy-
roid disease, hypoparathyroidism, hypomagnesemia, hypocalcemia, hyponatremia, 
and hypokalemia. Additional predisposing factors include vigorous exercise during 
the day, oral contraceptive use, peripheral vascular disease, and dehydration. PSG is 
not routinely recommended for the evaluation of sleep-related leg cramps, but may 
show bursts of increased electromyographic activity over the affected area.
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 Treatment

A careful history to identify and treat any precipitating factors is important in 
patients with sleep-related leg cramps. Patients should be reassured regarding the 
benign nature of the disease. Adjustment of possible contributing medications 
should be considered. Cramps, once present, can be aborted by forcible dorsiflexion 
of the foot with the knee extended. This is often discovered by patients while deal-
ing with cramps acutely at night and may be all that is required when sleep-related 
leg cramps are infrequent. Passive massage or stretching may also help. However, 
research data on the efficacy of stretching exercises are contradictory. A randomized 
controlled trial of 80 adults above 55 years found that stretching of the calves and 
hamstrings before sleep effectively reduced the frequency and severity of leg 
cramps, while a previous trial found this treatment to be ineffective [62]. 
Pharmacological treatment of leg cramps may be necessary when symptoms are 
severe and frequent. A number of treatments have been investigated. Quinine, an 
alkaloid agent, reduces the excitability of the motor end plate to nerve stimulation 
and increases the refractory period of skeletal muscle contraction. It has been used 
with great efficacy to treat leg cramps since 1940 though there were significant 
concerns regarding the risk/benefit ratio with this drug [63, 64]. In 1995, the FDA 
concluded that the risks of quinine outweighed any possible benefit and ordered a 
stop to the marketing of quinine for off-label use for prevention or treatment of 
sleep-related leg cramps. Quinine-induced thrombocytopenia and hypersensitivity 
reactions are among the most serious complications of quinine. Naftidrofuryl oxa-
late, a vasodilator, significantly reduced the frequency of cramps and increased the 
number of cram-free days by a third in a double-blind, placebo-controlled trial in 14 
patients [65]. Orphenadrine citrate, an anticholinergic, reduced the frequency of leg 
cramps by a third in the majority of patients in a double-blind crossover trial [66]. 
Verapamil at 120 mg given at bedtime for 8 weeks resulted in an improvement in 
cramp symptoms in seven out of eight patients during an uncontrolled study [67]. 
Magnesium was effective in treating sleep-related leg cramps in pregnant women in 
several double-blind, randomized, placebo-controlled studies [68–70]; however, no 
significant effect was seen in the study of nonpregnant adults [71–73]. It was sug-
gested that possible underlying pregnancy-induced magnesium deficiency may 
have led to positive results in pregnant patients and measurements of baseline and 
posttreatment serum magnesium in all patients should be conducted to highlight 
that finding. Vitamin E use yielded conflicting results among two randomized 
blinded studies [74, 75]. In the only randomized, double-blind, placebo-controlled 
study evaluating the efficacy of vitamin B complex capsules, 86% of the patients 
had prominent remission of leg cramps at 3  months compared to placebo [76]. 
Several studies have demonstrated the effectiveness of gabapentin in the treatment 
of leg cramps in those with neurologic conditions though its usefulness in idiopathic 
leg cramps remains unclear [77, 78]. The effectiveness of lidocaine injection at the 
gastrocnemius trigger point and botulinum injection into calf muscles for treatment 
of sleep-related leg cramps has also been reported [79, 80]. Finally, continuous 
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positive airway pressure (CPAP) cured leg cramps in patients in a report of four 
patients with comorbid obstructive sleep apnea (OSA) [81]. More research in this 
area is needed.

 Sleep-Related Bruxism

One of the first reports of bruxism was from Black in 1886; however, the term brux-
ism was introduced by Miller in 1938 [82, 83]. Sleep-related bruxism is an oral 
activity characterized by grinding or clenching of the teeth during sleep usually 
associated with sleep arousals. Jaw activity during sleep includes tonic contractions 
and rhythmic masticatory muscle activity (RMMA) that occurs at about 1  Hz. 
Teeth-grinding sounds occur when these contractions are strong during sleep and 
are present in about 20% of episodes [84].

 Demographics

Bruxism has the highest prevalence in childhood which decreases with increasing 
age. One study reported an overall prevalence of 8% with a frequency of 13% in 
those 18–29 years of age and only 3% in older individuals [85]. No gender differ-
ences have been found [86]. A familial pattern is seen in approximately 20–35% of 
patients [87]. Moderate to severe tooth wear and jaw discomfort is seen in about 
5–10% of the population [84].

 Diagnosis

The diagnosis of sleep-related bruxism according to the ICSD-3 requires the fol-
lowing: (a) The patient reports or is aware of tooth-grinding sounds or tooth clench-
ing during sleep. (b) One or more of the following are present: abnormal wear of the 
teeth, transient morning jaw muscle discomfort, fatigue or pain, and/or jaw locking 
[1] (Table 18.6). Although PSG is not required for diagnosis, bruxism is ideally 
recorded via the masseter EMG showing characteristic RMMA either a phasic pat-
tern of activity at 1 Hz frequency lasting 0.25–2 s, sustained tonic activity lasting 
longer than 2 s, or a mixed pattern. Simultaneous audiovisual recording increases 
diagnostic reliability distinguishing between RMMA episodes and orofacial and 
other muscular activities that occur during sleep (swallowing, sleep talking, etc.). 
The RMMA episodes are associated with sleep arousal and are preceded by signs of 
increased autonomic activity (such as increased heart rate). PSG will also assess 
comorbid sleep disorders that may worsen bruxism such as OSA or RBD [88].

18 Movement Disorders



412

 Differential Diagnosis

Sleep-related bruxism must be distinguished from other nocturnal faciomandibular 
activities including idiopathic myoclonus, RBD, parasomnias such as night terrors 
and confusional arousals, and dyskinetic jaw movements persisting in sleep. Very 
rarely, nocturnal partial or complex seizures may present as isolated bruxism.

 Associated Features

Sleep-related bruxism can lead to abnormal wear of the teeth, tooth pain, jaw mus-
cle pain, or temporal headache. Fractured teeth and buccal lacerations and temporo-
mandibular joint pain can also occur as a consequence. Sleep disruption is also 
prevalent. Over time, hypertrophy of the masseter and other facial muscles can 
develop. Sleep bruxism has been attributed to several etiologies though the theory 
that malocclusion was the cause has fallen out of favor. Presumed mechanisms 
include sleep arousal, autonomic sympathetic cardiac activation, genetic predisposi-
tion, psychological components, and comorbidities such as sleep-disordered breath-
ing and acid reflux. Medications such as selective serotonin reuptake inhibitors 
(SSRI) and amphetamines have been associated with bruxism. Bruxism is fre-
quently associated with Down’s syndrome, autism, and ADHD [89, 90]. Although 
bruxism can occur during any sleep stage, including REM sleep, it is most often 
seen during arousals from stage N1 and N2 sleep.

 Management

Therapies for sleep-related bruxism can be divided into orthodontic, behavioral, and 
pharmacologic. Non-pharmacological treatments include occlusal bite splints that 
are extensively used in clinical practice to provide protection against tooth damage, 
although there is a lack of evidence to support their role in halting bruxism [88]. 
Furthermore, side effects of such treatment include changes in dental occlusion, 
dental hypersensitiveness, and worsening of orofacial pain and SDB by reducing the 
intraoral cavity space [91]. Patients should be followed by a dentist who can 

Table 18.6 Diagnostic criteria for sleep-related bruxism

Tooth-grinding sounds or tooth clenching during sleep
One or more of the following are present: abnormal wear of the teeth, jaw muscle discomfort, 
fatigue or pain, and jaw lock upon awakening
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monitor dental wear. Excessively worn teeth may need to be crowned. OSA is a risk 
factor for sleep-related bruxism, and successful treatment of sleep-disordered 
breathing may eliminate bruxism during sleep [92]. Psychological counseling may 
be helpful in stress-related cases of bruxism. Albeit, there is little evidence to sup-
port the use of antidepressants to treat bruxism. Amitriptyline (a tricyclic antide-
pressant) was found to be ineffective, and SSRI worsened bruxism in some reports 
[93, 94]. Benzodiazepines and muscle relaxants may be necessary in more severe 
cases though they may contribute to daytime sleepiness. Randomized, controlled, 
and double-blinded studies investigating the pharmacologic therapies for sleep- 
related bruxism are lacking. Other medications that have been reported to be used 
for bruxism include propranolol, l-dopa, pergolide, bromocriptine, clonidine, and 
gabapentin [95–99]. A recent systematic review of four randomized controlled trials 
assessing the effect of botulinum toxin in the treatment of bruxism concluded that 
botulinum toxin injection in the masseter muscles resulted in a significant reduction 
of the frequency and severity of bruxism episodes, as well as pain intensity and 
improved patients’ quality of life. In addition, doses <100 IU are safe and effective 
treatment with a low risk of adverse side effects. Therefore the authors recom-
mended botulinum toxin in patients with severe bruxism who did not respond to 
conventional therapy [100].

 Sleep-Related Rhythmic Movement Disorder

Described in 1905 by Zappert as “jactatio capitis nocturna” and independently by 
Cruchet as “rhythmie du sommeil,” the term “rhythmic movement disorder” was 
adopted by the ICSD in 1990. RMD is characterized by repetitive, stereotyped, and 
rhythmic motor behaviors that occur predominantly during drowsiness or sleep and 
involve large muscle groups. Initially classified as a sleep-wake transition disorder, 
the revised ICSD reclassified RMD under the heading of sleep-related movement 
disorders. Sleep-related rhythmic movements are normal in children, and a disorder 
should be diagnosed when significant consequences are present. RMD is typically 
seen in infants and children. Body rocking, head banging, and head rolling are sub-
types of RMD. Combined types may also be observed.

 Demographics

RMD is most commonly observed in children. The incidence of RMD is 66% in 
9-month-old infants and decreases to 8% in 4-year-olds [101]. In one study, head 
banging persisted beyond the age of 4 in 30% of patients but usually ended by age 10 
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[102]. Though most common in children, RMD has also been reported in adolescents 
and adults. When observed in older children and adults, there have been conflicting 
reports regarding persistent RMD and its association with neurodevelopmental and 
psychiatric disorders as cases in adults of normal intelligence have been reported 
[103–105]. Therefore, there is insufficient evidence to fully understand the true natu-
ral history of the condition. No sex differences have been found in patients with RMD.

 Diagnosis

RMD can be recognized by its characteristic clinical features. However, in some 
instances PSG may be useful. The diagnosis of RMD according to the ICSD-3 
requires the following: (a) The patient exhibits repetitive, stereotyped, and rhythmic 
motor behaviors involving large muscle groups. (b) The movements are predomi-
nantly sleep related, occurring near nap or bedtime or when the individual appears 
drowsy or asleep. (c) The behaviors result in a significant complaint as manifest by 
at least one of the following: interference with normal sleep, significant impairment 
in daytime function, or self-inflicted bodily injury or likelihood of injury if preven-
tive measures are not used. (d) The rhythmic movements are not better explained by 
another movement disorder or epilepsy [1] (Table 18.7).

 Associated Features

While PSG have shown rhythmic movements to occur most often in stage N1 and 
N2 sleep, there have been reports of RMD in REM (24%) [104, 106, 107]. In the 
case of RMD occurring in REM sleep, concurrent RBD has not been reported 
[104, 107, 108]. Exclusively REM-RMD occurs more frequently in adults. The 
most common subtypes of RMD are body rocking (19.1%), head banging (5.1%), 
and head rolling (6.3%). Body rolling, head rolling, and leg banging subtypes have 
also been described. As noted previously patients may also have combinations of 
the noted subtypes. Sleep is not fragmented by RMD and sleep stages do not 

Table 18.7 Diagnostic criteria for sleep-related rhythmic movement disorder (RMD)

Repetitive, stereotyped, and rhythmic motor behaviors
Involving large muscle groups
Movements are predominantly sleep related or occur near nap or bedtime
A significant complaint such as interference with sleep, significant impairment in daytime 
function, or self-inflicted bodily injury is present
Rhythmic movements are not better explained by another disorder
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usually change as a result of movement. RMD does not usually interrupt sleep and 
patients have minimal recall. A review of ten subjects with RMD persisting beyond 
5 years of age found a strong association with ADHD [104]. Several studies have 
reported RMD in adults with OSA with RMD initiated by arousals at the termina-
tion of the apneas. Improvement in RMD was noted with treatment of OSA with 
CPAP [109–111]. PSG is useful to uncover RMD aggravated by another sleep 
disorder, such as OSA, RBD, and RLS.  On PSG the frequency of movements 
ranges from 0.5 to 2 Hz.

 Differential Diagnosis

The clinical history of RMD is usually clear though the differential diagnosis of 
RMD includes RLS and sleep-related epilepsy. In contrast to RLS, the movements 
of RMD are continuous for short periods of time rather than periodic jerking. 
Electroencephalographic studies are normal between RMD episodes in most indi-
viduals. Polysomnographic findings of RMD may be confused with bruxism, thumb 
sucking, and rhythmic sucking of the lips or a pacifier. RMD should also be distin-
guished from akathisia which is not sleep related and involves a feeling of general-
ized restlessness.

 Treatment

For the majority of RMD patients, no treatment other than reassurance is required. 
Parents should be advised that neurologic damage is unlikely and that the child will 
outgrow the problem. RMD has rarely been associated with head injury, carotid 
artery dissection, and ocular injury [112–114]. In cases where there is concern 
regarding serious injury, treatment is warranted. There is a lack of systematic stud-
ies assessing the risk of injury or daytime consequences of RMD and clinical trials 
evaluating its treatment. Contemporary management of RMD is guided by clinical 
experience and reports of case studies. Hypnosis was reported as an effective treat-
ment in a 26-year-old woman with body rocking since infancy [115]. Other treat-
ments that have been used include behavioral interventions [116]. Almost complete 
resolution of rhythmic movements was noted in six children with 3 weeks of con-
trolled sleep restriction with hypnotic administration in the first week [117]. 
Tricyclic antidepressants have also been used to treat RMD. One study documented 
failure of doxepin, amitriptyline, and imipramine, while another reported success 
with imipramine [118, 119] . In one report citalopram at a dose of 20  mg was 
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effective in eliminating head banging in a 5-year-old with ADHD [120]. Several 
studies have demonstrated the utility of low-dose clonazepam. Clonazepam at a 
starting dose of 0.5 mg was not sufficient to decrease the intensity or frequency of 
events, but 1 mg was found to be effective [121, 122]. The use of the dopamine 
antagonists haloperidol and pimozide decreased the intensity and duration of head 
punching in a 17-year-old boy [123].

 Propriospinal Myoclonus at Sleep Onset

Propriospinal myoclonus at sleep onset (PSM) was first described in 1997  in 
three patients with jerks occurring only during relaxed wakefulness preceding 
sleep and at the sleep-wake transition (N1 sleep) and quickly disappears when 
N2 sets in [124–126]. Few reports showed persistence of jerks during sleep 
[127, 128]. Myoclonus is termed “propriospinal” when it doesn’t remain 
restricted to its segmental origin and it propagates along the spinal cord with a 
slow conduction velocity. PSM usually originates from the thoracoabdominal 
myelomere and less often from cervical ones. It provokes spontaneous and 
repetitive flexion of the trunk and neck. Less frequently an extension pattern has 
been reported.

Finally, a striking shift came with the first description of a case of functional 
(psychogenic) PSM and with the paper by Kang and Shon reporting that the typical 
pattern of PSM may be mimicked voluntary by healthy volunteers [129, 130]. 
Afterward, a number of cohorts with functional PSM have been described and so 
far, and more than 50% of all the reported cases of PSM appear to be functional 
[131]. Hence, our current knowledge of PSM presents heterogeneous features that 
are difficult to disentangle.

 Diagnosis

PSM was previously classified among the “isolated symptoms, apparently normal 
variants and unresolved issues.” ICSD-3 reclassified PSM at sleep onset among the 
“sleep-related movement disorders” since it is very rarely associated with spinal 
injury or disease and most patients with this disorder have a normal spinal MRI. Its 
diagnosis compromises a combination of all the following criteria: (a) A complaint 
of sudden jerks, mainly of the abdomen, trunk, and neck. (b) The jerks appear dur-
ing relaxed wakefulness and during sleep-wake transition. (c) The jerks disappear 
upon mental activation and with onset of stable sleep. (d) The jerks are so bother-
some, and they preclude sleep onset. (e) The disorder is not better explained by 
another sleep, mental, medical, or neurological disorder, as well as by a medication 
or substance use disorder [1] (Table 18.8).
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 Demographics

Epidemiologic data are lacking. PSM appears to be typical of middle-aged subjects 
and extremely rare in children [131]. PSM is considered position dependent, with 
worsening in the supine position in >50% of the cases. In at least one-third of the 
cases, the movements are stimulus-sensitive.

 Associated Features

PSM appears to be idiopathic in around 80% of cases. Etiology is postulated to 
involve a functional abnormality of the spinal generator with afferent stimuli from 
the distal part of the spinal cord triggering hyperexcitability of the myoclonic vol-
leys [131]. The remainder consists of “symptomatic forms” that include a wide 
range of organic lesions of the spine or other central nervous system levels and 
medical conditions such as herpes zoster, Lyme disease, hepatitis C, myasthenia 
gravis, breast cancer, and Escherichia coli infection. Isolated reports associated the 
development of PSM with use of certain drugs such as interferon-alpha, intrathecal 
bupivacaine, ciprofloxacin, and cannabis; however, causality remains to be proven 
[132–136]. Sleep-onset insomnia is a common and peculiar feature of PSM. The 
movements disappear once stable sleep is reached but may reappear during arous-
als or awakenings with similar features. Patients may develop a fear of falling 
asleep, anxiety, and depression. PSM has also been described in association with 
RLS [137]. Remarkably, in those patients PSM coexisted with prominent PLM 
during relaxed wakefulness and significant restlessness and leg discomfort, typi-
cal of RLS.

 Differential Diagnosis

The sleep-wake transition stage appears to act as a pacemaker for many sleep- related 
movement disorders besides PSM, such as hypnic jerks and restless legs syndrome 
(RLS). Hypnic jerks similarity to PSM might be the caudal propagation from facial 
and cervical muscles but is easily differentiated given the absence of periodicity and 
slow propagation velocity. Hypnic jerks do not typically cause sleep-onset insomnia, a 

Table 18.8 Diagnostic criteria for propriospinal myoclonus at sleep onset

Sudden jerks, mainly of the abdomen, trunk, and neck
The jerks appear during relaxed wakefulness and during sleep-wake transition
The jerks disappear upon mental activation and with onset of stable sleep
The jerks are so bothersome, and they preclude sleep onset
The disorder is not better explained by another sleep, mental, medical, or neurological disorder, 
as well as by a medication or substance use disorder
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hallmark feature of PSM. PLMS generally spare the trunk and abdomen and are longer 
in duration. RLS is differentiated from PSM given associated prominent leg discom-
fort. Functional (psychogenic) PSM mimics a typical PSM presentation in healthy 
adults; however the muscle recruitment pattern and the spread velocity differ [130]. 
Associated psychological disturbances as well as intraindividual variability over time 
are also common features on functional PSM. Differentiating PSM and tic disorders 
should also be taken into account. The “tic-like” myoclonus with jerks, involving the 
trunk and arms, if present, lacks the positional triggering (supine position) and is not 
usually limited to the trunk. Finally, epileptic myoclonus is not confined to relaxed 
wakefulness, and electroencephalography may show epileptic discharges.

 Treatment

There are no current guidelines for idiopathic PSM treatment. Treatment of under-
lying condition is mainstay of symptomatic PSM management, even if this doesn’t 
lead to a complete PSM resolution in most cases [131]. For example, almost com-
plete resolution of PSM anterior cervical discectomy with fusion significantly 
improved PSM in a patient with cord compression in the absence of myelopathy 
[138]. Clonazepam at doses 0.5–2 mg given at bedtime to 65 patients was an effec-
tive treatment in 52% of patients [139]. Anecdotal use of other medical treatments 
that were sporadically effective in some cases include valproate, SSRI, zonisamide, 
and intrathecal infusion of baclofen [131, 140–142]. A case study of a 62-year-old 
male patient with comorbid PSM at sleep onset and OSA reported that CPAP 
decreased the frequency of the events [143].

 Sleep-Related Movement Disorder Due to a Medical Disorder

The ICSD-3 intends this diagnosis for sleep-related movement disorders due to an 
underlying medical or neurological condition that does not meet criteria for another 
specific movement disorder. Often, this is a transient diagnosis until the underlying 
medical or neurological condition is fully diagnosed, and therefore the latter will 
take precedence in terms of the final diagnosis.

 Diagnosis

According to ICSD-3, all the three following criteria must be met for diagnosis: (a) 
The patient manifests sleep-related movements that disturb sleep or its onset. (b) 
The movement disorder occurs as a consequence of a significant underlying medical 
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or neurological condition. (c) The symptoms are not better explained by another 
sleep-related movement disorder, other sleep or mental disorder, or substance use 
[1] (Table 18.9).

 Sleep-Related Movement Disorder Due to a Medication 
or Substance

The ICSD-3 intends this diagnosis for sleep-related movement disorder due to a 
medication or substance that does not meet criteria for another specific movement 
disorder. Since movement abnormalities during sleep or wake is a common and 
often anticipated complication of multiple medications or substances, the clinician 
must not resort to this diagnosis unless the sleep-related aspects of the abnormal 
movements are the focus of independent clinical attention.

 Diagnosis

According to ICSD-3, all the three following criteria must be met for diagnosis: (a) 
The patient manifests sleep-related movements that disturb sleep or its onset. (b) 
The movement disorder occurs as a consequence of a current medication or sub-
stance use or withdrawal from a wake-promoting medication or substance. (c) The 
symptoms are not better explained by another sleep-related movement disorder 
and other untreated sleep, medical, neurological, or mental disorder [1] 
(Table 18.10).

Table 18.9 Diagnostic criteria for sleep-related movement disorder due to a medical disorder

The patient manifests sleep-related movements that disturb sleep or its onset
The movement disorder occurs as a consequence of a significant underlying medical or 
neurological condition
The symptoms are not better explained by another sleep-related movement disorder, other sleep 
or mental disorder, or substance use

Table 18.10 Diagnostic criteria for sleep-related movement disorder due to a medication or 
substance

The patient manifests sleep-related movements that disturb sleep or its onset
The movement disorder occurs as a consequence of a current medication or substance use or 
withdrawal from a wake-promoting medication or substance
The symptoms are not better explained by another sleep-related movement disorder and other 
untreated sleep, medical, neurological, or mental disorder
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 Conclusion

Sleep-related movement disorders include a varied group of diseases which are 
quite prevalent and can cause significant sleep disturbance and impairment in day-
time functioning and compromise quality of life. These disorders are frequently 
encountered yet may be confused or misdiagnosed by healthcare professionals. 
Increasing awareness of these conditions is necessary to allow for prompt identifica-
tion and management as this can significantly improve quality of life.

Summary of Keypoints
• Restless legs syndrome (RLS) is a common sensorimotor disorder charac-

terized by a distressing urge to move the legs and sometimes other parts of 
the body such as the arms. RLS affects approximately 10% of US adults. 
Difficulty falling asleep may frequently be associated with moderate to 
severe RLS.

• The diagnosis of RLS is based on clinical criteria and does not require a 
polysomnogram unless an additional sleep disorder is suspected.

• The majority of cases of primary RLS are hereditary (autosomal domi-
nant). Causes of secondary RLS include iron deficiency, peripheral neu-
ropathy, uremia associated with renal failure, and pregnancy. Common 
medications which can precipitate RLS include tricyclic antidepressants, 
SSRI, lithium, antihistamines, and dopamine antagonists. RLS affects 
approximately 10% of US adults.

• RLS diagnostic criteria:

 1. Uncomfortable sensation in the legs associated with an urge to move.
 2. Symptoms are worse at rest.
 3. Symptoms are temporarily relieved by movement.
 4. Symptoms are worse or only occur at night.

• Medications that can worsen RLS should be discontinued, and secondary 
causes should be evaluated and treated.

• Management strategy consists of discontinuation of medications that can 
worsen RLS, treatment of secondary causes of RLS such as iron deficiency, 
conservative treatment, and pharmacologic treatment. Four classes of med-
ications have been used for the treatment of RLS, including dopaminergic 
agents, anticonvulsants, benzodiazepines, and opioids.

• Periodic limb movement disorder (PLMD) is a sleep disorder character-
ized by rhythmic movements of the limbs during sleep, involving the legs, 
but upper extremity movements may also occur. Movements tend to cluster 
in episodes that last anywhere from a few minutes to several hours.

• The causes of PLMD are unknown. However, people with a variety of 
medical problems, including Parkinson’s disease and narcolepsy, may 
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The importance of sleep to overall wellness and physiological homeostasis has 
been increasingly appreciated. For critically ill patients in the intensive care unit 
(ICU) setting, physiological disruptions are common, highlighting sleep as an 
important factor in this vulnerable population. In this chapter, we review existing 
literature on sleep in the ICU and provide ideas for future research. After providing 
an overview of sleep in healthy and critically ill patients, we review tools to mea-
sure sleep and causes of sleep disruption in the ICU. We also highlight the impact 
of sleep disruption on two systems that are essential to recovery: the immune sys-
tem and brain.
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 Sleep Patterns in the ICU

 Sleep in Healthy Adults

An understanding of sleep in healthy adults (summarized in greater detail in other 
chapters of this book) is necessary to appreciate the sleep experienced by criti-
cally ill patients. In healthy adults, sleep architecture—as measured using poly-
somnography (PSG)—is divided into non-rapid eye movement (NREM) sleep, 
comprised of N1 (2–5% of total sleep time), N2 (45–55%), and N3 (3–15%), and 
REM (20–25%). Sleep onset usually occurs within 10–20 minutes, and the first 
REM period usually begins 90–120  minutes into sleep. In healthy adults, total 
consolidated nightly sleep time is usually 7–9 hours. Arousals occur roughly ten 
times per hour (even in normal individuals), although higher figures have been 
reported [1–3].

The drive to sleep is primarily governed by two factors: homeostatic and cir-
cadian. The homeostatic drive refers to the impact of antecedent sleep depriva-
tion on the urge to sleep, i.e., the longer an individual is awake, the more tired 
they get and more pressure to sleep. The circadian drive is based on an endoge-
nous body clock, which increases or decreases the propensity to sleep during the 
24-hour day.

The importance of circadian rhythms has been well established in health and 
in disease, as the circadian system—consisting of a central oscillator and periph-
eral “clocks”—can affect cells in nearly every vital organ system [4]. The clinical 
relevance of the circadian system is represented by the disproportionate number 
of myocardial infarctions and ischemic strokes that occur in the morning and 
asthma flares that occur at night [5–7]. Sleep-wake coordination, rest-activity 
maintenance, light-dark exposure, feeding timing, and social interactions follow 
a circadian pattern and are modifiable factors for circadian rhythm align-
ment [8, 9].

 Sleep in Critically Ill Patients

In contrast to healthy adults, sleep in critically ill patients is characterized by low 
total sleep time (~5 hr) and interruption of the normal diurnal pattern, with approxi-
mately 50% of sleep occurring during daytime hours [10–14]. Critically ill patients 
undergoing polysomnography (PSG) have been shown to experience mostly N1 and 
N2 sleep, with notably reduced or absent slow-wave sleep (N3) and REM (Fig. 19.1) 
[10–14]. Sleep in the ICU is also severely fragmented, with frequent interruptions 
and arousals resulting in discrete and frequent sleep episodes [10–14]. This sleep 
fragmentation was highlighted in a landmark study demonstrating that critically ill 
patients undergoing PSG experienced 41 ± 28 sleep episodes each day, with each 
episode averaging 15 ± 9 minutes [15].
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 Sleep Measurement in the ICU

Large-scale, accurate measurement of sleep in the ICU setting is challenging and 
represents a key barrier to efforts aimed at building knowledge in this area. 
Nevertheless, sleep measurement in the ICU is a topic of great interest motivating 
many prior and ongoing investigations.

 Polysomnography

In the ICU setting, PSG is cumbersome and expensive; furthermore, it is not feasi-
ble to perform for longer than 24 hours [13]. Additionally, interpretation of the PSG 
differs substantially when comparing prototypical critically ill patients with com-
munity-dwelling adults [16]. For example, while N2 sleep is characterized by sleep 
spindles, benzodiazepines—sedative medications commonly used in the ICU—can 
produce spindles on EEG that are qualitatively similar but functionally different 
than those occurring during natural sleep. Thus, the N2 designation in the ICU can 
be problematic due to its inability to discriminate between natural and benzodiaze-
pine-induced N2. Similarly, N3 (slow-wave) sleep is characterized by delta activity, 
a brain wave pattern also resembling that seen in ICU patients experiencing enceph-
alopathy, i.e., diffuse slowing [14, 17, 18]. Finally, submentalis electromyography 

Fig. 19.1 Sleep patterns in critically ill patients, as recorded using polysomnography, as com-
pared to a healthy adult. Gray areas represent sleep and white areas represent wakefulness; notable 
in critically ill patients is the lack of consolidated sleep, N3 and REM. ICU intensive care unit, 
REM rapid eye movement. (From Knauert, with permission [14])
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(EMG), which is commonly used for sleep staging (e.g., REM vs. NREM), can be 
affected in the ICU setting by paralytics or comorbidities.

While ICU-based efforts to define new criteria for sleep staging of PSG record-
ings are ongoing, no major consensus has been reached [16]. As a result, efforts to 
evaluate the effectiveness of sleep interventions remain hampered by difficulties in 
assessing sleep, e.g., scoring sleep according to conventional methods.

 Actigraphy

Actigraphy involves accelerometry, often via a wristwatch-like device, to evaluate 
cycles of rest and activity. A decades-old technology, actigraphy has received recent 
attention for large-scale use in the ICU since it is inexpensive and well tolerated and 
can wirelessly capture continuous rest-activity data across daytime and nighttime 
periods [19–21]. Moreover, as demonstrated in nursing home and ICU survivor 
populations, actigraphic rest-activity data can be used to approximate circadian 
rhythm alignment [22, 23]. Despite these strengths, actigraphy is challenging in the 
ICU as critically ill patients are mostly inactive, resulting in overestimation of sleep 
using traditional scoring algorithms [19, 20, 24]. Moreover, actigraphy-based activ-
ity monitoring can be confounded by common ICU factors such as sedating medica-
tions, delirium, and staff interventions such as turning and bathing. Nevertheless, 
actigraphy is a promising method for capturing rest-activity rhythms in critically ill 
patients, especially if ICU-specific scoring algorithms are developed.

 Subjective Measures

Subjective measurement of sleep is a practical, low-cost option for evaluating sleep 
at a large scale in the ICU. Currently, the Richards-Campbell Sleep Questionnaire 
(RCSQ), which involves a 5-item visual analogue scale (VAS), and the Verran/
Snyder-Halpern Sleep Scale [25, 26]—which involves a 14-item VAS—represent 
the most commonly used sleep questionnaires in the ICU [27–32]. The RCSQ is the 
only instrument validated against PSG [26, 33]. While easy to collect and inexpen-
sive to use in the ICU setting, subjective instruments have inherent limitations, 
including recall bias and fatigue across repeated assessments. Notably, ICU staff 
may complete subjective instruments for patients with altered cognition and/or con-
sciousness [28, 34, 35]; however these ratings tend to be overestimated [36]. 
Whether by observation or validated instruments, subjective sleep measurement in 
the ICU must be performed with caution.
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 Causes of Sleep Disruption in the ICU

The nature of the ICU environment could be described as a “constant routine” in 
which noise, light, and biological stress occur 24/7. As such, critically ill patients 
are felt to experience substantial circadian rhythm disruption, but data are sparse to 
support the presence of circadian misalignment or the therapeutic benefits of circa-
dian rhythm entrainment in the ICU [4, 8, 9, 37, 38]. Several factors can contribute 
to disrupted sleep in critically ill patients, many of which are modifiable (Fig. 19.2). 
In theory, modulation of ambient light and noise, timing of food and medication 
administration (e.g., melatonin, ramelteon), as well as adjusting mechanical ventila-
tion could influence sleep-wake rhythms highlighting these factors as potential tar-
gets for ICU-based interventions aimed at improving clinical outcomes [18, 39].

 Noise

Noise, defined as an unpleasant, unwanted, and/or disruptive sound, is common in 
the ICU setting [40, 41]. Noises produced by people (e.g., staff, visitors), machines 
(e.g., ventilator alarms, IV pumps), or objects (e.g., doors, squeaky shoes) can 

Environmental factors
�Ambient sound
�Changes in sound level (e.g.
 beeping monitor)
�Unnatural timing and/or quality
 of light
�Temperature
�Unfamiliarity

Patient factors
�Sleep disorders and disordered
 breathing
�Medications and illicit substances
�Pre-existing conditions and genetics
�Increased age
�Critical illness
�Pain

Care-related factors
�Frequent examinations
�Ventilator dyssynchrony
�Continuous sedation
 (especially benzodiazepine
 administration)
�Medication administration
�Patient hygiene
�Other interactions (e.g. lab
 draws)

Sleep disruption in
the ICU

Neurocognitive
outcomes

Increased mortality and morbidity

Short-term
�Agitation
�Delirium

Long-term
�Cognitive Dysfunction
�PTSD, depression, anxiety
�Disordered Sleep

Fig. 19.2 Causes and consequences of sleep disruption in the ICU
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disrupt sleep [42, 43]. In the ICU, noise levels range from 55 to 65 dB [15, 44–46] 
but often exceed 80 dB, a level sufficient for sleep arousal [47]. In comparison, the 
Environmental Protection Agency recommends hospital noise levels average less 
than 35–45 dB during the day and 30–35 dB at night [48]. Some data suggest that 
absolute noise levels are less critical than sound-level changes [49]. Abrupt changes 
in noise level—for example, an IV pump alarming in an otherwise quiet room—are 
common in the ICU and may disrupt sleep more than constant background sounds. 
Additionally, recent studies have shown that the majority of noise in the ICU origi-
nates from sources near the ears of the patient and is often due to staff conversations 
and nonessential alarms [42, 43]. As patients and survivors consistently report noise 
as a disruptive factor needing improvement [18, 50], efforts are needed to identify 
and minimize noise in the ICU.

 Light

Despite suboptimal day-night light exposure in the ICU setting, critically ill patients 
generally report light to be less disruptive than other factors such as noise and care- 
based interactions [28, 51]. Nevertheless, mistimed, excessive, or inadequate envi-
ronmental light exposure can affect sleep-wake rhythms. As described above and in 
other chapters, sleep-wake rhythms follow a circadian pattern, with the suprachias-
matic nucleus (SCN) acting as a central 24-hour pacemaker. Light represents the 
strongest zeitgeber (environmental cues that entrain the central clock) for sleep- 
wake rhythms by regulating melatonin secretion from the SCN. Typically, retinal 
receptors receive early morning light, which signal the SCN to suppress melatonin 
secretion from the pineal gland. Melatonin levels accumulate in the early evening to 
promote sleep.

When compared to indoor light (~1000 lux), subjects exposed to natural light 
(>4000 lux) over longer durations have been shown to exhibit improved melatonin 
and sleep-wake rhythms [52]. Unfortunately, in the ICU setting, light levels range 
from 30 to 165 lux during the day, below the level needed to inhibit melatonin, and 
can rise as high as 1445 lux at night, above the level needed to suppress melatonin 
release [49, 53–57]. Light levels during bedside procedures have been shown to 
reach 10,000 lux [56]. Interestingly, independent of light exposure, impaired mela-
tonin secretion has been observed in patients with sepsis [58] and delirium [59, 60], 
highlighting bright light exposure as a potentially important intervention in criti-
cally ill patients [56]. Additionally, melatonin and melatonin-receptor agonists are 
receiving attention as part of ICU-based sleep-wake improvement efforts [61–66].

 Care-Related Interactions

While vigilant monitoring is required in the ICU setting, in some circumstances 
excessive or poorly timed staff interactions can be deleterious. For example, hourly 
assessments may capture signs of deterioration early in an ICU course, but may 
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disrupt sleep once a patient achieves clinical stability. When surveyed, ICU patients 
report blood draws, vital signs, and nurse visits among the most disruptive factors, 
along with radiographs, baths, wound care, and suctioning and non-care-related 
interactions from family and visitors.

When quantified, ICU patients can experience up to 8 care-related interactions 
per hour while sleeping [67] and 50 across the night shift [68, 69]. When evaluated 
against PSG in one study, one out of every five interactions resulted in a sleep 
arousal or awakening [12]. Hence, efforts to improve sleep should involve individu-
alization of bedside interactions, consideration of nondisruptive technologies (e.g., 
devices with outside-of-the-room alarms and controls), and bundling of care [70, 
71]. Vital to such efforts is multidisciplinary and staff engagement to develop inter-
ventions to minimize interactions and to evaluate their feasibility [72].

 Medications

Via mechanisms including sympathetic activation, deliriogenicity, and drug-drug 
interactions, nearly every medication administered in the ICU can disrupt patient 
sleep (Table 19.1). Notably, chronotherapy—treatments provided in the context of 
the body clock—is gaining interest, as data suggest that the timing of treatment may 
impact the safety and efficacy of various treatments [73]. For example, inhaled ste-
roid use at 3 pm has been shown to have similar efficacy to more frequent dosing 
[74]. Additionally, chemotherapy may be safer and more effective when adminis-
tered at specific times [75]. Understanding and optimizing the timing of medica-
tions in critically ill patients represents a compelling area of research, along with 
other common ICU practices such as enteral feeding and mechanical ventilation.

 Mechanical Ventilation

While mechanical ventilation (MV) is a cornerstone of critical care, inappropriate 
patient-ventilator interactions can result in profound sleep disruption. In general, 
patients receiving mechanical ventilation report worse sleep quality compared to 
those not receiving MV, for various reasons including patient-ventilator dyssyn-
chrony, endotracheal tube discomfort, alarms, and ventilator-related care interac-
tions (i.e., suctioning) [51, 76, 77]. Additionally, small studies in patients receiving 
MV suggest that spontaneous modes such as pressure support (PSV) may inhibit 
sleep by inducing central apneas from intermittent bursts of excessive support [78]. 
Controlled modes of ventilation, such as volume control (VC), pressure control 
(PC), and proportional assist ventilation (PAV), may be better for sleep, in particular 
PAV via matching of driving pressure with patient effort [79]. However, one study 
involving clinician-adjusted PSV [80] and another involving addition of dead space 
to the ventilator circuit in patients receiving PSV [81] demonstrated improvement in 
central apneas and associated sleep disruption as compared to PSV alone, suggest-
ing that individualized instead of “one size fits all” approaches are vital for 
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optimizing sleep quality. Other strategies to improve sleep quality could include 
adjusting positive end-expiratory pressure (PEEP) to lessen respiratory effort for 
patients with auto-PEEP, increasing the inspiratory flow rate in the setting of air 

Table 19.1 Commonly used ICU medications and their effect on sleep

Medication class Mechanism of action Effect on sleep

Sedative

Benzodiazepines GABA receptor agonist ↓W, ↑TST, ↓N3, ↓REM, 
↓SL

Dexmedetomidine α2-Agonist ↑N3, ↓SL, ↓REM, ↑N2 
with spindles, ↑SE

Propofol GABA receptor agonist ↑TST, ↓SL, ↓W, ↓REM
Nonbenzodiazepine hypnotics GABA receptor agonist ↓N2, ↑TST, ↓N3, ↑↓REM, 

↓SL, ↓W
Analgesic

Opioids μ-Receptor agonist ↓TST, ↓N3, ↓REM, ↑W
Antipsychotic

Haloperidol Dopamine-receptor antagonist ↑TST, ↑N3, ↑SE, ↓SL, ↓W
Olanzapine 5HT2-, D2-receptor antagonist ↑TST, ↑N3, ↑SE, ↓SL, ↓W
Trazodone SSRI, 5HT1a/1c/2-receptor 

antagonist, H1-receptor antagonist
↑N3, ↑↓REM,? ↑SE, ↓SL

Antihistamine

Diphenhydramine H1-receptor antagonist ?↑N3, ↓REM,? ↑SE, ↓SL
Melatonin and melatonin- 
receptor agonist

Ramelteon Melatonin 1 and 2 receptor agonist ↑TST, ↓SL, ↑SE
Immunosuppressant

Corticosteroids Decreased melatonin secretion ↑W, ↓N3, ↓REM, 
insomnia

Tacrolimus Calcineurin inhibitor Insomnia
Cyclosporine Inhibits production and release of 

IL-2
Insomnia

Cardiovascular

Norepinephrine/epinephrine α- and β-receptor agonist ↓N3, ↓REM, insomnia
Dopamine D2-, β1-, α1-receptor agonist ↓N3, ↓REM, insomnia
Phenylephrine α1-Receptor agonist ↓N3, ↓REM
β-Blockers CNS β-receptor antagonist ↑W, ↓REM, nightmares, 

insomnia
Amiodarone Various pathways Nightmares
Clonidine α2-Agonist ↓REM
Antimicrobial

Fluoroquinolones GABA type A receptor inhibition Insomnia

Abbreviations: ICU intensive care unit, GABA gamma-aminobutyric acid, W wake, TST total sleep 
time, N2 deeper sleep, N3 restorative/slow-wave sleep, REM rapid eye movement sleep, SL sleep 
latency, SE sleep efficiency, SSRI selective serotonin reuptake inhibitor, CNS central nervous sys-
tem, W wake
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hunger, shortening inspiratory time to prevent double triggering, and minimizing 
sleep-disrupting sedative medications. Additionally, modes such as neurally 
adjusted ventilator assist (NAVA), which involves neuromechanical coupling to pro-
mote patient-ventilator synchrony, may also be considered [82]. While the 2018 
Clinical Practice Guidelines for Pain, Agitation/Sedation, Delirium, Immobility, 
and Sleep Disruption (PADIS) conditionally recommend controlled ventilation 
modes for sleep at night, large multi-site studies are needed to fill substantial knowl-
edge gaps [83].

 Sleep, Immunity, and Cognition in Critically Ill Patients

Sleep disruption can have a profound effect on nearly every major organ system, 
thus impeding recovery for critically ill patients (Fig.  19.3). The SARS-CoV-2 
(COVID-19) pandemic has increased attention toward critical care, specifically 
highlighting the poor sleep patients experience in the ICU setting [84] and its pos-
sible association with immune dysfunction [85] and—in the context of delirium and 
dementia—cognitive dysfunction [86, 87]. As a summary of the multi-organ effects 
of sleep disruption would be beyond the scope of this chapter, this section instead 
will focus specifically on the role of sleep disruption on immune and cognition 
function in critically ill patients.

Neurological

Pulmonary

Metabolic & endocrine

Musculoskeletal

Gastrointestinal

Cardiovascular

ICU-related inflammation

ICU-related and chronic sleep disruption

Immune dysfunction

Inflammation Æ Sleep homeostasis

Sleep disruption Æ Immune function

Altered inflammatory mediators

Altered sleep physiology

Immune

• Depressed mood
• Circadian dysrhythmia
• ↓ cognitive processing (e.g.
 memory)
• Delirium

• ↓ ventilatory response to
 hypercapnia & hypoxemia
• ↑ upper airway
 collapsibility leading to
 more apneic events
• ↓ inspiratory muscle
 endurance

• Impaired fasting glucose
• Temperature
 dysregulation
• ↓ growth hormone surge
• Shift in cortisol peak
• ↑ norepinephrine

• Hyperalgesia
• ↑ risk of injury

• Possible bacterial overgrowth
• Microinflammation → GI
 symptoms

• ↑ blood pressure
• ↑ blood pressure
 variability
• Long-term: ↑
 cardiovascular morbidity • ↑ Somnolence

• ↓ Sleep efficiency
• ∆ NREM
• ↓ REM

• Acute sleep deprivation
• Chronic sleep insufficiency

• ↑ Susceptibility to infection
• Altered adaptive immune
 response (e.g. vaccination)
• Altered circulating cytokine levels
 (IL6, IL1β)
• Altered  peripheral immune cell
 composition and functions

Antibody
production

• Pathogens exposure
• Infection and sepsis
• Tissue injury

• IL1β
• TNFα
• Prostagladins

Fig. 19.3 The effect of disrupted sleep on major organ systems, with a focus on the relationship 
of poor sleep, immunity, and inflammation. (Adapted from Chang et al. [146])
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 Sleep and Immunity

Adequate sleep is critical to immune function (Fig. 19.3). Outside of the ICU, clini-
cians and researchers observed the development of respiratory infections as a con-
sequence of sleep deprivation, which has more recently been supported by 
high-quality studies. First, a rhinovirus inoculation study in healthy human volun-
teers observed a higher rate of infection in subjects obtaining 7 hours or less of 
sleep, as compared to rested controls [88]. Second, in large epidemiological cohorts, 
reported sleep duration of 5  hours—as compared to matched controls obtaining 
7–8 hours of sleep—has been associated with an increased incidence of pneumonia 
[89] and upper respiratory tract infections [90]. Third, in response to influenza [91, 
92] and hepatitis vaccination [93, 94], a slowed peak in antibody levels has been 
noted in those who are sleep deprived as compared to those obtaining adequate 
sleep. The findings may suggest an adequate but delayed antigenic response due to 
sleep deprivation. Lastly, acute sleep deprivation in healthy individuals alters circu-
lating cytokine levels [95] and the transcriptome relevant to immune function in 
blood cells [96, 97]. While these studies suggest that sleep disruption may alter 
humoral and cellular immunity, other studies suggest that chronic sleep disruption 
may exacerbate inflammatory states such as atherosclerosis [98–100], metabolic 
syndrome [101–105], stroke [106, 107], and tumor immunity [108, 109] (Fig. 19.3).

Reciprocally, infection also has an important relationship with sleep. Somnolence 
is a cardinal symptom of infection, and sleep is therefore considered an acute-phase 
compensatory response. In animal models, viral and bacterial infections, as well as 
the inoculation of pathogenic components (e.g., muramyl peptide, lipopolysaccha-
ride), are sufficient to alter sleep [110]. In a series of studies in healthy volunteers, 
low doses of systemic endotoxin resulted in changes in sleep patterns on PSG, pro-
longing NREM sleep while suppressing REM sleep [111]. Moreover, sleep is 
altered differentially depending on the timing and dosing of a septic challenge 
[112], highlighting the complex relationship between acute inflammation and sleep. 
Indeed, the effect of sepsis on sleep architecture is likely influenced by a complex 
combination of factors, including cytokines IL (interleukin)-1β, TNF (tumor necro-
sis factor)-α, and prostaglandins [95].

In the ICU setting, the relationship between sleep disruption and immune func-
tion is unclear and complicated by the ubiquity of sleep disruption and infection in 
critically ill patients. Research in animals has contributed valuable knowledge in 
this area. Sleep-deprived mice have a higher mortality after a septic challenge as 
compared to non-sleep-deprived controls [113–115], an observation that could be 
attributed to impaired pathogen clearance [114]. Furthermore, as the somnogenic 
effect of sepsis depends on a neuronal-specific isoform of IL1 receptor accessory 
protein, mice deficient of this gene lacked the sleep response when given a septic 
challenge with influenza and experienced higher mortality than controls [116]. 
Moreover, animals invariably died after 6–8 weeks of chronic total sleep deprivation 
[117] and showed signs of bacterial infection before death [118]. While these stud-
ies support the notion of compromised microbial defense as a consequence of sleep 

M. T. Y. Lam et al.



441

deprivation, the levels of sleep deprivation and stress imposed by these models may 
not generalize to critically ill patients. Last, it is unclear whether acute-on-chronic 
sleep disruption predisposes critically ill patients to a hyper-inflammatory state.

Overall, the collective body of research provides a biological plausibility for the 
sleep-immunity association, particularly in critically ill patients who experience 
sepsis as a common cause of mortality [119–121]. Sepsis survivors have poor long- 
term prognosis, with infection as the most common reason for rehospitalization 
[122]. For critically ill patients, an intact immune system may play a vital role in 
noninfectious processes such as wound healing and tissue repair (e.g., after trauma, 
surgery, or acute myocardial infarction). Understanding the sleep-immune axis in 
the critically ill is of paramount importance. The awareness to improve sleep may 
have an immediate implication in immune-related ICU outcomes (e.g., enhanced 
pathogen clearance and improved recovery from sepsis) as well as long-term conse-
quences (e.g., mounting an adequate adaptive immune response for a robust acquired 
immunity).

 Sleep Disruption and Cognition

A comprehensive pathophysiological review of the relationship between sleep, 
delirium, and cognition is outside the scope of this chapter, but briefly is believed to 
include common pathophysiologic pathways, mechanisms, and neurotransmitters 
[34, 123]. Sleep disruption likely plays a role in the development of delirium, and 
vice versa, though a causal relationship has not been established [124, 125]. 
Approximately one-third of critically ill patients experience delirium, including up 
to 80% of those receiving mechanical ventilation [123]. Patients experiencing delir-
ium are at high risk of devastating outcomes, including longer duration of mechani-
cal ventilation and prolonged ICU and hospital length of stay [126]. Over the past 
decade, increased attention has been paid to the long-term sequelae of ICU delir-
ium, in particular its association with severe and disabling long-term neurocognitive 
impairments [127–129]. Another study observed an eightfold increase in develop-
ing dementia for elderly (>85-year-old) patients who developed delirium during 
their hospital stay [130].

Risk factors for delirium in the ICU include critical illness, older age, preexisting 
cognitive impairments, and genetic predisposition [123]. Disrupted sleep has 
received particular attention as a modifiable risk factor for delirium in the ICU and 
is supported by observational studies demonstrating increased mental status change 
frequency among critically ill patients experiencing more sleep interruptions [131] 
and higher delirium incidence after thoracic surgery in patients reporting sleep 
deprivation [132]. More objectively, a study involving PSG in mechanically venti-
lated patients demonstrated a higher rate of incident delirium in patients with REM 
suppression [133].

The interaction between pharmacological agents and delirium has been studied 
extensively, with benzodiazepine infusions being identified consistently as a risk 
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factor for delirium development [125, 134–138]. Several studies have examined 
strategies to prevent or treat delirium, with inconclusive results [83]. Antipsychotics 
are traditionally administered off-label for delirium, but have not been shown to be 
effective in large studies [139, 140]. Dexmedetomidine has been a subject of inter-
est as it has a favorable deliriogenicity profile [141, 142] and may act via the ven-
trolateral preoptic nucleus of the hypothalamus [143], thus promoting biological 
sleep rather than sedation seen with benzodiazepines and propofol. However, a 
large, randomized control trial did not show any major benefits of dexmedetomidine 
when compared with usual care [144]. Thus, strategies to address delirium have 
largely focused on non-pharmacological strategies such as sleep promotion and 
early mobility and, from a pharmacological perspective, avoidance of deliriogenic 
medications such as benzodiazepines (Table  19.2) [72, 83]. As sleep-focused 
improvement efforts have been shown to reduce delirium in ICU settings [28, 29], 
design and implementation of larger interventions is a high priority [145], in large 
part due to heightened awareness of delirium and its associated short- and long-term 
consequences [83].

 Future Directions

This chapter highlights the important intersection between sleep and critical illness 
and reviews some of the short- and long-term consequences when sleep is disrupted 
during critical illness. However, a dearth of data highlights the vast array of research 
opportunities in the area. Further research is needed to evaluate the role of ICU- 
related sleep disruption on clinically important patient outcomes, in particular on 
immunity and cognition. Circadian rhythms are also gaining attention in the ICU, in 
particular in the context of balancing the provision of potentially lifesaving treat-
ments while minimizing the short- and long-term impairments imposed by critical 
illness itself. While multicomponent bundled interventions are recommended for all 
critically ill patients, the ideal strategy to optimize sleep and associated outcomes 
remains unknown and represents a complex and fascinating topic of future 
investigation.
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OSA Obstructive sleep apnea
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REM Rapid eye movement
SIESTA Sleep for Inpatients: Empowering Staff to Act

 Sleep Loss in Adults

Over 70 million Americans suffer from a chronic disorder of sleep, which adversely 
affects their health [1]. It is estimated by the National Academy of Medicine that 
hundreds of billions of dollars per year are spent caring for patients with sleep dis-
orders [1]. Regardless of this, a staggering number of patients suffering from sleep 
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disorders remain undiagnosed. Nearly half of the general population (30–48%) 
report difficulty initiating or maintaining sleep [2]. Awareness of diagnoses and 
treatment of sleep disorders among healthcare professionals and the public remain 
very low. The lack of awareness among the general public results from the absence 
of sleep awareness in public health education programs [1]. This in turn causes 
patients to be hesitant to discuss sleep issues with their healthcare providers.

Sleep is considered a protector of the normal brain activity and strikes a balance 
between the various functions of the central nervous system [3]. Shortened sleep 
duration is characterized on polysomnography with decreased stage N3 sleep, and 
chronic sleep loss can demonstrate a greater percentage of rapid eye movement 
sleep [4]. Interestingly, effects of health conditions can also be noted on polysom-
nography [5].

 Sleep Loss in Older Adults

Although sleep architecture changes as one ages, there is not a decreased need for 
sleep, and sleep disturbance is not an inherent aspect of the aging process [6]. Sleep 
disturbance is common in aging adults, not due to aging, in fact due to comorbidi-
ties and psychosocial and polypharmacy factors that elderly often face [6]. A multi-
disciplinary approach to care is encouraged with these patients [6]. Sleep 
disturbances in older adults are reported more frequently later in life, among 
females, among those with physical disabilities, among those experiencing psychi-
atric health concerns [7].

 Health Effects of Sleep Loss in Hospitalized Patients

Unfortunately, the patients most at risk for poor, non-restorative sleep are often also 
acutely ill and hospitalized, when they need sleep to recover from their acute illness. 
Predictors of poor inpatient sleep quality include decreased sleep duration, increased 
nighttime awakenings, younger age, and female [8]. Acute sleep loss in the hospital 
has been associated with poor patient outcomes, including cardiometabolic effects 
such as high blood pressure, hyperglycemia, as well as delirium [9–11]. In-hospital 
acute sleep loss is implicated by Krumholz as a factor in “post-hospital syndrome” 
development, an acquired condition of vulnerability and increased risk of hospital 
readmission for diseases unrelated to their index admission [12]. Although studies 
of long-term consequences of acute sleep loss are lacking, in-hospital sleep loss was 
implicated as a potential mediator of post-hospital syndrome.

Prior research has demonstrated in-hospital sleep loss is associated with worse 
psychological and cardiometabolic outcomes [11]. Up to 40 percent of hospitalized 
medical patients without a diagnosed sleep disorder are at high risk for sleep apnea 
[13]. Although patients experience acute in-hospital sleep loss, one would expect 
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sleep to improve on discharge, yet sleep loss does not recover in the week following 
discharge [14]. The time spent in-hospital provides an opportunity not only to opti-
mize the sleep environment for patients but also to screen patients for undiagnosed 
sleep disorders and reduce unnecessary admissions [15].

 Barriers to Healthy Sleep in Hospitalized Patients

Despite a paucity of literature regarding sleep loss in hospitalized patients, multiple 
factors have been noted to affect the sleep of patients while they are hospitalized. To 
understand factors affecting sleep while hospitalized, it is imperative to first under-
stand the effects that hospitalization has upon sleep. Several laboratory and epide-
miological studies suggest sleep deprivation in itself can lead to a variety of intrinsic 
physiologic health consequences (i.e., delirium development and metabolic 
derangements in blood sugar and blood pressure) [16–19]. Interestingly, these 
health consequences are also known complications of hospitalization in patients. 
[20, 21] In addition to the health consequences linked to sleep deprivation during 
hospitalization (delirium, hyperglycemia, and hypertension), these health condi-
tions are often associated with administration of medications and increased dosages 
of medications to ameliorate or control the condition: antipsychotics for delirium, 
insulin for hyperglycemia, and antihypertensives to enable blood pressure control. 
As such, a significant number of these medications may be continued on after 
patient discharge, which subsequently can result in downstream patient harm (i.e., 
polypharmacy, hypoglycemia, and hypotension) [22]. Sleep loss can also impair 
recovery during hospitalization due to daytime fatigue and excessive daytime sleep-
iness, hindering participation in recovery activities such as physical or occupational 
therapy, as well as participation in important healthcare discussions (i.e., informed 
consent, understanding medication changes, discussion discharge/follow-up plans) 
[23, 24]. Decreased daytime physical activity is a known contributor to functional 
decline, an unfortunate consequence of hospitalization for older adults. In addition, 
adults who are less empowered and informed regarding their hospital care are more 
likely to experience readmission [25].

 Medical Care Interruptions

Obtaining a good night of sleep is not an easy task during hospitalization. Many 
factors can lead to sleep disruptions, including environmental factors (e.g., noise), 
medical care factors (e.g., medication distribution, vital sign checks, phlebotomy), 
and patient factors (e.g., pain, anxiety). Hospitalized patients report difficulty with 
sleep initiation and sleep maintenance, decreased sleep quality, and increased day-
time sleepiness [26]. Frequent awakenings by members of the care team represent 
a significant barrier to sleep in the hospital setting. One study on patients in the 
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neuro- intensive care unit (NICU) demonstrated that although hourly neurological 
exams may be beneficial in the acute phase of a neurological injury, surprisingly, 
prolonged use of these exams was associated with a 75% increase in development 
of delirium [27]. Patients awakened often may be unable to complete an entire sleep 
cycle and may struggle with falling back to sleep, leading to deprivation of slow- 
wave sleep, e.g., stage 3 sleep, and rapid eye movement (REM) sleep (e.g., “dream” 
sleep). Routine night awakenings by care team members are often to complete day-
time tasks requested by clinicians, such as vital signs or blood draws [28, 29].

 Environmental Factors Disrupting Sleep

Sounds within the walls of the hospital are more than an irritation [32]. The audi-
tory environment in the hospital should complement high standards of compas-
sionate patient care. Failure to provide patients with quiet hospital rooms affects 
clinical patient outcomes through multiple mechanisms. Increased noise within the 
hospital affects clinical outcomes through increased physiological and stress 
responses, medical errors, sleep disturbances, and interference with privacy prac-
tices [33, 34]. While the United States Environmental Protection Agency recom-
mends a maximum noise level of 45 decibels (dB) throughout the day and 35 dB at 
night, most hospitals have noise levels ranging from 50 to 70 dB during the day-
time and averaging just under 70 dB (67 dB) at nighttime [35]. Regrettably, this 
data demonstrates only 62% of Americans report their hospital rooms “always 
quiet” at night, which is one of the worst performing patient experience measures 
in the entire Hospital Consumer Assessment of Healthcare Providers and Systems 
Survey. Moreover, patients staying in the loudest rooms reportedly get significantly 
less sleep [36]. In addition, the elimination of diurnal light-dark cycles in hospital 
environments can result in disruption of circadian rhythm and entrainment of 
sleep [12].

 Patient Factors Influencing Sleep

Conditions such as multiple comorbidities, anxiety, and depression often associated 
with acute and chronic illness and repeated hospitalizations and contribute to dimin-
ished sleep among hospitalized inpatients [30]. Studies show poor self-rated health 
and presence of chronic conditions (cardiovascular disease, lung disease, gastro-
esophageal reflux disease, and arthritis) are all associated with increased complaints 
of poor sleep [7]. Pain is also a frequently reported factor causing sleep disruptions 
and nighttime awakenings [31].
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 Prevalence of Sleep Disorders Among Hospitalized Patients

Hospitalization represents a “missed opportunity” to screen patients for sleep dis-
orders. The high prevalence of untreated sleep disorders may often complicate or 
worsen patients’ underlying conditions. For instance, two in every five patients 
older than age 50 screened at high risk for having obstructive sleep apnea (OSA) 
and were also found to have worse in-hospital sleep quality and quantity [37]. In 
addition, in a small single-center study of hospitalized patients, up to 80% screened 
high risk for OSA using the STOP-BANG questionnaire [38]. Despite a high prev-
alence, few had been evaluated with a sleep study, diagnosed with OSA, or were 
receiving treatment with continuous positive airway pressure (CPAP) therapy, 
which is known to improve quality of life and reduce complications [39, 40]. The 
prevalence of insomnia is also increased, with several studies finding nearly two 
out of every five patients screen positive for insomnia [41, 42]. Another study of 
hospitalized patients noted half of inpatients reported chronic sleep complaints, 
and nearly one-third of patients screened positive for insomnia, yet no mention of 
sleep complaints was found in the hospital admission documentation [43]. 
Additionally, even if sleep disorders are suspected or recognized during hospital-
ization, therapy is frequently unavailable or suboptimal. For example, in a nation-
ally representative sample of nearly 300,000 discharges of patients with OSA from 
nonfederal acute care hospitals in the United States, only 5.8% of patients were 
documented to have received CPAP therapy [44]. Given that sleep disorders can 
exacerbate cardiopulmonary health conditions and may actually result in heart 
failure or chronic obstructive pulmonary disease (COPD) exacerbations, it is cru-
cial to recognize sleep disorders as an underlying health condition [45–48]. Certain 
inpatient diagnoses, such as acute stroke and heart failure, are associated with a 
higher prevalence of sleep-disordered breathing, poor outcomes, and even death 
[49–56]. Moreover, treatment of OSA with CPAP therapy in patients with acute 
stroke, systolic heart failure, or COPD improves outcomes and decreases readmis-
sion rates [40, 57–60]. The presence of a highly treatable disease and a very preva-
lent disorder such as sleep-disordered breathing warrants early recognition and 
treatment.

Perhaps most concerning is that acute sleep loss in the hospital may precipitate 
insomnia, leading to chronic insomnia after discharge. [61] This is particularly con-
cerning given the association of chronic insomnia and poor long-term health conse-
quences [62]. Early recognition of insomnia is imperative [62]. Lastly, poor 
self-reported sleep quality predicts 1-year mortality among adults who received 
inpatient rehabilitation [63]. In a similar study among geriatric hospitalized patients, 
observed sleep disturbances determined by hourly observations were associated 
with higher mortality at 2 years [64].
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 Interventions to Improve Sleep in Hospitalized Patients

Interventions to improve sleep in hospitalized patients can be categorized in two 
categories: pharmacologic and nonpharmacologic. While hospitalized patients 
often request pharmacological sleep aids, they are generally not recommended for 
first-line therapy [65]. It determined that a pharmacologic sleep aid would be of 
benefit to the patient; general consensus is that the choice of sleep aid should be 
customized based on patient needs and comorbidity profile to minimize any poten-
tial drug side effect and ultimate polypharmacy.

 Pharmacologic

 Melatonin

If a pharmacologic sleep aid is deemed necessary, melatonin may be an appropriate 
first-line treatment due to its minimal side effect profile and low likelihood of poten-
tial drug-drug interactions, as well as its ability to improve circadian rhythm distur-
bances [66, 67]. Small randomized studies done in simulated sleep environments, 
hospitalized patients, and intensive care unit (ICU) patients note improved sleep 
duration (by polysomnography) and improved sleep quality (by actigraphy) when 
initiating 1 mg to 5 mg of melatonin at nighttime [68–70]. Although rates of mela-
tonin usage in hospitalized patients have increased, no dosing standard exists [71]. 
The typical dose used during initiation of melatonin for a hospitalized patient is 
1 mg to 5 mg at night, usually dispensed between 2100 and 2200, depending on 
patient sleep habits, and should be given 30 minutes prior to the desired bedtime. 
Notably, melatonin given nightly to hospitalized patients over age 65 did not pre-
vent delirium.

 Sleep Initiation and Sleep Maintenance Aids

Sleep aids are generally not recommended. In a single-center retrospective study in 
2014 determined over a 2-month period, 26.2% of patients received a sleep aid, with 
trazodone being the most commonly prescribed sleep aid medication 30.4% of the 
time [72]. In a 2005 meta-analysis by Glass et al., risks and benefits of sedative hyp-
notic utilization in patients over age 60 found a statistically significant improvement 
in sleep quality and sleep quantity with sedative use compared to use of placebo, 
although the magnitude of the effect was small and the patient risk was great (e.g., 
falls and cognitive impairment) [73]. Notably, while four classes of medications for 
insomnia have been FDA approved (benzodiazepines, non- benzodiazepines, mela-
tonin receptor agonists, and benzodiazepine receptor agonist hypnotics (“Z drugs”)), 
three of these are also found on the Beers Criteria list from the American Geriatrics 
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Society (AGS) of medications to avoid in the elderly population (benzodiazepines, 
non-benzodiazepines, benzodiazepine receptor agonist hypnotics) [74, 75].

 Nonpharmacologic Interventions

Nonpharmacologic therapies are the first line of therapy for sleep disturbances in 
the hospital setting. There is great interest in evidence-based interventions that dem-
onstrate improvement in sleep and related outcomes among hospitalized patients, 
yet data are limited. To this end, two relevant symptomatic reviews have summa-
rized extant evidence. A Cochrane review in 2015 on improving sleep in the ICU 
setting evaluated multiple points of potential interventions including type of ventila-
tor used, eye masks used in collaboration with ear plugs, relaxation therapy, sleep- 
inducing music, aromatherapy, foot baths, acupressure, and visit times for family 
members of the hospitalized patient, yet the evidence was low [76]. In 2014 the 
Journal of General Internal Medicine found only 13 intervention studies, 4 of which 
were randomized controlled trials [77]. Despite the limited evidence, some data 
existed for improving sleep quality, interventions to improve sleep hygiene, inter-
ventions to reduce nighttime interruptions, and daytime bright light exposure [77]. 
These nonpharmacologic interventions are discussed in more detail below.

 Relaxation Techniques

Despite the low level of evidence and limited data, several methods of relaxation tech-
niques have been suggested. A systematic review in 2014 by Tamrat et al. in the Journal 
of General Internal Medicine evaluated four randomized controlled trials (RCT) on 
relaxation techniques and found a 0–28% improvement of overall sleep quality [77].

Soden et al. evaluated the use of aromatherapy, aromatherapy and massage, or 
usual care and found no difference between groups [78]. In a pilot study by Toth et al. 
on the effect of guided imagery for 20 minutes daily compared to solitary activity of 
choice, no difference was noted between groups [79]. Finally, a study randomizing 
patients postcoronary artery bypass graft (CABG) to a music intervention involving 
a soothing music video, 30 minutes of rest, or 30 minutes of music via headphones 
demonstrated a 28% improvement in self-reported sleep quality in those patients that 
received the soothing music video when compared to the control group [80].

 Bright Light Therapy

Several small studies have been performed evaluating the impact of bright light 
therapy on sleep. Three studies investigated bright light therapy (3000–5000 lux) 
use during daytime hours. Wakmurua et  al. exposed seven older (mean age 67) 
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hospitalized patients to 5 hours of bright light therapy during daytime hours (1000 
to 1500) and noted a 7% increase in total sleep duration in the intervention arm [81]. 
This study also noted increased “immobile minutes” via wrist Actiwatch, suggest-
ing illuminating conditions for elder hospitalized patients may improve nocturnal 
sleep [81]. A study by Mishima et al. in hospitalized dementia patients exposed to 
bright light therapy between 0900 and 1100 for 4 weeks found an improvement in 
average sleep time in the patients in the intervention arm [82]. Twenty-seven patients 
with Alzheimer-type dementia were treated with bright light therapy in the morning 
for 4 consecutive weeks and noted to have an increase in total nighttime sleep time 
[83]. In a 2018 systematic review of the effects of bright light therapy on sleep, 
mood, and cognition in Alzheimer’s patients, 32 studies were evaluated based on the 
United States Preventive Services Task Force Guidelines, and although the results 
were mixed, a trend toward benefit was noted [84].

 Noise Reduction

Uncontrolled in-hospital noise can have a negative physiological and psychological 
effect on patients and care staff. A quality improvement study in 2018 by McGough 
et al. described the implementation and improvement in noise perception using a 
“Quiet Time Bundle” on four different progressive care units [85]. Another study 
performed on a medical-surgical unit demonstrated an overwhelmingly favorable 
response from staff and patients following the implementation of a “Quiet Time 
Noise Reduction” program [86]. Due to the increased number of monitors and acu-
ity, modalities for noise reduction in the intensive care unit have been evaluated. 
These approaches include the use of eye masks in conjunction with ear plugs [87], 
the use of “white noise” also known as sound masking [88, 89],and the installation 
of soundproof ceiling materials [90]. Sound absorbing modalities are relatively 
effective at noise reduction, whereas sound masking modalities appear to be the 
most effective at actually improving sleep [91].

 Sleep Hygiene

Promoting good sleep hygiene during hospitalization can be challenging. Gathecha 
et al. described a nurse-delivered sleep-promoting intervention augmented by sleep 
hygiene education in the Journal of Hospital Medicine as an opportunity for 
improvement [92]. A randomized controlled trial by Lareau et al. in geriatric hospi-
talized patients evaluated a nighttime intervention of minimizing patient contact, 
clustering nursing care, as well as decreasing sounds and lights, as compared to 
usual care. The group found that intervention was associated with a decrease in the 
use of sleep aid medications and a 7% improvement in sleep quality [93]. Another 
study evaluated a sleep hygiene program in hospitalized psychiatric patients. The 
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intervention in this study by Edinger et al. included the standardization of wake and 
sleep times and the removal of the opportunity for daytime napping [94]. This inter-
vention was associated with an increase of 18 minutes in total sleep time; however 
neither sleep quality nor significant testing was discussed [94].

 Reduction of Nighttime Interruptions

The goal of reducing nighttime interruptions of patient sleep during hospitalized 
patient sleep may seem ambitious, yet as the most cited nighttime disruption, action 
is warranted [95]. For example, many nighttime disruptions in the intensive care 
unit could be safely omitted or clustered, noted Le et al. [96] A recent study evaluat-
ing nearly 3500 patients determined that passive vital sign monitoring and reduction 
in nighttime noise ultimately led to a decreased hospital length of stay and an 
increase in patient self-reported emotional and mental health [97]. Future studies 
are needed to best determine methods to implement reductions in nighttime interac-
tions, which in turn improves hospital sleep, enhancing quality and safety.

 Sleep Education and Empowerment

Improving patient knowledge and education on health and disease is essential. In a 
recent randomized controlled trial, non-ICU patients who received sleep-enhancing 
tools (a white noise machine, ear plugs, and an eye mask) along with sleep educa-
tion reported decreased sleep impairment and less fatigue than those who received 
only the sleep-enhancing tool kit [98].

 Multifaceted Protocols

The “Somerville” multifaceted protocol implemented several components for sleep 
improvement. These components included an 8-hour quiet time, “lights off” lullaby, 
staff-monitored noise control, and avoidance of staff disruptions for routine vitals 
and medications. The study investigators reported fewer patients reporting night-
time disruptions and fewer patients requesting sleep aid/sedatives [99]. Another 
multifaceted protocol program of electronic health record reminders and nursing 
“nudges,” “Sleep for Inpatients: Empowering Staff to Act (SIESTA),” demonstrated 
that a unit-based nursing empowerment approach was associated with fewer night-
time hospital room entries and overall improved patient experiences [28]. Finally, 
the Hospital Elder Life Program (HELP) designed in 1999 by SK Inouye was suc-
cessfully implemented across 200 German hospitals [100]. This protocol consisted 
of multiple strategies to aid in delirium prevention in hospitalized elderly including 
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(re)orientation, cognitive activation, mobilization, meal companionship, and non-
pharmacological sleep promotion [100].

 Pain and Sleep

Pain should be evaluated frequently on every patient during hospitalization. It is not 
only a barrier to hospital discharge, but its management is a quality of care issue 
[101]. Optimal treatment of pain is recommended, as pain can interfere with falling 
asleep and with the ability to participate in recovery activities during hospitalization 
[102, 103]. Pharmacologic and nonpharmacologic management options should be 
evaluated for treatment of pain [103].

 Sleep in Hospitalized Patients with Underlying Disorders 
of Mental Health

Associations between sleep health and mental health are many, yet knowledge of 
this association is lacking [104]. Among patients hospitalized with depressive dis-
order, 25–40% report almost always having daytime sleepiness, and a more indi-
vidualized sleep-wake schedule should be applied in these patients [105]. In a small 
study of inpatients hospitalized with moderate-to-severe depression undergoing 
chronotherapy, a significant number of patients (>40%) reported a significant 
improvement in their depressive symptoms [106].

 Hospitalized Older Adults

Predisposing factors and precipitating factors play a role in delirium development in 
hospitalized older patients [20]. Sleep loss in hospitalized older adults can slow 
recovery during hospitalization due to fatigue and excessive daytime sleepiness, 
which leads to decreased participation in recovery activities such as participation 
with therapy and in important healthcare discussions and decisions with social work 
and case management [22, 23]. Coaching and empowerment of hospitalized older 
adults and their caregivers to confirm their needs are met during transitions of care 
may reduce rates of rehospitalization [24].

Moreover, sleep deprivation has been associated with a variety of significant 
outcomes of relevance to hospitalized older adults as they recover from acute ill-
ness. In addition to delirium, sleep loss has been associated with other health condi-
tions often seen in the elderly population, such as falls. For example, one study by 
Stone et al. noted women with shorter sleep duration (< 7 hours) or lower sleep 
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efficiency (<70%), as determined by wrist actigraphy, were more likely to suffer 
from falls in the subsequent year compared to women with normal sleep duration 
and sleep efficiency [107]. Additionally, sleep deprivation has also been associated 
with impaired immune function in healthy humans as well as animals, which most 
certainly has implications for hospitalized older adults [108]. Scientists have also 
noted genes in Drosophila flies – which promote increased sleep – in turn promote 
survival following infection [109, 110]. Sleep disturbances in hospitalized elderly 
patients are associated with increased mortality at 2 years [63]. As previously noted, 
the AGS has recommended against certain medications to aid in sleep initiation and 
maintenance in the hospitalized elderly due to increased risk of falls and cognitive 
impairment, specifically benzodiazepines and non-benzodiazepines. Melatonin 
remains the sleep aid of choice in this patient population. The Assessing Care of 
Vulnerable Elders-3 (ACOVE-3) program utilizes quality metrics to assess and pro-
mote best practices of elder care [111]. Medications such as anticholinergics 
(including antihistamines) should be avoided [75]. Other medications frequently 
utilized to aid in sleep, but not recommended, in the elderly population such as 
antihistamines, oral decongestants (pseudoephedrine and ephedrine), and stimu-
lants (amphetamine and methylphenidate) make insomnia worse, are associated 
with anticholinergic side effects, and are not recommended in the elder population 
[75, 103].

 Sleep in the Intensive Care Unit (ICU)

A study in the ICU found that 51% of noise was modifiable, while patients report 
staff conversations as well as television noise as the most irritating disturbances 
[112]. In addition, this noise was notable and found to interfere with sleep as seen 
on electroencephalogram (EEG) recordings [112]. Light disruptions of the circa-
dian rhythm are particularly problematic in the ICU setting. Due to continued expo-
sure of differing levels of light in the ICU, melatonin secretion patterns are atypical, 
and in turn the circadian rhythms of these patients are markedly abnormal [113, 
114]. Modifiable factors in the ICU which lead to sleep disturbances are best dealt 
with from a multidisciplinary approach involving multiple ICU stakeholders [115].

 Assess and Treat Underlying Sleep Disorders

Several studies have shown that early recognition and treatment of sleep disorders 
in hospitalized patients is associated with improved outcomes. To illustrate, in a 
small study by Konikkara, patients hospitalized with a COPD exacerbation were 
screened for sleep apnea, and if positive, CPAP therapy was initiated. Patients with 
COPD and OSA overlap disease that were adherent to CPAP therapy were noted to 
demonstrate a reduction in 6-month hospital readmission rates and emergency room 
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visits [46]. In another study of hospitalized patients with congestive heart failure, 
those patients compliant with CPAP for a minimum of 4 hours for 70% of the nights 
in the month (Medicare PAP compliance guidelines) had fewer hospital readmis-
sions when compared to those patients who were not compliant with their CPAP 
therapy following hospital discharge [116]. To that end, in another study involving 
early diagnosis of sleep-disordered breathing utilizing portable sleep study equip-
ment, patients hospitalized with cardiac disease demonstrated significantly lower 
hospital readmission rates and decreased emergency department visits in those 
adherent with PAP therapy [117]. Initiation of CPAP therapy for patients with OSA 
is associated with decreased hospital readmissions [116].

 Conclusions

Hospitalization is a period of acute illness and multifactorial acute sleep depriva-
tion. Sleep deprivation in hospitalized patients can be related to patient factors, 
environmental factors, as well as medical interventions. Sleep loss in the hospital is 
also associated with poor health outcomes, including an increased risk of delirium 
and cardiometabolic derangements. Both pharmacologic and nonpharmacologic 
interventions have shown promise in improving sleep loss in patients while hospi-
talized. Awareness and consideration of implicit sleep loss in hospitalization is war-
ranted, and implementation of treatment measures is justified.
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Chapter 21
Sleep in Pregnancy

Louise M. O’Brien
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mid-pregnancy · Sleep-disordered breathing (SDB) · RLS during pregnancy · 
Insufficient Sleep

 Introduction

During pregnancy, a life stage during which there are significant hormonal, ana-
tomic, physiological, and psychological changes, women experience unique chal-
lenges with sleep. Pregnancy can exacerbate preexisting sleep problems as well as 
cause the emergence of new ones. The impact of sleep deficiency – which includes 
insufficient sleep, poorly timed sleep, and clinical sleep disorders – is observed not 
only on the individual but also on the offspring, with potentially long-lasting 
implications.

 Sleep in Normal Pregnancy

Due to physiological and hormonal changes related to pregnancy, most women 
experience changes in sleep [1]. In the first trimester, common complaints include 
daytime sleepiness and fatigue with many women reporting daytime naps. Sleep 
quality and slow-wave sleep (SWS) typically decrease compared to prepregnancy 
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or the nonpregnant state [1, 2] but improve in the second trimester, along with 
improvements in daytime sleepiness and fatigue [2–5]. Toward the end of the sec-
ond trimester and into the third trimester, snoring is common along with restless 
legs and increased awakenings [6]. Indeed, in the third trimester, the vast majority 
of women endorse sleep deficiencies with insomnia symptoms, sleep-disordered 
breathing (SDB), frequent awakenings [2, 5, 7, 8], and increased napping [5, 7–9], 
with consequentially more light sleep [10, 11].

 Insufficient Sleep

Although there are no guidelines specific to pregnant women, the National Sleep 
Foundation (www.sleepfoundation.org) recommends that adults obtain 7–9 hours of 
sleep per night, with <6 hours per night considered insufficient [12]. Nonetheless, 
definition of short sleep is likely dependent on the method of assessment, and short 
sleep in pregnancy has been suggested as being <7 hours if reported subjectively 
and <6 hours if data are collected objectively [13]. Individual studies differ in the 
definition of short sleep, which can range anywhere from 5 to 8 hours depending on 
the study and thus makes comparisons challenging. Regardless, insufficient sleep 
has been linked with poor cardiometabolic health in nonpregnant populations [14], 
and accumulating evidence, as discussed below, suggests that these findings are 
similar in pregnancy.

With regard to maternal health, few studies have specifically investigated the 
relationships between sleep duration and blood pressure in pregnancy. In a self- 
report study, Williams et al. found that both maternally reported short sleep duration 
(defined as ≤6 hours) and long sleep duration (defined as at least 9 hours) in early 
pregnancy were both associated with increases in systolic and diastolic blood pres-
sure in the third trimester [15]. In particular, a report of <5 hours’ sleep was found 
to have a particularly high odds of preeclampsia (aOR 9.5, 95%CI 1.8–49.4), 
although sleeping more than 10 hours did not show an increase in preeclampsia: 
aOR 2.5 (95%CI 0.7–8.2) [15]. Conversely, results from an actigraphy-based study 
in over 700 women found no relationship between short sleep duration (defined as 
<7 hours) and a diagnosis of hypertension [16]. Recently, Tang et al. have demon-
strated that in the first trimester, both systolic and diastolic blood pressure was lower 
in women who slept longer; in longitudinal analyses across pregnancy, women with 
longer sleep durations had lower systolic blood pressure [17].

Associations between sleep duration and gestational diabetes (GDM) have been 
studied more than maternal blood pressure. A large study of >1200 women found 
that GDM risk was increased among those who slept ≤4 hours per night when com-
pared to those sleeping at least 9 hours per night, with a relative risk (RR) of 5.6 
(95%CI 1.3–23.7) [18]. Sleep duration has been reported to have a “J”-shaped asso-
ciation with GDM; in over 900 women, with sleep durations of ≥9  hours and 
<7 hours, the odds for GDM were 1.2 (95%CI 1.0–1.4) and 1.4 (95%CI 0.9–2.1), 
respectively, although the proportion of women in the short sleep category was 
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small [19]. In a cohort of over 600 multiethnic Asian women, those who reported 
sleeping less than 6 hours per night had the highest frequency of GDM compared to 
those who slept 7–8 hours per night (27.3% vs. 16.8%), and fasting glucose levels 
were observed to decrease linearly with increasing sleep duration [20]. However, 
after accounting for other covariates, no relationship with sleep duration and glu-
cose levels was evident. Associations between sleep duration and GDM have been 
reported to differ by prepregnancy obesity status. Findings from the multi-site Fetal 
Growth Study of approximately 2500 women [21] found that the association 
between maternal sleep duration and GDM was only significant among nonobese 
women, with a twofold higher increased risk of GDM in women who reported more 
or less than 8–9 hours. The highest adjusted relative risk for GDM (aRR 2.5, 95%CI 
1.27–5.0) was observed among nonobese women who slept 5–6 hours in the second 
trimester. Specifically, in women who slept <7 hours, the risk for GDM was more 
than twice that of women who slept 8–9 (aRR 2.5, 95%CI 1.2–5.1), with long sleep-
ers (at least 10 hours) who rarely or never napped having the highest risk of GDM 
(aRR 3.1, 95%CI 1.0–9.2) [21]. Napping appears to modify the sleep-GDM asso-
ciation with a significant association among women who rarely or never napped in 
the second trimester. Recent work in Chinese pregnant women supports these find-
ings; the influence of shorter nighttime sleep duration on GDM was found to be 
weaker in women with more napping, and midday napping reduced the risk of 
GDM among women with insufficient sleep [22].

Objective data from 782 women with actigraphy also supports that sleep dura-
tion <7  hours per night is associated with an increased risk of GDM (aOR 2.2, 
95%CI 1.1–4.5) [16]. Furthermore, an individual patient data (IPD) meta-analysis 
has demonstrated that pregnant women who slept <6–7 hours were at higher odds 
of GDM compared to those without short sleep: aOR 1.7 (95%CI, 1.2–2.3) [23]. In 
addition, compared to sleeping >6.25  hours, women who slept ≤6.25  hours had 
higher 1-hour glucose levels and an increased odds of GDM, aOR 2.8 (95%CI 
1.3–6.4) [23]. Taken together, both subjective and objective data suggest that sleep-
ing less than 7  hours in early-mid-pregnancy is associated with an approximate 
twofold increased risk for the development of GDM, with extremes of sleep (e.g., 
less than 4 hours or greater than 10 hours) possibly associated with even higher risks.

While short sleep duration in pregnancy has been linked with poor maternal out-
comes, fewer studies have focused on fetal outcomes. Similar to the studies 
described above, those focused on sleep duration and fetal outcomes have inconsis-
tent definitions of short sleep, ranging from between <4 hours and <8 hours per 
night. Fetal growth has been investigated in a few studies of maternal sleep duration. 
In a study of almost 1100 women, no differences in birth weight or being born small 
for gestational age (SGA; <10th percentile) were found in women who self-reported 
less than 5 hours of sleep per night [24]. Similarly, Howe et al. [25] found no differ-
ences in birth weight or percentile in infants born to women reporting sleep <6 hours 
per night. However, both SGA <5th percentile and low birth weight have been 
linked with sleeping less than 8 hours per night, with odds ratios of 2.2 and 2.8, 
respectively [26, 27]. In a prospective study of 32 depressed and 136 nondepressed 
pregnant women, it was only the depressed women who reported fewer than 7 hours 
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of sleep at 30 weeks’ gestation that had smaller babies than women who reported 
more than 9 hours’ sleep [13].

Nonetheless, it should be noted that cross-sectional studies have limitations 
when measuring fetal outcomes. Insults in early pregnancy may influence subse-
quent fetal growth, which is not captured with cross-sectional designs. Longitudinal 
studies are therefore critical to investigate the impacts of maternal sleep on fetal 
health. For example, in 1500 women who were assessed at several times across 
pregnancy, those sleeping at least 9 hours per night hours before the 17- and 28-week 
assessments had mean birth weights 74 g and 60 g higher, respectively, compared to 
other women, and a linear trend was evident at 17 weeks [28]. In contrast, cross- 
sectional studies of those sleeping more than 9 hours per night find no association 
with a single measure of birth weight [25]. In a large cohort of over 3500 women, 
those who slept <7 hours in early pregnancy, compared to those who slept 8–9 hours, 
had a shorter birth length by 2.4 mm and a 42.7 g reduction in birth weight. The risk 
of low birth weight increased 83% and the risk of SGA increased 56% in women 
sleeping <7  hours [29]. More recently, a Brazilian study reported first-trimester 
24-hour sleep duration and its change throughout pregnancy were inversely associ-
ated with birth weight such that women with greater decreases in sleep duration 
gave birth to infants with lower birth weight z-scores [30]. These findings were only 
in nulliparous women and no associations were detected in multiparous women. In 
a large study of women who had delivered at full term, no association between sleep 
durations in the second trimester was found with SGA [31]. A recent study in which 
subjective and objective sleep measures were collected in 166 low-risk women 
found that shorter self-reported sleep duration (but not actigraphy-assessed dura-
tion) was associated with shorter gestational age [32]. The authors posited that in 
otherwise healthy women, there appears to be minimal evidence that sleep measures 
in early gestation impact pregnancy outcomes. Despite this, findings of recent meta- 
analyses suggest that women with the shortest sleep duration have an increased rela-
tive risk of preterm birth compared to women with the longest sleep durations 
(RR1.23, 95%CI 1.01–1.50) [33] although findings are unclear in regard to whether 
short – or long – sleep duration impacts fetal growth as the adjusted odds ratios for 
SGA and large for gestational age (LGA) were found to be 1.3 “(95%CI 0.9–2.0) 
and 1.5 (95%CI 0.7–2.8) [34]. However, it should be noted that both of the latter 
meta- analyses included cross-sectional studies as well as longitudinal ones.

 Sleep Quality

The National Women’s Sleep Poll (www.sleepfoundation.org) found that 30% of 
pregnant women rarely/never get a good night’s sleep, which is twice as many as 
nonpregnant women who endorsed the same question. Reasons for this include 
increased need to urinate, difficulty finding comfortable sleeping positions, and 
body aches [35]. Prevalence estimates of poor sleep quality in pregnancy, as mea-
sured by the Pittsburgh Sleep Quality Index (PSQI)  [36] with a score of at least 5, 
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range from 29% to 76% [5, 37], with a recent meta-analysis from over 11,000 preg-
nant women suggesting that the frequency of poor sleep quality is approximately 
45% [38]. Indeed, waking up feeling unrefreshed is a very common complaint in 
pregnancy with most women endorsing unrefreshing sleep [5]. Parity and gesta-
tional age appear to play a role in reported sleep quality, with nulliparous women 
reporting worse sleep quality compared to multiparous women [39] and better sleep 
quality in early pregnancy compared to late pregnancy [38]. Unsurprisingly, poor 
sleep quality is also common in depressed women [13].

Several studies have suggested that poor sleep quality may impact blood pres-
sure. In a study of 161 pregnant women that utilized sleep diaries and actigraphy, 
latency to sleep onset and wake after sleep onset – which are two measures of sleep 
continuity – were associated with higher blood pressures, despite accounting for 
covariates including BMI [40]. In a Japanese cohort, an increase in morning systolic 
blood pressure from the first to the third trimester was larger in women with poor 
sleep quality than in those with good sleep quality (7.1  ±  7.0  mmHg vs. 
3.0 ± 5.6 mmHg, p < 0.01), suggesting that sleep quality early in pregnancy may 
contribute to a rise in systolic blood pressure in late pregnancy [41]. Similarly, a 
mixed model analysis of over 900 pregnant women in Singapore demonstrated an 
overall positive association between sleep quality, as measured by the PSQI score, 
and diastolic blood pressure [17]. In the latter study, overall poor sleep during preg-
nancy was also found to be associated with a higher uterine artery pulsatility index 
(an increased resistance to blood flow and thus increased risk for hypertension). 
However, it is possible that the influence of poor sleep and hypertension may be 
bidirectional. In a small cross-sectional study of 56 women with gestational hyper-
tension and GDM, higher PSQI scores continued to worsen throughout pregnancy, 
and the authors suggested that the presence of hypertension may increase maternal 
stress and subsequently affect sleep [42].

In a multiethnic cohort of Asian women, Cai et al. reported that poor sleep qual-
ity – again measured by the PSQI – was independently associated with an increased 
risk of GDM with an adjusted odds ratio of 1.75 (95%CI 1.11–2.76) [20], similar to 
the findings in Chinese women [19]. However, other studies using the same measure 
of sleep quality have not supported these findings [43, 44]. In addition to the PSQI, 
sleep quality has also been investigated via a single self-reported question item 
although findings are inconsistent. Some studies have not found associations with 
GDM [45, 46], while two very large studies (over 4000 and 12,000 women, respec-
tively) did find that poor sleep quality increased the odds of GDM 60–70% even 
after adjusting for other covariates [19, 47]. Indeed, a recent systematic review of 
sleep quality and GDM risk reported that subjectively measured poor sleep quality 
was associated with a higher risk for GDM (pooled OR 1.43; 95%CI, 1.16–1.77), 
but little evidence was found for associations when using objective measures [48]. 
It should be noted that the latter objectively measured studies were quite small and 
measure different aspects of sleep such as continuity or efficiency as opposed to 
self-report of perceived sleep quality, which is what is captured subjectively.

In recent years, data on poor sleep quality and fetal outcomes have begun to 
emerge. There appears to be little impact for maternal poor sleep quality on fetal 
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growth [25, 43, 49] although one study reported lower birth weight in babies born 
to women with very high PSQI scores (greater than 18) compared to those with 
lower PSQI scores [50]. Women with “unrefreshed sleep” have been reported to be 
more likely to deliver babies with a birth weight of at least 3.5 kg compared to those 
who report refreshed sleep: 26% vs. 14%, p < 0.03 [51]. Nonetheless, a recent sys-
tematic review found that current evidence does not support differences in birth 
weight or fetal growth with poor maternal sleep quality [34]. It should be noted 
however that most studies have relatively small sample sizes which is particularly 
challenging when the exposure is a subjective measure.

Several studies have investigated associations between poor sleep quality and 
preterm birth; some have found no relationship [49, 52], while others have reported 
higher frequencies of preterm birth in women with poor sleep quality [53–55]. 
Interestingly, Blair et al. demonstrated that the odds of preterm birth were tenfold 
higher in African American women with poor sleep quality compared to those with-
out, a finding that was not replicated in European women [54]. While data suggest 
a potential association between poor sleep quality and preterm birth, there is wide 
variability in sample sizes, differing study designs (such as preterm birth as an 
exposure in some studies and an outcome in others), and differing definitions of 
poor sleep quality which make it difficult to draw firm conclusions [34]. However, 
in studies that have measured sleep in mid-pregnancy, poor sleep quality was dem-
onstrated to increase the odds for preterm birth in several studies in the United 
States, China, and Japan [53–57], with risk estimates being two-to fivefold higher 
for preterm birth. In a very recent meta-analysis, the pooled relative risk for preterm 
birth was 1.54 (95%CI 1.18–2.01) [33]. It is thus plausible that the impact of dis-
turbed sleep on fetal outcome may begin in early pregnancy and that longitudinal 
studies are necessary for fully delineate any associations. Indeed, it has been sug-
gested that disturbed sleep during early pregnancy may contribute to an increased 
inflammatory response or decreased uterine blood flow that could disrupt the nor-
mal remodeling of maternal blood vessels that perfuse the placenta and thus could 
subsequently result in poor pregnancy outcomes [58].

 Insomnia

Insomnia, defined as difficulty falling asleep, staying asleep, or poor sleep quality, 
is one of the most common sleep complaints in pregnancy. The prevalence of insom-
nia disorder and clinically significant insomnia symptoms are much greater in preg-
nant women relative to the general population of women of childbearing age with 
60% of pregnant women meeting criteria compared to only 11% of nonpregnant 
women [59]. The prevalence of insomnia symptoms also increases across preg-
nancy from 6.1% pregestation, 44.2% in the first trimester, and 46.3% in the second 
trimester to a peak of 63.7% in the third trimester [60]. Physiological and psycho-
social changes that occur during the perinatal period contribute to the development 
and maintenance of insomnia within the framework of the diathesis-stress model of 

L. M. O’Brien



477

chronic insomnia, which identifies predisposing factors, precipitating events, and 
perpetuating factors (i.e., Spielman’s “Three P Model” [61]) as critical to the evolu-
tion of insomnia into chronicity across time. Pregnant women experience more cog-
nitive hyperarousal [62] than nonpregnant women who appear more likely to engage 
in nocturnal rumination (i.e., repetitive negative thinking at night) [63], possibly 
related to hormonal influences [64]. Insomnia symptoms are highly associated with 
PSQI scores, and the increased prevalence of poor sleep quality during pregnancy 
may indicate an increase in insomnia symptoms [38].

While insomnia in pregnancy is well-known to have strong associations with 
depressive symptomatology [65] and has been associated with higher blood pres-
sures in the nonpregnant population [66], there is a dearth of data regarding its 
relationship with maternal and fetal outcomes. A study of 370 women found that 
presence of insomnia was associated with abnormalities of maternal body composi-
tion (increased weight and arm circumference) [67]. In pregnant women who were 
screened for insomnia as well as habitual snoring, only those with comorbid insom-
nia and habitual snoring had an increased odds for gestational hypertension (OR 
3.6, 95%CI 1.1–11.7), but isolated insomnia had no association [68]. The same 
study also demonstrated that isolated insomnia increased the odds for babies being 
born large for gestational age even after adjustment for confounders. An observa-
tional study of approximately three million women reported that a diagnosis of 
insomnia was associated with a 30% in the odds of preterm birth [69]. Furthermore, 
women with a recorded insomnia diagnosis were almost twice as likely to deliver 
before 34 weeks’ gestation (OR 1.7, 95% CI 1.1–2.6) compared to women without 
a sleep disorder diagnosis, and the risk was highest for preterm premature rupture of 
membranes at less than 34 weeks (OR 4.1, 95% CI 2.0–8.3). It should be noted 
insomnia is often discussed in the context of poor sleep quality and insufficient 
sleep, both of which have been associated with poor pregnancy outcomes [9], but 
studies focused on insomnia and pregnancy outcomes are lacking.

 Sleep-Disordered Breathing

Sleep-disordered breathing (SDB) is common in pregnancy with up to 35% of 
women reporting habitual snoring by the third trimester [70]. However, the fre-
quency of objectively measured SDB is somewhat less common, with approxi-
mately 3% of women in early pregnancy and 8% by mid-pregnancy having an 
apnea-hypopnea index of at least 5 [71]. Unsurprisingly, women with higher BMIs 
are more likely to have SDB [72, 73]. Furthermore, in women with hypertensive 
disorders of pregnancy, both symptoms of SDB and objectively defined SDB are 
much more common, with as many as 85% of hypertensive women endorsing habit-
ual snoring and approximately 50% having underlying SDB [74–76].

A robust literature demonstrates strong associations between maternal SDB and 
gestational hypertension/preeclampsia, regardless of whether SDB is symptom- 
based or objectively measured [70, 71, 77, 78]. Furthermore, the timing of SDB 
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onset is important; it has been shown that pregnancy-onset SDB may drive the rela-
tionship with maternal hypertension [70]. In a systematic review and meta-analysis, 
SDB during pregnancy has been related to a twofold increased risk of gestational 
hypertension/preeclampsia [77]. The NuMoM2b study, a large cohort of women 
who underwent home sleep testing during pregnancy, found that the presence of 
SDB (defined as an AHI ≥5) was associated with a twofold increase in odds for the 
development of preeclampsia [71]. Of note, in the latter study, the adjusted odds 
ratio for hypertensive disorders with early pregnancy SDB did not reach statistical 
significance, but SDB in mid-pregnancy was statistically significant: aOR 1.7 (95% 
CI 1.2–2.5). This supports prior reports using subjective symptoms of SDB that tim-
ing of SDB is important [70]. While obesity is common in pregnant women, it does 
not completely explain the higher odds of hypertension in women with SDB; appli-
cation of causal mediation has demonstrated that the presence of new-onset mater-
nal SDB accounts for 15% of the relationship between BMI and hypertension [79].

In addition to gestational hypertension/preeclampsia, there is an increasing lit-
erature that demonstrates associations between SDB and GDM.  Several cohort 
studies utilizing retrospective and prospective data all found increased odds 
(approximately two- to fivefold) for GDM or impaired glucose tolerance in women 
with SDB symptoms [18, 56, 78, 80, 81]. Similar findings were reported when using 
a population-based study of ICD-9 codes to identify SDB up to a year prior to deliv-
ery [82], as did a national cohort of over 1.5 million women [83]. Moreover, in the 
NuMoM2b study of over 3000 women with objective sleep measures, women with 
an AHI ≥5 in early pregnancy had an aOR of 3.45 (95%CI 2.0–6.2) for the develop-
ment of GDM [71]. Meta-analyses also support these findings [84, 85]. One study 
compared lean women (BMI < 25 kg/m2) to overweight women (BMI ≥ 25 kg/m2) 
and found that lean women who snored had double the odds for GDM compared to 
lean non-snorers, with overweight snoring women having the highest odds, at 5.0 
(95%CU 2.7–9.3) [81].

While robust associations between SDB and maternal outcomes have been 
reported as described above, associations with fetal outcomes are not as strong. 
Although associations between maternal SDB and fetal well-being were first 
reported in 1978 [86], it was not until recently that work became focused in this 
area. In 2000 the first study of pregnant women with SDB suggested that habitual 
snoring was associated with infants born SGA [87]. However, data are conflicting, 
and several studies fail to find associations between SDB symptoms and birth 
weight or birth centile [25, 88–92]. In those studies that do find a relationship, SDB 
appears to be associated with both SGA and LGA. Some have reported SGA/growth 
restriction with odds ratios or relative risks of between 1.7 and 3.5 [24, 87, 93], 
while others have reported LGA with very similar relative risks of 1.7–2.6 [94–96]. 
Timing of onset of maternal SDB symptoms may also be relevant to fetal outcomes 
as only chronic habitual snoring but not pregnancy-onset snoring appears associated 
with SGA <10th percentile (aOR 1.7, 95% CI 1.0–2.7) [93]. Of note, studies that 
found an approximate twofold increase in LGA used the Berlin Questionnaire [94–
98], which performs poorly in pregnancy [99], likely because it includes obesity in 
the scoring paradigm which may drive the relationship with poor outcomes [100]. 
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In support of this, a study stratified by BMI found that the association with high 
birth weight in snoring women was only present in those with a BMI >30 kg/m2 
[96]. Further, when prepregnancy BMI is accounted for, the apparent association 
with abnormal glucose levels disappears [70]. Further research is needed to tease 
out the contributions of SDB and obesity to fetal growth.

Symptom-based studies are also conflicting with regard to associations with pre-
term birth. Several cross-sectional and cohort studies find no associations between 
snoring and preterm birth [24, 89, 95, 101, 102], although gasping has been associ-
ated with preterm birth with an odds of 1.8 (95% CI 1.1–3.2) [78] and witnessed 
apnea has demonstrated more than double an increased risk of preterm birth (aRR 
2.6, 95%CI 1.2–5.2) [95]. Maternal snoring may also play a role in gestational 
length; deliveries before 38 weeks’ gestation occurred among 25% of women with 
chronic, frequent-loud snoring, and women with the latter symptom had an increased 
hazard ratio for delivery of 1.60 (95% CI 1.04, 2.45) as well as a higher frequency 
of delivery prior to both 37 and 39 weeks’ gestation compared with non-snorers 
(45% vs. 33% and 19% vs. 9%, respectively) [103].

Similar to the data for subjective SDB measures, most objective SDB assess-
ments do not demonstrate differences in birth weight or percentile [104–107]. 
However, in 230 women who underwent polysomnography, a two- to threefold 
increase in SGA has been reported, with higher odds for SGA in those with more 
severe sleep disturbance [108]. Conversely, in 155 healthy Israeli women without 
comorbidities, SDB has been associated with LGA (aOR 5.1, 95%CI 1.3–20.1) 
[109]. Population-based studies of diagnostic codes have yielded inconsistent 
results with reports of SDB being associated with SGA [82], LGA [110], or no dif-
ference [73]. Large population-based studies are challenging to interpret because 
the true prevalence of SDB is not known nor is the proportion of women who receive 
and appropriately use treatment interventions. One further consideration in studies 
of fetal growth is that a single measure after delivery may not reflect the true pattern 
of fetal growth. Fetuses of women with SDB have been reported to demonstrate a 
fall in growth percentile between 32 weeks and delivery [106], while a causal rela-
tionship between maternal SDB and fetal growth is suggested by a study which 
showed a fall in fetal growth percentiles across the third trimester in women with 
untreated SDB, with no such slowing in growth in women treated with positive 
airway pressure [111]. A recent meta-analysis has demonstrated that both SDB 
symptoms and objective measures of SDB are independently associated with growth 
abnormalities, both SGA and LGA with similar pooled odds ratios of approximately 
1.3–1.6 [34]. While these findings may appear counterintuitive, it is plausible that 
the underlying mechanisms of SDB may differentially affect fetal growth such that 
hypertension and its associated sympathetic activation may be associated with fetal 
growth restriction, while a poor metabolic environment may be more likely to be 
related to macrosomia.

In studies using clinical diagnoses of SDB, an increase in early preterm birth 
(<32 weeks) as well as an increase in delivery prior to 37 weeks has been reported 
in women with SDB compared to both obese women and to normal-weight women 
[112], with the presence of SDB doubling the odds for preterm birth. Small 
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prospective studies, however, have generally found no differences in preterm birth 
whether that be defined as <32 weeks [72], <34 weeks [105], or <37 weeks [72, 
108]. Nonetheless, rather than preterm birth as a dichotomous outcome, some stud-
ies have reported gestational length as a continuous variable although findings are 
mixed. Some do not support a difference in gestational length [104, 113], while oth-
ers suggest a slightly shorter gestation in women with OSA [106]. Data from large 
population-based data sets do however appear to support a link [73, 82, 110, 114] 
with about a twofold increase in odds in earlier delivery.

 Restless Leg Syndrome

Symptoms of restless leg syndrome (RLS) increase as pregnancy progresses, peak-
ing in third trimester and resolving a few days before delivery [115–118]. A recent 
meta-analysis [119] reported that the frequency of RLS increases across the first, 
second, and third trimesters of pregnancy, with 8%, 16%, and 22% of women, 
respectively, reporting RLS symptoms, with a large decrease in frequency to 4% 
after delivery. RLS symptoms are associated with shorter total sleep time, more dif-
ficulty initiating and maintaining sleep, and more daytime sleepiness compared to 
pregnant women without RLS [115, 116, 118, 120]. In extreme cases, symptoms are 
so disturbing that evening relaxation and falling asleep is almost impossible and 
creates a high risk for depression [120, 121]. The prevalence of RLS is approxi-
mately two- to threefold higher in pregnant women compared to nonpregnant 
women [116], at about 3–36% [115, 116, 122]. In a prospective study of 1428 
women, prepregnancy RLS was found to be a risk factor for both prenatal and post-
natal depression, while no added risk was seen in those with new-onset RLS during 
pregnancy [121]. Moreover, RLS has been linked with poor sleep quality, poor day-
time function, and excessive daytime sleepiness although it should be noted that 
despite the high frequency of RLS in pregnancy, there is little evidence to suggest 
an association with birth outcomes [122–124]. However, in a study that used a sur-
rogate measure of RLS (“jumpy or jerky leg movements”), having such movements 
“always” was associated with an increased incidence of preterm birth and a lower 
birth weight [125].

 Mechanisms for Cardiovascular Morbidity

The mechanisms of sleep disruption – especially SDB – that affect cardiovascular 
morbidity in nonpregnant adults are remarkably similar to the biological pathways 
for preeclampsia and include sympathetic activation, oxidative stress, inflammation, 
and endothelial dysfunction [126, 127]. In SDB, increased sympathetic activation is 
propagated by frequent arousals and repetitive apneas; the surges in sympathetic 
activity ultimately result in elevated nocturnal and daytime blood pressures, a key 
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factor in the pathogenesis of cardiovascular morbidity [128]. In pregnancy, sympa-
thetic overactivity is one of the hallmarks of preeclampsia [129]. Furthermore, epi-
sodes of intermittent hypoxia and reoxygenation are involved in the generation of 
reactive oxygen species and reduction in the levels of circulating antioxidants. The 
subsequent imbalance leads to oxidative stress which plays a central role in endo-
thelial damage and ultimately hypertension [130]. It has been postulated that condi-
tions of chronic sleep loss in pregnancy, such as insufficient sleep, insomnia, and 
poor sleep quality, could lead to sustained overload of the stress system, which may 
in turn impair the HPA axis and the proinflammatory system, leading to poor preg-
nancy outcomes [9, 127].

 Treatment Interventions

Treatment intervention trials for sleep disturbance in pregnancy are limited. For 
pregnant women with SDB, small studies and case reports show that use of positive 
airway pressure is safe and appears to improve maternal blood pressure and insulin 
secretion, extend time in utero, and improve markers of maternal and fetal well- 
being [131–136]. For insomnia, cognitive behavioral therapy (CBTI) is efficacious 
during pregnancy [137, 138]. A 5-week CBTI program for pregnant women demon-
strated significant reductions in insomnia symptoms and increases in subjective 
sleep quality as well as less time in bed, shorter sleep-onset latency, increased sleep 
efficiency, and increased subjective total sleep time. Importantly, symptoms of 
depression, pregnancy-specific anxiety, and fatigue all decreased over the course of 
treatment [138]. Moreover, since access to trained clinicians can be challenging to 
many women, delivery of digital CBTI online has also been shown to improve sleep 
onset and maintenance symptoms as well as sleep duration [139]. Importantly, 
CBTI during pregnancy appears to protect against sleep loss after childbirth. Support 
for other therapies to improve sleep quality such as yoga/mindfulness, relaxation, 
herbal therapies, and acupuncture has also been reported (see Bacaro [140] for a 
review). However, whether these interventions translate to improvements in fetal 
outcomes is yet to be tested. Effective treatments, either via therapies such as posi-
tive airway pressure for SDB or behavioral strategies to promote good hygiene, 
should be aggressively pursued in order to reduce the short- and long-term burden 
of the consequences of sleep deficiency during pregnancy.

 Circadian Rhythm Disruption

The majority of studies of circadian rhythms focus on nonpregnant individuals with 
shift work and find associations with poor health outcomes, especially obesity and 
type 2 diabetes mellitus [141, 142]. Although an emerging area of investigation in 
pregnant women, circadian rhythm disruption has been associated with poorer 
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fertility and early pregnancy loss via alterations in circadian rhythm-regulating gene 
expression [143]. Indeed, shift work has been reported to increase the risk of mis-
carriage [144–146]. However, data on circadian disruption and its relationship with 
pregnancy outcomes is scarce. Recently, a large multicenter study of over 7000 
women found that those who self-reported a late sleep midpoint (>5 am) in early 
pregnancy – as a marker of circadian misalignment – had an aOR of 1.67 (95% CI 
1.17–2.38) for GDM [147] and an aOR of 1.39 (95%CI 1.08–1.80) for preterm birth 
[148]. Similar findings were reported by the same group using a sub-cohort of 
women with actigraphic measures, with a later sleep midpoint being associated with 
an increased odds for GDM (aOR 2.58, 95%CI 1.24–5.36) [16] although the asso-
ciations between later sleep midpoint and preterm birth were not quite significant in 
this smaller sample (aOR 1.68, 95%CI 0.88–3.20) [148].

Analysis of 24-hour rest-activity and saliva cortisol rhythms across the second 
and third trimester of gestation has shown that more robust activity rhythms are 
associated with more robust cortisol rhythms and suggest that more irregular sleep- 
activity rhythms may be associated with earlier gestational age [149]. Furthermore, 
women diagnosed with gestational-related disease (hypertension, gestational diabe-
tes mellitus, and/or preeclampsia) showed a trend for higher cortisol levels [149], 
which is consistent with the relationship of hypercortisolism with gestational diabe-
tes [150]. In light of these emerging findings, there is an urgent need to explore the 
impact of disrupted circadian rhythms among the pregnant women and their off-
spring. To that end, a large study in Malaysia is underway to investigate the role of 
circadian rhythms, activity, and nutrition during pregnancy on birth outcomes and 
infant growth [151].

 Maternal Sleep Position

In recent years, data from several countries have shown that self-reported maternal 
supine going-to-sleep position is a significant risk factor for late-gestation stillbirth 
(stillbirth at 28 weeks’ gestation or more). Report of supine sleep position is three- 
to eightfold higher in women who experience a late stillbirth [101, 152–155] with 
an individual patient data analysis showing a 2.6-fold increased odds [156]. While 
it has long been recognized that posture in pregnancy – particularly during labor – 
has a profound impact on maternal hemodynamics, few people have extrapolated 
these practices to how a pregnant woman sleeps. In the supine position, the inferior 
vena cava is compressed, with subsequent reduced blood flow and a reduction in 
cardiac output [157]. Even in healthy late-gestation pregnancies, maternal position 
results in an approximate 6% reduction in oxygen delivery to the fetus and 11% 
reduction in fetal umbilical venous blood flow [158]. Maternal supine position has 
been demonstrated to induce fetal quiescence [159], an oxygen conserving state 
observed during periods of fetal hypoxia, and a small cross-sectional study has sug-
gested that maternal supine sleep was linked to a fivefold increase in low birth 
weight [101], a finding that was confirmed in a large individual patient data analysis 
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of 1760 women and which found a threefold increase in small for gestational age 
[160]. Taken together, these findings provide evidence of biological plausibility in 
the relationship of supine sleep to late-gestation stillbirth. Unlike the studies that 
have used self-report of going-to-sleep position mentioned above, a study of home 
sleep testing found no association between sleep position prior to 30 weeks’ gesta-
tion and stillbirth [161]. However, the latter study was conducted at a much earlier 
gestational age than other studies [101, 152–156], and this suggests that the heavier 
gravid uterus later in the third trimester likely conveys the risk. Other sleep behav-
iors such as long sleep duration, non-restless sleep, and not waking in the night have 
also been associated with late stillbirth [162], which raises the question of whether 
long periods of undisturbed sleep increase the risk of late fetal demise. Data are 
lacking on how the neuroendocrine and autonomic system pathways are regulated 
in pregnant women during sleep, and this is a fertile area for investigation.

Since most pregnant women spend at least some time in the supine position 
[163], supine sleep is a potentially modifiable risk factor which could prevent up to 
10% of late stillbirths [154, 164]. While there is no intervention study adequately 
powered to investigate whether reduction in supine sleep translates to fewer still-
births, several recent studies have shown promise in the ability to reduce time spent 
in the supine position without impacting sleep quality or duration [165–167] and 
even suggest that fetal heart rate decelerations can be reduced and infant birth 
weight may be increased [165, 167]. Work is ongoing in this area.

 Summary

In summary, pregnancy is a vulnerable period for sleep disturbance and confers 
significant impact to both maternal and fetal health. Clinicians caring for pregnant 
women should be mindful of the accumulating evidence, and identification of sleep 
disturbance and clinical sleep disorders should be prioritized. Effective therapies to 
reduce the public health burden of sleep deficiencies are urgently needed since preg-
nancy offers a window of opportunity to improve long-term health outcomes for 
both mothers and their babies.
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Learning Points
 1. There are well-established changes in sleep with aging, including worsen-
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efit from treatment of obstructive sleep apnea.
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 Introduction

Sleep disorders in older adults offer unique challenges. With advancing age many 
patients accrue increasing numbers of comorbidities. More than two-thirds of those 
with multiple comorbidities report sleep problems. These problems can include dif-
ficulty falling asleep, difficulty staying asleep, or sleepiness during the day. This 
chapter will explore age-related changes in sleep and the effects of sleep disorders 
on selected syndromes of aging. It will also explore the epidemiology, clinical pre-
sentations, and management decisions that are unique to sleep disorders commonly 
encountered in older adults.

 Sleep and Aging

There is strong evidence that there are changes in sleep efficiency and sleep stage 
architecture with aging. Advancing age is generally associated with advanced (i.e., 
earlier) sleep timing, longer sleep-onset latency, shorter sleep duration, increased 
sleep fragmentation, and decreased slow-wave sleep [1]. The reduction in non-REM 
stage 3 (N3) sleep with age is more prominent in men than women. It is less clear if 
there are significant changes in REM sleep with aging. There is evidence that exces-
sive daytime sleepiness increases with aging. Naps, including unplanned naps, are 
more frequent in older people. However, napping and excessive daytime sleepiness 
are associated with comorbidities such as depression, pain, and nocturia [2]. Thus, 
increased napping may not be a part of normal aging per se. Using the multiple 
sleep latency test as a measure of sleep propensity in healthy subjects of different 
ages showed that older adults (age 66–83 years) had a decreased sleep propensity, 
possibly related to a weakened homeostatic drive to sleep [3]. It is reasonable to 
conclude that excessive daytime sleepiness in older people may be due to comor-
bidities rather than being part of the natural aging process.

It is not clear whether changes in sleep with age are due to a decreased ability to 
sleep or a decreased need to sleep. However, there are several lines of evidence that 
suggest that short sleep duration and disturbed sleep are associated with adverse 

 5. Behavioral therapies are first-line treatment for insomnia in all adults, par-
ticularly in those who are older.

 6. Optimizing iron stores is a key first step in the treatment of restless legs 
syndrome.

 7. REM sleep behavior disorder is tied to the development of alpha- 
synucleinopathy related neurodegenerative disorders, such as Parkinson’s 
disease, Lewy body dementia, and multisystem atrophy.
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health and cognitive outcomes. Decreased sleep efficiency and higher amount of 
wake after sleep onset have been associated with greater cognitive decline in older 
people. There is emerging evidence that sleep disruption is associated with 
β-amyloid (Aβ) protein accumulation and tau neurofibrillary tangles that are char-
acteristic of Alzheimer’s disease (AD). Experimental evidence in animal models 
has shown that sleep plays a crucial role in the clearance of Aβ through the glym-
phatic system [4]. Aβ cerebrospinal fluid levels have been associated with poor 
sleep efficiency and increased napping [5]. Excessive daytime sleepiness has been 
longitudinally associated with the development of Aβ positivity [6, 7]. There is pre-
liminary evidence that acute sleep deprivation can increase Aβ deposition in healthy 
adults [8]. These findings support a hypothesis that sleep disruption with aging may 
lead to a decline in cognitive function by promoting the deposition of pathological 
proteins. However, most of the data are still cross-sectional in nature. Since neuro-
nal systems in the brain crucial to sleep-wake homeostasis are impacted by deposi-
tion of these abnormal proteins, it is reasonable to conclude that these pathological 
changes may be a cause of sleep disruption and excessive daytime sleepiness (EDS) 
[1]. It is reasonable to conclude that there is likely a bidirectional relationship 
between sleep disturbance and neurodegenerative disease.

Sleep and sleep disruption have an impact on the body as well as the brain. 
Numerous prospective studies have shown a U-shaped relationship between sleep 
duration and mortality, with both short and long sleep durations conferring an 
increased risk of death [9]. Whether short or long sleep directly causes excess death 
is difficult to prove given all of the potential confounders, despite attempts to math-
ematically control for known comorbidities. Sleep may be short or long due to 
known or unknown health factors. However, there is strong evidence that sleep qual-
ity and quantity are associated with overall health. Changes in sleep stage distribu-
tion with age may contribute to the age-related changes in metabolism. N3 sleep is 
associated with growth hormone secretion. The reduction in N3 sleep with aging 
may be partly responsible for the decrease in growth hormone in older men [10]. 
Sleep deficiencies have also been linked to metabolic dysregulation that may con-
tribute to diseases that impact healthy aging such as obesity and diabetes [11]. 
Given the link between insufficient and fragmented sleep on quality of life and 
health outcomes, there is a need for awareness, evaluation, and treatment of the 
sleep disorders that commonly affect older adults.

 Sleep-Disordered Breathing

Sleep-disordered breathing comprises both obstructive and central sleep apnea syn-
dromes. Obstructive sleep apnea (OSA) occurs when the airway is obstructed dur-
ing sleep, which is determined by the persistence of respiratory effort during the 
apneas on a sleep study. If there are no detectable efforts during the apneas, the 
disorder is classified as central sleep apnea (CSA) because there is a momentary 
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defect in the central control of breathing. Approximately 40% of adults who have 
CSA have Cheyne-Stokes respiration (CSR), which is a periodic cycling between 
hypoventilation and hyperventilation [12]. Congestive heart failure is the most com-
monly recognized cause of CSA and is associated with CSR. Other common causes 
of CSA include cerebrovascular accidents, chronic kidney disease, atrial fibrillation, 
and opioid use. OSA is by far the most common sleep-related breathing disorder; 
however there can be overlap between obstructive and central sleep apnea. The con-
sequences of respiratory events during sleep include arousals from sleep and cycli-
cal drops in the blood oxygen level. This ultimately leads to sleep fragmentation and 
nocturnal hypoxemia, which may lead to insomnia symptoms, excessive daytime 
sleepiness and may have potential health consequences.

Many of the risk factors for OSA increase with age. Estimates of the prevalence 
of OSA have varied widely and are dependent on the populations studied. Results 
from a US cohort studied between 2007 and 2010 have estimated moderate to severe 
OSA to occur in 6% of women and 13% of men between ages 30 and 70 years [13]. 
Evidence suggests that OSA is underdiagnosed in the general population, particu-
larly in women. Less is known about the epidemiology of OSA in an older popula-
tion; there is a suggestion that the risk of OSA increases with advancing age until 
70 years after which there is a plateau [14]. Male gender is clearly a risk factor for 
OSA. However, this gender gap lessens significantly after menopause in women.

The risk of having CSA also increases with older age. CSA has been found to be 
2–3 times more common in people aged 65–90 than in those aged 39–64 years. This 
is likely due to the increased prevalence of conditions associated with CSA such as 
congestive heart failure, atrial fibrillation, chronic kidney disease, and chronic pain 
syndromes treated with opioids [12]. For instance, it is estimated that upward of 
50% of patients with stable heart failure have some form of sleep-disordered breath-
ing (SDB). The majority of these patients have a form of CSA; however, many have 
OSA or a combination of the two disorders.

The major symptoms of OSA include excessive daytime sleepiness, sleep dis-
ruption, and snoring. The classic patient with OSA is an obese male with snoring, 
gasping, and daytime sleepiness. However, these associations are less predictive in 
an older population. Other important symptoms of SDB include nocturia, insomnia, 
morning headaches, nocturnal confusion, and daytime impairments in mood and 
cognition. Snoring is indicative of a partially collapsed airway and is a useful pre-
dictor of the presence of OSA or future development of the condition. The lack of 
classic symptoms and findings should not preclude further evaluation for OSA, par-
ticularly in older patients.

The primary modalities for testing for OSA include an in-laboratory attended 
polysomnogram (PSG) or a home sleep apnea test (HSAT). PSG is generally con-
sidered the gold standard for the diagnosis of OSA; however HSAT has been shown 
to be a reasonable diagnostic modality in patients with symptoms suggestive of 
moderate to severe OSA without significant comorbidities [15]. HSAT can be per-
formed at much lower costs than PSG, which can dramatically improve access to 
OSA testing, and some patients may be more comfortable sleeping at home than in 
a sleep laboratory. In an older population, there are concerns that the usability of the 
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HSAT equipment may be compromised by impairments in dexterity or cognition. 
One study showed that self-assembled HSAT combined with symptoms was able to 
accurately diagnose OSA in an older patient population [16]. A smaller study also 
showed a high degree of correlation between HSAT and PSG in older patients [17]. 
However, HSAT in older populations appears to be an area that has been understudied.

Continuous positive airway pressure (CPAP) therapy is the gold standard treat-
ment for OSA. CPAP devices essentially use air to stent open the upper airway in 
order to combat airway obstruction. The vast majority of trials of CPAP therapy 
have focused on patients who are middle-aged. Only recently have there been ran-
domized controlled trials focused on CPAP therapy in older individuals. The 
PREDICT trial comprised of 231 patients and found that CPAP improved subjective 
sleepiness and was cost-effective in patients aged greater than 65 years [18]. A simi-
larly sized study in Spain among patients with severe OSA over the age of 70 years 
found that CPAP improved quality of life, mood, and some indices of neurocogni-
tive function [19]. A smaller pilot study found that CPAP improved episodic and 
short-term memory as well as executive functioning with a suggestion of increased 
connectivity on neuroimaging [20]. A larger study to extrapolate these results to 
moderate OSA failed to show the same neurocognitive benefits but did show that 
sleepiness and quality of life were improved on CPAP in those older than 70 years 
of age [21]. Observational studies have suggested that CPAP is well-tolerated and 
may have a mortality benefit in older patients including in those over the age of 80 
[22]. Studies on whether CPAP adherence is better or worse in an older population 
have had mixed results, and any changes in CPAP adherence with age may be due 
to factors other than advancing age [23]. CPAP has been found to be well-tolerated 
and beneficial in patients with mild to moderate Alzheimer’s disease [24]. Age alone 
should not be a barrier to the testing for and treatment of OSA. Even the presence 
of dementia should not preclude using CPAP for OSA.

The impact of the treatment of OSA on cardiovascular outcomes has shown 
mixed results, with observational studies generally showing benefit of CPAP in 
reducing cerebrovascular events, while randomized controlled trials have largely 
been negative. The observational studies have shown stronger links between OSA 
and stroke than between OSA and coronary events [25]. It is hypothesized that those 
with severe OSA who survive to older age may have ischemic preconditioning of 
the heart protecting them to some extent from myocardial infarction. One large 
randomized controlled trial of 2717 patients aged 45 to 75 years followed on aver-
age for 3.7 years showed no reduction in cardiovascular events with CPAP therapy 
[26]. A meta-analysis of studies including this one also showed no cardiovascular 
benefit in largely middle-aged patients [27]. The major limitation of these studies is 
that adherence to CPAP was fairly low among participants. Furthermore, significant 
excessive daytime somnolence was an exclusion criterion in many studies. In a pop-
ulation of older adults, the diagnosis and treatment of OSA may not be a potent 
strategy to reduce cardiovascular events relative to other strategies, particularly in 
the absence of excessive daytime sleepiness. However, in an individual who is 
adherent to therapy, CPAP may confer some cardiovascular benefit although this 
remains unproven.
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Oral appliances that shift the jaw forward (mandibular advancement or mandibu-
lar repositioning devices) are a viable treatment alternative to positive airway pres-
sure for many patients with OSA. The principle behind this therapy is that moving 
the jaw forward pulls the tongue away from the oropharynx, which may also benefi-
cially reconfigure the soft palate. The American Academy of Sleep Medicine rec-
ommends the use of oral appliances, rather than no treatment, for those who are 
intolerant of CPAP therapy or who have a strong preference for an alternative to 
PAP therapy [28]. It is generally thought that oral appliances are more effective in 
those with mild OSA; however there is not strong data to support this assumption. 
If adherence to oral appliance therapy were higher, this would mitigate the fact that 
reduction in AHI is generally less than the reduction achieved with PAP. Oral appli-
ances generally require good dentition to hold the device in place, which would 
present a barrier to use in individuals missing teeth or who require dentures. Oral 
appliance therapy specifically in older patients has not been studied extensively. 
One small postal study in older veterans showed that only one-third were confident 
in the use of the device and felt that it was an effective treatment [29].

As previously discussed, CSA syndromes are increasingly common in older 
patients. CSAs can sometimes be treated with CPAP, but more advanced bilevel 
modalities such as adaptive servoventilation (ASV) are sometimes also used to treat 
CSA. ASV treats CSA by increasing ventilatory support during hypopneas, breath-
ing for the patient during apneas, but decreasing ventilatory support during periods 
of excessive ventilation. This helps “smooth out” the overall breathing pattern. The 
SERVE-HF trial revealed significant safety concerns for the use of ASV in CSA 
among patients with symptomatic heart failure and a reduced ejection fraction (EF) 
(≤ 45%), where the ASV group had an increased all-cause and cardiac mortality 
[30]. ASV is therefore not recommended to be used in the presence of reduced sys-
tolic function. It is still considered a therapeutic option in patients who have CSA 
due to heart failure with a preserved EF or from other causes. A review looking at 
the efficacy of ASV in older patients with central or combined central and obstruc-
tive sleep apnea in patients with preserved EF was only able to identify 6 studies 
with sample sizes ranging from 45 to 126 patients and mean ages in the mid to late 
60s [31]. These studies demonstrated an improvement in sleep-related symptoms 
and daytime functional status. ASV use for CSA not due to heart failure does not 
seem to have been systematically studied in older patients. In general, ASV is an 
option in older patients with CSA who do not respond to CPAP alone; however 
long-term benefits have not been established.

 Insomnia

Insomnia is a highly prevalent sleep disorder with advanced age, affecting 30–48% 
of older adults [32]. This high prevalence may be related to age-related changes in 
sleep and the accumulation of comorbidities and medications with older age that are 
associated with insomnia. In addition, the higher prevalence of insomnia in women 
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compared to men seen in younger adults appears to continue into old age, with a 
meta-analysis showing that the greater relative risk of insomnia in women com-
pared with men increases with age, from 1.28 in young adults to 1.73 in those aged 
65  years and older [33]. Several epidemiologic studies have linked sleep distur-
bances to worse health-related quality of life, nursing-home placement, and even 
death in older people [32]. Late-life insomnia is often a chronic problem, and with-
out treatment, symptoms often persist for years.

Several age-related changes in sleep may contribute to insomnia in older adults. 
Common changes include a decreased sleep efficiency (time spent asleep divided by 
total time spent in bed), decreased total sleep time, and increased sleep latency (time 
to fall asleep). An earlier bedtime and earlier morning awakening, more awaken-
ings, more total wakefulness during the night, and more daytime napping are also 
common. As described above, older age, especially among men, is associated with 
less N3 sleep, whereas the percentage of stages N1 and N2 increases with age [34]. 
Many age-related changes in sleep occur by middle age, with sleep parameters 
remaining relatively stable among healthy people after age 60 [34]. There is some 
question of the clinical significance of these age-related changes in sleep in healthy 
people. For example, with sleep deprivation, older adults may actually show less 
daytime sleepiness, less evidence of decline in performance measures, and a quicker 
recovery than younger adults [35]. In studies comparing good sleepers with poor 
sleepers, poor sleepers were found to take more medications, make more clinician 
visits, and have poorer self-ratings of health, suggesting that some age-related 
changes in sleep may reflect poor health, rather than aging per se.

Many comorbidities and medications are associated with insomnia in older 
adults. Depression is perhaps the most common and strongly associated psychiatric 
comorbidity associated with insomnia in older people [36]. Anxiety is also a com-
mon risk factor for developing insomnia. Many medical conditions that are common 
in older adults also contribute to insomnia. For example, the prevalence of insomnia 
is higher in individuals with hypertension, heart disease, arthritis, lung disease, gas-
trointestinal reflux, stroke, and neurodegenerative disorders. Symptoms such as 
pain, paresthesia, cough, dyspnea, gastroesophageal reflux, and nocturia also con-
tribute to insomnia. Medications can also impair sleep or alter sleep architecture. 
Sleep can be disturbed if stimulating medications (e.g., caffeine, sympathomimet-
ics, bronchodilators, activating psychiatric medications) are taken too near to bed-
time, and sedating medications taken during the daytime can lead to more daytime 
sleeping and a decrease in nighttime sleep drive. Caregiving for others (such as 
loved ones with dementia) is also a common factor contributing to insomnia in older 
adults [37].

PSG is not routinely indicated in the evaluation of older patients presenting with 
insomnia, unless another comorbid sleep condition is suspected or the patient has 
not responded to first-line therapy for insomnia disorder [38]. Sleep diaries with 
daily entries over 1 to 2 weeks can be very helpful in determining the severity of the 
insomnia as well as identifying possible perpetuating factors such as extended day-
time napping or irregular bedtimes. Wrist actigraphy in conjunction with a sleep 
diary can be used to obtain a more objective measure of the patient’s overall 
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sleep- wake pattern, and use of actigraphy has been recommended in patients with 
insomnia when objective estimates of sleep parameters will aid clinical decision-
making [39]. Wrist actigraphy can also be used in identifying circadian rhythm 
disorders and for use in nursing-home residents unable to complete detailed sleep 
diaries and for whom other forms of sleep monitoring (e.g., PSG) can be difficult 
to obtain.

Behavioral therapies, particularly cognitive-behavioral therapy for insomnia, 
CBT-I, are recommended as first-line treatments for insomnia in all adults [40]. 
Evidence for use of behavioral treatments is particularly compelling in older adults 
where the potential adverse effects of sedative-hypnotic medications are particu-
larly worrisome, such as increased risk of falls and fractures and increased risk of 
cognitive decline. In addition to low likelihood of adverse effects, behavioral treat-
ments are preferred by most patients and have better long-term efficacy than seda-
tive-hypnotics [41]. Behavioral therapies for insomnia have also been demonstrated 
to be effective in older adults with comorbid conditions, such as depression.

Several randomized trials and systematic reviews provide strong evidence for 
CBT-I [38, 40, 42], including among older adults [43]. CBT-I may include stimulus 
control, sleep restriction, and cognitive therapy, often with other components such 
as sleep hygiene and relaxation techniques [44]. Stimulus control is designed to 
break the negative associations patients have with their sleep environment, which 
have come about from maladaptive behaviors. Examples of stimulus control include 
using the bed for sleep or intercourse, only, and to only go to bed when tired enough 
to fall asleep. Sleep restriction limits the amount of time the patient spends in bed, 
usually guided by their actual sleep time from the sleep diary, to help the patient fall 
asleep more quickly and have more consolidated sleep. Cognitive therapy addresses 
the maladaptive thoughts or dysfunctional beliefs patients have about their sleep. 
Sleep hygiene is also commonly provided, including education on general guide-
lines to maintain a healthy sleep-wake routine. Other components of CBT-I may 
include various relaxation techniques, scheduled worry time during the day, and 
other interventions. These components can be used with older adults, sometimes 
with adaptations for safety, including developing alternatives to getting out of bed 
at night for those at high risk for falls.

CBT-I has reliably been shown to improve sleep efficiency, decrease nighttime 
wakefulness, and increase satisfaction with sleep [38, 40, 42]. In trials comparing 
CBT-I with a prescription sedative-hypnotic agent, participants reported better 
improvement in sleep and more satisfaction with the CBT-I therapy [45]. As noted 
above, studies that compare CBT-I with pharmacologic therapy typically show that 
the improvements with CBT-I are more sustained. In addition, newer delivery mod-
els that involve the use of the Internet and/or phone applications [46], nonspecialist 
providers [43], and telehealth-based CBT-I have demonstrated evidence for effec-
tiveness, suggesting a variety of options may be used to provide this therapy to 
older people.

Studies have found variable effects of bright light, either provided from natural 
sunlight or light boxes, on insomnia symptoms in older adults [47, 48]. Effects of 
bright light on circadian rhythm problems are more clearly established [49]. For 
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example, light therapy has been recommended in adults with an advanced sleep 
phase and in older adults with dementia [49]. Evidence suggests that aerobic exer-
cise (combined with sleep hygiene education) improves sleep in older adults with 
insomnia [50]. Tai chi has also been demonstrated to improve sleep quality in indi-
viduals with insomnia, including older adults [51].

In general, older adults are more likely than younger adults to experience adverse 
side effects of sedative-hypnotics, such as an increased risk of falls and fractures, 
and cognitive decline. In one meta-analysis of sedative-hypnotics in older adults 
with insomnia, the number of individuals needed to treat for improved sleep quality 
was more than twice as high as the number needed to harm for any adverse event, 
suggesting these agents were more likely to cause harm than benefit [52]. If a 
sedative- hypnotic is used in an older adult, the smallest dose of the agent with the 
least risk of adverse events should be chosen for the shortest duration necessary.

Benzodiazepines bind nonselectively to the gamma-aminobutyric-acid- 
benzodiazepine (GABA-A) receptor subunits, resulting in sedative, anxiolytic, and 
amnestic effects. Temazepam, lorazepam, and estazolam are intermediate-acting 
benzodiazepines that are most commonly used for insomnia; triazolam is a shorter- 
acting agent that is also used for insomnia. Longer-acting benzodiazepines (e.g., 
flurazepam, quazepam) should not be used in older adults due to a long half-life that 
can result in significant daytime effects. In addition to falls and fracture, other side 
effects associated with benzodiazepines in older adults include confusion, rebound 
insomnia, tolerance, and withdrawal symptoms on discontinuation [53]. There is 
also evidence for an increased risk of pneumonia in older people with Alzheimer’s 
disease [54]. These agents are all on the Beer’s list of potentially inappropriate 
medications for older adults [55].

Nonbenzodiazepine-benzodiazepine receptor agonists (NBRAs, e.g., zolpidem, 
zaleplon, eszopiclone) bind selectively to the GABA-type A receptors and generally 
produce sedation and amnestic effects without the anxiolytic properties. These 
agents likely have similar efficacy to benzodiazepines but with a somewhat better 
side effect profile, in part due to their relatively short duration of action. Zolpidem 
and zaleplon should only be taken immediately before bed because of their rapid 
onset of action. Eszopiclone has a longer duration of action than the other NRBAs 
and is better for sleep maintenance but may cause drowsiness in the morning. 
Evidence suggests that the NBRAs also increase risk of falls and fractures in older 
adults [56]. The emergence of complex sleep-related behaviors such as sleep driv-
ing and sleep eating that has been reported with NBRAs [57] has led to a black box 
warning for these agents. NBRAs are also all included on the Beer’s list of poten-
tially inappropriate medications for older adults [55].

Melatonin receptor agonists (e.g., ramelteon) act at MT1/MT2 melatonin recep-
tors. Ramelteon has been shown to reduce self-reported sleep latency in older adults 
[58], with few side effects, but somnolence, dizziness, headache, and fatigue can 
occur. Evidence suggests ramelteon does not lead to significant rebound insomnia 
or withdrawal effects [58].

Other agents are available for treatment of insomnia. The tricyclic antidepressant 
doxepin is available in an ultralow-dose formulation (3–6  mg) that selectively 
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antagonizes H1 receptors, which is believed to have sleep-promoting effects. Data 
suggest that this low-dose doxepin does not have more significant anticholinergic 
side effects compared to placebo [59]. A newer class of medications that antagonize 
the orexin system has been developed. These dual orexin receptor antagonists 
include suvorexant and lemborexant. A trial of 277 participants with mild to moder-
ate probable Alzheimer’s disease showed an improvement in polysomnographic 
total sleep time of 28 minutes with suvorexant. There were increases in daytime 
sleepiness but no apparent changes in cognitive function testing [60]. Low-dose 
trazodone has also been used for insomnia, with some evidence for effectiveness in 
decreasing sleep latency and increasing sleep duration; the most common side 
effects appear to be daytime sleepiness, headache, and orthostatic hypotension [61]. 
There is a lack of evidence to support use of atypical antipsychotics for insomnia in 
the absence of other serious psychiatric illness and significant concern for harm [62].

Almost half of all older adults report the use of nonprescription over-the-counter 
(OTC) sleeping agents, commonly sedating antihistamines, melatonin, or herbal 
products. The sedating antihistamines (e.g., diphenhydramine) are the most com-
mon ingredients in OTC drugs marketed for sleep [63]. Diphenhydramine is sedat-
ing through its potent anticholinergic effect and tolerance to its sedating effect 
develops rapidly. The long half-life of diphenhydramine may result in next-day 
sedation. Side effects can be quite problematic in older adults (e.g., dry mouth, uri-
nary retention, delirium, decreased cognition, constipation, increased ocular pres-
sure), so diphenhydramine is not recommended for insomnia in older patients. 
Other supplements are available OTC, such as melatonin and valerian, but recent 
guidelines do not recommend use of these agents for insomnia [64].

 Restless Legs Syndrome/Periodic Leg Movements

Restless legs syndrome (RLS) is defined by the urge to move one’s legs. The other 
defining features of RLS are an improvement with movement, worsening with 
relaxation, and an evening onset. More rarely RLS can also affect and may even be 
limited to the arms. This urge to move is often described as an uncomfortable sensa-
tion in the limbs. The prevalence of RLS does increase with age with up to an 8% 
prevalence in older patients [65]. A similar prevalence has been found in patients 
with cognitive impairment and dementia [66]. The pathophysiology of RLS is 
thought to involve low levels of iron stores in the brain. Increasing prevalence of 
iron deficiency may in part explain why older patients have an increase in RLS 
symptoms. Other comorbidities such as chronic kidney disease, neuropathy, and the 
use of antidepressants and neuroleptics are also associated with RLS [67]. The 
accrual of these comorbidities may explain why RLS is more common in older 
patients. In older individuals it is difficult to distinguish “primary RLS,” i.e., RLS 
without comorbidities, from comorbid RLS.
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The diagnosis of RLS is made solely on clinical evaluation. The International 
Classification of Sleep Disorders-Third Edition (ICSD-3) recommends that the 
diagnosis be based on an urge to move the legs that worsens during rest, is at least 
partially relieved by movement, and occurs most predominately in the evening [68]. 
The presence of periodic leg movements can help support the diagnosis of RLS. The 
diagnosis is challenging in older patients due to the need to rule out other conditions 
such as neuropathy and radiculopathy. Patients may attribute complaints about their 
legs to leg cramps, edema, and arthritis which are all prevalent in older individuals. 
Another challenge is that patients with significant cognitive impairment may have 
difficulty describing their symptoms. It has been suggested that behaviors such as 
rubbing or kneading the legs be considered as evidence for RLS in patients with 
dementia. Excessive motor activity such as pacing, kicking, rubbing feet together, 
foot tapping, and cycling movements can all be used as signs of RLS [69]. This 
approach was used to create an instrument validated in cognitively intact patients 
with and without RLS. Using iron deficiency, symptom of discomfort in legs and a 
behavioral observational tool among other factors can be used to predict the pres-
ence of RLS [70].

The presence of RLS in older patients may adversely impact their quality of life. 
The presence of RLS was found to be associated with a subsequent decline in physi-
cal function [71]. Severity of RLS has been linked to decreased quality of life 
scores, including daily and social functioning [72]. Abnormal nocturnal behaviors 
are a risk factor for the institutionalization of patients with dementia. It stands to 
reason that a condition causing the urge to walk around at night could worsen such 
behaviors and contribute to a risk of falls. Indeed, in 1 study in a sample of 59 
patients, probable RLS was found to predict nocturnal agitation behaviors along 
with OSA [73]. There has been a link between RLS symptoms in patients with 
dementia and the presence of apathy, which is hypothesized as due to a common 
problem in the dopaminergic system [74].

Periodic leg movements of sleep (PLMS) are stereotypical extensions of the 
great toe with dorsiflexion of the ankle occasionally including flexions of the knee 
and hip that occur repeatedly. PLMS have been shown to increase substantially with 
age in healthy adults [75]. In healthy individuals it is controversial what the impact 
of PLMS have on sleep. PLMS have been correlated with increased nocturnal blood 
pressure, autonomic activity, and incident cardiovascular disease [76]. The diagno-
sis of periodic limb movement disorder (PLMD) requires a frequency of at least 15 
leg movements per hour and that the patient have sleep disturbance or impaired 
daytime functioning that is not better explained by another current sleep disorder 
[68]. Therefore, patients who have RLS by definition cannot have PLMD. Also, 
other medical or neurologic disorders have to be excluded as the cause of the 
patients’ symptoms in order to make a PLMD diagnosis. Given that comorbidities 
are common in older adults, it can be challenging to diagnose PLMD in this 
population.
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The treatments for RLS and PLMD are similar. The first step of therapy is to 
ensure adequate iron stores. Iron supplementation should be given if the ferritin 
level is below 75 ng/ml. Supplemental iron has been found to be an effective therapy 
for RLS without significant adverse effects [77]. The mainstay of pharmacologic 
therapy has traditionally been non-ergot dopamine agonists such as ropinirole and 
pramipexole. These therapies have been effective for the treatment of RLS symp-
toms, but are not without potential side effects, such as sleep attacks and gastroin-
testinal side effects. The most worrisome side effects of these agents include 
behavioral disinhibition such as impulsive gambling. It would stand to reason that 
older adults may have more difficulty tolerating these agents. However, a study of 
patients treated with this class of medication in those with Parkinson’s disease did 
not find a significant difference in tolerability between older and younger patients, 
with 90% tolerating this therapy [78]. Another potential adverse outcome stemming 
from the use of dopaminergic therapy is the risk for augmentation, which is an ear-
lier timing of symptoms, spread of symptoms to previously unaffected limbs, and/
or increased intensity of symptoms. Augmentation is thought to occur at around 9% 
per year among patients on pramipexole [79]. Many experts feel that this is an unac-
ceptable risk of augmentation and suggest that an alternative class of therapeutic 
agents should be considered for first-line therapy.

The major alternative class of therapeutic agents are the alpha-2-delta calcium 
channel ligands such as gabapentin and pregabalin. Of these agents only gabapentin 
enacarbil is FDA approved for the treatment of RLS. There is strong evidence that 
pregabalin is as effective as dopamine agonists and confers a decreased risk for 
augmentation [80]. As with many drugs in older people, these agents should be used 
with caution since there is significant variability in the pharmacokinetics of drugs 
such as gabapentin, in part due to changes in renal function [81]. The accumulation 
of these medications can theoretically cause somnolence, dizziness, and gastroin-
testinal disturbances. However, the safety and efficacy of these medications in an 
older patient population for RLS have not been specifically studied.

Opioids can be an effective therapy for the treatment of refractory RLS [69]. 
However, this class of medications comes with significant safety concerns including 
constipation, somnolence, impaired cognition, and a potential for drug overdose. 
The American Geriatrics Society recommends avoidance of opioids in combination 
with other central nervous system depressants in older adults and in those with a 
history of falls [55].

Non-pharmacologic therapies should also be considered in the treatment of 
RLS.  The majority of non-pharmacologic advice is the recommendation that 
patients avoid substances that provoke RLS symptoms. Such exacerbating factors 
include antidepressants, alcohol, caffeine, and sleep deprivation. Alternative thera-
pies that include exercise, massage, transcutaneous stimulation, pneumatic com-
pression, and yoga have been shown to have benefit in low-quality studies [82]. 
Additional controlled trials on alternative or complementary therapies for RLS in 
older adults are needed.
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 REM Sleep Behavior Disorder

REM sleep behavior disorder (RBD) involves dream enactment behavior with a 
failure to inhibit muscle tone as normally occurs during REM sleep. RBD can 
potentially cause injury to the patient or a bed partner due to acting out dream 
actions such as punching, kicking, or running while unconscious. The prevalence of 
RBD in adults over the age of 40 has been estimated to be around 1% [83]. Clinical 
samples of patients have shown that patients typically present for evaluation of 
RBD in their mid-60s while having had approximately 5 years of symptoms [84]. 
Indeed, the prevalence of RBD was found to be 2% among those older than 60 years 
[85]. Therefore, RBD is essentially a disease of aging.

This strong predilection for older adults is likely due to the connection of RBD 
to neurodegenerative disorders of aging, in particular alpha-synucleinopathies [86]. 
There is a high prevalence of RBD in those with Parkinson’s disease, Lewy body 
dementia, and multisystem atrophy. However, RBD may be a precursor to the devel-
opment of these disorders. Over the course of 15 to 20 years of observation, up to 
90% of patients with RBD will ultimately develop a neurodegenerative disorder 
associated with alpha-synuclein [87]. It is thought that this relationship is due to a 
shared pathophysiology with early deposition of alpha-synuclein in areas of the 
brain stem that inhibit muscle tone during REM sleep.

The diagnosis of RBD requires both a history of dream enactment and findings 
of abnormally increased muscle tone during REM sleep during polysomnography 
making it the only parasomnia that explicitly requires confirmatory findings on PSG 
to make a diagnosis [67]. Conditions that confound the diagnosis of RBD are sig-
nificant sleep-disordered breathing and PTSD, which can both present with appar-
ent dream enactment behavior. There is some evidence that REM sleep tone is also 
increased in sufferers of PTSD making the distinction diagnostically challenging. 
There is also further evidence that the presence of PTSD may be a risk factor in the 
development of RBD [88].

The primary goal of treating RBD is to avoid nocturnal injury and to prevent 
sleep disruption. The first priority should be to ensure that the patient is sleeping 
in a safe environment and that they are not a danger to themselves or others. The 
two major pharmacological treatments of RBD are low-dose clonazepam and 
melatonin. In older patients it is preferable to avoid benzodiazepines when pos-
sible making melatonin the primary first choice for therapy. There is evidence 
from small randomized trials and two retrospective studies that melatonin reduces 
both REM sleep without atonia and the clinical manifestations of RBD [89]. The 
mechanism of action for melatonin in RBD is not known. Often very high doses 
(up to 18 mg) of melatonin are sometimes required. Clonazepam also has evi-
dence from case series at improving RBD behaviors; however caution must be 
used in those with dementia or gait instability [90]. A single-center retrospective 
review of RBD patient experiences with melatonin and clonazepam showed that 
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both medications improved dream enactment behaviors. However, only melatonin 
was associated with reduced injuries and falls, while clonazepam was associated 
with increased adverse effects such as sleepiness, unsteadiness, dizziness, and 
trouble thinking [91].

 Sleep Disturbance among Residents in Long-Term 
Care Settings

Sleep problems are common among older people in long-term care settings, such as 
nursing homes (NHs) [92]. Many older NH residents have an irregular sleep-wake 
rhythm, with fragmented nighttime sleep and excessive daytime napping [93]. In 
addition to older age, other common factors associated with poor sleep in these resi-
dents include medical and psychiatric comorbidities, polypharmacy, a disruptive 
nighttime environment, limited physical activity and lack of exposure to bright light 
during the daytime, and increased time spent in bed during the day. Sleep distur-
bance in NH residents is associated with lower quality of life, less involvement in 
social activities, and other adverse consequences. Evidence suggests that sleep dis-
turbance in NH residents is also associated with distress in NH staff, resident agita-
tion, and prescription of psychotropic medications [94]. In addition to identifying 
and treating primary sleep disorders, the management of sleep disturbance in NH 
residents usually requires a multidimensional treatment approach to improve the 
nighttime sleeping environment and increase daytime physical activity (as appropri-
ate) as well as bright light exposure. A recent meta-analysis suggested the most 
promising approaches were increased daytime light exposure, nighttime use of mel-
atonin, and acupressure [95]. Sedating medications may have limited benefit in 
improving sleep of NH home residents, particularly given the complex factors in 
metabolism of these drugs in frail older adults and adverse consequences, including 
increased risk of hip fracture [96].
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