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Preface to the first edition

The topic of sleep medicine has emerged during the
last few decades as an area of intense medical and
scientific interest. It also reflects the philosophy
of the editors that the aspects of psychosomatics
should be well understood so as to produce skilled
sleep practitioners. Sleep and psychosomatic medicine is an intensely personal, inherently interesting
and fascinating field of medical science. Its subject
matter touches all facets of our health and wellbeing, particularly in the sleep field; it overlaps
with neuropharmacology, pharmacology, psychiatry, and basic and clinical medical disciplines. We
have striven to present valuable chapters in order to
make the reading enjoyable as well as meaningful.
The chapters have been written by experts in
the field in order to provide physicians of widely
ranging interests and abilities with a highly readable exposition of the principal results, which
include numerous well-articulated examples and
a rich discussion of applications. In particular,
we have tried to indicate how psychosomatics can
be applied to sleep medicine, and vice versa. This
book is intended primarily for sleep researchers,
general and neuropharmacologists, psychiatrists
and physicians who evaluate and treat sleep disorders. In addition, the volume will be extremely

useful for pharmacologists, pharmacists, medical
students, and clinicians of various disciplines who
want to get an overall grasp of both sleep and psychosomatic medicine. Nineteen chapters have been
written for this purpose by authors who are experts
in their fields. The chapters have been written in a
readable and easily understood manner. The book
presents topics of current interest, ranging from
attachment disorders to personality disorders and
stress and the psychosomatic factors implicated in
various medical illnesses. This book explores many
of these new and exciting developments in the field
of sleep and psychosomatics. Unfortunately, it is
impossible in a volume such as this to include all
recent advances—but that is what makes this field
unique and such an exciting field to study and read
and write about. New concepts are discussed in
this book. The reader may feel confident that the
information presented is based on the most recent
literature on sleep and psychosomatic medicine.
Furthermore, the importance of the neuroimaging of sleep is stressed. It is our hope that we have
succeeded in accomplishing this goal. As usual,
we welcome communications from our readers
concerning this book, especially any errors or deficiencies that may remain.

ix

Preface to the second edition

Sleep and Psychosomatic Medicine was originally
conceived and written to address the needs of
students, trainees, and clinicians as a resource to
integrate sleep medicine and psychiatry into the
routine clinical practice of sleep medicine. We
found the response to the first edition extremely
rewarding—the text was critically acclaimed and
sustained broad national and international distribution. It enjoyed readership by many working in
different capacities in the occupational and environmental field, not merely clinicians.
The first edition of Sleep and Psychosomatic
Medicine was extremely successful and well
received by the worldwide sleep medicine community. In the second edition, we have kept a similar
format for those who are familiar with our earlier
edition. Yet we have also added new content and
features, and included color figures based on the
valuable feedback from readers.
This edition has been revised in an effort to
further broaden the scope of the second edition
with the inclusion of several new chapters such as
“Sleep and dermatology,” “Fatigue in chronic medical conditions,” “Occupational sleep medicine,”
“Restless legs syndrome and neuropsychiatric
disorders” and “Sleep dysfunction after traumatic
brain injury,” to name just a few.
We have strived to maintain a balance of including the most important information for clinical
practitioners while also limiting the size of the volume so that it did not become a formal textbook.
Although this volume offers treatment plans and
suggestions, it remains the professional responsibility of the clinical practitioner to rely on experience given the signs and symptoms of the patient
to determine individually tailored treatment interventions for a given condition.

When we published the first edition in 2007,
we thought that a second edition of Sleep and
Psychosomatic Medicine would follow within the
next 5 years or so due to the continued advancement in the field. Additionally, the first edition
did not include all of the topics that we wanted to
cover. Our initial assumption was supported and
encouraged by fellow readers who contacted us in
person and via email to discuss what they wanted
to see in future editions. We thank the readership
for their encouragement and feedback, and have
made every effort to take into account their suggestions and critiques to improve the second edition.
As editors and authors, we have tried to keep the
information current whenever possible, with some
chapters having been included from the first edition. Change in medical science is a dynamic state
of progress and advance, and we want to achieve
perfection in the forthcoming edition by giving
readers what they want.
It is against this background that the editors of
the first edition have drawn upon the prodigious
efforts of two colleagues for this second edition.
As with the first edition, we have worked closely
with our distinguished contributors to provide
a consistent format throughout the book, and we
are extremely grateful for the spirit in which our
contributors responded to this objective. We have
also undertaken some changes: some chapters have
been deleted, many more added, and all others significantly updated.
We are grateful to all of the contributing authors,
including multiple new ones, for their hard work
and dedication. We owe them a debt of gratitude for
their excellent chapters and their promptness that
made the task of editing this volume much easier.
The support, encouragement, organizational skills
xi

xii Preface to the second edition

and experience of the editorial and production staff
at CRC Press have led this second edition from
vision to volume. On this note, we would like to
thank Lance Wobus and Amy Blalock, who made
this project possible and a smooth ride. Above all,
we owe special thanks to our families for their
patience during our work on this new edition.
In this book, the authors have sought to bridge
the gap between mental and physical health by
introducing a holistic approach, which will unite
physicians, psychologists, family therapists, social
workers, nurses, psychological counselors and
psychotherapists of all theoretical orientations in
working with both individuals and families across
a wide range of professional settings. We also
believe that this volume will serve as an excellent
resource for students, trainees, and physicians pursuing consultation liaison psychiatry. We believe

Sleep and Psychosomatic Medicine will continue
to be an invaluable resource for students, resident
physicians, fellows, and other practitioners of psychiatry or sleep medicine, particularly those who
practice within the domains of consultation and
liaison psychiatry.
We are grateful for the extraordinary privilege of sharing this second edition of Sleep and
Psychosomatic Medicine.
Seithikurippu R. Pandi-Perumal
Toronto
Meera Narasimhan
South Carolina
Milton Kramer
New York
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Classification of sleep disorders
MICHAEL J. THORPY
DSM-V
ICSD-3
Insomnia disorders
Sleep-related breathing disorders
Central disorders of hypersomnolence
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Sleep disorders have had a formal classification
since 1979, when the Association of Sleep Disorder
Centers published the Classification of Sleep and
Arousal Disorders in the journal Sleep.1 In 2013,
the revised version of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-V)
included a section entitled “Sleep Wake Disorders,”
an update of the DSM-IV section (Table 1.1).2 This
produced a classification for mental health and
general medical clinicians who are not experts in
sleep medicine. The classification differs from that
of the International Classification of Sleep Disorders
(ICSD-3) that was produced by the American
Academy of Sleep Medicine and updated in 2014
(Table 1.2).3 The presence of two current competing
classifications is not ideal, as it can cause confusion
with health insurance companies and for epidemiological research. The International Classification
of Diseases modified version—the ICD-10-CM
(Table 1.3)—will be adopted in the United States in
2016 and contains a classification that more closely
conforms to the ICSD-3.4

DSM-V
Insomnia disorder, the first entry in the DSM-V
(Table 1.1), is a diagnostic entry that requires the
presence of at least one sleep complaint such as

Circadian rhythm sleep–wake disorders
Parasomnias
Conclusion
References

9
9
11
11

difficulty initiating sleep that must be present at
least 3 nights per week for at least 3 months. The
diagnosis is coded along with other mental, medical, and sleep disorders. The diagnosis can be
specified as being episodic if it occurs for at least
1 month; however, acute and short-term insomnia,
which have symptoms of less than 3 months, should
be coded as “other specified insomnia disorder.”
Hypersomnolence disorder requires a 3-month
history of excessive sleepiness in the presence of
significant distress or other impairment. Objective
documentation by electrophysiological tests, such
as the multiple sleep latency test (MSLT), is not
required. This diagnosis is coded along with any
other concurrent mental, medical, and sleep disorder. Narcolepsy is defined as recurrent episodes
of sleep that occur for at least 3 months along with
one of three additional features, such as cataplexy,
hypocretin deficiency, or polysomnographic features, either a sleep-onset rapid eye movement
period (SOREMP) on a nighttime polysomnogram
(PSG) or an MSLT that shows a mean sleep latency
of 8 minutes or less and two or more SOREMPs.
So narcolepsy can be diagnosed in DSM-V if
just sleepiness occurs for 3 months and there is
a SOREMP on the nocturnal PSG. This has the
potential for leading to errors in diagnosis, as
other disorders, including obstructive sleep apnea
1

2 Classification of sleep disorders

Table 1.1 DSM-V
Sleep–wake disorders
• Insomnia disorder
• Hypersomnolence disorder
• Narcolepsy
• Subtypes:
– Without cataplexy but with hypocretin
deficiency
– With cataplexy but without hypocretin
deficiency
– Autosomal dominant cerebellar ataxia,
deafness and narcolepsy (ADCADN)
– Autosomal dominant narcolepsy,
obesity and type 2 diabetes (ADNOD)
– Secondary to another medical condition
• Obstructive sleep apnea syndrome
• Central sleep apnea
• Sleep-related hypoventilation
• Subtypes:
– Idiopathic hyperventilation
– Congenital central alveolar
hypoventilation
– Comorbid sleep-related hypoventilation
• Circadian rhythm sleep disorders
• Delayed sleep phase type
• Advance sleep phase type
• Irregular sleep–wake type
• Non-24-hour sleep–wake type
• Shift work disorder
• Unspecified type
• Parasomnias
• Non-rapid eye movement sleep arousal
disorder
– Subtypes:
Sleepwalking type
Sleep terror type
– Nightmare disorder
– Rapid eye movement sleep behavior
disorder
• Restless legs syndrome
• Substance/medication-induced sleep disorder
• Other specified insomnia disorder
• Other specified hypersomnolence disorder
• Unspecified sleep–wake disorder
• Unspecified insomnia disorder
• Unspecified hypersomnolence disorder
• Unspecified sleep–wake disorder
Source: Adapted from American Psychiatric Associa
tion. Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-V). Washington,
DC: American Psychiatric Association, 2013.

syndrome (OSA), can produce similar features.
Five subtypes of narcolepsy are specified according to: without cataplexy but with hypocretin
deficiency; with cataplexy but without hypocretin
deficiency; autosomal dominant cerebellar ataxia,
deafness and narcolepsy; autosomal dominant
narcolepsy, obesity and type 2 diabetes; or secondary to another medical condition.
OSA consists of an apnea hypopnea index
(AHI) of at least 5 per hour, along with typical nocturnal respiratory symptoms, or daytime
excessive sleepiness or fatigue. Alternatively, the
diagnosis requires an AHI of at least 15, regardless
of accompanying symptoms. Mild OSA is regarded
as h
 aving an AHI of less than 15, moderate 15–30,
and severe greater than 30. Central sleep apnea
(CSA) requires the presence of five or more central
apneas per hour of sleep. Sleep-related hypoventilation has PSG evidence of decreased ventilation
with either elevated CO2 levels or persistent oxygen
desaturation unassociated with apneic/hypopneic
events. Subtypes of sleep-related hypoventilation
include idiopathic hypoventilation, congenital
central alveolar hypoventilation, and comorbid
sleep-related hypoventilation.
Circadian rhythm sleep–wake disorders
(CRSWDs) with five subtypes is caused by a persistent recurrent pattern of sleep disruption due to
an alteration or misalignment of the endogenous
circadian rhythm and the individual’s required
sleep–wake schedule, along with symptoms of
either insomnia or excessive sleepiness or both.
Subtypes are delayed sleep phase type, advanced
sleep phase type, irregular sleep–wake type, non24-hour sleep–wake type, and shift work type, none
of which have specific diagnostic criteria.
The parasomnias are subdivided into five disorders: non-rapid eye movement (REM) sleep arousal
disorder, nightmare disorder, REM sleep behavior
disorder (RBD), restless legs syndrome, and substance/medication-induced sleep disorder. NonREM sleep arousal disorder consists of two types,
with the typical features of either sleepwalking or
sleep terrors. The sleepwalking type can be subtyped
into sleep-related eating or sleep-related sexual
behavior (sexsomnia). Nightmare disorder consists
of repeated occurrences of extended, dysphoric, and
well-remembered dreams that threaten the individual. Rapid orientation and alertness f ollows the episode, but it causes significant distress. RBD consists
of recurrent episodes of arousal with vocalization
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Table 1.2 ICSD-3
ICD-9-CM code:
Insomnia disorders:
Chronic insomnia disorder
Short-term insomnia disorder
Other insomnia disorder
Isolated symptoms and normal variants:
Excessive time in bed
Short sleeper
Sleep-related breathing disorders:
Obstructive sleep apnea disorders:
Obstructive sleep apnea, adult
Obstructive sleep apnea, pediatric
Central sleep apnea syndromes:
Central sleep apnea with Cheyne–Stokes breathing
Central apnea due to a medical disorder without
Cheyne-Stokes breathing
Central sleep apnea due to high altitude periodic
breathing
Central sleep apnea due to a medication or substance
Primary central sleep apnea
Primary central sleep apnea of infancy
Primary central sleep apnea of prematurity
Treatment-emergent central sleep apnea
Sleep-related hypoventilation disorders:
Obesity hypoventilation syndrome
Congenital central alveolar hypoventilation syndrome
Late-onset central hypoventilation with hypothalamic
dysfunction
Idiopathic central alveolar hypoventilation
Sleep-related hypoventilation due to a medication or
substance
Sleep-related hypoventilation due to a medical disorder
Sleep-related hypoxemia disorder:
Sleep-related hypoxemia
Isolated symptoms and normal variants:
Snoring
Catathrenia
Central disorders of hypersomnolence:
Narcolepsy type 1
Narcolepsy type 2
Idiopathic hypersomnia
Kleine–Levin syndrome
Hypersomnia due to a medical disorder
Hypersomnia due to a medication or substance

ICD-10-CM code:

342
307.41
307.49

F51.01
F51.02
F51.09

327.23
327.23

G47.33
G47.33

786.04
327.27

R06.3
G47.37

327.22

G47.32

327.29
327.21
770.81
770.82
327.29

G47.39
G47.31
P28.3
P28.4
G47.39

278.03
327.25
327.26

E66.2
G47.35
G47.36

327.24
327.26

G47.34
G47.36

327.26

G47.36

327.26

G47.36

347.01
347.00
327.11
327.13
327.14
292.85
(drug-induced)
291.82
(alcohol-induced)

G47.411
G47.419
G47.11
G47.13
G47.14
F11-F19

(Continued )

4 Classification of sleep disorders

Table 1.2 (Continued ) ICSD-3
ICD-9-CM code:
Hypersomnia associated with a psychiatric disorder
Insufficient sleep syndrome
Isolated symptoms and normal variants:
Long sleeper
Circadian rhythm sleep–wake disorders:
Delayed sleep–wake phase disorder
Advanced sleep–wake phase disorder
Irregular sleep–wake rhythm disorder
Non-24-hour sleep–wake rhythm disorder
Shift work disorder
Jet lag disorder
Circadian sleep–wake disorder not otherwise specified
(NOS)
Parasomnias:
NREM-related parasomnias:
Disorders of arousal (from NREM sleep):
Confusional arousals
Sleepwalking
Sleep terrors
Sleep-related eating disorder
REM-related parasomnias:
REM sleep behavior disorder
Recurrent isolated sleep paralysis
Nightmare disorder
Other parasomnias:
Exploding head syndrome
Sleep-related hallucinations
Sleep enuresis
Parasomnia due to a medical disorder
Parasomnia due to a medication or substance

Parasomnia, unspecified
Isolated symptoms and normal variants:
Sleep talking
Sleep-related movement disorders:
Restless legs syndrome
Periodic limb movement disorder
Sleep-related leg cramps
Sleep-related bruxism
Sleep-related rhythmic movement disorder
Benign sleep myoclonus of infancy
Propriospinal myoclonus at sleep onset
Sleep-related movement disorder due to a medical
disorder

ICD-10-CM code:

327.15
307.44

F51.13
F51.12

327.31
327.32
327.33
327.34
327.36
327.35
327.30

G47.21
G47.22
G47.23
G47.24
G47.26
G47.25
G47.20

327.41
307.46
307.46
327.40

G47.51
F51.3
F51.4
G47.59

327.42
327.43
307.47

G47.52
G47.51
F51.5

327.49
368.16
788.36
327.44
292.85
(drug-induced)
291.82
(alcohol-induced)
327.40

G47.59
H53.16
N39.44
G47.54
F11-F19

333.94
327.51
327.52
327.53
327.59
327.59
327.59
327.59

G25.81
G47.61
G47.62
G47.63
G47.69
G47.69
G47.69
G47.69

G47.50

(Continued )
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Table 1.2 (Continued ) ICSD-3
Sleep-related movement disorder due to a medication or
substance

Sleep-related movement disorder, unspecified
Isolated symptoms and normal variants:
Excessive fragmentary myoclonus
Hypnagogic foot tremor and alternating leg muscle
activation
Sleep starts (hypnic jerks)
Other sleep disorder
Appendix A:
Fatal familial insomnia
Sleep-related epilepsy
Sleep-related headaches
Sleep-related laryngospasm
Sleep-related gastroesophageal reflux
Sleep-related myocardial ischemia
Appendix B:
ICD-10-CM coding for substance-induced sleep disorders

ICD-9-CM code:

ICD-10-CM code:

292.85
(drug-induced)
291.82
(alcohol-induced)
327.59

F11-F19

327.8

G47.8

046.8
345
784.0
787.2
530.1
411.8

A81.83
G40.5
R51
J38.5
K21.9
I25.6

G47.69

F10-F19

Source: Adapted from American Academy of Sleep Medicine. International Classification of Sleep Disorders,
3rd edition. Darien, IL: American Academy of Sleep Medicine, 2014.

and/or complex movements from REM sleep that is
documented by either PSG or a history suggesting
a synucleinopathy. Restless legs syndrome—an urge
to move the legs—is accompanied by uncomfortable
sensation in the legs, with typical features occurring at least 3 times per week for at least 3 months.
Sleep/medication-induced sleep disorder is a sleep
disturbance either during or soon after substance
intoxication or after withdrawal, or the substance is
known to cause sleep disturbance.
Other specified insomnia disorder is diagnosed
when the insomnia does not meet the criteria for
insomnia disorder, and other hypersomnolence disorder is diagnosed when the excessive sleepiness does
not meet the criteria for hypersomnolence disorder.
Similarly, unspecified sleep–wake disorder is diagnosed when the sleep–wake d
 isorder does not meet
the full criteria for the specified sleep–wake disorders. Unspecified forms consist of insomnia disorder,
hypersomnolence disorder, and sleep–wake disorder.

ICSD-3
The ICSD-3 was published in March of 2014
(Table 1.2). The main change was the simplification

of the insomnia disorders and an expansion of the
sleep-related breathing disorders.

Insomnia disorders
The insomnia disorders mainly consist of one
major disorder termed chronic insomnia disorder.
The clinical features of insomnia are believed to be
the result of a primary or secondary process, but the
consequences are similar, no matter the etiology.5
The diagnosis rests upon a sleep symptom of difficulty initiating sleep, difficulty maintaining sleep,
early-morning awakening and, mainly for pediatric age groups, resistance to going to bed and difficulty in sleeping without a caregiver intervention.
The symptoms occur 3 times per week for at least
3 months and have daytime consequences such as
fatigue/malaise, cognitive impairment, mood lability, daytime sleepiness or social, family, academic
or occupational impairment. Psychophysiological
insomnia and other insomnia disorders of the
ICSD-2 are mentioned in the text description of the
disorder. Objective testing by polysomnography is
not required for diagnosis, but should be considered if features suggest a concurrent sleep-related
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Table 1.3 ICD-10-CM sleep disorders
F51 Sleep disorders not due to a substance or known physiological condition
F51.01 Primary insomnia
F51.02 Adjustment insomnia
F51.03 Paradoxical insomnia
F51.04 Psychophysiologic insomnia
F51.05 Insomnia due to other mental disorder
F51.09 Other insomnia not due to a substance or known physiological condition
F51.1 Hypersomnia not due to a substance or known physiological condition
F51.11 Primary hypersomnia
F51.12 Insufficient sleep syndrome
F51.13 Hypersomnia due to other mental disorder
F51.19 Other hypersomnia not due to a substance or known physiological condition
F51.3 Sleepwalking (somnambulism)
F51.4 Sleep terrors (night terrors)
F51.5 Nightmare disorder
F51.8 Other sleep disorders not due to a substance or known physiological condition
F51.9 Sleep disorder not due to a substance or known physiological condition, unspecified
G47 Organic sleep disorders
G47.0 Insomnia, unspecified
G47.01 Insomnia due to medical condition
G47.09 Other insomnia
G47.1 Hypersomnia, unspecified
G47.11 Idiopathic hypersomnia with long sleep time
G47.12 Idiopathic hypersomnia without long sleep time
G47.13 Recurrent hypersomnia
G47.14 Hypersomnia due to medical condition
G47.19 Other hypersomnia
G47.20 Circadian rhythm sleep disorder, unspecified type
G47.21 Circadian rhythm sleep disorder, delayed sleep phase type
G47.22 Circadian rhythm sleep disorder, advanced sleep phase type
G47.23 Circadian rhythm sleep disorder, irregular sleep wake type
G47.24 Circadian rhythm sleep disorder, free running type
G47.25 Circadian rhythm sleep disorder, jet lag type
G47.26 Circadian rhythm sleep disorder, shift work type
G47.27 Circadian rhythm sleep disorder in conditions classified elsewhere
G47.29 Other circadian rhythm sleep disorder
G47.30 Sleep apnea, unspecified
G47.31 Primary central sleep apnea
G47.32 High-altitude periodic breathing
G47.33 Obstructive sleep apnea (adult) (pediatric)
G47.34 Idiopathic sleep-related non-obstructive alveolar hypoventilation
G47.35 Congenital central alveolar hypoventilation syndrome
G47.36 Sleep-related hypoventilation in conditions classified elsewhere
G47.37 Central sleep apnea in conditions classified elsewhere
G47.39 Other sleep apnea
(Continued )
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Table 1.3 (Continued) ICD-10-CM sleep disorders
G47.4 Narcolepsy and cataplexy
G47.41 Narcolepsy
G47.411 Narcolepsy with cataplexy
G47.419 Narcolepsy without cataplexy
G47.42 Narcolepsy in conditions classified elsewhere
G47.421 Narcolepsy in conditions classified elsewhere with cataplexy
G47.429 Narcolepsy in conditions classified elsewhere without cataplexy
G47.50 Parasomnia, unspecified
G47.51 Confusional arousals
G47.52 Rapid eye movement sleep behavior disorder
G47.53 Recurrent isolated sleep paralysis
G47.54 Parasomnia in conditions classified elsewhere
G47.59 Other parasomnia
G47.6 Sleep-related movement disorders
G47.61 Periodic limb movement disorder
G47.62 Sleep-related leg cramps
G47.63 Sleep-related bruxism
G47.69 Other sleep-related movement disorders
G47.8 Other sleep disorders
G47.9 Sleep disorder, unspecified
Z72.82 Problems related to sleep
Z72.820 Sleep deprivation
Z72.821 Inadequate sleep hygiene
Z73.8 Other problems related to life management difficulty
Z73.810 Behavioral insomnia of childhood, sleep-onset association type
Z73.811 Behavioral insomnia of childhood, limit setting type
Z73.812 Behavioral insomnia of childhood, combined type
Z73.819 Behavioral insomnia of childhood, unspecified type
Source: Adapted from International Classification of Diseases, Tenth Revision, Clinical Modification (ICD10-CM), National Center for Health Statistics. Hyattsville, MD: Centers for Disease Control and
Prevention (CDC), 2010.

breathing disorder. There is the inclusion of shortterm insomnia disorder with similar diagnostic
criteria, as chronic insomnia disorder applies to
insomnia that is less than 3 months in duration.
Excessive time in bed and short sleeper are included
as isolated symptoms and normal variants, not as
specific disorders.

Sleep-related breathing disorders
The sleep-related breathing disorders section is
organized into four main categories: OSA disorders, CSA syndromes, sleep-related hypoventilation disorders, and sleep-related hypoxemia
disorder. The CSA syndromes are divided into

eight types: two related to Cheyne–Stokes breathing (CSB), high altitude, substance, three primary CSA disorders (of which one is infancy and
the other prematurity), and a new entity entitled
treatment-emergent CSA. The latter category
applies to central apnea that follows continuous
positive airway pressure (CPAP) administration.
OSA maintains the criterion of five or more
predominantly obstructive respiratory events per
hour of sleep (including respiratory effort-related
arousals) when studied in a sleep center or by outof-center sleep studies, so long as typical symptoms
are present; otherwise, 15 or more are sufficient to
make the diagnosis. The OSA disorders are divided
into adult and pediatric types. In the pediatric
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criteria, for those who are less than 18 years of age,
one or more obstructive event(s) are required per
hour of sleep so long as respiratory symptoms or
sleepiness are present; alternatively, obstructive
hypoventilation (with a PaCO2 >50 mmHg) along
with symptoms of snoring, labored breathing or
sleepiness and other cognitive effects are required.
CSA with CSB consists of five or more central
apneas or hypopneas per hour of sleep with a pattern that meets the criteria for CSB. This diagnosis can occur along with a diagnosis of OSA. CSA
without CSB is diagnosed as CSA due to a medical disorder without CSB, which occurs as a consequence of a medical or neurological disorder,
but not due to a medication or substance. CSA
due to high-altitude periodic breathing is central apnea attributable to high altitude of at least
1500 meters, but usually above 2500 meters, with
associated symptoms of sleepiness, difficulty in
sleeping, awakening with shortness of breath or
headache or witnessed apneas. Polysomnography
is not required. CSA is due to a medicine or substance—most typically due to an opioid or respiratory depressant—but not associated with CSB.
Polysomnography is required. Primary CSA
consists of five or more central apneas or central
hypopneas per hour of sleep in the absence of CSB
and is of unknown etiology. Typical symptoms of
sleepiness or abnormal breathing events are present, but may not be present in children. Primary
CSA of infancy occurs in an infant at greater than
37 weeks of conceptional age with recurrent, prolonged (>20 seconds in duration) central apneas
and periodic breathing for more than 5% of total
sleep time during sleep. Apnea or cyanosis is seen
by an observer or desaturation detected by monitoring. Primary CSA of prematurity occurs in an
infant of less than 37 weeks of conceptional age
with similar features and respiratory events.
Treatment-emergent CSA is a disorder that has
become recognized since the application of positive airway pressure (PAP), despite resolution of
obstructive respiratory events. It is diagnosed
when there are five or more obstructive events
during a PSG with PAP that shows resolution of
obstructive events and presence of central apneas
or hypopneas.6
Sleep-related hypoventilation disorders consist
of seven disorders that meet diagnostic criteria
for sleep-related hypoventilation with or without oxygen desaturation. Obesity hypoventilation

is hypoventilation during wakefulness (PaCO2
>45 mmHg) in the presence of obesity (BMI
>30 kg/m2). Congenital central alveolar hypoventilation syndrome is diagnosed when the sleeprelated hypoventilation is associated with the
PHOX2B gene. Late-onset central hypoventilation
with hypothalamic dysfunction consists of sleeprelated hypoventilation without symptoms in the
first few years of life and the PHOX2B gene is not
present. Idiopathic central alveolar hypoventilation consists of sleep-related hypoventilation with
the presence of lung or airway disease or any other
known cause. Sleep-related hypoventilation due to
a medication or substance consist of sleep-related
hypoventilation when a medication or substance
is known to be the primary cause. Sleep-related
hypoventilation due to a medical disorder consists of sleep-related hypoventilation due to a lung
or airway disease, or other medical cause. Sleeprelated hypoxemia disorder is arterial oxygen
saturation of ≤88% in adults or ≤90% in children
for ≥5 minutes. Polysomnography is not required.
Snoring and catathrenia (prolonged expiratory
expiration in REM sleep) are regarded as isolated
symptoms or normal variants.

Central disorders of
hypersomnolence
The central disorders of hypersomnolence comprise eight disorders. Narcolepsy has undergone
a major revision with elimination of the disorder
name terms, with or without cataplexy. Type 1 narcolepsy is presumed to be due to hypocretin loss
with either measured reductions in cerebrospinal
fluid (CSF) hypocretin or cataplexy with associated electrophysiological findings. Type 2 narcolepsy is confirmed by electrophysiological studies
in the absence of cataplexy or with a normal CSF
hypocretin level. A major change in the narcolepsy
criteria is the addition of including a SOREMP on
the nocturnal PSG as one of the two events that
are required to meet the MSLT criteria of two
SOREMPs for diagnosis. This finding is mainly
based upon a study that indicates that the positive
predictive value of a SOREMP on the nocturnal
PSG for narcolepsy is 92%.7 Approximately 50% of
patients with narcolepsy will have a SOREMP of
less than 15 minutes on the nocturnal PSG.
Idiopathic hypersomnia is now a single entity
with elimination of the two ICSD-2 hypersomnia
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disorders that had specific sleep duration criteria.
Idiopathic hypersomnia disorder requires sleepiness for at least 3 months and either an MSLT
mean sleep latency of 8 minutes or less or a nocturnal sleep duration of at least 660 minutes. The
ICSD-2 category of recurrent hypersomnia has
been reduced to a single entry of Kleine–Levin
syndrome, with a subtype of menstrual-related
Kleine–Levin syndrome.8 The sleepiness must persist for 2 days to 5 weeks, and at least once every
18 months. There can be only one symptom with
sleepiness consisting of cognitive dysfunction,
altered perception, eating disorder, or disinhibited
behavior. Normal alertness and cognitive function
must be present between episodes. Hypersomnia
due to a medical disorder requires an association
of sleepiness with any underlying medical or neurological disorder. Seven subtypes are mentioned:
hypersomnia secondary to Parkinson’s disease;
posttraumatic hypersomnia; genetic disorders
associated with primary central nervous system
somnolence; hypersomnia secondary to brain
tumors, infections, or other central nervous system lesions; hypersomnia secondary to endocrine
disorder; hypersomnia secondary to metabolic
encephalopathy; and residual hypersomnia in
patients with adequately treated OSA.
Hypersomnia due to a medication or substance
is sleepiness that occurs as a consequence of a
current medication or substance or withdrawal
from a wake-promoting medication or substance.
Hypersomnia associated with a psychiatric disorder
is sleepiness in association with a current psychiatric disorder. Insufficient sleep syndrome is the new
term for the previous, more cumbersome term of
behaviorally induced insufficient sleep syndrome.
The reduced sleep must be present most days for at
least 3 months. Extension of sleep time must result
in resolution of symptoms. Long sleeper is no longer regarded as a disorder, but as a normal variant.
There are no diagnostic criteria, but a total sleep
time of 10 or more hours is suggested as being usually accepted.

Circadian rhythm sleep–wake
disorders
The CRSWDs comprise six specific disorders,
including delayed sleep–wake phase disorder,
advanced sleep–wake phase disorder, irregular sleep–wake rhythm disorder, non-24-hour

sleep–wake rhythm disorder, shift work disorder,
and jet lag disorder. These disorders arise when
there is a substantial misalignment between the
internal c ircadian rhythm and the desired sleep–
wake schedule. Specific general diagnostic criteria are given for CRSWD. A 3-month duration of
symptoms is a requirement for diagnosing all of
these disorders, except for jet lag disorder, which
has a requirement of jet travel across at least two
time zones.
Delayed sleep–wake phase disorder occurs
when there is a significant delay in the phase of
the major sleep episode in relation to the desired
sleep and wake-up time. When allowed to sleep
as desired, sleep duration and quality are age
appropriate. Advanced sleep–wake phase disorder
occurs when there is a significant advance in the
phase of the major sleep episode in relation to the
desired sleep and wake-up time. When allowed to
sleep as desired, sleep duration and quality are age
appropriate. Irregular sleep–wake rhythm disorder is a recurrent or chronic pattern of irregular
sleep and wake episodes throughout the 24-hour
period, with symptoms of insomnia and daytime
sleepiness. Non-24-hour sleep–wake rhythm
disorder is due to a progressively delayed sleep–
wake pattern. Shift work disorder is insomnia or
excessive sleepiness associated with a recurring
work schedule that overlaps with the usual time for
sleep. Sleep logs and actigraphy monitoring for at
least 7 days is recommended for all of the above
CRSWDs. Jet lag disorder is insomnia or sleepiness
accompanied by transmeridian jet travel across at
least two time zones.
A CRSWD not otherwise specified (NOS) is
listed for patients who have a CRSWD and who
meet all of the criteria for CRSWD, but not the
specific types.

Parasomnias
The parasomnias are divided into three groups:
the non-REM (NREM)-related parasomnias, the
REM-related parasomnias, and an “other parasomnias” category. They are defined as undesirable
physical events or experiences that occur during
entry into sleep, within sleep, or during arousal
from sleep.
The NREM-related parasomnias comprise general diagnostic criteria for the group heading of disorders of arousal (DA; from NREM sleep). Specific

10 Classification of sleep disorders

general diagnostic criteria are given for each DA
and the detailed text applies to all of the DAs, as
no text is presented for each of the specific DAs,
except for diagnostic criteria. Confusional arousals
are characterized by mental confusion or confused
behavior that occurs while the patient is in bed.
Sleep-related abnormal sexual behaviors is listed as
a subtype to be classified under confusional arousals. Sleepwalking consists of arousals associated
with ambulation and other complex behaviors out
of bed. Sleep terrors are episodes of abrupt terror,
typically beginning with alarming vocalizations,
such as a frightening scream. The final NREMrelated parasomnia is sleep-related eating disorder
(SRED), which requires an arousal from the main
sleep period to distinguish it from night eating syndrome disorder, which consists of excessive eating
between dinner and bedtime, and SRED requires
an adverse health consequence from the disorder.9
The behavior consists of the consumption of peculiar combinations of food or inedible or toxic substances, injurious behaviors while in the pursuit of
food, or adverse effects from recurrent nocturnal
eating. There is partial or complete loss of conscious
awareness during the episode, with subsequent
impaired recall.
The REM-related parasomnias include RBD,
recurrent isolated sleep paralysis (RISP), and
nightmare disorder. RBD, which consists of
repeated episodes of vocalizations and/or complex
motor behaviors, requires the polysomnographic
evidence of REM sleep without atonia.10 RISP is the
recurrent inability to move the trunk and all of the
limbs at sleep onset or upon awakening from sleep
that causes distress or fear of sleep. Nightmare disorder consists of repeated occurrences of extended,
extremely dysphoric and well-remembered dreams
that usually involve threats to survival, security,
or physical integrity that are associated with significant distress or psychosocial, occupational, or
other areas of impaired functioning.
The other parasomnias section includes three
specific disorders: exploding head syndrome
(EHS), sleep-related hallucinations, and sleep
enuresis. EHS is a complaint of a sudden noise
or sense of explosion in the head either at the
wake–sleep transition or upon awakening during
the night associated with abrupt arousal. Sleeprelated hallucinations are predominantly visual
hallucinations that are experienced just prior to
sleep onset or upon awakening during the night

or in the morning. Sleep enuresis consists of involuntary voiding during sleep at least twice a week
in people older than 5 years of age. Parasomnias
associated with medical disorders, and medication
or substance and unspecific parasomnia, comprise
the other entries in this category. Sleep talking is a
normal variant that can occur in both NREM and
REM sleep and can be associated with parasomnias such as RBD or DAs.
The sleep-related movement disorders (SRMD)
comprise seven specific disorders: restless legs syndrome; periodic limb movement disorder (PLMD);
sleep-related leg cramps; sleep bruxism; sleeprelated rhythmic disorder (RMD); benign sleep
myoclonus of infancy (BSMI); and propriospinal
myoclonus at sleep onset (PSM). SRMDs are relatively simple, usually stereotyped movements that
disturb sleep or its onset.
Restless legs syndrome (also known as Willis–
Eckbom disease) is an urge to move the legs, usually accompanied by or thought to be caused by
uncomfortable and unpleasant sensations in the
legs. The ICSD-3 criteria do not include any frequency or duration criteria as are contained in the
DSM-V criteria.
PLMD is defined by the polysomnographic demonstration of periodic limb movements of >5/hour
in children and >15/hour in adults that cause significant sleep disturbance or impairment of functioning. Sleep-related leg cramps are painful sensations
that occur in the leg or foot with sudden, involuntary muscle hardness or tightness. Sleep-related
bruxism is tooth grinding during sleep that is associated with tooth wear or morning jaw muscle pain
or fatigue. RMD consists of repetitive, stereotyped,
and rhythmic motor behaviors involving large
muscle groups that are sleep related. BSMI consists of repetitive myoclonic jerks that involve the
limbs, trunk, or whole body that occur from birth
to 6 months of age during sleep. As PSM mainly
occurs during relaxed wakefulness and drowsiness
as the patient attempts to sleep, the term “at sleep
onset” has been added to the propriospinal myoclonus name. The three final categories are related to
a medical disorder, medication of substance, and an
unspecified parasomnia.
Isolated symptoms and normal variants include
excessive fragmentary myoclonus (EFM), hypnagogic foot tremor (HFT), alternating muscle activation (ALMA), and sleep starts (hypnic jerks).
EFM is now regarded as a normal variant found
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on polysomnographic EMG recordings that is
characterized by small movements of the corners
of the mouth, fingers, or toes or without visible
movement. HFT consists of rhythmic movement
of the feet or toes that occurs in the transition
between wake and sleep or in light NREM sleep,
ALMA consists of brief activation of the anterior
tibialis in one leg with alternation in the other leg.
Sleep starts (hypnic jerks) are brief, simultaneous c ontractions of the body or one or more body
segments o
 ccurring at sleep onset.
The final category in the ICSD-3 is a general
other sleep disorder category for disorders that
cannot be classified elsewhere.

CONCLUSION
The new ICSD-3 is a major advance over previous versions, but it is unfortunate that some of the
diagnostic criteria differ from those of the DSM-V;
for example, the criteria for narcolepsy. However,
the DSM-V serves as an entry-level classification,
mainly for psychiatrists, and it is to be hoped that
in the future, the two classifications will be merged
into one that will cause less confusion not only for
clinicians, but also for agencies that reimburse for
healthcare and provide for treatment options.
Appendix A lists several disorders that are
coded in other sections of ICD-10 other than the
sleep sections and include: fatal familial i nsomnia,
sleep-related epilepsy, sleep-related 
headaches,
sleep-related laryngospasm, sleep-related gastroesophageal reflux, and sleep-related myocardial
ischemia. Appendix B lists the ICD-10 sleep-related
substance-induced sleep disorders.
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INTRODUCTION
Interest in sleep and gastrointestinal (GI) functioning has increased substantially over the past several
years. These discoveries have led to a remarkable
broadening of the focus and importance of the
applications of basic sleep physiology to numerous areas of clinical medicine. In this chapter, the
manifestation and/or pathogenesis of GI functioning and their relationship with GI disorders during
sleep will be reviewed.

GASTROESOPHAGEAL REFLUX
DISEASE
Nocturnal symptoms
The manifestation of GI symptoms during sleep is
quite familiar to the practicing gastroenterologist.
Perhaps the most obvious and common example
is the occurrence of epigastric pain, characteristically awakening the patient from sleep in the early
morning hours. This pattern of awakening from
sleep is quite predictable by the patient and can help
significantly in establishing a diagnosis of duodenal ulcer disease. Patients may also have awakenings from sleep with symptoms that ostensibly are
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not related to GI disorders. For example, individuals may complain of sleep disruption secondary to
awakening from sleep with chest pain, heartburn,
or regurgitation into the throat. Asthmatics may
awaken from sleep by the exacerbation of bronchial
asthma that can be secondary to gastroesophageal
reflux (GER). Numerous studies are accumulating
to suggest that respiratory complications secondary to GER are common, and these symptoms are
primarily noted secondary to sleep-related GER.1
Other symptoms encountered by the practicing
gastroenterologist that may occur during the day
but whose occurrence during sleep adds a disconcerting dimension to the symptom include nocturnal diarrhea, fecal incontinence, chest pain, or
the respiratory disorders noted above. Although a
denial of symptoms that are thought to be related
to GI problems such as GER does not necessarily preclude the occurrence of the sleep-related
abnormalities, a positive symptom history would
enhance the probability of the existence of a nocturnal GI disorder, as may be the case in patients
with functional bowel disorders such as irritable
bowel syndrome (IBS) or functional dyspepsia.
In a recent work by Orr et al.,2 the hypothesis
of whether the complaint of nighttime heartburn
(NHB) as opposed to daytime heartburn (DHB)
13
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is a reliable indicator of actual sleep-related reflux
events was investigated with combined pH monitoring and polysomnography (PSG). Those subjects
with NHB are characterized by significantly greater
sleep-related reflux events, more total and sleeprelated acid contact time, and decreased measures
of subjective sleep quality when compared with the
DHB and control (no heartburn) groups. These data
suggest that frequent NHB is a reliable symptom of a
potentially more complicated form of gastroesophageal reflux disease (GERD) and may warrant more
aggressive initial treatment in order to avoid the
possible serious complications of sleep-related GER.

Nocturnal acid secretion
Patients with duodenal ulcer disease maintain a
circadian pattern of gastric acid secretion, and
studies have shown that the levels of secretion are
enhanced.3 This particular study shows that the
peak of basal acid secretion occurs at approximately midnight, with minimal acid secretion
occurring during the day in the absence of food
ingestion. In addition, there does not appear to be
any relation between the stages of sleep and gastric acid secretion. However, a study by Orr et al.4
demonstrated a failure to inhibit acid during the
first 2 h of sleep in patients with duodenal ulcer
disease. Multicenter trials with bedtime administration of histamine (H2) receptor antagonists
have documented the efficacy of healing duodenal ulcers through nocturnal acid suppression.5,6
These studies uniformly documented that duodenal ulcer-healing rates were at least as good with
a once-a-day, bedtime dose of these potent acidsuppressing compounds as with the more conventional multiple daily dosing regimens. Howden
et al.7 reviewed the published data on nocturnal
dosing of H2 receptor antagonists in more than
12,000 patients with duodenal ulcer disease. They
concluded that nocturnal dosing showed a clear
advantage over multiple daily doses. These data
strongly support the notion that nocturnal acid
suppression alone is sufficient to heal a duodenal
ulcer.
Other studies in patients with refractory duodenal ulcer suggest that nocturnal acid suppression
is not only sufficient, but also necessary for duodenal ulcer healing. In a study by Gledhill et al.,8
it was demonstrated that a reduction in nocturnal acid secretion through parietal cell vagotomy

produced an enhanced healing rate in patients
who were unresponsive to conventional cimetidine treatment. In a similar study by Galmiche
et al.,9 20 patients with duodenal ulcer who were
resistant to conventional cimetidine treatment
received 150 mg ranitidine twice daily for 6 weeks.
They demonstrated that in 8 patients the ulcer was
healed, whereas in 12 patients, the ulcer remained
unhealed. Patients whose ulcers healed had a substantial suppression of nocturnal acid secretion,
whereas patients whose ulcers failed to heal maintained a nocturnal peak in gastric acid secretion. A
subsequent study found that in persons who have
had a parietal cell vagotomy, nocturnal acid secretion was significantly greater in those who experienced ulcer recurrence than in those who did not.10
Further support for the important role of nocturnal acid secretion in the pathogenesis of duodenal ulcer disease comes from data showing that
the maintenance of a modest degree of nocturnal
acid suppression will effectively prevent the recurrence of duodenal ulcer disease.11,12 These studies
compared the use of 150 mg ranitidine at bedtime
with 400 mg cimetidine at bedtime and found
ranitidine to be superior in the prevention of ulcer
recurrence. This finding is most likely due to the
increased potency of ranitidine and its enhanced
effectiveness in producing nocturnal acid suppression. A study actually documenting effective nocturnal acid suppression with 150 mg ranitidine at
bedtime was reported by Santana et al.,13 who concluded that “it may be relevant to the pathogenesis
of duodenal ulceration that the short lived decrease
in nocturnal acidity observed in this study is sufficient to prevent relapse of ulceration in most
patients.”

GER during sleep
GER, particularly with its familiar symptom of
heartburn, is recognized as a common phenomenon. Most normal people will experience occasional bouts of heartburn. About 7% of the normal
population experiences heartburn nearly every
day.14 Furthermore, the majority of patients with
frequent heartburn complain of nighttime GER
symptoms, and a substantial proportion (>50%) of
these patients report that their symptoms disrupt
their sleep and affect their daytime functioning.15,16
Many patients who present to a physician with a
complaint of heartburn can be readily treated with
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simple alterations in lifestyle, such as the avoidance of certain provocative foods and the use of
antacid therapy, although there are no data specifically on the utility of these measures in treating
sleep-related symptoms.17 The familiarity of this
symptom and its rapid response, in most instances,
to relatively simple therapeutic measures belie the
severity and potential complications of this disease
process. As will be reviewed, the complications of
GER appear to be the result of recurrent episodes
of sleep-related GER.
GER events do occur during sleep, but appear to
occur most commonly during brief arousals from
sleep. Two studies have been published that were
remarkably similar in their results in that reflux
events occurred much more frequently in patients
with diagnosed GERD, and relatively infrequent in
normal volunteers.18,19 The majority of reflux events
in both studies did occur in association with polygraphically determined brief arousal responses.
Attention has been focused on the importance
of different patterns of GER associated with waking
and sleeping.20 These patterns were documented
in studies involving 24-h monitoring of the distal esophageal pH. GER is identified when the pH
falls below 4 for a period of more than 30 s, and the
reflux episode is arbitrarily terminated when the
pH reaches 4 or 5. In this landmark study, Johnson
and DeMeester20 described two different patterns
of reflux. Reflux in the upright position occurs
most often post-prandially and usually consists of
two or three reflux episodes that are rapidly cleared
(2–3 min). Reflux in the supine position is usually
associated with sleep and with more prolonged
clearance time.
These studies documented highly significant
increases in acid–mucosa contact time in patients
with esophagitis, and these differences were most
impressive when the supine position or sleep interval was considered; that is, there was a greater difference between patients and control subjects in
the supine position as opposed to in the upright
position. These investigators have also asserted
that even though acid–mucosa contact time may
be equivalent in the upright and supine positions,
the prolonged acid clearance times associated with
sleep appeared to result in greater damage to the
esophageal mucosa.21 In another study, the same
investigators attempted to correlate the relation
between the patterns of GER, as determined by 24-h
esophageal pH monitoring, and the endoscopic

evaluation of the esophageal mucosa.22 They
identified patients as primarily upright (waking)
refluxers, supine (sleep) refluxers, and combined
refluxers, who have both types of reflux throughout 24 h of monitoring. The severity of endoscopic
change according to three grades of esophagitis
was determined. Grade 1 esophagitis was defined
simply as distal erythema and friability; grade 2
esophagitis was defined when mucosal erosions
were noted; and grade 3 esophagitis involved more
severe ulcerations and strictures. Their data indicated that an increasing incidence of nocturnal
acid exposure was associated with more severe
esophageal mucosal damage. An additional study
compared the results of 24-h esophageal pH monitoring in patients who had either normal findings
on endoscopy or erosive esophagitis.23 The results
of this study showed that total acid exposure time
and the number of reflux episodes requiring longer than 5 min to clear acid were found to most
reliably discriminate these two groups of patients.
Furthermore, these authors found that 50% of the
patients with reflux symptoms had normal 24-h
pH monitoring and that 29% of the patients with
erosive esophagitis also had normal pH studies.
It is of interest that the most effective variable in
distinguishing the two groups of patients was the
number of episodes requiring longer than 5 min to
clear acid (to pH 4).
An extension of these findings comes from a
study by Orr et al.,24 in which 24-h pH monitoring
was conducted in a group of symptomatic patients
with heartburn and normal endoscopic results and
a group of patients with severe complications of
GER, including erosive esophagitis, stricture, and
Barrett’s esophagus. The results showed that the
best discriminator between the two groups was
the number of episodes of prolonged acid clearance (longer than 5 min) in the supine position.
These episodes appear to be more likely to occur
during sleep, and this finding certainly confirms
the notion that prolonged acid clearance is an
important determinant in the development of
esophagitis. Other investigators have not been as
enthusiastic in their support of nocturnal GER as
an important factor in the pathogenesis of reflux
esophagitis. De Caestecker et al.25 found that postprandial acid exposure was the best predictor of the
severity of esophagitis, and their results led them
to conclude that nocturnal reflux was substantially
less important in the production of esophagitis.
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The other consideration is whether the pattern
of esophageal acid exposure may be more indicative of the state of consciousness rather than posture.26–28 A study performed by Dickman et al., 29
utilizing a diary during pH testing, attempted to
determine if the principal acid reflux characteristics of recumbent–awake are closer to recumbent–
asleep or upright (waking). The study enrolled a
total of 64 GERD patients based on the results of
the upper endoscopy and/or 24-h pH monitoring.
The patients were instructed to carefully document
their upright, recumbent–awake and recumbent–
asleep periods. It was found that the reflux parameters such as the mean number of reflux events
per hour, mean percentage total time pH < 4,
and number of sensed reflux events were similar
between upright and recumbent–awake periods.
In contrast, these parameters were significantly
higher in both upright and recumbent–awake
periods compared to recumbent–asleep. It was
concluded that the principal characteristics of the
acid reflux events in the recumbent–awake period
are closer to the upright period than to the recumbent–asleep period. The implication for that observation is that the state of consciousness (awake vs.
asleep) is physiologically more important for 24-h
esophageal monitoring analysis than body posture
(upright vs. recumbent).29 The awareness of GER
and its occurrence across the spectrum of states of
consciousness will be helpful for optimizing treatment of GERD.
A recent study addressed the interrelationship between quality of sleep and GER.30 This
work elegantly assessed the correlation between
the severity of GERD symptoms and esophageal
acid contact time and subjects’ perceived quality
of sleep. The authors determined the correlation
between reported quality of sleep of the night prior
and severity of GERD symptoms and esophageal
acid contact time the following day, as well as the
correlation between acid reflux events and sleep
architecture. Subjects with typical GERD symptoms ≥3 times a week underwent upper endoscopy
and pH monitoring. These subjects subsequently
completed the GERD Symptom Assessment Score
(GSAS) and the Sleep Heart Health Study Sleep
Habits (SHHS) questionnaire to assess baseline
sleep symptoms and GERD symptoms, including
an index of GERD symptom severity. Before and
after the pH test, the patients completed a different instrument, the Sleep Quality Questionnaire,

utilized specifically to assess the quality of each
subject’s sleep before and after pH testing. A PSG
study during the pH test was also conducted in all
participants.
Using data from the GSAS and SHHS questionnaires, disorders of initiating and maintaining sleep were found to be positively associated
with greater severity of the GERD symptom index
(r = 0.33, p < 0.05). More frequent awakenings
were also correlated with a higher GERD symptom
index (r = 0.4, p < 0.01). Correlations between the
Sleep Quality Questionnaire on the night before
sleep testing and pH monitoring data showed that
subjects with poorer sleep quality had longer acid
reflux events (r = –0.34, p < 0.05). More perceived
awakenings were correlated with the number
of supine acid reflux events of >5 min (r = 0.31,
p < 0.05) and the duration of the longest supine
acid reflux event (r = 0.28, p = 0.05). There were
inverse correlations between overall sleep quality on the pH testing night and a higher percentage of time spent with pH < 4 supine (r = –0.432,
p < 0.002), as well as the duration of the longest
supine acid reflux event (r = –0.37, p < 0.02). It was
concluded that subjects with worse GERD symptoms reported poorer subject sleep quality; while
poor sleep quality on the night prior to pH testing
was associated with greater acid exposure on the
following day. Greater acid exposure at night was
related to a worse perception of sleep quality on the
next day. This work highlights the important interactions between GERD and sleep quality.

Acid clearance during sleep
As previously noted, acid clearance during sleep
seems to be an important contributing factor in
the development of reflux esophagitis. The process
of acid clearance has been well studied by Helm
et al.,31 who described a two-factor theory of acid
clearance. They proposed that acid clearance takes
place in two phases: an initial phase, termed volume clearance, and a second phase, termed acid
neutralization. Their data indicate that the vast
majority of the volume of refluxed material is
cleared from the esophagus quite rapidly by the
first two or three swallows. There remains a coating of acid on the esophageal mucosa, which keeps
the esophageal pH well below 4. Subsequent swallows serve to deliver saliva to the distal esophagus,
and with its potent buffering capacity, the distal
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esophageal pH is returned to its normal level (5.5–
6.5). A subsequent study confirmed these findings
in that acid clearance was found to be independent
of the swallowing rate, but significantly altered by
an anticholinergic drug that inhibits salivation.32
Both swallowing frequency and salivation have
been shown to be markedly depressed during sleep;
as a result, one would hypothesize a prolongation
of acid clearance during sleep.33,34 Lichter and
Muir33 have shown that swallowing occurs sporadically during sleep, and there are long periods (longer than 30 min) without swallowing. Overall, the
rate of swallowing during sleep is approximately 6
swallows per hour, and the swallows usually occur
in association with a movement arousal. The highest frequency of these events is in stages 1 and 2
and rapid eye movement (REM) sleep.33 Similarly,
a study by Orr et al.27 showed a marked reduction
in swallows associated with esophageal acid infusion during sleep. Studies have focused specifically
on the issue of the parameters of esophageal acid
clearance during sleep. A model that incorporates
the clearance of infused acid (15.0 mL 0.1 N HCl)
during sleep was used in these studies. As opposed
to simply analyzing spontaneous GER, this allowed
the infusion of acid into the distal esophagus during specific periods of documented sleep (REM
versus non-REM [NREM]), and it allowed for the
precise timing of infusions such that the amount of
sleep before each infusion could be relatively well
controlled. This model also permitted a precise
comparison of acid clearance during waking and
during sleep under well-controlled conditions.
The initial study in this series involved a comparison of acid clearance during sleep in normal
volunteers and patients with mild-to-moderate
esophagitis.29 The results revealed that sleep infusions in both groups were associated with a statistically significant prolongation of acid clearance
time. In minutes, the absolute clearance time was
nearly doubled in both groups. However, there was
no significant difference between the clearance
times in the patients and in the control subjects.
The latter finding is believed to be a somewhat academic point because, as noted previously, normal
persons rarely have reflux during sleep, whereas
it is somewhat more common in patients with
esophagitis. In addition, it was clear from the PSG
observations that clearance was invariably associated with an arousal from sleep, and if this did
not occur, there was a marked prolongation in acid

clearance time. To more precisely evaluate this
notion, clearance intervals that were associated
with greater or less than 50% of waking during the
clearance interval were compared. The clearance
trials that involved more than 50% of waking had
significantly faster clearance times. These data led
to the conclusion that both arousal responses and
waking are important elements in the response to
an acidic distal esophagus.
To evaluate the motor functioning of the esophagus during sleep and the associated arousals from
sleep, a subsequent study was performed using a
specially designed esophageal probe to monitor
not only distal esophageal pH, but also esophageal
peristalsis.28 This study also confirmed the importance of arousal responses in the efficient clearance
of acid from the distal esophagus. The test was performed on normal volunteers who had a negative
acid perfusion test; that is, they did not show any
sensitivity to acid dripped in the distal esophagus
and could not distinguish acid from water in the
esophagus. However, the determination of arousal
responses to these two different substances infused
during sleep revealed that the acid infusions produced a significantly greater number of arousal
responses. In addition, an exponential relation
was described between the percentage of waking
during the acid clearance interval and the acid
clearance time; that is, the greater the amount
of waking during the acid clearance interval, the
faster the clearance time. Again, this finding substantiates those from the previous study of patients
with esophagitis. This study did not document any
difference between peristaltic parameters during
sleep and during waking.
In a recent study with high-resolution manometry (HRM) and 24-h multichannel impedance
pH monitoring,35 total bolus clearing time in the
upright and supine positions and acid exposure
time were evaluated in 40 GERD patients without
hiatal hernia. It was shown that patients with a
pathological number of large breaks in esophageal
transit on HRM had significantly impaired supine
bolus clearance time and higher acid exposure time.
GERD patients with esophageal erosions were characterized by significantly higher supine bolus clearance time and longer acid exposure time. It was
concluded that GERD patients with a pathological number of large breaks are characterized by a
significantly prolonged supine reflux clearance and
subsequently higher acid exposure time.
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To more definitively test the hypothesis that
complications of GER are associated with prolonged acid clearance, a group of 13 patients with
Barrett’s esophagus was studied.36 Barrett’s esophagus is a condition believed to be related to chronic,
severe GER, which results in the replacement of
normal esophageal squamous epithelium with gastric columnar epithelium. The results of this study
proved to be quite surprising, in that the patients
with Barrett’s esophagus were shown to have significantly faster acid clearance during sleep and
waking compared with the control subjects. These
data were, however, quite compatible with previous
results in documenting the importance of arousal
responses in the clearance process. The patients
with Barrett’s esophagus showed both a higher frequency of arousal responses and a shorter latency
to the first swallow than control subjects.
Further illustrating the importance of these
parameters in differentiating the patients with
Barrett’s esophagus from the control subjects is
the fact that they could not be distinguished on the
basis of any parameters associated with esophageal
motor functioning, such as the amplitude of the
peristaltic contraction or the esophageal transit
time. It is especially notable in this study that there
was a remarkable number of episodes of spontaneous GER in the group with Barrett’s esophagus
compared with the control subjects. These data
led to the conclusion that the severe esophagitis in
the patients with Barrett’s esophagus is acquired
through repeated episodes of spontaneous GER
during sleep, which are associated with a prolongation of the acid clearance time. Although this was
demonstrated to be faster than in normal control
subjects, the acid clearance still is substantially
longer than that occurring during waking.

Therapeutic considerations
In a review of a variety of studies related to NHB
and sleep-related GER, Orr put for the notion that
NHB and sleep-related GER constitute a distinct
clinical entity worthy of recognition by clinicians.37
It is suggested in this review that early recognition
of the presence of NHB in GERD patients suggests the presence of erosive esophagitis, and more
aggressive treatment to suppress sleep-related
GER will optimize GERD treatment. GER appears
to be affected by sleeping position. In a study by
Khoury and colleagues,38 it was determined that

sleeping in the left lateral position significantly
reduced the incidence of GER. The results of previously cited studies suggest that the pattern of
GER during waking and sleep is important in
that sleep-related reflux produces a prolongation
of acid clearance.23,24 Additional documentation
of the importance of this pattern of the prolongation of acid clearance comes from studies that have
shown that the back diffusion of hydrogen ions in
the esophagus is directly related to the duration
of acid–mucosa contact time.39 Further evidence
for the importance of nocturnal GER comes from
a clinical study that documented that individuals
with symptoms of nocturnal heartburn, as well as
dysphagia and chest pain, were much more likely
to have demonstrable esophageal disease.40
These results, as well as those described in the
cited studies, tend to substantiate the time-honored clinical approach to persistent reflux, which
is the suggestion that the patient sleep with the
head of the bed elevated. This clinical axiom has
survived for decades with little in the way of objective documentation that it actually is an efficacious
approach to GER. Johnson and DeMeester41 specifically tested this clinical axiom. Using intraesophageal pH monitoring during sleep, they
demonstrated that sleeping with the head of the
bed elevated produced a 67% improvement in the
acid clearance time; however, the frequency of
reflux episodes remained unchanged. The use of
a cholinergic drug (bethanechol) that produces
an elevation in lower esophageal sphincter pressure and increases esophageal peristaltic efficiency
resulted in a decrease in both reflux frequency
(30%) and acid clearance time (53%). The authors
concluded that nocturnal reflux was most responsive to these therapeutic modalities. Another clinical axiom—avoidance of late evening meals—has
also been directly tested in a study by Orr and
Harnish.42 They noted that reflux events during
monitored sleep were not increased by a late evening provocative meal in patients with symptomatic GER disease. However, they did note that an
OTC dose (75 mg) of ranitidine at bedtime was
effective in significantly reducing reflux events
during sleep. Along these lines, it has been demonstrated that the time interval between the evening
meal and sleep can influence the occurrence of
sleep-related GER. Piesman and colleagues demonstrated in a prospective, crossover study that
less time between the evening meal and sleep onset
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results in significantly fewer sleep-related reflux
events compared to a similar meal given with a
longer interval between the evening meal and sleep
onset.43
The use of H2 receptor antagonists to suppress
gastric acid secretion has been shown to be effective in the relief of heartburn.44,45 One study using
24-h ambulatory esophageal pH assessments in
patients with symptomatic heartburn and documented GER demonstrated that increasing doses
(40 mg at bedtime, 20 mg twice daily and 40 mg
twice daily) of an H2 receptor antagonist (famotidine) produced increasing reductions in daytime
and total acid–mucosa contact.46 The three dosing regimens were equally effective in reducing
nocturnal acid contact time. Thus, in contrast to
duodenal ulcer disease, it does not appear that only
bedtime dosing is adequate to treat GER. However,
these data suggest that GER can be adequately controlled through effective gastric acid suppression.
A study by Cohen and colleagues reported on the
effect of a Nissen fundoplication on sleep-related
GER and heartburn symptoms, as well as objective and subjective sleep measures.47 They noted
a significant decrease in both sleep-related reflux
events and symptoms after surgery. Subjective and
objective sleep measures were improved after surgery. More specifically, there was a very small but
significant increase (approximately 5%) in NREM
sleep, while there were more robust improvements
in difficulty falling asleep, sleep quality, and daytime sleepiness.
An interesting finding was reported by Kerr
et al.,48 who showed that the administration of
nasal continuous positive airway pressure (CPAP)
to patients who were being treated for obstructive
sleep apnea had the additional therapeutic benefit
of reducing nocturnal GER and consequent esophageal acid contact time. Similar improvement was
reported in patients with GER without apnea.49
Since these studies examined only a single night
of CPAP, it is important to note that this effect
was replicated in a protocol that utilized 1 week of
continuous CPAP treatment in patients with documented moderate/severe obstructive sleep apnea
and abnormal acid contact time documented by
24-h esophageal pH monitoring.50 In this study,
patients who were studied at the end of 1 week of
CPAP treatment were shown to have a significant
decrease in sleep-related acid contact time. Also
of interest with regard to sleep apnea syndrome

is a study by Graf et al.51 that found patients with
sleep apnea to have a high incidence of GER. The
authors further determined that there is no relation between severity of sleep apnea and GER, nor
is there any relation between apneic events and
reflux events. A similar conclusion was reached
from a study reported by Tardif et al.52 Similar
results have been reported by Ing and associates,53 but they also reported an overall increase in
reflux events and acid clearance time in spite of the
fact that there was no clear relationship between
obstructive apneic events and reflux events.
The question remains as to what is the pathogenesis of increased sleep-related GER in patients with
obstructive sleep apnea (OSA). They clearly share
some risk factors, such as obesity, alcohol consumption, and perhaps hiatal hernia, but based on some
clinical and physiologic data, obesity alone would
not appear to be an adequate explanation for this
relationship. Suganuma and colleagues described
an association between obesity and symptoms of
OSA, but they found no relationship between obesity and reflux symptoms.54 On the other hand, in
another questionnaire study, Green et al.55 showed
a significant reduction in NHB symptoms after
CPAP treatment, and those with higher CPAP levels had a greater reduction in symptoms of NHB. In
another study that evaluated reflux symptoms (i.e.,
heartburn and acid regurgitation) in patients with
a diagnosis of OSA, Valipour and associates found
that there was no difference in reflux symptoms
between those with a diagnosis of OSA and those
designated as “simple snorers.”56 Furthermore, they
found no relationship between the severity of OSA
and reflux symptoms. It should be noted that, in
contrast to the Green et al. study, this investigation
did not specifically address nighttime GER symptoms. In addition, Valipour et al. noted in their discussion that the incidence of reflux symptoms did
not appear to be greater than that noted in some
general population surveys.
In a broader and somewhat more definitive
study, Shepherd and colleagues compared the
prevalence of nighttime symptoms and sleepassociated risk factors in untreated OSA patients,
patients treated with CPAP, and the general population.57 They reported that frequent (>2/week)
NHB symptoms were more frequent in untreated
OSA patients compared to the general population. In addition, they noted that the prevalence of
frequent NHB was greater in those in the general
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population who were at high risk of OSA compared
to those identified as at low risk.
An interesting physiologic study addressed the
issue of the relationship between GER and OSA
by identifying individuals with significant OSA
and GER and treating them with acid suppression
with a proton pump inhibitor (PPI).58 In this study,
Senior and colleagues noted that after treatment
with the PPI for 1 month, there was a significant
reduction in complete obstructive events, although
the overall respiratory disturbance index (RDI)
only showed a strong trend towards a reduction
after treatment (p < 0.06). On the basis of these
data, it would appear that the incidence of NHB is
elevated in patients with OSA. In the Green et al.
study, this was noted to be 62%, which is similar to
the rate noted above in patients with frequent heartburn complaints.16,55 Furthermore, the frequency
shows a very significant decline with CPAP treatment. This coincides nicely with other physiologic
studies that have clearly shown a significant decline
in esophageal acid contact time with CPAP treatment.48,49 The mechanism by which CPAP reduces
esophageal acid contact time remains controversial, but an interesting study from this same group
has suggested that some residual lower esophageal
sphincter (LES) pressure (>10 mmHg) may be necessary for nasal CPAP to affect nocturnal reflux.58
A new PPI that might be considered for NHB
treatment is dexlansoprazole, which is a dual
delayed-release formulation PPI with an initial
release 1–2 h after administration and another
4–5 h after ingestion.59 In addition, the drug’s
absorption and activation are not influenced by a
meal and can thus be administered prior to bedtime without concern that optimal efficacy will be
compromised.60 Dexlansoprazole has also been
shown to be efficacious in reducing symptoms of
both DHB and NHB.61 It is theoretically suggested
that a high index of suspicion of nighttime GER
would need a more aggressive approach to treatment and the selection of a treatment regimen that
would provide maximal acid suppression during
the sleeping interval in an effort to reduce or eliminate sleep-related GERD more effectively.
Of considerable interest is the fact that studies have documented that commonly consumed
sedating drugs, such as hypnotic drugs and alcohol, have been shown to prolong acid clearance
during sleep.62,63 A study by Vitale et al.63 showed
that alcohol consumption approximately 3 h before

sleep resulted in marked prolongation of the clearance of spontaneous episodes of GER. In another
investigation of the effect of the administration of
commonly used hypnotic drugs, a decrease was
shown in the arousal latency and a prolongation
was shown in the acid clearance time with triazolam.64 In a more recent study using more upto-date technology, as well as the most commonly
prescribed hypnotic (i.e., zolpidem), Gagliardi and
colleagues noted that acid clearance was prolonged
and arousal responses to reflux events were suppressed.65 These data suggest that caution should
be exercised in prescribing any central nervous
system depressant medication to GERD patients.
Baclofen, a GABAb agonist, has been shown to
reduce episodes of GER.66 Orr et al. determined
the effect of baclofen on GER during sleep, as well
as objective and subjective measures of sleep, by
the application of PSG and simultaneous esophageal pH monitoring.67 It was found that baclofen
significantly reduced the number of reflux events
compared with placebo during sleep. Sleep disturbance was alleviated by baclofen due to a significant improvement in PSG variables, such as total
sleep time, sleep efficiency, wake after sleep onset,
and proportion of stage 1 sleep. Therefore, it was
concluded that baclofen could be a useful adjunct
therapy in patients with NHB and sleep disturbance who continue to have heartburn and/or
sleep complaints despite PPI therapy.

INTESTINAL MOTILITY AND IBS
Due to the technological and practical difficulties
in monitoring intestinal activity, particularly in
patients, relatively little has been done in terms of
acquiring data on intestinal motility during sleeping and waking in patient populations of interest.
However, some data have been gradually appearing in the medical literature. One study that used
24-h ambulatory monitoring of small intestinal
motility in patients with IBS was accomplished
by Kellow et al.68 Although nocturnal motor patterns did not differentiate the patient group from
the control subjects, the notable lack of motility
activity during sleep led these investigators to suggest that the changes in motor functioning that
were noted were primarily the result of reactions to
various “stressful” events occurring in the waking
state. However, in a subsequent study, Kumar and
colleagues noted a marked increase in REM sleep
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in patients with IBS.69 These data were interpreted
as lending additional support to their speculation
that this syndrome has a central nervous system
pathogenesis.
The observation by Kumar et al.69 that REM
sleep was enhanced in patients with IBS has
prompted a number of investigations into sleep and
functional bowel disorders to include IBS and functional dyspepsia. Using subjective reports of sleep
quality, Goldsmith and Levin70 documented that
the exacerbation of IBS symptoms and poor sleep
show a strong correlation. The obvious problems
of a subjective study without physiological measurement of sleep are noted by Wingate,71 one of
the authors of the original study on IBS and sleep.
Wingate points out that the occurrence of waking
symptomatology may unduly influence the perception of the previous night’s sleep, and without PSG
documentation of sleep, this influence cannot be
discounted. However, a more recent study included
both objective and subjective measures of sleep,
along with daily measures of pain.72 In this study,
subjective reports of poor sleep did predict subsequent daytime pain; however, daytime pain was not
associated with nighttime sleep quality. Objective
sleep measures (i.e., actigraphy) also predicted anxiety and fatigue, but not pain. In a study in patients
with non-ulcer dyspepsia (characterized by epigastric postprandial bloating, nausea, or early satiety),
two-thirds of 65 patients with non-ulcer dyspepsia
complained of general sleep disturbances suggestive of non-restorative sleep (i.e., numerous awakenings after sleep onset and morning awakenings
without feeling rested).73 These were significantly
more common than noted in control subjects, and
65% of those complaining of sleep disturbance
attributed their sleep problem to their abdominal
symptoms. Ten patients were also studied for a
24-h period with intestinal manometric monitoring, and a change in the rhythmicity and frequency
of intestinal contractions was found in the functional dyspeptics during the nocturnal recording
interval. In a subsequent study, Fass and colleagues
documented a marked increase in sleep complaints
in patients with functional bowel disorders (i.e.,
IBS and functional dyspepsia) compared to normal
controls.74 In addition, the dyspeptic patients had
more complaints of sleep disturbance, perhaps due
to more intense abdominal pain.
Increased sleep complaints have also been
documented in studies by Elsenbruch et al.,

Heitkemper and colleagues and Rotem et al.75–77
In these studies, full PSG was conducted. In the
study by Elsenbruch and colleagues, no difference
was found in any of the sleep measures reported
between IBS subjects and normals.75 However,
the Heitkemper et al. study did show a significant prolongation of REM sleep.76 However, the
study by Rotem and colleagues revealed sharply
contrasting PSG data.77 In this study, they noted
a number of significant PSG differences in the
IBS subjects compared to control groups, including decreased slow wave sleep, increased arousal
responses, and increased waking after sleep onset.
Further research with larger sample sizes and
stratification by IBS diagnostic subtypes may help
elucidate and resolve these discrepancies. The
original study by Kumar et al.69 documenting the
enhancement of REM sleep in patients with IBS
reported on only six individuals who had a single
night of sleep subsequent to small bowel intubation for monitoring of intestinal motility. With a
small number of subjects and no attempt to adapt
individuals to the laboratory setting (even though
a control group was used), there is a high probability that these results were spurious. Orr et al.78
attempted to replicate this study while at the same
time noninvasively monitoring a GI measure so
that more natural sleep could be obtained. Nine
patients with IBS and nine control subjects were
studied with full PSG monitoring, and gastric
electrical activity was monitored by surface electrogastrogram. In this study, a statistically significant increase in REM sleep was documented
in the patients with IBS, but the absolute level of
REM sleep was not nearly in the range reported
by Kumar et al.69 In addition, specific electrogastrographic changes were found to be associated
with sleep in normal subjects that were not noted
in patients with IBS. Normal volunteers showed
a significant decrease in the spectral amplitude
of the EGG three-cycle-per-minute rhythm during NREM sleep compared with the waking state.
Of interest is the fact that during REM sleep,
the amplitude was significantly increased to levels approaching those in the waking state. The
patients with IBS failed to significantly modulate
the amplitude of the dominant frequency of the
gastric electrical rhythm during any of these states
of consciousness. The lack of modulation of the
dominant frequency of the electrogastrographic
amplitude during sleep in patients with IBS raises
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the possibility that other autonomic abnormalities
may be unmasked by further study of physiological functioning during sleep.
In a subsequent study by Thompson and colleagues,79 it was noted that IBS patients who had
dyspeptic symptoms in addition to classic symptoms of abdominal pain and cramping did not
exhibit the increase in sympathetic dominance in
REM sleep that was noted only in the patients with
abdominal cramping alone as part of their IBS
symptomatology. In a series of subsequent studies
by Orr and colleagues, none replicated the finding
of an increase in REM sleep in IBS patients.77,79,80
A previous study investigated whether sleep
dysfunction would influence anorectal motility in
IBS patients.81 It was found that IBS patients were
characterized by lower rectal thresholds for defecation as compared with age-matched controls. Of
importance is that IBS patients with sleep dysfunction had a significantly lower threshold than those
without sleep dysfunction. Additionally, poor sleep
quality was associated with a decrease in rectal sensation. It was concluded that IBS patients with sleep
dysfunction are characterized by lower thresholds
for rectal perception. This work implies that sleep
disturbance might be associated with anorectal
dysfunction and that it appears to create some
degree of rectal hyperalgesia in patients with IBS.
Collectively, these results from various sleep
investigations in patients with functional bowel
disorders suggest not only that there are sleep disturbances noted in this patient population, but
also that the sleep disturbances may contribute
to altered GI functioning. Certainly, these studies
confirm the notion that there are central nervous
system alterations in patients with functional bowel
disorders, and that these alterations are perhaps
uniquely identified during sleep. Future studies on
sleep in patients with functional bowel disorders
will undoubtedly provide additional understanding of the pathophysiology of the brain–gut axis
and its alterations during sleep.

COLONIC MOTILITY
Bassotti et al.82 monitored colonic motility for
24 h in normal volunteers and in patients with
chronic constipation. Although they documented
a decrease in the number and duration of mass
movements in the patients with chronic constipation, as well as a circadian pattern of decrease in

mass movements during the night, no significant
difference was noted between patients and control
subjects with regard to the circadian pattern itself.
In a similar study, Ferrara et al.83 monitored the
motor activity of the distal colon, rectum, and anal
canal over a 24-h interval in patients with slowtransit constipation. These patients were compared
with ten healthy control subjects. The patients
with slow-transit constipation were noted to have
impaired responses to feeding on awakening from
sleep in the morning.
Another interesting observation regarding
alterations in anorectal functioning during sleep
concerns a study by Orkin et al.,84 in which the
authors monitored rectal motor activity during
sleep in patients who had undergone ileal–anal
anastomosis. They noted that decreases in anal
resting pressure coupled with marked minuteto-minute variations in pressure during sleep
occurred in control subjects and in patients, and
when particularly profound, these led to nocturnal
fecal incontinence in some patients.

SLEEP AND INFLAMMATORY
BOWEL DISEASE
Several studies have shown that disruption of the
normal sleep cycle is associated with an increased
risk of impairing homoeostasis of GI function,85
including GERD,86 peptic ulcer disease,87 and IBS.88
Disturbed sleep can alter immune function and
thus impact on disease course in GI inflammatory
disorders such as Crohn’s disease and ulcerative
colitis. Inflammatory cytokines such as TNF-α
and IL-1 are known to disrupt sleep,89 and therefore
may provoke a vicious cycle and positive feedback
loop that maintain and perpetuate inflammation.
Thus, sleep alterations have been demonstrated in
patients with inflammatory bowel disease (IBD),90
and the concept of an exacerbation of mucosal
damage via altered sleep patterns is supported by
evidence from animal studies. For example, sleep
restriction has been associated with increased clinical markers of IBD activity, such as TNF-α, IL-6,
and C-reactive protein.91 In another animal study
assessing the effects of acute and chronic intermittent sleep deprivation on the dextran sodium sulfate-induced colitis model, it was noted that both
acute and chronic intermittent sleep deprivation
exacerbated colonic inflammation, as evidenced
by marked increases in tissue myeloperoxidase
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activity. The effects of sleep deprivation on colonic
inflammation were dose dependent, with more
severe inflammation in the chronic intermittent
sleep deprivation group.92
It is well established that disrupted sleep can
cause fatigue in inflammatory diseases and may
be one of the causes of fatigue in IBD patients.93 Of
importance is that fatigue is one of the most common complaints in patients with IBD, having a
major negative impact on quality of life, regardless of
the status of active inflammation.93 Moreover, sleep
disturbance has been shown to be associated with
an increased risk of disease flares in Crohn’s disease,
but not ulcerative colitis.94 Other studies have also
shown a significant relationship between disease
activity and sleep disturbance. In a large prospective
cohort study known as the Manitoba IBD Cohort
Study, patients with active IBD (77%) were found
to have lower sleep quality compared with patients
who had inactive disease (49%).95 Interestingly, the
sleep quality of patients with inactive disease was
also lower than the estimated prevalence of poor
sleep in the general adult population (32%). The
study found a significant positive correlation of
sleep quality and daytime dysfunction, as well as
between perceived stress and psychological distress.
There was also a strong negative correlation between
sleep quality, number of sleep hours per night, and
IBD-related quality of life.95 These findings suggest
that the evaluation and treatment of sleep disturbance in patients with Crohn’s disease will optimize
treatment and improve clinical outcome.

CONCLUSIONS
There appears to be an important relationship
between sleep and the development of various
acid peptic diseases, such as duodenal ulcer disease and GERD. The pathogenesis and treatment
of these disorders rely on the control of acid secretion during sleep. The occurrence of nocturnal
GER is an unquestionably important aspect of
the development of the serious complications of
this disorder. Continuous monitoring of the distal esophageal pH in order to document nocturnal
GER is becoming an important and useful tool
in the overall management of GERD patients. In
addition, prolonged monitoring of small and large
bowel motility appears to be a promising tool for
further understanding of the pathogenesis of various GI diseases and how these diseases may be

altered by sleep. The intervention and treatment of
sleep disorders in IBD patients should be regarded
as an important part of the clinical management
of IBD. These sleep-related phenomena are becoming important factors in the practice of state-ofthe-art gastroenterology, and future research will
undoubtedly further substantiate the important
role of sleep in the pathogenesis of GI disease.
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INTRODUCTION
An infant’s quiet night of sleep is a source of happiness and empowerment for parents. In prenatal
classes, many parents worry that their baby might
develop a sleep disorder and that nighttime could
become an intense scene of crying and responses.
Indeed, quite a high percentage of infants and
children develop sleep disorders, and noctur
nal wakings and bed sharing are quite common
during early childhood. During infancy, the frequency of nightwakings increases with maturation of locomotion.1 Nocturnal wakings have been
reported in 20%–30% of 1- to 3-year-olds.2,3 These
findings are despite the fact that methodological problems exist in assessing sleep problems in
infants, and it is well documented that maternal
reports do not objectively reflect the sleep patterns
of their infants.4 Although a sleep disorder does
not necessarily lead to an attachment disorder, an
infant’s crying through the night can be the start
of a disturbed parent–infant relationship that may
conclude with this result. Conversely, attachment
disorders in children are also associated with a
range of psychosomatic problems, one of which is
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sleep problems. If a sleep disorder and an attachment disorder are a baby’s predominant symptoms, the parent–infant and, later, parent–child
relationship will be stressful and, in the worst case,
can progress to a vicious circle of crying and physical abuse.5 Parental personality, psychopathology,
and related cognitions and emotions contribute to
parental sleep-related behaviors and, ultimately,
influence infant sleep. However, the links are bidirectional and dynamic, so that poor infant sleep
may influence parental behaviors and poor infant
sleep appears to be a family stressor and a risk factor for maternal depression. Therefore, it is necessary to understand more about the association of
sleep and attachment and their disorders in children and parents, and to strategically plan prevention measures that can help parents and infants
establish sleep patterns and regulate sleep rhythms
from the beginning.5–13

ATTACHMENT THEORY
AND DISORDERS
Attachment is a fundamental human motivation that helps the infant to survive. During the
29
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first year, an infant develops a specific, exclusive
attachment relationship to an attachment figure
that serves as a secure base for the infant and provides protection. Once the baby’s attachment system starts to develop, which can be observed from
12 weeks onward, the infant reacts on separation
with attachment behavior, such as crying to protest
separation from the attachment figure, followed
by seeking physical contact and reunion.14 We
can distinguish three different patterns of attachment quality: a securely attached infant will protest after separation from his or her attachment
figure and will calm down quickly after reunion.
An insecurely avoidant attached infant will
appear not to be stressed by separation and will
not actively seek physical contact with the attachment figure after reunion, whereas an insecurely
anxious–
ambivalent attached infant will react
with extreme arousal and will take a long time to
settle down after his or her attachment figure has
returned. It is typical that the attachment system
of the infant, once activated, can be preferentially
calmed by physical contact with the attachment
figure. Only if the primary attachment figure, such
as the mother, is not present does the infant allow a
secondary attachment figure, such as the father, to
soothe him or her.15–19
Attachment disorders are caused by an infant’s
early experiences of repeated separation and multiple traumas. Such disorders commonly evolve
from traumatic events such as physical, sexual, or
emotional violence and severe deprivation, often
perpetrated by attachment figures. In addition,
if an attachment figure is sometimes a source of
emotional availability and protection for the child
and at other times a source of violence and anxiety,
it will be difficult for the child to organize these
disparate experiences into a coherent internal
working model of attachment.19,20
On a behavioral level, attachment disorders may
emerge as strange patterns. Two forms of attachment disorder are included in the International
Classification of Diseases (ICD-10) and Diagnostic
and Statistical Manual of Mental Disorders (DSMIV/V). One pattern involves nonselective, undifferentiated attachment behavior. Children possessing
this pattern exhibit promiscuous attachments,
rapidly and seemingly randomly seeking physical
contact with strangers. They are indiscriminately
friendly toward strangers, who by definition can
never be real attachment figures. Other children

display a type of disorder that is characterized by
inhibited attachment behavior: These children,
although anxious, do not show their attachment
behavior, instead suppressing their attachment
activities, which results in a continuous state of
high arousal. Additional types of attachment disorder have been classified, including attachment
disorders with psychosomatic symptoms (e.g., sleep
problems).19 Further types of attachment disorders
(such as nonattachment behavior in attachmentrelevant situation, aggressive behavior, role reversal, aggressive symptoms, and a hyperactivation of
attachment behavior) also show p
 athological behavior patterns in attachment-relevant situations.21
Separation at night for sleep is one of the attachment-related situations leading to activation of the
attachment system. Children with different types
of attachment disorder may have disturbed sleep
patterns or even sleep disorders. For example,
some attachment-disordered children cannot calm
down easily at night or wake up often and suffer
from nightmares and night-walking. These disorders may manifest through hyperactivity of their
attachment system, or the children may have difficulty separating before sleep. Other children may
suffer from an inhibited attachment disorder and
will anxiously lie in bed and not cry at night to seek
the attachment figure. Caregivers of these latter
children may thus think that the infants are easily
cared for, whereas the babies are instead lying in
bed in a state of hyperarousal. Their hyperarousal
and inhibition of showing attachment may cause
them to complain of stomachaches or headaches,
vomit or develop an elevated temperature. If attachment figures do not understand these signals and
prefer children who do not cry at night, children
may develop chronic psychosomatic symptoms.
Still other children may suffer from undifferentiated attachment disorders (as most foster infants
do) and will be happy when anyone picks them
up from bed. They might calm down for a short
while, but again cry until another person comes
along. No secure attachment representation results
from this undifferentiated attachment behavior, so
that while the children may receive physical contact from various people, there is no decrease in
the level of arousal.22 Higley and Dozier reported
that mothers of securely attached infants at age
12 months had nighttime interactions that were
generally more consistent, sensitive, and responsive than those of insecurely attached infants.
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Specifically, in secure dyads, mothers generally
picked up and soothed infants when they fussed or
cried after an awakening.22
Infants or children with hyperactivation of
their attachment systems normally cannot separate until they fall asleep in close physical contact
with their parents in the children’s or the parents’
bed. It is important to note that many parents also
have attachment problems and have difficulty
separating, and sometimes it is not clear who is
clinging to whom. Some parents, especially those
with prior trauma experiences, also have their own
sleep problems. Attachment anxiety was associated with self-reported sleep difficulties in men and
women; even if depressed affect was included as a
control variable, the effect of attachment anxiety
remained significant.23 If a mother has an attachment disorder with role reversal, she may carry her
infant into her bed and take the infant as a secure
base to help herself fall asleep. Mothers with panic
disorders, when describing parenting behaviors
concerning infant sleep, reported less sensitivity
toward their infants, who showed more ambivalent/resistant attachment, higher salivary cortisol
levels, and more sleep problems.24 Mothers with
high symptoms of depression and anxiety were
more likely to have ambivalent attached infants
and used high levels of active physical comforting,
and their infants developed high initial levels of
sleep problems that continued as infant sleep disturbances over time.25 Benoit et al.26 have shown
that a mother’s own insecure status of attachment
is highly correlated with attachment and sleep disturbance in her infant: every insecurely attached
mother in their study had a child or children with
sleep disturbances. Therefore, at the start of treatment, it is vital that the therapist learns something
about the parents’ own histories of attachment and
their experiences of unresolved loss and separation
so that treatment can also address their needs, or
else the therapy of the sleep-disordered child will
not be successful. The importance of focusing on
the parents’ status of attachment when treating
their infant’s sleep problem cannot be overstated.
Finally, sleep disturbances and sleep disorders
of infants caused by traumatizing experiences with
insensitive care by attachment figures can lead
to attachment disorders, but if a child is securely
attached during the day, inconsistent caregiving
or unresponsiveness to attachment signals at night
will not necessarily lead to a complete attachment

disorder, but perhaps only to subtle irritations in
the attachment system. It may be that infants with
insensitive nighttime care become more clingy or
ambivalent in their daytime attachments, which
makes separation for sleep more difficult and may
result in long-lasting behavioral problems.27–29
The presence of parents when an infant separates for sleep and sleeps during the night may
support him or her in developing a secure attachment representation. Children from kibbutzim
who were home sleepers with their parents developed a secure attachment relationship with their
parents, while infants who slept in the group
setting without their parents available at night

developed attachment relationships with their
metapelet (caregiver in the kibbutzim).30–33

ATTACHMENT, SEPARATION,
AND SLEEP
Looking at attachment behavior from an evolutionary point of view, most infants around the
world have slept and continue to sleep in close
physical contact with their parents for the first year
of life and possibly longer, so these infants do not
experience separation at sleeping hours.34 Thus, a
crying baby at night is not a question in most countries. Only in Western countries and especially in
Europe and North America do parents expect an
infant to separate at night and sleep in his or her
own bed or own room. This form of separation
between infants and attachment figures during the
night is not consistent with evolutionary development. In former times, when human beings were
nomads, survival required that an infant remained
in close contact with the attachment figure, usually the biological mother, during the daytime and
even more so during nighttime. Since an infant is
dependent on the attachment figure for all of his
or her physical, social, and emotional needs, close
physical contact was a great advantage for survival.
It is likely that the attachment system in humans
developed within the context of evolution, as those
infants who showed attachment behavior when
separated from the attachment figure and when
experiencing anxiety had a higher survival rate
than those who did not. This might explain why
many children in Western countries do not stay in
their beds at night, especially when they experience
anxiety and initiate co-sleeping in the parents’
bedroom once they can walk.2 Through the lens of
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attachment, it is not surprising that once arrived
and snuggling up to their parents, the children can
fall asleep within seconds.
Considered in the context of evolution, then,
it is quite natural that an infant reacts to nightly
separation from his or her attachment figure with
alarm, crying, and signaling a desire to be picked
up. If the attachment figure does not arrive to
soothe the infant, the attachment arousal can
escalate to hyperarousal in the autonomous nervous system, leading to an increase in bowel movements, as with colicky infants, or to vomiting when
the gastrointestinal tract reacts. Therefore, nighttime 
crying, seeking physical contact with the
attachment fi
 gure, and protesting against separation from the attachment figure are correct evolutionary-based behavior patterns.35–37
Nonetheless, an infant can learn to sleep
through the night without his or her attachment
figure. If Western cultural standards indicate that
it is proper for parents and children to sleep apart,
parents must train children to tolerate this type
of separation, even though it is contrary to evolution. Parents must listen for sounds from the baby
after separating and leaving the room and be ready
to provide the child with a positive, attachmentoriented experience. Whenever the infant starts
crying energetically and increasingly loudly, the
parent should return to the room and try to console the infant. The child will sometimes need
physical contact to calm down, especially if he or
she has become hyperaroused. Returning rapidly
to the room when the child starts to cry intensely
is key to not having the child’s arousal escalate to
hyperarousal. Parents may have to enter the room
repeatedly during the first nights, but this frequency will decrease. If parents respond promptly
to an infant’s crying at night, the baby will cry less
during the next few weeks. In contrast, if parents
delay in answering the cry signal and consoling
the child by physical contact, perhaps because
of their philosophy of not spoiling the baby, the
child will cry for longer periods in the future.37 It
has been found that each time the parents come
in and respond, the infant learns that he or she is
not lost, separate, and alone, but that the attachment figure is available and sensitive to his or her
signaling. When parents consistently and reliably respond in this way, an infant will make an
important discovery: even while separated at night
when it is dark and anxiety can become intense,

attachment figures are present and emotionally
and physically available. This comes to signify an
important attachment representation within the
context of sleep and nighttime separation, implying security and safety despite being separated
from the parents.38

THERAPY OF ATTACHMENTRELATED SLEEP DISORDERS
Sleep problems in babies can be subtle indicators of
difficulties in parent–infant relationships. If a baby
cries for several hours day after day, it is important
to seek help with a specially trained psychotherapist who can quickly treat the dyad with an eye
toward assessing the attachment and trauma experiences of the mother and father, in addition to the
interactional irritability of the infant.18,39,40 The aim
of attachment-related therapy for sleep disorders in
infants is to enable these children to separate from
their attachment figures in the evening, fall asleep
and remain in their own bed overnight without
nightmares, anxiety, or panic attacks.
As mentioned earlier, attachment and separation concerns are present for parents as well as
infants and children, and thus treatment must
involve both parties. As in any attachment-related
therapy, the therapist must become a therapeutic
bonding figure (i.e., he or she must become a safe
place for the parents, as well as for the infant or
child). In the same way that parents’ “sensitive
behavior” is required for the positive development
of a baby’s secure attachments,41 a therapist must
become a secure base for parents—a framework
for trust and a springboard for change.18,19 Highly
interactive therapeutic sensitivity, in which the
therapist comes to recognize family signals (especially those of the parents), interprets these signals
correctly, and reacts conscientiously and promptly,
will lead to the development of such a therapeutic bond, which will become a model for the
parent–child relationship. The therapist fosters the
development of a secure therapeutic bonding with
the parents, and as a result, parents can become a
safe haven for their infants.42
The therapist can then help the parents to
understand the nighttime needs of their infants,
be sensitive about a child’s anxiety, and react
appropriately by going into the infant’s bedroom
and trying to soothe him or her. If the baby is in an
elevated state of arousal, the parents should take
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the child out of bed and provide physical contact.
Most hyperaroused children will quickly relax
with physical contact. Securely attached infants
will need more and longer periods of physical
contact to calm down than insecurely avoidantattached infants, but securely attached infants will
have longer sleep durations than avoidant-attached
infants.35 Some parents may allow a child to briefly
sleep with them to calm them down, after which
the child can be placed back in his or her bed.

CASE STUDY
A mother, T., was referred by her pediatrician and
telephoned that she urgently needed help to deal
with the nighttime needs of her 6-week-old infant.
Every night, Baby S. had awakened for a feeding
session. After being fed and put back to bed, the
infant started to whine and cry, whereupon the
mother would go into S.’s bedroom, lift her out of
bed, cuddle and soothe her, rock her, and lay her
back down in bed. Despite these ministrations, the
baby continued to cry. This interaction occurred
several times each night, with the mother walking
around and rocking S. for hours until the two fell
asleep on the sofa during the morning hours. The
whole family, especially the mother, was exhausted
and did not know “how to survive.” The partnership was in danger, as the husband had threatened to leave the family. The couple’s first child,
now 6, had also cried at night for 2 years, but the
parents had decided to have another child despite
their first “catastrophic” experience. For these parents, the first years of having a child were equated
with regular nightmares and sleepless nights. As
a result, the whole family was in an acute alarm
state, and the children were at risk of harm from
their parents. This is the moment when parents
might start shaking their babies. Things were worst
at night, but similar difficult sleeping interactions
took place during Baby S.’s morning and afternoon
sleeps. Several pediatric examinations had established a normal developmental pattern for her,
with no indications of somatic disease to explain
the symptom of sleep disturbance. Therefore, the
sleep problem seemed to be a psychosomatic sleep
disturbance.
A video diagnostic session of the mother changing diapers and playing with the infant as she would
have done at home revealed an interesting interactional pattern. At first, the mother interacted

sensitively with eye contact, fine vocal attunement
and touch, responding to cues from the infant,
and engaging in a very nice dialogue of rhythmic
interaction. However, in between were switches
in behavior and affect attunement: suddenly, the
mother would stop, avert her gaze, and anxiously
and sadly examine the child’s feet. Her affect
became simultaneously shut down, depressed, and
highly aroused. This lasted about 20 seconds, after
which she again attended to the infant, interacting vocally and visually, then switching back and
examining the child’s feet, saying that the feet were
too cold. In 2 minutes of videotaping, there were
several switches back and forth between mother
and child. When the mother shut down eye contact
with S. and became preoccupied with the infant’s
feet, the child’s gaze also shifted.
When we watched the video recording with T.
and tried to understand what we saw and how to
interpret this, she told us that she was not aware of
these switches, but remarked that she was checking the child’s feet for signs of disability. T. related
that, because of her age, she had undergone amniocentesis to check for possible fetal abnormalities.
The first result of amniocentesis indicated an
abnormal set of chromosomes and a handicapped
child. T. and her husband were deeply shocked,
and the gynecologist took another blood sample
that revealed a normal set of chromosomes and a
normal child. Of course, this double diagnosis of
contrary results led to extreme arousal and stress
for the parents. The mother was highly ambivalent about attaching prenatally to the child or
holding back in case the baby was born disabled.
After birth, externally and physically S. appeared
normal, so the mother declined a third postnatal
chromosome test. Nevertheless, she began constantly to check the child for signs of abnormality, such as the special foot or hand folds found in
children with Down’s syndrome, which she had
learned about on the Internet and in books about
disabled children. Although she did not find any
such signs, the absence of abnormalities did not
calm her, and she compulsively checked her child
over and over. She had also read that disabled children sometimes exhibit a particular type of c rying
and wondered whether S.’s crying at night was
the special kind of whimpering and crying called
the cri-du-chat syndrome. On top of the erroneous prenatal diagnosis, S.’s crying was a trigger for
anxiety and bonding ambivalence on the part of
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T., alarming the mother and leading her to worry
that the symptom was part of a disability that was
as-yet undiagnosed.
During the process of diagnostics, we routinely
perform an Adult Attachment Interview (AAI)43
or an Adult Attachment Projective44 test, as well as
a Caregiving Interview,45 for any mother presenting an infant with early interactional problems.
These three interviews give us a lot of information about parents’ own attachment representations and perhaps unresolved trauma experiences.
During the AAI, T. was asked when she was first
separated from her own parents. She remembered
quite vividly that at the age of 3, she was admitted to a hospital for a tonsillectomy. Her mother
sent both T. and her 8-year-old brother for tonsillectomies with the idea that the brother might
calm her down when feelings of being lost and
separated at nighttime would come up. T. felt very
lonely at night in her unfamiliar bed in the hospital and experienced a tremendous, sick feeling in
her stomach, which she did not interpret as anxiety
and arousal. At this point in the AAI, I realized
that the mother had previously told me that she felt
sick to her stomach when Baby S. cried at night and
she took the baby out of her bed and started walking about the apartment. T. had also experienced a
second separation shortly after her discharge from
the hospital when her mother gave birth to another
child and all of the children left home to stay with a
grandmother. Again, she felt lonely and separated
from her mother and had the same gastrointestinal symptoms. From that point onward, she could
never tolerate separation and stay elsewhere overnight. Any attempt at an overnight separation such
as in kindergarten or during school excursions
failed because she became sick and her parents had
to pick her up during the night.

Attachment dynamics of the
sleeping disorder
Within the context of attachment-oriented psychodynamic theory, the mother’s history and Baby
S.’s sleep problem become more understandable.
When T. and her husband were confronted with
the possibility of expecting a disabled child, triggers of anxiety and preoccupation emerged. T. was
highly ambivalent about bonding with her infant
and became preoccupied with searching for signs
of disability after birth. Thus, the mother was in

a permanent state of arousal, which did not help
to bring the child into a relaxed state and help
her fall asleep. Baby S. might have sensed T.’s
ambivalence—clinging to her infant on the one
hand and being preoccupied and emotionally distant on the other—which might have led S. to cry
louder and search for physical contact with the
mother, as the child experienced emotional separation and detachment from T. Furthermore, the
AAI revealed that the mother retained her own
separation problems from childhood and had a
high psychosomatic arousal and trigger when she
had to separate from her infant: the 3-year-old
within the mother’s own representational world
needed an attachment figure. Because of her own
experiences, T. could not be a secure attachment
base for her own infant. S.’s crying at night had
triggered T.’s own separation experience from the
past and brought the mother into a helpless state.
Parents who become triggered by their infant’s
nighttime crying and whose own traumatic experiences are reactivated have a high probability of
acting out at night or becoming hyperaroused and
needing their own attachment figure, thus not
being emotionally available to their infants.

Treatment
Using an attachment-oriented approach, the following treatment procedure was arranged. During
the daytime just before putting Baby S. to sleep, T.
telephoned me and we talked about her feelings of
anxiety and feeling lost. This therapeutic phone
contact helped her to feel reassured and secure and
to separate more easily from the child. During the
nighttime, there was still a great sleep disturbance,
so we explained the attachment problem to the
husband and asked him to get up at night with his
wife. This led to the following situation: when T.
had nursed the infant at night and put her to bed,
the infant was still awake, whining a bit but not
crying. The husband took T.’s hand and helped her
separate from the infant, providing a secure base
and becoming an attachment figure for her. Once
the mother became calmer, Baby S. was already
sound asleep.
Baby S.’s sleep problem disappeared rapidly,
and it became quite clear that the infant’s sleep
problem was an entangled reenactment of acute
insecurity because of the prenatal diagnosis and
the early unresolved trauma of the mother. After
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the acute situation with Baby S. eased, T. came
for further therapeutic sessions in order to work
on her unresolved trauma. The result was quite
remarkable, and the mother made an astonishing
recovery. For the first time in her life, she could
drive away for holidays and sleep in an unfamiliar
bed. Furthermore, she was able, without hyperarousal and anxiety, to cross bridges and drive
through tunnels, locations that she had previously
avoided. After termination of the treatment, she
phoned me only once, after her son’s first day of
school. The morning after the first day, her son told
her he wanted to go to school with his friends and
without her, and he separated quite easily with a
quick goodbye. Standing at the window and watching him walk along the road, she experienced the
same sick feeling and remembered it was related
to her experience of early separation. At that
moment, she decided to phone me, and we talked
about how the situation came about and how it was
triggered. She was aware of it and did not need to
reenact that situation by holding back or accompanying her son, which would hinder his autonomy
and individuation.

DISCUSSION
Sleep problems of infants and even older children
can be strongly related to attachment problems.
Children and adults with attachment disorders may have problems at night regarding falling asleep, staying in their bed in darkness, or
going back to sleep after waking due to anxiety or
nightmares. Depending on the attachment disorder, they long for physical contact or, in contrast,
may not want physical contact and instead stay
in bed in a hyperaroused state, suppressing their
attachment needs and developing psychosomatic
symptoms.*
Children who have experienced early trauma
such as deprivation or violence are likely to develop
attachment disorders. Typically, those children
do not have an inner representation of security,
and if they have to separate and sleep in the dark
*

In addition to gastrointestinal symptoms, respiratory
symptoms (e.g., asthmatic symptoms with coughing
and wheezing) are quite common and should be considered outside diagnoses of allergies. A convincing
study showed how asthma attacks and separation
problems are associated.49

separate from any person, anxiety arises and activates the attachment system. Depending on the
type of attachment disorder, they may start crying,
shouting, fighting, or entering dissociative states
and not showing signs of attachment behavior.
Since a baby cannot crawl or walk to search
for the attachment figure, the only way to signal
an attachment need is to cry through the night.
If an infant is to form a secure attachment during the night, the parents must help the child to
calm down by walking into the room and soothing
the child, going away to help him or her to tolerate a short period of separation and returning if
the child is aroused again. This helps the baby to
learn a form of separation training in which the
attachment figure is available and will consistently
arrive to soothe him or her when anxiety becomes
intolerable and the crying escalates to a panic state.
This training requires more time, emotional and
physical availability and sensitivity in a consistent and reliable way than leaving the child to cry
through the night and get used to sleeping on his
or her own.
Ultimately, if the child cannot calm down, a
temporary period of having the child sleep with
the parents may be wise, provided that there is
no contraindication for co-sleeping such as drug
addiction, alcoholism, smoking, elevated temperature in the parents’ room, or a very soft mattress.
Most children who bed in between the mother
and father fall asleep fairly soon at night or after
waking from nightmares, as the space between
their attachment figures seems to provide the most
security and reassurance.

Prevention
Many parents in Western countries themselves
did not have the stressful experience of initially
sleeping apart from their own parents, and so

started co-sleeping with their infants, as most
parents and children throughout the world still
do.46 Insufficient research is currently available
that examines how parental status of attachment, correlated with co-sleeping and bedding-in,
influences the emotional development of infants.
Studies on sleep patterns in earlier days, which did
not include attachment concerns in the research,
showed that co-sleeping mothers and infants had
the same sleep patterns in terms of depth and
a lertness. When the child became uneasy and
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irritable, the mother awoke and fed it, and both
fell asleep again. Co-sleeping mothers were in tune
with their babies and did not feel irritated d
 uring
the night. In contrast, if the infant slept in a bed
next to that of the mother, their sleep rhythms
were not as well-tuned together, and if the child
slept in a different room, the sleep rhythms of
mother and infant were completely uncoordinated. Those mothers were the most exhausted in
the morning.46–48*
Children who can reestablish close physical
contact with their parents at bedtime or even sleep
together in the same room may form more secure
relationships than those who are separated from
their parents at night.† If parents do not want to
co-sleep or room-in with their infant, they must
consider attachment theory and attachment needs
and realize that they are subjecting the child to a
behavior that is contrary to evolution. If parents
want children to sleep on their own, the separation
in the evening hours and calming down at night
have to be done delicately and with awareness that
the evening and night separations are the most
sensitive phases for attachment needs. Parents
have to reassure children again and again that they
are physically and emotionally available and help
make the separation tolerable. Here, significant
teaching and training are necessary for parents.

In our parent groups, one of the biggest fears is that
if the child is brought to the parents’ bed as a cosleeper, he or she might stay there for 25 years. Of
course, this will not happen, and most parents find
places and times for sexual activity outside of the
parental bed at night so that, among other things,
co-sleeping need not be an obstruction to parental
sexuality.
All of these subjects are part of our new prevention program SAFE ®, standing for “Secure
Attachment Formation for Educators” and for
“Secure Attachment Family Education.” Parents
participate in this preventive program of four
prenatal and six postnatal full-day workshops

from the twentieth week of gestation until the
end of the child’s first year. In addition to receiving many instructions and having personal experiences, all parents are given the AAI. Parents
with unresolved traumas receive supportive psychotherapy before birth and trauma-centered
therapy after birth. The goals of this prevention
program are to uncover parental unresolved traumas that could be risk factors leading to a reenactment with the infant and to treat these problems
before and after birth so that harm to the infant
is prevented.

Coincidentally, bedding-in during the weeks after
delivery seems to protect against postpartum
depression, as the incidence of postpartum depression is much lower in Asian countries, where beddingin is the traditional form of caring. Some researchers
recommend that bedding-in after delivery should

be practiced everywhere as a preventive method
against maternal postpartum depression.47,48 In addition, we hypothesize that if mothers and children do
not co-sleep or bed-in, perhaps mothers become
depressed because they cannot see their infants and
worry about whether the children are still breathing and alive. Co-sleeping promotes breast feeding
and might, consciously or unconsciously, reassure a
mother during the night that her baby is breathing
and is side by side with her in physical contact, and so
she might relax and sleep more quietly. In addition,
the child would feel secure about the mother’s
closeness.49
Parenthetically, this is one reason why admittance of
parents with their infants in children’s hospitals should
be the norm.

Sleep problems in infants and children can be difficult psychological problems that always need early
attention and treatment. Diagnosis should focus
on the whole family (i.e., psychosocial and partnership problems, individual attachment problems, and traumatic experiences of the mother
and father) and the infant’s own experiences of
attachment or trauma. Children with attachment
disorders are high-risk candidates for sleep problems because separation and sleeping at night are
important markers of the attachment relationship
with the attachment figure. On the other hand,
sleeping through the night does not mean that no
attachment problems exist. The infant may have
learned that no one is available at night, no matter
how loud he or she might cry.
In addition to markedly helping individual
families, education about attachment theory,
attachment figures, and attachment relationships holds the potential to effect dramatic social
change. Such information can be obviously
and directly useful to parents of infants with

*

†
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sleep disorders, as we have seen in this chapter.
Moreover, many powerful societal benefits could
also accrue if knowledge about the concrete ramifications of attachment theory were disseminated
more widely to adult clients, clinics, schools, and
society at large.
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INTRODUCTION
Fatigue is a dispiriting word for clinicians by virtue of the myriad of clinical possibilities that is
spawned by this presenting complaint. The nonspecificity of this symptom, when presented to a
physician, induces a cascade of chemico-pathologic testing that is often disproportionate to the
clinical history that is obtained. As medicine has
evolved, the availability of diagnostic testing has
allowed the clinician rapid access to a cornucopia
of hematological analytic results that can greatly
increase our diagnostic capability, but it seems that
these tests are frequently to be used as a fishing net
cast into a diagnostic abyss.
Organic pathology is generally the first consideration vis-à-vis etiology in such a presentation.
Accordingly, the approach has been to look for and
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attempt to find the errant chemical or hematological culprit. Differential diagnosis, even since the
time of William Osler, has represented a unifying
concept in medical education. Most medical education in North America, however, is directed by
a specialist or subspecialists. This results in many
students graduating from medical schools and
residency programs having never experienced or
been challenged with one of the top 10 differential
diagnoses in primary care.
Fatigue is a presentation in amongst the top 10
diagnoses in primary care.1 In this group of 10 are
cough, fatigue, low back pain, fever, dyspnea, generalized abdominal pain, headache, vertigo, chest
pain, and edema. The estimates are that only 15%
of patients in primary care settings have an organic
cause that can be identified to explain the fatigue.
These possible causes include infections, anemia,
41
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endocrinopathies, medication side effects, sleep
disturbances, and a rare presentation of malignancies. The diagnostic and clinical outcomes of these
investigations often demonstrate a disquietingly
high percentage labeled “not yet diagnosed” (NYD)
or “other” as the outcome of investigating patients
with fatigue. In individuals over the age of 45,
fatigue NYD was present in 36% of those investigated, and the category “other” accounted for 33%.1
In specialist practice, the evaluation and education in fatigue and sleep medicine has been dishearteningly sparse and poor. In medical school
curricula, education in sleep disorders is minimal,
and even those who graduated from MBChB programs of 6 years of medical school often receive
no lectures on sleep disorders. Matters are not
much better in current programs, with fewer
than 10 hours given to sleep disorders throughout
the entire medical training curriculum in most
programs.
In the iconic textbook of medicine, Cecil (18th
edition, 1988), there is one index reference to
sleepiness, resulting from melatonin.2 The references indexed to fatigue relate only to medications
as causes of sleepiness or organic pathology. The
improvements in the last 25 years have been notable, but the majority of graduates who are active
in medicine today will have had no primary background in the ubiquitous complaint of fatigue.
The goal of this chapter is to provide a comprehensive overview of fatigue in chronic medical
conditions from a psychosomatic perspective. The
chapter opens with the definition and conceptualization of fatigue. Next, it describes the assessment
and the most common perpetuators of fatigue (i.e.,
sleep disorders, mood disorders, and cognitive–
behavioral factors) in chronic medical conditions.

The chapter concludes with a summary of fatigue
management methods.

DEFINITION OF FATIGUE
The categorization of fatigue as either a physiological or a psychological phenomenon is currently the
prevailing approach in science (Table 4.1).
The concepts of physiological and psychological
fatigue are then further segmented by the disciplines of science that provide distinct perspectives
and conceptual models for understanding fatigue
(Figure 4.1). The physiological and psychological
conceptualizations of fatigue are elaborated below.

Physiological fatigue
Physiological fatigue in the basic sciences has been
defined as a temporary loss of voluntary force-generating capacity during exercise.3 The declining force
in the muscles during contractions can originate
from impairment of the muscles or the neuro-muscular junction (peripheral fatigue) or from decreased
central input (central fatigue or central activation
failure). The conceptualization of fatigue in neurology is similar to the above model. As in physiology,
peripheral fatigue is attributed to impaired neuromuscular transmission, neuro-metabolic disorders, or disorders in the contractile mechanisms,
but a broader, neurological conceptualization also
includes diseases of the peripheral, afferent nerves
and of the lower motor neuron.4 From a neurological
perspective, central fatigue is defined as muscle fatigability due to decreased input from the nervous system at or above the level of the upper motor neuron.
An even broader conceptualization framework describes peripheral (physical) fatigue as

Table 4.1 The subtypes and assessment of physiological and psychological fatigue
Categories
Physiological

Subtypes
Peripheral
Central

Psychological (central,
subjective, and
cognitive)

Motivational
Cognitive
Physical
Emotional

Assessment
Force transducer, surface
electromyography
Magnetic stimulation, EEG,
performance in neuropsychological
tests, functional neuroimaging
Questionnaire, clinical interview,
qualitative research methods
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Nutrition
Decreased energy
intake/increased
energy consumption,
impaired metabolism

Medicine
Symptom of medical
conditions

Physiotherapy
Muscle fatigability,
decreased physical
performance,
deconditioning

Fatigue

Physiology
Decline in maximum
force generation capacity

Psychology
Subjective
experience

Pharmacology
Medication
side effect

Figure 4.1 Conceptual framework for understanding fatigue.

a decreased ability to maintain force because of
impairment of the muscles or the cardiovascular
or nervous system without impairment of sustained mental tasks. Central fatigue, on the other
hand, is defined as a difficulty with initiating or
maintaining cognitive or physical activities that
require self-motivation.5

Psychological fatigue
Psychological (experienced, subjective, or central)
fatigue is the lived experience of fatigue that is
constructed by our perceptions of the internal and
external environment and our mood, life experiences, knowledge, and belief systems. The definitions of psychological fatigue typically refer to a
multidimensional construct, a subjective sense of
energy or effort imbalance and functional impairment as, for example “an overwhelming sense of
tiredness, lack of energy and a feeling of exhaustion, associated with impaired physical and/or
cognitive functioning.”6
The above definitions of physiological and psychological fatigue imply that fatigue is a pathological condition associated with “overwhelming”
sensations and anatomical or functional impairment. Alternatively, fatigue can be viewed as both a
normative experience and a pathological condition.

Normal and pathological fatigue
A simple distinction between normal and pathological fatigue is based on characteristics of duration,
associated conditions, functional impairment, and
alleviation by usual adaptive behaviors (Table 4.2).6

The shortcoming of this approach is that some
fatigue conditions do not fit neatly into these categories. For example, fatigue associated with acute
viral infections could be considered normal, since
it is temporary and is alleviated by rest. However,
it could also be categorized as pathological in that
it is associated with an illness and is functionally
impairing.
From a neurophysiological perspective, fatigue
has been depicted as an essentially normal adaptation mechanism.4 According to this model, perceived exertion has an optimal set point that is
maintained by the balance between the amount of
voluntary effort and work output. This balance is
the function of the interaction between control factors in the internal and external environment (e.g.,
hormone levels, humidity, and temperature) and
the effortless information flow among sensory systems, the efferent motor system, and the brain areas
regulating motivation and voluntary motor control.
Pathological fatigue is an enhanced sense of normal
Table 4.2 Normal and pathological fatigue
Normal fatigue
Normal, adaptive
function
Temporary
Relieved by rest
Can be pleasant
Does not impact on
normal functioning
No impact on quality
of life

Pathological fatigue

Persistent
Not relieved by rest
Distressing
Interferes with normal
functioning
Negative impact on
quality of life
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perceived exhaustion produced by a homeostatic
imbalance due to abnormal changes in the system
at any level. For example, decreased motivational
input leads to perceived fatigue in depression; diseases of the motor cortex, neurons, or muscles result
in fatigue in neurological disorders; changes in hormone levels cause fatigue in endocrine diseases; or
working in a hot, humid environment is associated
with amplified levels of perceived exhaustion.
Finally, as has been alluded to above, whether
fatigue is regarded as a normal experience or a
pathological condition is influenced by sociocultural traditions and beliefs. These beliefs and
attributions influence whether individuals seek
medical help when they are feeling fatigued and
whether they receive medical care for their fatigue
(and if so, which specialist they are sent to and
what will be the focus of treatment).

THE ASSESSMENT OF FATIGUE
The conceptualization of fatigue guides the
choices of measurement methods used to assess it
(Table 4.1).

The measurement of physiological
fatigue
Physiological fatigue is measured by electrophysiological methods. A force transducer, for example,
measures peripheral fatigue as a reduction of actual
force produced by the muscle in response to electrical stimulation following exercise. An alternative,
noninvasive method is using surface electromyography, which allows amplitude, frequency and
muscle fiber conduction velocity to be measured
online and simultaneously in several muscles.
Central physiological fatigue can be measured as a
decreased output of the motor cortex after magnetic
stimulation following fatiguing mental activity.7 A
more simple measure of central fatigue is readiness
potential: a movement-related negative cortical
electroencephalograph (EEG) potential appearing
approximately 1 second before a voluntary motor
act. The amplitude of the readiness potential is
related to the voluntary input and perceived effort
and has been shown to change when individuals are
engaged in fatigue-inducing physical tasks.8
The objective measurement of cognitive (central or mental) fatigue, as defined by decline of
mental performance over the course of mentally

demanding cognitive tasks, has traditionally been
measured in neuropsychological experiments. In
these situations, fatigue is typically induced in
the following ways: (a) prolonged mental effort
(e.g., participation in prolonged neuropsychological testing; typically 3–5 hours in length); (b) sustained mental effort (e.g., sustaining maximal or
another determined level of mental performance
during neuropsychological testing); (c) performing challenging mental tasks; or (d) performing
challenging physical tasks. Alternatively, cognitive performance can be measured after prolonged
wakefulness; for example, after partial or total
sleep deprivation.
An intriguing pattern emerging from these
experiments is that fatigue induction leads to
cognitive fatigue, but there is no consistent difference in the cognitive performance between
groups with medical conditions in which fatigue
is a characteristic feature and healthy controls.9 In
other words, patients reporting moderate to severe
fatigue before or over the course of testing show
similar performance to healthy individuals who do
not report increased fatigue. These findings raise
the possibility that physiological and psychological fatigue are separate phenomena, or that experiential fatigue is related to, but is a more complex
phenomenon than physiological fatigue.
Functional neuroimaging methods have also
revealed that individuals after traumatic brain
injury or with chronic fatigue syndrome or multiple sclerosis (MS; i.e., conditions in which the
majority of patients suffer from fatigue) had more
dispersed cerebral activation than healthy controls
during cognitive tasks. Based on these findings, it
has been speculated that persons with the above
pathological conditions may need to recruit additional cerebral resources to compensate for brain
damage in order to achieve the same performance
as their healthy counterparts, and this increased
effort is perceived as mental fatigue.

The assessment of psychological
(experienced, subjective, and
central) fatigue
QUESTIONNAIRES

The most widespread approach for the assessment
of experienced fatigue is using self-report scales
and questionnaires. Since there may be different
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types of fatigue and there is not a single “gold standard” definition of experienced fatigue, the fatigue
questionnaires assess distinct fatigue constructs.
A summary of the most frequently used questionnaires is found in Appendix A. The questionnaires
are printed in the STOP, THAT and One Hundred
Other Sleep Scales.10
Some tools (e.g., the Fatigue Assessment Scale)
are based on the assumption that fatigue is a unidimensional construct; others are designed for
the assessment fatigue as a multifaceted phenomenon.11–14 The multidimensional fatigue scales distinguish between, for example, physical, cognitive,
and motivational fatigue, as well as assessing the
impact of fatigue on everyday functioning. There
is variation in the items belonging to the abovementioned dimensions of fatigue, sometimes with
similar items falling into different categories. The
Chalder Fatigue Scale, for example, has “physical
symptoms” and “mental symptoms” subscales,
and it lists both the general feeling of tiredness
and motivational fatigue under “physical symptoms.”15 In contrast, the Multidimensional Fatigue
Inventory separates the core feeling of tiredness into a “general fatigue” category, and links
motivational fatigue to the “reduced motivation”
subscale.14
An important issue related to construct validity is that some questionnaires do not differentiate between sleepiness and fatigue, despite the
fundamental differences between the two constructs. Sleepiness correlates with a homeostatic
drive to sleep and traditionally is measured as the
degree of sleep propensity under standard circumstances in the sleep laboratory. The differentiation between sleepiness and fatigue is crucial
in clinical assessment, since they have different pathophysiology, causes, consequences, and
clinical implications. For example, certain sleep
disorders (e.g., narcolepsy) are predominantly
associated with excessive daytime sleepiness,
whereas others (e.g., insomnia) are more related
to daytime fatigue. When both are present, the
alleviation of excessive daytime sleepiness should
be the treatment priority, since it increases the
risk for motor vehicle and occupational accidents.16 Fatigue questionnaires that include items
about sleepiness (e.g., the Chalder Fatigue Scale
and the Fatigue Impact Scale) or other scales
that were validated using established sleepiness
scales (e.g., the Visual Analogue Scale for Fatigue)

neglect this important distinction.13,15,17 One can
argue that even the questionnaires using the word
“tiredness,” which in lay language means both
sleepiness and fatigue, may fail to differentiate
between the two phenomena.
An abundance of fatigue scales is available for
use in clinical populations. For example, the Brief
Fatigue Inventory, the FACT-F subscale, the Rhoten
Fatigue Scale, the Fatigue Symptom Inventory,
the Swartz Cancer Fatigue Scale, and the Piper
Fatigue Scale have specifically been developed to
assess 
cancer-related fatigue.13,18–22 The Fatigue
Severity Scale, the Fatigue Assessment Instrument,
the Fatigue Impact Scale, and the Fatigue
Questionnaire have been designed and validated
for use in multiple medical conditions.11,13,15,23
Questionnaires provide a cost- and timeeffective way of assessing fatigue in clinical practice and research. The choice of questionnaire
should be based on the psychometric properties
of the particular tests and on understanding of
the characteristics of the fatigue constructs that
they assess. It is important to note that responses
are influenced by the respondents’ interpretation of the items, their mood, and their recall
bias. Unfortunately, most fatigue questionnaires
fail to offer a definition of fatigue before prompting respondents to mark their answers. In order
to circumvent recall bias, questionnaires or electronic devices (e.g., actigraphs or cellphones) can
be used to detect the momentary experience of
fatigue several times a day.24,25 This Ecological
Momentary Assessment Method can reveal individual fatigue profiles that retrospective methods
may not illuminate.
QUALITATIVE METHODS

Qualitative methods are ideal for understanding
the subjective experience and functional impact
of fatigue. The advantage of these methods is that
individuals are free to use their own words to
describe what fatigue means to them without being
constrained by a limited choice of the questionnaire items. Inquiry about the individual’s fatigue
validates this experience and can also reveal the
processes that link experiential fatigue to changes
in function and quality of life. As will be described
below, this is especially important in medical settings, where fatigue is among the most common
patient-reported factors contributing to distress
and disability. Indeed, patient focus groups have
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expressed a preference for describing their fatigue
experience, including the tandem life changes
and coping strategies, with the healthcare team,
rather than merely assigning numbers to fatigue
symptoms on scales that do not fully capture the
experiential aspects of their fatigue.26 The value of
qualitative research on fatigue has been demonstrated in several medical conditions. Qualitative
studies have shown, for example, that fatigue is the
most frequently reported concern of individuals
with chronic hepatitis C infection.27 Sleep restriction therapy may seem to be a low-risk intervention
for insomnia, but a qualitative study showed that
patients may experience severe fatigue in the first
week of the treatment.28 Patients described their
fatigue management behaviors and beliefs about
fatigue in qualitative studies on chronic fatigue
syndrome, rheumatoid arthritis, and cancer.29–33
These studies provided invaluable information for
cognitive–behavioral interventions. The assumption underlying these qualitative assessment methods is that individuals are reliable reporters of their
internal states. One can argue, however, that these
approaches may be biased, since individuals have
limited insight into their internal realities, or may
be so much influenced by it that their self-report
will be distorted.

FATIGUE IN CHRONIC GENERAL
MEDICAL CONDITIONS
Fatigue is among the leading, most distressing and
debilitating symptoms of many medical conditions. When fatigue is present in conjunction with
a parallel disorder, it is usually considered to be the
epiphenomenon of the primary medical condition.
However, the relationship between the illness and
fatigue appears to be more complex, in that it often
does not dissipate with recovery from the illness,
or it appears to be unrelated to the severity of the
disorder.
The complexity of fatigue in the medically ill
prompted the development of two-stage fatigue
models. These models posit that the medical illness brings about biological changes that give rise
to primary fatigue, which eventually becomes perpetuated by additional factors; for instance, sleep
disorders, depression, or nonadaptive cognitions
and behaviors.34 The relationships between sleep
disorders, depression, cognitive–behavioral factors,
and fatigue are described below.

Sleep disorders and fatigue in
chronic medical conditions
There are many sleep disorders, some of which result
in a change in the quality of sleep, others reduce the
duration of sleep, and some lead to excessive movement or behaviors or sensations that occur during
sleep. When faced with a patient presenting with a
complaint related to fatigue and/or sleepiness, it is
imperative to gather information about the sleeping
patterns and behaviors of that patient.
Excessive daytime sleepiness is a complaint that
is noted in up to 20% of the general population.35
Normal sleepiness is appreciated prior to a typical
bedtime in all of us. Excessive sleepiness, however,
occurs when one enters sleep inappropriately, or if
there are episodes of unintentional sleep. Attempts
at classifying the degree of sleepiness have been
made with various sleepiness scales. The most popular scale used is the Epworth Sleepiness Scale.36 This
scale outlines the assessment of sleepiness based on
eight situations and the likelihood of falling asleep
in those situations (Figure 4.2). The term used to
identify sleepiness in that situation is “chance of
dozing.” Mild sleepiness may be seen when individuals fall asleep while reading or in a rather unstimulated environment. Severe sleepiness, however, may
be associated with irresistible sleepiness, such as
while on the phone, having a discussion, or while
driving. The evaluation of these patients would
always include a question on the potential for sleep
debt, some form of dyssomnia or medical or psychiatric causes. The top 10 causes of excessive daytime
sleepiness are listed in Table 4.3.37
Many patients with excessive daytime sleepiness
have coexistent complaints of decreased energy and
fatigue. However, it is important to note that fatigue
(without subjective sleepiness) can be the only
symptom of sleep problems. For example, in a sleep
clinic sample, 64% of patients reported high fatigue
without excessive daytime sleepiness, whereas only
4% reported sleepiness without high fatigue.38
The most common sleep disorders perpetuating
fatigue in chronic medical conditions are chronic
insomnia and sleep apnea.
INSOMNIA AS A CAUSE OF FATIGUE
SEPARATE FROM SLEEPINESS

The definition of insomnia is that of unsatisfactory
sleep despite having adequate opportunity for sleep.
It may include difficulties with sleep initiation or
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EPWORTH SLEEPINESS SCALE
HOW LIKELY ARE YOU TO DOZE OFF OR FALL ASLEEP
IN THE FOLLOWING SITUATIONS, IN CONTRAST TO FEELING JUST TIRED?
This refers to your usual way of life in recent times. Even if you have not done some of these things recently,
try to work out how they would have affected you. Use the following scale to choose the most
appropriate number for each situation:
0 = Would never doze
1 = Slight chance of dozing

2 = Moderate chance of dozing
3 = High chance of dozing

Situation

Chance of Dozing

Sitting and reading

0

1

2

3

Watching TV

0

1

2

3

Sitting, inactive in a public place (e.g., theatre or a meeting)

0

1

2

3

As a passenger in a car for an hour without a break

0

1

2

3

Lying down to rest in the afternoon when circumstances permit

0

1

2

3

Sitting and talking to someone

0

1

2

3

Sitting quietly after a lunch without alcohol

0

1

2

3

In a car, while stopped for a few minutes in the traffic

0

1

2

3

Note: The summary score of 10 or above indicate excessive subjective daytime sleepiness.

Figure 4.2 Epworth Sleepiness Scale.

maintenance, early-morning wakening, and/or
apparently normal continuity of sleep but waking
up unrefreshed.39 Insomnia is a clinical disorder
if the sleep difficulty is associated with daytime
symptoms; for example, fatigue, mood problems,
or impairment of functioning. Approximately a
quarter of patients with chronic medical conditions
Table 4.3 Ten differential diagnosis
considerations for sleepiness
1. Sleep restriction and sleep debt
2. Sleep apnea and other sleep-related
breathing disorders
3. Narcolepsy
4. Fragmented sleep of unknown origin
5. Periodic leg movement disorder
6. Drugs and alcohol
7. Medical disorders (e.g., acute infections,
brain injury, stroke, and acute organ failures)
8. Psychiatric disorders (e.g., depression and
seasonal affective disorder)
9. Circadian sleep disorders
10. Idiopathic hypersomnia
Source: Adapted from Shapiro CM et al. Fighting
Sleepiness and Fatigue. Toronto, ON: Joli Joco
Publications, Inc., 2005.

suffer from comorbid insomnia.40 It is notable that
in studies looking at individuals with insomnia,
when objective testing is used, they frequently do
not exhibit daytime somnolence.41
Fatigue is the leading daytime symptom of
insomnia. One can speculate that insomnia leads
to fatigue via multiple pathways, including the
disruption of sleep and/or the circadian rhythm
because of the irregular sleep pattern. Additionally,
nonadaptive coping behaviors that people with
insomnia engage in can maintain insomnia and
fatigue. For example, anxiety about insomnia and
fatigue and the daytime safety behaviors fueled by
this anxiety (e.g., monitoring one’s appearance for
signs of fatigue, cancelling programs and spending more time at home) aggravate both insomnia
and its daytime consequences, including fatigue.42
Additionally, those taking hypnotic medications may describe mental tiredness or sleepiness, because many medications that are used to
treat insomnia have a duration of action that leads
to an accumulation of this medication, with persistent daytime sleepiness and cognitive impairment related to the hypnotic. Furthermore, there
is apparent downregulation of the GABA system
from hypnotic use. The GABA system is the main
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inhibitory neural circuitry system accounting for
about a third of the neural representation of the
central nervous system. As this is the main off
switch to the natural orientation that is alertness,
the downregulation of the sleep initiation system
with hypnotics results in a further degradation of
sleep quality. The downregulation of any receptor system in response to a medication (hypnotic
or GABA agonist) can now be anticipated to occur
as the human body attempts to maintain allostasis (the process of achieving stability or homeostasis through physiological or behavioral change;
this can be carried out by means of alteration of
hypothalamic–pituitary–adrenal [HPA] axis hormones, the autonomic nervous system, cytokines
or a number of other systems, and is generally adaptive in the short term). As we push in one direction,
the response is to reduce that directional change.
Hence, we often see that a state of tolerance may
quite rapidly occur to the effects of that medication.
It is also key to recognize that only with the
advent of the Diagnostic and Statistical Manual
of Mental Disorders (DSM)-5 has insomnia been
recognized as a condition in its own right that is
maintained by insomnia-specific psychopathological factors.39 Perhaps the next decade will provide
the evidence necessary to make the same statement
about fatigue.
SLEEP BREATHING DISORDERS AS
CAUSES OF FATIGUE

Obstructive sleep apnea (OSA) is the most common
form of sleep-related breathing disorder. It is characterized by periodic (at least 10-second) reductions
or complete cessations of airflow due to repeated
upper airway obstructions during sleep. It is present in anywhere up to 24% of middle-aged men
and 9% of middle-aged women.43 The prevalence of
OSA increases with age: at least 25% of older adults
have OSA.44,45 Notably, approximately 80% of individuals with OSA never receive a diagnosis.46
Physiologically, the sleep-related breathing
events are terminated by arousals from sleep. The
repeated arousals lead to sleep fragmentation and
consequently to non-restorative sleep, daytime
sleepiness, and fatigue. The breathing cessations
during sleep are also associated with hypoxia,
abrupt and chronic hemodynamic changes, endothelial damage, increased cytokine levels, and
inflammation.47,48 These physiological changes
may be the shared pathways between untreated

OSA and the medical conditions that are commonly associated with it, including hypertension,
myocardial infarction, congestive heart failure,
transient ischemic attacks, stroke, insulin resistance, and diabetes.49–54
Despite the commonly held belief that daytime
sleepiness is the leading symptom of OSA, in reality, approximately a third of those with OSA report
daytime fatigue as a key complaint.55 Critically,
individuals with OSA and high fatigue report
more severe impairment of functioning than those
with high sleepiness only, despite the fact that
the severity of OSA does not differ between the
high-fatigue and the high-sleepiness groups.55 It is
therefore imperative to screen for and treat OSA
(even mild OSA) in those who suffer from chronic
medical conditions and high fatigue. The diagnosis
and effective treatment of OSA yields a double benefit: it alleviates fatigue and enhances the outcomes
of chronic medical conditions in which fatigue is
common (e.g., stroke or heart failure).

Mood disorders maintain fatigue in
chronic medical conditions
Two decades ago, Fuhrer and Wessely56 showed
that, in a sample of more than 3700 individuals
attending their family doctors’ office, persistent
fatigue was present in over 40% of the sample, but
less than a fifth had shared this complaint with their
doctors. Of those patients who had complained
about fatigue, women were more likely to be diagnosed with depression. Despite a strong relationship between depression and fatigue, fatigue was
not a sufficiently specific or sensitive complaint
for the diagnosis of depression. Subsequently, a
Danish epidemiological study showed that two
characteristics predicted fatigue across a range of
fatigue types: low social class and depression.57 It
was also found that chronic medical illnesses had
a heightened impact on mental fatigue across the
sample, and these conditions were also associated with increased general and physical fatigue in
the elderly. A more recent epidemiological study
showed that chronic fatigue was independently
related to both depression and generalized anxiety in community-dwelling older adults (above 65
years of age), and emphasized the strong influence
of fatigue on quality of life in the elderly.58
The interplay between mood and fatigue is complex. It would appear that fatigue may lead to low
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mood (in the same way as other common complaints, such as pain or poor sleep, may do so). Low
mood may perpetuate fatigue, and in this situation, one can presume that without dealing with
both, one will not come to a resolution of either in
many cases.
The problem facing clinicians is that many antidepressants (which may be tried in order to resolve
the mood component) will lead to sleep disruption
that, in itself, may amplify depression and also
may increase fatigue directly. For this reason, in
patients with prominent complaints of fatigue or
sleep difficulties, a “sleep-friendly” (i.e., sedating)
antidepressant may be desirable. Unfortunately,
the range of options is limited, and as with all medications, they have specific side effects. In a study
carefully assessing mood, sleepiness, and fatigue
using a variety of measures, there was clearly more
sleepiness and fatigue in depressed patients as
compared to normal controls. Much of the fatigue
and sleepiness resolved over an 8-week treatment
program with mirtazapine.59 It should be noted
that residual insomnia and sleepiness after depression treatment is predictive of relapse.60 Tricyclic
antidepressants, especially clomipramine, may
also be useful in those with depression, sleep problems, and fatigue.

Dysfunctional cognitions and
behaviors perpetuate fatigue in
chronic medical conditions
The recent realization that the experience of
fatigue involves high-level mental processes represents a paradigm shift and opens a path to a cognitive–behavioral conceptualization of fatigue. From
a psychological perspective, patients’ understanding of their symptoms (perceptions of their illness,
fatigue, and their consequences) and views about
themselves guide the coping behaviors that they
engage in to manage the illness and fatigue. These
cognitions and coping behaviors are usually accurate and adaptive in acute illnesses and help the
individual to recover from the illness. Conversely,
the same cognitions and behaviors can perpetuate fatigue and lead to functional impairment in
chronic medical conditions. For example, patients
holding the belief that the only cause of their fatigue
is the biology of their chronic illness may feel helpless, passive, and threatened by the experience of
fatigue.61–63 Focusing on the distressing sensation

of fatigue and adopting passive coping behaviors
(e.g., excessive rest, avoidance of physical activities,
and cancelling social events) in turn may amplify
fatigue and lead to fatigue-related functional
impairment. Patients’ beliefs that their fatigue will
have a chronic course in parallel with the course of
their disease may also contribute to the experience
of chronic fatigue. For example, expectations of the
chronicity of fatigue symptoms, even in a context
of acute virus infection, predicted the development of chronic fatigue within 6 months.64 Coping
with fatigue in a reactive (rather than in a proactive) way—in other words, engaging in passive rest
when one feels fatigued and cramming all duties
into the time slots when one feels more energetic
(instead of creating and following through with
an activity plan)—is also common and nonadaptive in high-fatigue conditions. These nonadaptive
cognitions and behaviors are targeted in cognitive–behavioral therapy (CBT), as described below.

FATIGUE MANAGEMENT METHODS
Pharmaceutical treatment of fatigue
A comprehensive review of modafinil emphasizes that fatigue is not a U.S. Food and Drug
Administration (FDA)-approved reason for using
this drug, and that limited benefits were detected
only in small trials in patients with chronic fatigue
syndrome, post-polio fatigue, or MS, indicating
that the role of modafinil in these conditions may
be limited.65 However, a study conducted subsequent to this review showed a clear benefit with
modafinil for treating fatigue, in patients with HIV,
with almost threefold improvement with active
treatment compared to placebo.66 The same group
replicated this result in a smaller sample size using
armodafinil (the isomer of modafinil).67 Notably,
sleep disorders were not assessed in this study;
therefore, it is difficult to tell whether the effect was
specific to HIV fatigue or if it was due to symptom
relief in those with sleep disorders, particularly
sleep apnea. Finally, a meta-analysis of the results
of five studies on the efficacy of psychostimulants
(methylphenidate and dexamphetamine) for the
treatment of cancer fatigue concluded that only
one study (using methylphenidate) showed a significant effect (compared to placebo), and the effect
size was small.68 Given that promising results are
sporadic, more research involving larger samples
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is needed in order to evaluate the possible utility
of psychostimulants for the treatment of fatigue in
chronic medical conditions.

Cognitive–behavioral therapy
CBT is a well-established, evidence-based treatment of some of the most common conditions
that maintain fatigue in the medically ill, including chronic insomnia and depression.69,70 CBT for
fatigue has only been evaluated in a few research
trials in patients with cancer and MS and has not
entered the mainstream of clinical practice.

CBT for cancer-related fatigue
Five randomized trials for CBT in cancer-related
fatigue generally concluded that the interventions were more efficacious than usual care or no
treatment.71–75 Fatigue is a common experience
during radiotherapy and chemotherapy, affecting
most patients undergoing these treatments.75 Two
of these five cancer trials explored the efficacy of
CBT for the management of fatigue during cancer
therapy.73,74
In the first trial, women with breast cancer were
provided with the combination of CBT and hypnosis.74 The cognitive component of the CBT focused
on recognizing and challenging catastrophic
thoughts about radiotherapy and fatigue in order
to reduce emotional and physiological distress;
the behavioral fatigue-management strategies
involved exercise and activity scheduling. In the
hypnosis module, patients were given suggestions
about reduced radiotherapy-related fatigue and
distress. Overall, although fatigue had increased
both in the intervention and in the control groups
during radiotherapy, the rate of increase was significantly lower in the intervention groups, and the
effect size was in the moderate to high range. One
potential advantage of this intervention was that it
required minimal client–therapist contact, since
most of the practice sessions were done at home,
between radiotherapy treatments.
The second randomized trial during cancer
treatment compared the efficacy of CBT to a brief
nursing intervention and to usual care in a sample
of patients receiving chemotherapy for various
cancer types.73 The nursing intervention coached
the patients to maintain and increase their level
of physical activity in order to prevent physical

deconditioning. The CBT, in addition to the module from the nursing intervention, encompassed
cognitive elements focusing on fatigue and cancer.
These included strategies of changing nonadaptive
fatigue-related cognitions, developing adaptive
coping to the effects of cancer, and overcoming
interpersonal difficulties related to the cancer
experience. Additionally, patients were instructed
to maintain a fixed bedtime and to avoid daytime naps in order to improve their sleep. At least
2 months after the completion of the chemotherapy, participants receiving usual care were, on
average, more fatigued than they had been before
chemotherapy; those receiving CBT, on the other
hand, were less fatigued. Overall, patients after
CBT were significantly less tired than those receiving only usual care, whereas the nursing intervention did not result in significant gains compared
to the usual care. Further analysis revealed that
patients reporting more concentration and memory problems before the CBT intervention benefited the most from the treatment.77 Monthly
tracking of fatigue after treatment showed that the
CBT group maintained the treatment gains until
7 months post-intervention, but thereafter the difference between the CBT and usual care groups
disappeared.77
Approximately a quarter of disease-free cancer
survivors experience fatigue years after they complete curative treatment. Two randomized trials
have explored the efficacy of CBT for fatigue in this
group of patients. One of these studies included
patients within 3 months after treatment completion, irrespective of their level of fatigue, and
found that CBT was more effective than usual care
in managing fatigue, although CBT was not more
effective than the other active control condition
(physical training).75 Notably, in this study, there
was an overlap between the interventions.
In contrast to the above two post-treatment
studies, another study selected cancer-free patients
with severe fatigue who completed treatment at
least 1 year prior to their assignment to the psychotherapy.72 In this post-treatment study, the behavioral elements of CBT included general suggestions
regarding sleep-related habits (to keep a regular
bedtime and wake-up time and to avoid naps) and
the establishment of a balanced activity schedule
before gradually increasing the overall activity
level. Additionally, patients were encouraged to
openly express their cancer-related experiences
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and to voice their fears of disease recurrence.
Dysfunctional thoughts about fatigue and unrealistic social expectations were also challenged.
Patients in the CBT conditions showed significantly greater reductions of fatigue and functional
impairment than those in the waiting list condition. Approximately two-thirds of those receiving
CBT reported significant improvements in their
well-being. Moreover, participants maintained
these treatment gains over a mean of 2 years.71

CBT for multiple sclerosis-related
fatigue
The efficacy of CBT in patients suffering from
MS has been studied in two randomized trials. The first study compared the efficacy of
telephone-based CBT to supportive emotionfocused therapy in reducing depression, but
fatigue was also included as an outcome measure.78 The CBT intervention was based on a
standard CBT protocol for depression, but in the
second half of the treatment, the management
of fatigue was directly addressed. The fatigue
management content was based on the Clinical
Practice Guidelines for Fatigue and Multiple
Sclerosis,79 which suggest prioritizing activities
and scheduling naps and rest during the day,
similar to adaptive pacing in chronic fatigue
syndrome (CFS). The emotion-focused therapy
did not directly focus on fatigue. The authors
found significant reductions of fatigue in both
conditions, which were related to reductions in
depression. Additionally, in the CBT condition,
a significant portion of the decline in physical
fatigue was independent of depression. Although
it may be tempting to conclude that the fatigue
component may have been responsible for this
change, it is important to consider that behavioral activation of the depression treatment may
have also contributed to this effect. It is also
interesting to point out that the fatigue intervention in this trial was very similar to adaptive
pacing—an intervention that did not appear to
be effective in chronic fatigue syndrome. 80
In the more recent MS fatigue trial by van
Kessel et al., 81 the CBT intervention was based on
a MS fatigue model that the authors had previously developed. 36 Participants were encouraged
to keep a balanced, moderate activity level, to
have a regular bedtime and wake-up time and

to leave their bedroom if they were unable to
sleep. The patients were expected to find alternative explanations for their somatic symptoms
rather than the illness, and they were assisted
to challenge negative thoughts. The importance
of social support was also discussed. The control arm received training in various relaxation
techniques. Both intervention groups achieved
significant reductions of fatigue, with a large
between-group effect size post-treatment and
a moderate between-group effect size at the 6–
month follow-up due to the significantly larger
treatment effect in the CBT group. The fatigue
level of participants in the relaxation group
dropped to normal levels after the completion
of treatment and 6 months thereafter, whereas
patients in the CBT condition experienced less
fatigue than did healthy controls. Depression,
anxiety, stress, and fatigue-related impairments also decreased in both groups; the gains
were more significant in the CBT group at posttreatment, but this difference disappeared by 6
months after treatment completion. Recently, an
eight-session self-help, internet-based CBT program was piloted by the same group of researchers and showed a large effect size compared to
standard care.82
Taken together, from this preliminary data, one
can conclude that patients with cancer (or a cancer history) and individuals with MS benefit from
cognitive–behavioral, fatigue-focused interventions. In other words, paying attention to fatigue
in the medical settings and providing some form of
fatigue management program would likely increase
the well-being of many patients. It seems that CBT,
exercise therapy, and relaxation may contribute to
controlling fatigue in these populations, although
their long-term benefits and niches are not yet fully
established. In addition, due to the dearth of treatment studies in other general medical conditions,
the usefulness of these interventions remains to be
explored.

Activity-based interventions
Chronic fatigue is associated with significantly
reduced activity in a subgroup of patients with
chronic fatigue. A sedentary lifestyle may lead to
physical deconditioning and increased activityinduced fatigue. Accordingly, regular, gradually
increasing aerobic or tension physical activity
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regimes should lead to increased vigor and energy
and decreased fatigue. Indeed, only one session of
low-level physical activity increases vigor and is
associated with changes in EEG activity in healthy
individuals.83 Interestingly, the decrease of fatigue
was not consistent, which confirms the notion that
alertness/vigor and fatigue are distinct phenomena. In addition, moderate physical activity did not
exert positive effects.
At the other end of the fatigue spectrum (i.e.,
in individuals with chronic fatigue syndrome),
graded exercise therapy was as efficacious as CBT
in alleviating chronic fatigue.80 Exercise therapy
has also shown promising results in those with
cancer, although activity-based interventions
appear to be less efficacious than psychological
treatments.76 Notably, patients often do not maintain an increased activity schedule after treatment
completion. Furthermore, in CBT trials, increased
activity does not seem to directly contribute to the
treatment effects; instead, changes in cognition
appear to mediate the effects of CBT on fatigue.73,84
It is possible that temporary increases of activity
help patients to realize that they are able to function despite feeling fatigued. This not only lessens
the perceived functional impact of fatigue, but
also decreases patients’ preoccupation with their
fatigue.85 In the future, dismantling studies will
need to explore the efficacy of individual treatment
components (e.g., gradual increase of activity and
cognitive interventions) on fatigue.

CONCLUSIONS
Fatigue has multiple conceptualizations and myriad assessment tools. The most common assessment
tools in chronic medical conditions are questionnaires that capture the subjective intensity and/
or impact of fatigue. These tools measure different constructs and often combine questions about
fatigue with items assessing subjective s leepiness.
Therefore, it is imperative to be knowledgeable
about the properties of these assessment tools and
the fatigue constructions that these measure. The
experience and the impact of subjective fatigue
that patients report in chronic medical conditions
arise from the combined biological effects of the
medical disorders and common comorbidities,
such as sleep and mood problems. These effects can
be aggravated by patients’ cognitive and emotional
responses, as well as their behavioral adaptation

to the chronic illness and fatigue. Since effective
management of the primary medical condition
may not be sufficient to alleviate chronic fatigue,
the assessment and treatment of sleep and mood
comorbidities is recommended in those struggling
with chronic fatigue. There are no evidence-based,
fatigue-specific treatments, but CBT and graded
exercise are promising methods. The authors hope
that the view of subjective fatigue as a specific,
multifactorial condition, rather than simply an
epiphenomenon of chronic disorders, will inspire
research on fatigue-focused assessment and
interventions.
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INTRODUCTION
If we look at what shapes our daily experience and
behavior, then work is a crucial factor for many
people. Work has significant positive psychosocial functions, and at least some of them are tied
to its social meaning. Besides maintaining and
advancing our skills or giving us structure, work
facilitates social contacts and appreciation, and it is
often an important part of our identity.1,2
Despite its positive psychosocial functions,
work can be an important source of stress. The
term stress refers to a subjectively unpleasant state
of strain arising from the fear of being unable to
cope with an aversive situation.3 Moreover, this
psychological response is linked to biophysiological
reactions, leading to a cascade of stress-related

somatic changes. In general, adverse work conditions are called work stressors, for they increase
the likelihood of employees experiencing stress.4
There is now a consensus regarding work stressors
affecting physical as well as psychological health
(for reviews, see De Lange et al.,5 Kivimäki et al.,6
Nixon et al.7 and Semmer et al.8).
Within the scope of stress, the social context of
work is very important. Because of the changing
nature of work, service jobs have become the major
employment sector in western countries. Therefore
social interactions with coworkers, supervisors
and non-organizational members (e.g., customers
or clients) are part of the everyday experience of a
large number of employees.9 Social interactions at
work may have both positive and negative effects
on employees.9
57
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SOCIAL STRESSORS AT WORK
Social stressors at work may take many forms,
such as social animosities, conflicts with coworkers and supervisors, unfair behavior, and a negative group climate.9 Behavior like attacks, giving
rude and reckless feedback, or undermining the
successes of others constitute a direct expression
of disrespectful social behavior.10 The behavior
can be distinguished with respect to intent, duration, directedness, and intensity (Table 5.1).11–28
Mobbing, bullying, harassment, workplace incivilities, and discrimination are intense social stressors
that have aggression in common.29 The definition/
distinctiveness of so many different phenomena
within social stressors and the need for so many
constructs are under debate, and the discussion is
beyond the scope of the current chapter.29–32
Social stressors at work occur frequently.33,34
According to a study conducted by Keenan and
Newton,35 74% of the stressful incidents that
occurred at work were social in nature. Verbal
abuse seems to be particularly prevalent. In 2010,
an average of 11% of European workers reported
that they had experienced verbal abuse during the
previous month.36
Social stressors have been found to be related
to impaired well-being and health.37,38 Moreover,
the experience of social stressors can exacerbate
impairments such as depression.9 A meta-analysis
found that aggression from supervisors, coworkers, and non-organizational members (e.g., customers or clients) elicited adverse attitudinal,
behavioral, and health-related outcomes.39 Thus,
social stressors are not only common, but are also
the most troublesome stressors at work.40 However,
compared with task-related stressors such as time
pressures or interruptions in workflow, there is less
research investigating social stressors at work.9,41,42
In the last two decades, interest in social stressors at work has increased, and meta-analyses on
social stressors and health underline the risk from
adverse social conditions at work.39,43

SOCIAL STRESSORS AT WORK
AND SLEEP: EVIDENCE FROM
QUESTIONNAIRE STUDIES
Occupation sleep medicine has a long tradition of
addressing sleep quantity and sleep quality (e.g.,
as antecedent of work-related injury).44 However,

studies that test a link between sleep and social
stressors are rare. A recent meta-analysis on bullying and health-related outcomes (including sleep)
by Nielsen and Einarsen45 summarizes previous
studies published until 2011. The authors expected
a significant positive relationship between bullying
and sleep problems. However, based on four studies, they found a nonsignificant effect size of −0.10.
Recently, a meta-analysis on work conditions and
sleep based on five studies46 reported a significant
association between sleep quality and workplace
bullying (−0.23, k = 3), as well as between sleep
quality and workplace violence (−0.20, k = 2). The
number of studies reviewed is still small, but it has
increased. Therefore, for this chapter, we conduct a
new search of social stressors and sleep, resulting
in a total of 14 studies (Table 5.2).47–77
Nine out of ten of these studies listed in Table
5.2 report significant correlation coefficients that
could be aggregated to indicate a mean effect size,
weighted for sample size and tested to be significant. Table 5.3 shows the effect sizes for each of
the studies and an aggregated value. The weighted
mean effect size is 0.21 (95% CI = 0.12–0.31). Thus,
the relation between social stressors at work and
impaired sleep is meaningful but small to moderate. Moreover, further analysis of the variation of
effect sizes across studies showed that only a very
small part of this variation was due to measurement error. Thus, the association between social
stressors and sleep is not homogeneous, and moderators have to be taken into account.
This small meta-analysis shows that evidence
for a meaningful association is increasing, but the
underlying mechanisms remain unclear. Insights
in real occupational life via continuous ambulatory monitoring at work and at home can shed
some light on potential mechanisms.

MECHANISMS THAT LINK SOCIAL
STRESSORS TO IMPAIRED SLEEP:
AMBULATORY RESEARCH
Spending some time off work does not automatically imply that recovery will occur. Even when
workers are not exposed to stressful demands after
work, cognitive mechanisms can prolong or reactivate psycho-physiological activation, jeopardizing
recovery and sleep.78 Evidence is increasing that
cognitive mechanisms like detachment and worry
act as intervening variables.79
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Table 5.1 Social stressor concepts
Social stressor
concept
Abusive supervision

Bullying

Discrimination
Dysfunctional social
support

Harassment

Hostility
Interpersonal unfairness

Mobbing

Role conflict

Definition
Subordinates’ perceptions of the extent to which
supervisors engage in the sustained displays of
hostile verbal and nonverbal behaviors, excluding
physical contact
Harassing, offending, or socially excluding someone
or negatively affecting someone’s work tasks. In
order for the label bullying (or mobbing) to be
applied to a particular activity, interaction, or
process, it has to occur constantly and repeatedly
(e.g., weekly) and over a period of time (e.g., about
6 months)
Differential treatment of people based on actual or
perceived membership in a particular group
Support that is given reluctantly, often combined with
reproaches, expectations of infinite thankfulness,
and indications that a person should have dealt with
the problem him or herself
Repeated and persistent attempts by a person to
torment, wear down, frustrate, or get a reaction
from another person; it is treatment that persistently
provokes, pressures, frightens, intimidates or
otherwise causes discomfort in another person
Situations in which a person is exposed repeatedly and
over time to negative actions on the part of one or
more persons
Repeated activities with the aim of bringing mental
(but sometimes also physical) pain, and directed
towards one or more individuals who, for one reason
or another, are not able to defend themselves
Experience of anger and disgust
Refers to a lack of propriety, dignity, and respect from
authority figures who are charged with
implementing company procedures, making
decisions, and distributing outcomes
Involves hostile and unethical communication, which is
directed in a systematic way by one or a few
individuals mainly towards one individual who, due
to mobbing, is pushed into a helpless and
defenseless position, being held there by means of
continuing mobbing activities
Incompatible demands placed upon an employee such
that compliance with both would be difficult

Author(s)
Tepper11

Einarsen et al.12

Williams et al.13
Semmer et al.14

Brodsky15

Vartia16

Bjorkqvist et al.17

Barefoot18
Bies and Moag19
Colquitt20

Leymann21

Katz and Kahn22
(Continued)
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Table 5.1 (Continued ) Social stressor concepts
Social stressor
concept
Social exclusion

Supervisor interactional
injustice
Supervisor-rated
unethical behavior

Undermining
Workplace aggression

Workplace incivility

Workplace violence

Definition
The general perception of an individual of being
excluded, rejected, or ignored by another individual
at the workplace that hinders their ability to establish
or maintain positive interpersonal relationships
(Justice reversed) Focuses on the importance of the
quality of the interpersonal treatment people
receive when procedures are implemented
Ethical behavior is that which is both legal and morally
acceptable to the larger community in which it
occurs, whereas unethical behavior is either illegal or
morally unacceptable
Involves the perception of being degraded, devalued,
disliked, and discounted by others
Any form of behavior by employees (which could be
verbal or physical in nature) that is intended to harm
current or previous coworkers or their organizations
in general
Low-intensity deviant behavior with ambiguous intent
to harm the target, in violation of workplace norms
for mutual respect
Includes physical assaults and threats of assault
directed towards employees

Many scientists have tried to explain how social
stressors at work elicit harmful effects on health.
Geurts and Sonnentag80 argue that recovery
including sleep may help explain how acute load
reactions may develop into chronic load reactions
and so impair health. According to Meijman and
Mulder’s81 effort recovery theory, McEwen’s82,83
allostatic load theory and Geurts and Sonnentag’s80
conceptual approach of incomplete recovery,
recovery might be the intervening variable in the
hypothetical causal chain of stressful work characteristics and the development of health impairments in the long run.
According to Meijman and Mulder’s81 effort
recovery theory, job demands require effort on
the part of individuals in order to perform adequately. In principle, these efforts unavoidably
involve adaptive physiological and psychological
reactions, such as accelerated heart rate, elevated
blood pressure, and fatigue. Under normal circumstances, the acute stress-related reactions are
short lived and fully reversible. Thus, after spending a certain period of time in which the systems

Author(s)
Leary23

Bies and Moag19

Jones24

Rook25
Folger and
Baron26

Andersson and
Pearson27
Jenkins28

concerned are not or are only slightly activated, the
respective psycho-physiological systems will stabilize again at a specific baseline (pre-stressor) level
and recovery starts. Therefore, normally recovery
occurs after a short respite from work and is completed before the next morning starts. In this situation, health is not at risk.80,84
However, particularly stressful work conditions or continued exposure to job demands may
lead to persistent physiological and psychological
load reactions, and as a consequence, opportunities for recovery will be lacking or incomplete. In
a case of incomplete recovery, the worker will have
to begin work in a suboptimal condition, and will
have to invest compensatory effort in order to perform adequately. This will lead to increased intensity of load reactions, higher demands on recovery
processes and, finally, to an accumulative process
resulting in less transitory or even permanent
symptoms such as impaired sleep and psychosomatic complaints.85
Whereas the effort recovery model81 does not
describe in detail which psycho-physiological

Goldenhar
et al.54

Giorgi52

Sleep quantity (how
many hours of sleep
do you usually get
on a typical night?)
Sleep quality (insomnia
scale51)
Bullying (Negative Acts
Average hours of
715 Japanese
Questionnaire Revised [NAQ-R]53)
sleep (seven-point
workers (30.5%
Likert scale from less
female)
• Bullying at work
than 5 hours to 10
• Work-related bullying
or more hours)
• Personal bullying
211 construction Sexual harassment and discrimination Insomnia (questions
(questions from the Northwestern
from the North
workers (100%
National Life Insurance Company55)
western National Life
female),
Insurance Company55)
United States
Responsibility for safety of others

Sleeping habits
48

Sleep measure

Barnes
et al.49

Study 1:
• Frequency of sexual harassment
• Items were included if they
clearly described behaviors,
actions, or heard comments
Study 2:
141 female
• Frequency of sexual harassment
undergraduate
• Items were included if they
student
clearly described behaviors,
volunteers
actions, or heard comments
Supervisor-rated unethical behavior
182 pairs of
(measure of unethical behavior at
employees and
work50)
supervisors
(49% female)

Social stressor concept

591 employees
of various
occupations
(67.5% female)

Sample

Barling
et al.47

Source

−0.08*
−0.11**
−0.08*
−0.08*
−0.11**
−0.08*

(Continued )

−0.14
0.003

−0.20**
−0.32**

−0.20**
−0.32**

0.14*
0.003

r = −0.21**
r = −0.12

r = −0.23**
r = −0.15

Association
recoded:
(low to high)
social
stressors and
(low to high)
sleep quality

Females main sample, r = 0.23**
Females replication sample,
r = 0.15
Males main sample, r = 0.21**,
r = 0.12

Association(s) reported

Table 5.2 Studies that report an association between indicators of sleep quantity, sleep quality and social stressors at work
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Workplace bullying
If they have been bullied:
• No
• Earlier in this or another
workplace
• Yes currently
• I do not know
If they have witnessed bullying at
their working place:
• No
• Sometimes
• Frequently
• I do not know
(Similar to Kivimäki et al.59)

n = 7332 (t1)
employees of
City of Helsinki

Lallukka
et al.58

Social stressor concept

Bullying
Have you been subjected to bullying
at work within the past 6 months?
• Not bullied
• Occasionally bullied
• Frequently bullied
Have you witnessed bullying at work
within the past 6 months?
• Occasionally observed
• Not observed
• Frequently observed

Sample

3382 employees
(67% female)
at baseline,
1671 at t1

Source

Hansen
et al.56

Sleep problems
(insomnia scale51)

Association(s) reported
Odds ratios
Subject to bullying:
Disturbed sleep: 1 (sig.)/
3.6 (sig.)/2.11
Unsatisfactory awakenings:
1 (sig.)/3.08 (sig.)/2.47
Poor quality of sleep: 1 (sig.)/
5.22 (sig.)/3.56 (sig.)
Observed bullying:
Disturbed sleep: 1/1.71/1.68
Unsatisfactory awakenings:
1/1.31/1.29
Poor sleep quality: 1/1.38/1.21
→ (all crude)
Odds ratios for women/men
1/1
1.47/1.58
1.69/3.17
1.39/1.79
1/1
1.13/1.15
2/2.04
1.27/1.42
All adjusted for age

Sleep measure
Sleep problems
(modified version of
the Karolinska Sleep
Questionnaire
[KSQ]57) with scales
for disturbed sleep
and awakening
problems
Sleep quality (how do
you rate your overall
quality of sleep?)

Table 5.2 (Continued ) Studies that report an association between indicators of sleep quantity, sleep quality and social stressors at work

(Continued)

Association
recoded:
(low to high)
social
stressors and
(low to high)
sleep quality
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Niedhammer
et al.60

Source

Social stressor concept

7694 members of Workplace bullying (French version
of the Leymann Inventory of
the working
Psychological Terror61 by
population in
southeast
Niedhammer et al.62)
France (59.3%
female)

Sample

Association(s) reported

Odds ratios for men/woman
Sleep disturbances
(measured using two Exposed to bullying:
No: 1***/1***
items evaluating
Yes: 4.4***/3.83***
difficulty initiating
Timeframe of exposure to
sleep and difficulty
bullying:
returning to sleep
None: 1***/1***
after experiencing a
Past: 0.91***/2.63***
premature
Current: 5.47***/4.35***
awakening)
Frequency of exposure to bullying:
None: 1***/1***
Weekly: 3.25***/3.38***
Daily or almost daily:
6.34***/4.28***
Duration of exposure to bullying:
0: 1***/1***
< 2: 4.25***/3.22***
≥ 2 to <5: 4.2***/4.63***
5+: 4.58***/3.91***
Observer of bullying:
No: 1***/1***
Yes: 2.53***/2.2***
Was bullied or observed bullying:
Neither: 1***/1***
Observed: 2.08***/1.7***
Was bullied: 5.33***/3.04***

Sleep measure

Table 5.2 (Continued ) Studies that report an association between indicators of sleep quantity, sleep quality and social stressors at work

(Continued)

Association
recoded:
(low to high)
social
stressors and
(low to high)
sleep quality
Mechanisms that link social stressors to impaired sleep: Ambulatory research 63

Park et al.63

Source

10,039 (42.1%
female)

Sample

Organizational factors underlying
work-related sleep problems
(measured with single items)
• Sexual harassment
• No: n = 9976
• Yes: n = 63
• Sexual discrimination
• No: n = 9894
• Yes: n = 145
• Age discrimination
• No: n = 9696
• Yes: n = 343
• Violence at work
• No: n = 9964
• Yes: n = 75
• Threat of violence
• No: n = 9959
• Yes: n = 80

Social stressor concept

Sleep problems (do
you currently suffer
from work-related
sleep problems?)

Sleep measure

All crude (without controlling for
something else)

1
5.27

1
6.09

1
3.21

1
3.02

1
6.25

All adjusted for age, marital status,
presence of children in the home,
education level, occupation,
number of hours working per
week, working at night, and
physical–chemical exposures
Odds ratios

Association(s) reported

Table 5.2 (Continued ) Studies that report an association between indicators of sleep quantity, sleep quality and social stressors at work

(Continued)

Association
recoded:
(low to high)
social
stressors and
(low to high)
sleep quality
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Slopen and
Williams71

Rogers and
Kelloway70

Insomnia (partner
rating scale66)

Sleep quality
(Questionnaire on
the Experience and
Evaluation of Work
[QEEW]69)
Physical well-being:
sleep disturbances
(subscale of the
modified version of
the Health Scale48)
Sleep duration (how
many hours of sleep
do you usually get
at night?)
Sleep difficulties73

Workplace bullying (short version of
the NAQ68)

Direct violence
Vicarious experience of violence

Sleep measure

Supervisor interactional injustice
(measures of distributive and
interactional justice65
→ reverse coded to index injustice)
Abusive supervision11

Social stressor concept

Job harassment (adapted from
2983 from the
Perceived Racism72)
Chicago
Community
Unfair treatment on the job (adapted
Adult Health
from Perceived Racism Scale72)
Study (CCAHS;
52.9% female)

175 Filipinos in a
variety of
occupations
(43% female
among
subordinates)
2033 and 2035
(two samples)
White- and
blue-collar
workers, other
(44.3% female)
194 bank tellers
Canada

Rafferty
et al.64

RodríguezMuñoz
et al.67

Sample

Source

β = −0.14***
β = 0.04**

0.22
0.24

0.51**
0.51**

0.18*
0.17*

Association(s) reported
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−0.22
−0.24

−0.51**
−0.51**

−0.18*
−0.17*

Association
recoded:
(low to high)
social
stressors and
(low to high)
sleep quality
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74

Use of sleep-inducing
medicaments and
sedatives were
assessed with one
question

Bullying (revised version of the
Leymann Inventory of
Psychological Terrorization77)

949 in variety of
occupations
(85% female)

Sleep disturbance
(Pittsburgh Sleep
Quality Index,89
Japanese version75)

Workplace bullying (Japanese
version of the NAQ68)

2634 workers

Sleep measure

Social stressor concept

Sample

Note: Significance level is indicated: * <0.05, ** <0.01, *** <0.001, two-tailed.

Vartia76

Takaki et al.

Source

Mediation effect of workplace
bullying
Men = 0.103 (sig.)
Woman = 0.094 (sig.)
(Only adjusted for age)
Sleep-inducing medicaments:
(χ2 = **) (in %)
Bullied: no = 88; yes,
occasionally, or regularly = 13
Observers: no = 90; yes,
occasionally, or regularly = 10
Non-bullied: no = 95; yes,
occasionally, or regularly = 5
Sedatives (χ2 = ***) (in %)
Bullied: no = 84; yes,
occasionally, or regularly = 16
Observers: no = 92; yes,
occasionally, or regularly = 8
Non-bullied: no = 97; yes,
occasionally, or regularly = 3

Association(s) reported

Table 5.2 (Continued ) Studies that report an association between indicators of sleep quantity, sleep quality and social stressors at work
Association
recoded:
(low to high)
social
stressors and
(low to high)
sleep quality
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Table 5.3 Meta-analytic results on studies from Table 5.2 that report correlation
coefficients between impaired sleep and social stressors
Study
Barling et al.
Barling et al.47
Barnes et al.49
Giorgi52
Goldenhar et al.54
Rafferty et al.64
Rodríguez-Muñoz et al.67
Rogers and Kelloway70
Slopen and Williams71
Takaki et al.74
Σ
47

n

Correlation

Significance

Lower

Higher

591
141
182
715
211
175
2033
194
2983
2634
9859

0.22
0.12
0.20
0.11
0.14
0.18
0.51
0.24
0.14
0.10
0.21

0.00
0.16
0.01
0.00
0.04
0.02
0.00
0.00
0.00
0.00
0.00

0.14
−0.05
0.06
0.04
0.01
0.03
0.48
0.10
0.10
0.06
0.12

0.30
0.28
0.34
0.18
0.27
0.32
0.54
0.37
0.18
0.14
0.31

systems are involved, the allostatic load theory
is more explicit in this regard.80,82,83 According to
McEwen,82,83 occupational stressors require protective responses of the body in order to maintain
homeostasis. Those responses include physiological responses of the autonomic nervous system,
the hypothalamic–pituitary–adrenocortical (HPA)
axis, and the cardiovascular, metabolic and immune
systems. These systems lead to protection and adaptation of the organism from occupational stressors
and are useful in order to cope with them adequately. According to McEwen,82,83 allostatic load
is an imbalance in these systems, being simply the
result of too much repeated stress, and of adaptive
systems that are out of balance and fail to shut off or
fail to turn on adequately. In line with McEwen,82,83
the failed shutdown (i.e., failed recovery) of the
stress responses is particularly important, because
it can cause diverse health impairments.
Based on the effort recovery theory81 and the
allostatic load theory,82,83 Geurts and Sonnetag80
have defined recovery as a process of psycho-physiological unwinding after effort expenditure, and
have argued that the psycho-physiological activation may be sustained when stressful conditions
are particularly high or frequent. This is a further
development of the research of Frankenhaeuser,86
who stated that occupational stressors may have an
aftereffect on well-being by showing that, in periods of high occupational stress, adrenaline excretion rates remained elevated or even increased
during leisure time. This shows that occupational
stressors have an effect on individuals during leisure time related to their experiences during the

working day. Moreover, sustained activation may
manifest itself in subjective reports of incomplete recovery, such as impaired sleep quality. In
a situation of incomplete recovery, workers have
to mobilize compensatory effort, resulting in the
accumulation of load effects, and over a longer
period, allostatic load and chronic health impairments can develop.

Sleep and recovery
According to Cropley et al.,87 sleep is one of the
most important recovery mechanisms available to
humans, and sleep impairments have been associated with a variety of negative consequences,
including various health impairments. Most studies analyzing the effects of occupational stressors on sleep assessed self-reported sleep quality.
Although self-reports are important, studies relying solely on self-report for both independent (e.g.,
stressors) and dependent (e.g., sleep) variables are
open to problems of common method variance,
which may lead to inflated or even spurious correlations and predictions.88 There are a number of
different ways in which associations between selfreports about stressful working conditions and selfreported well-being (e.g., sleep) may be spurious.
Firstly, they may reflect response styles rather than
substantive relations. Secondly, they may reflect
respondents’ hypotheses about their job stress and
strain. Thirdly, responses may reflect personality
characteristics that determine the way in which life
in general is experienced. Thus, in order to avoid
the problem of common method variance, it is
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suggested that alternative measures may yield more
objective information about the phenomena under
investigation.88 Therefore, the question of whether
social stressors at work affect objective indicators
of sleep should be considered more carefully.

SOCIAL STRESSORS AT WORK
AND SLEEP: EVIDENCE FROM
AMBULATORY FIELD STUDIES
Although sleep quality is an accepted clinical construct, it still represents a complex phenomenon
that is difficult to define and measure objectively.89
Sleep quality includes quantitative aspects of sleep,
such as sleep-onset latency, sleep efficiency, and
sleep fragmentation, as well as more subjective
aspects, such as “depth” or “restfulness” of sleep.
The exact elements that compose sleep quality and
their relative importance may vary between individuals.89 Because of their relative importance for
individuals, it seems of special interest to include
both objective and subjective sleep quality parameters in research studies. There are many objective
indicators of sleep such as the polysomnography
(PSG) and electroencephalography (EEG) for
describing brain waves, electro-oculography for
describing eye movements and electromyography
for describing muscle tension. Sleep evaluation in
humans has been usually performed with PSG.
This technique has come to be considered the gold
standard for detecting sleep impairments.90
The merit of Åkerstedt and coworkers is that
they combined laboratory and field research and,
for the first time, used ambulatory EEG in order to
assess sleep at home.91 Although the research group
did not specifically focus on social stressors, the
studies showed for the first time that work stressors impair sleep quality in real working life, and
showed that lack of a of social support predicted
lower sleep quality, while cognitive anticipation of
work issues interfered with sleep.92–95
The causes of low sleep quality are various.
However, as with recovery, the evidence has
increased that work stress may play an important role in the development of disturbed sleep
quality.96 According to Åkerstedt,92 the increased
physiological and psychological activation as a
response to occupational stress should be incommensurate with the deactivation that is a main
characteristic of sleep. Although this association
seems plausible, there is relatively little empirical

evidence about stress and sleep, and the topic of
sleep has not caught the interest of occupational
health researchers, with the exception of shiftworkrelated issues.92 This is surprising, considering the
importance of sleep for physiological balance,
long-term health, and mental functioning.

Consecutive sleep actigraphy in
working individuals
During the last decade, actigraphy (activity-based
monitoring) has also become an essential tool in
sleep research and sleep medicine.97,98 The term
“actigraphy” refers to methods using miniaturized
computerized wristwatch-like devices to monitor
and collect data generated by movements. Through
algorithms, sleep quality can be derived. A major
strength of actigraphy compared to PSG is the ability
to monitor sleep–wake patterns continuously with
minimal inconvenience over an extended period of
time at home.97 Actigraphy is a good way of providing low-cost, noninvasive, objective, and longitudinal data for the diagnosis of sleep disorders in an
ambulatory setting.81 The comparison of actigraphy
with the “gold standard” of PSG has yielded agreement rates ranging from 78% to 95%.99 Actigraphy
is considered to be a valid way to determine sleep
patterns in both normal, healthy populations and in
patients suspected of certain sleep disorders.100
Even though the empirical evidence in terms
of studies of causal connections is modest, insofar
as evidence is available from cross-sectional studies, it indicates a strong link between occupational
stress, sleep, and health impairments.92 However,
the question of whether psychosomatic complaints may be caused by insufficient or incomplete recovery can empirically be answered only
by longitudinal studies.81 Conclusive evidence
from longitudinal research on work stress, recovery, and health that covers longer time periods is
still lacking.80 The first evidence came from recent
actigraphy-based field research (see Box 5.1).101

Weekend sleep and recovery
During the working week, individuals have to deal
with occupational stressors, resulting in depleted
resources, more fatigue, and an increased need for
recovery.102 Weekends, however, as time during
which work demands are absent or at least reduced,
should provide time to rest, unwind, and recharge
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BOX 5.1: A longitudinal ambulatory field study by Pereira and Elfering101
In order to answer whether insufficient recovery may result in psychosomatic health impairments, a
two-wave longitudinal ambulatory field study investigated the role of social stressors at work and
sleep fragmentation on psychosomatic health complaints. Sixty full-time employees working in a variety of Swiss industries (healthcare, finance, and management) participated in the study. Overall, hierarchical regression analysis revealed that social stressors at work were positively related to objectively
assessed sleep fragmentation and to psychosomatic health complaints. Moreover, sleep fragmentation significantly mediated the effect of social stressors at work on psychosomatic health complaints.
These results provided longitudinal evidence for the incomplete recovery approach,80 showing that
poor sleep quality is an important intervening variable that is linked both to stress at work and to
the development of health impairments in the long run. In order to prevent the long-term negative
effects on psychosomatic health, social stressors at work should be prevented, or at least minimized.

the depleted batteries.102,103 With the exception of
a few studies, the role of weekends in employees’
recovery and other potential benefits (e.g., performance) has been largely ignored. However, as far
as empirical evidence is provided, weekends seems
to contribute significantly to individuals’ recovery.
Results obtained by Binnewies et al.102 show that
psychological detachment, relaxation, and mastery
experiences during the weekend predicted a better recovery state after the weekend. Furthermore,
being recovered after the weekend predicted task
performance, personal initiative, organizational
citizenship behavior, and low perceived effort. These
results demonstrated the importance of recovery
during weekends for both individuals and organizations. Moreover, in a longitudinal study, Fritz
and Sonnentag104 investigated the effects of specific
weekend experiences on burnout and general wellbeing and found that nonwork hassles, absence
of positive work reflection and low social activity

during the weekend predicted burnout and poor
well-being after the weekend. Even though empirical evidence shows that weekends are essential for
recovery, some studies showed that occupational
stressors at work may lead to incomplete recovery
even during weekends. In a diary study, Van Hooff
et al.105 found that compared to low-effort workers,
high-effort workers spent significantly more hours
on overtime work during the weekend, experienced
home activities as significantly more effortful, and
reported higher levels of fatigue and less motivation to start the upcoming week. This suggests
that occupational stressors may interfere with the
recovery process and thus may lead to incomplete
recovery, even during weekends. However, further
empirical evidence for this assumption is needed.
To increase our understanding of the interference effect of occupational social stressors on
weekend sleep, another field study was conducted
(see Box 5.2).106

BOX 5.2: Field study by Pereira et al.106
Many employees in service work are required to work on Saturdays, recovering during work-free
Sundays and work-again Mondays. This study examined the effects of social stressors at work on
recovery status at Sunday noon and Monday noon, and investigated if sleep quality mediates the
negative effects of social stressors at work on recovery. From Saturday until Monday morning, 41
participants wore actigraphs to measure sleep duration and sleep fragmentation. Social stressors
at work were assessed by self-reported questionnaires administered on Saturday. Recovery status
was reported on Sunday noon and Monday noon. Hierarchical regression analysis revealed that
social stressors at work were negatively related to recovery status on Sunday and on Monday.
More social stressors at work predicted higher sleep fragmentation in the night at Monday.
A mediation effect of sleep quality, however, was not found. Future studies should test whether
perseverative thoughts affect sleep quality from Sunday to Monday.
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CONDITIONS AND MECHANISMS
THAT MAY IMPEDE RECOVERY
AND SLEEP: PERSEVERATIVE
THOUGHTS
In the modern work context, in which individuals
have to focus on getting their work done regardless of the location, being physically away from
the workplace does not necessary imply leaving
one’s workplace behind in psychological terms.78
At home, many individuals accomplish jobrelated tasks, continue to think about their jobs,
ruminate about work-related problems, or reflect
on future opportunities.78 Therefore, spending
some time off work does not automatically imply
that recovery occurs. Cognitive mechanisms
can prolong or reactivate psycho-physiological
activation due to a stressor or their perception,
thereby slowing down or hindering recovery.
According to McEwen, 82,83 cognitive mechanisms are also likely to result in allostatic load.
Moreover, Brosschot et al.79 hypothesized that
occupational stressors will only lead to prolonged
activation when individuals cognitively perseverate about these stressors; so p
 erseverative cognition should act as a mediator.79 Perseverative
cognition, such as the inability to detach psychologically, should be responsible for converting
the immediate psychological and physiological
concomitants of stressors into the prolonged

physiological activation of the body’s systems,
which in turn may lead to incomplete or failed
recovery and the development of health impairments in the long run.

Inability to detach psychologically
It is not only the amount of time that matters for
recovery, but also the quality of the time off work.78
In that sense, Sonnentag and Fritz107 suggest that the
ability to detach psychologically from work is crucial
to any recovery process. Psychological detachment
might best be described as an individual’s sense of
being away from the work situation108 in both physical and psychological ways. The inability to detach
psychologically not only implies that one is still
occupied with work-related duties, such as receiving
job-related calls, refraining from job-related activities, and thinking about work-related problems, but
also means not being able to disengage mentally
from work, nor to stop thinking or ruminating
about work or work-related problems.107 The inability to psychologically detach is often experienced as
“failed switching off” when being away from one’s
workplace.78 Thus, another field study tested lack of
detachment as a mediator (see Box 5.3).109

DAILY RECOVERY
Drawing on existing recovery theories,80–83 it is reasonable to assume that occupational stressors will
have immediate effects on individuals’ recovery
by spilling over into the evening.87 However, only
a limited number of studies have examined the
stress–recovery process on a day-to-day basis.105
Thus, studies investigating the effects of work
stressors on recovery have mostly focused on rather
chronic work conditions over fairly long periods
of time, as opposed to investigating the episodic

BOX 5.3: Field study by Pereira and Elfering109
The aim of this study was to test whether the inability to detach psychologically from work-related
issues mediates the negative effect of social stressors at work on different sleep quality parameters on Sunday night. Sixty full-time employees participated in this study. In line with our hypothesis, social stressors at work were negatively related to sleep quality on Sunday night. Moreover,
psychological detachment from work partly mediated the effects of social stressors at work on
sleep-onset latency and sleep fragmentation. Thus, the study extends previous research by showing that social stressors at work are potential causes of disturbed sleep quality on Sunday night
and by showing that the inability to detach psychologically from work on Sunday evening mediates this relationship. In line with Rook and Zijlstra,110 the results provide further empirical support
that the inability to detach psychologically converts the immediate psychological and physiological concomitants of stressors into prolonged physiological activation and decreasing sleep quality.
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and immediate effects of work stressors or on crosssectional relations between occupational stressors
and recovery.96 Daily studies, however, have shown
that occupational stressors significantly account
for after-work recovery. Cropley et al.87 found that
teachers reporting high occupational stressors took
longer to unwind, ruminated more about workrelated issues, and reported poorer sleep quality
compared to teachers reporting lower occupational
stressors. Even though occupational stressors and
work rumination were significantly correlated
with sleep quality, work rumination could not be
found to mediate the relationship between occupational stressors and sleep quality. Therefore, in
order to further shed light on the day-to-day relations between occupational (social) stressors, daily
cognitive processes, and daily sleep quality, a study
was conducted by Pereira et al. (see Box 5.4).111

DISCUSSION
The first aim of this chapter was to update evidence for social stressors at work impairing sleep.
Overall, the evidence is increasing that social
stressors at work have both short-term and longterm effects on sleep and psychosomatic health
complaints. In a number of field studies, the
Bernese research group found that the effects of
social stressors at work on health were still significant when controlling for daily task-related
stressors; this provides further evidence for the
important rule of social stressors at work on the
development of health impairments. Surprisingly,
social stressors at work were predominantly related
to sleep fragmentation, whereas a relationship

between social stressors at work on sleep-onset
latency, sleep efficiency, and self-reported sleep
quality were found less consistently. According to
Wesensten et al.,112 sleep fragmentation systematically affects recuperation independently of total
sleep time. Furthermore, the percentage of sleep
spent in stage 1, which has little or no recuperative value, increased on fragmentation nights, even
though total sleep time did not change.112 This
suggests that, compared with other sleep quality
parameters, sleep fragmentation is a milder form
of sleep impairment, being initially largely unperceived by individuals. Therefore, it is often not
noticed and is not closely related to self-reported
sleep quality. Furthermore, it is important to note
that the samples in these Bernese field studies were
rather healthy and exposed to relatively low levels
of social stressors at work. Overall, this could have
led to an underestimation of the examined effects.
The second aim of this chapter was to shed light
on the mechanisms involved in the relationship
between social stressors at work and recovery by
examining the mediating effects of work-related
psychological detachment and worries. Our results
showed that the inability to detach psychologically from work partly mediated the effect of social
stressors at work on sleep-onset latency and on
sleep fragmentation. Our results provide further
empirical evidence that being physically away from
the workplace does not automatically imply that
recovery will occur. Moreover, by prolonging or
reactivating psycho-physiological activation due to
a stressor involving HPA axis regulation, cognitive
processes may play a crucial mediating role in the
stressor recovery process.

BOX 5.4: Sleep quality study by Pereira et al.111
Pereira et al.111 investigated the short-term effects of daily social stressors at work on various
indicators of sleep quality and tested whether worries mediate this relationship. Ninety fulltime workers, mostly employed in service jobs (e.g., as secretaries, nurses, or call-center agents)
participated in a time-based diary study and ambulatory assessments of sleep quality. Multilevel
regression analyses revealed that both daily workplace social exclusion and daily worries were
positively related to fragmented sleep on the following night, and that worries were negatively
related to sleep efficiency. Contrary to expectations, however, daily social exclusion at work and
worries were not related to other sleep quality parameters, and neither could the author(s) find
any support for the idea that the effect of daily workplace social exclusion on sleep quality was
mediated by worries. Although this study failed to show the proposed mediation effect, it showed
unique associations of both social exclusion at work and worries with sleep fragmentation.
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SUGGESTIONS FOR FUTURE
RESEARCH
Future studies should also test the reversed causation hypothesis that impaired sleep leads to
increased social stressors at work. Indirect first
evidence for reversed causation comes from studies
that show a positive relation between sleep problems and subsequent hostility, as well as from studies that show impaired sleep in those who bully.
Table 5.4 reviews the evidence for the reversed
causation hypothesis.113–133 It is noteworthy that
Table 5.4 included three studies with nonwork
samples. Evidence increases because the sleep–bullying relationship is already established in children
and adolescents.120,134 Research in adults should
also investigate these early associations.
Studies analyzing the relationship between
occupational stressors, recovery, and well-being
have mostly relied on cross-sectional designs
or on designs with rather limited time frames,
such as diary studies. Although such designs are
important in order to better understand the shortterm effects of occupational stressors on recovery, health impairments, however, usually need
longer periods of time to develop.84 To analyze
whether occupational stressors and incomplete
recovery result in health impairments in the long
run, we analyzed longitudinal effects. Our results
supported the finding that exposure to occupational stressors (e.g., social stressors) and incomplete recovery result in health impairments in the
long run. However, future studies including longer
time frames should provide further evidence of
this pattern.
Home-related social stressors, such as conflicts
with family members, may cause strain themselves and, as with work-related stressors, result in
decreased recovery and be related to sleep problems.46 Although some studies have shown that
home-related stressors may have unfavorable effects
on recovery, future studies should include both workand home-related social stressors in order to create a
better understanding of the role of occupational- and
home-related stressors in the development of incomplete recovery and health impairments.
The relation of task stressors and social stressors should be analyzed in depth. Semmer et al.135
argued that—beyond social stressors—anything
that signals a lack of appreciation and respect,
and thus constitutes a threat to self-esteem, is

especially upsetting and frustrating, and is likely
to play a major role in the experience of stress
(see also Lazarus136). An example can be found
in the concept of illegitimate tasks, based on role
theory, identity theory, and justice theory. Roles
imply expectations; they specify what may appropriately be expected from a role occupant.137,138
However, if roles specify what may be expected
from someone, there also must be things that cannot be expected; this consideration constitutes the
basis of the concept of illegitimate tasks. Tasks are
considered legitimate to the extent that they conform to norms about what can appropriately be
expected from a given person, and they are illegitimate to the extent that they violate such norms.
Their (perceived) i llegitimacy may derive from: (i)
the perception that a task does not conform to an
employee’s professional role (unreasonable task), as
when a company janitor is told to care for the private lawn of his or her boss or when experienced
employees are assigned a novice’s work; or (ii) the
perception that a task is unnecessary, such as having to document information that no one will ever
use, which many think cannot be expected from
employees.139 In a recent diary study by Pereira
et al.,140 daily illegitimate tasks predicted reduced
sleep quality in the following night as assessed by
actigraphy.
Overall, the reported evidence suggests that
social stressors at work have negative effects on
sleep (and vice versa in the reversed causation
effect model). As with severe social stressors at
work, like mobbing, it is in the organizations’ best
interests to take seriously the issue of milder social
stressors at work such as conflicts with coworkers and supervisors, unfair behavior, and a negative group climate by developing effective policies
and by fostering a positive organizational culture.
The role of supervisors thereby seems to be the
most important one.39 According to Dormann
and Zapf,141 social support can buffer the effects
of social stressors on psychological health. Thus,
by providing support to their employees and by
acting as role models, supervisors can help prevent
the negative long-term effects of social stressors at
work on recovery and health. The person-oriented
approach to sleep in workers and employees so far
includes sleep extension on weekends, especially
for those who sleep less than 6 hours after work
days,142 and online sleep training intervention to
increase sleep quality after work.143

Barnes
et al.50

Sample

51 administrative
employees
(70.6% female)

171 nurses (82%
female)
75 junior and senior
business students
(48% female)
5433 hospital
employees
(88.9% female)

85 undergraduate
students
(62.4% female)

Situation-oriented

Scott and
Judge117

Granö
et al.115

Christian
and
Ellis113

Person-oriented

Source

Supervisor-rated unethical
behavior (measure of
unethical behavior at work51)

Hostility (PANAS-X114)

Hostility (Finnish Twin Study
Hostility [FTSH] scale116)

Hostility (Positive and Negative
Affect Schedule
[PANAS-X]114)

Social stressor concept

(Continued)

−0.17

−0.02
−0.13***

−0.02
0.13***

0.17

−0.25**
−0.41**

Association
recoded:
(low to high)
sleep quality
and (low to
high) social
stressors

0.25**
0.41**

Association(s) reported

Sleep quantity
Direct effect sleep quantity on
(Pittsburgh Sleep
unethical behavior
Diary measure119)
β = 0.03 (n.s.)
Sleep quality as control Indirect effect with mediator of
cognitive self-control → Sobel test
variable (insomnia
z = −1.99*
scale58) → reverse
coded to index
sleep)

Sleep deprivation
(asked to indicate
the number of
whole hours slept
the night before)
Sleep duration (how
many hours do you
normally sleep
during the day and
night?)
Sleep disturbances52
Insomnia58,118

Sleep measure
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118 children aged
9–11 years

565 primary-school
children

3382 employees
(67% female) at
baseline, 1671
at t1

Gini125

Hansen
et al.56

Sample

Fekkes
et al.120

Source

Involvement in bullying and
victimization was measured
through a self-report scale126
based on the Bullying
Behavior Scale127 and the
Peer Victimization Scale128
Teachers rated the children’s
emotional and behavioral
problems through the
Goodman’s 25-item strengths
and difficulties questionnaire
(SDQ)—Teacher version129
• Bullying
Have you been subjected
to bullying at work within
the past 6 months?
Have you witnessed
bullying at work within
the past 6 months?

Dutch version of the Olweus
Bully/Victim
Questionnaire121–123

Social stressor concept

Incidence of bullying at end of school
year (%/number of bullying cases/
sample size/odds ratio [OR])
11.2/83/741/ OR = 1
12.6/26/206/ OR = 1.1 (n.s.)
Association between reports of active
bullying and psychosomatic
problems
Sleeping problems:
Uninvolved children (n = 178): 28.1
Bullies (n = 63): 47.6
OR = 2.12*

Association(s) reported

Sleep problems
Disturbed/unsatisfactory awakenings/
(modified version of
poor quality:
the Karolinska Sleep
β = −0.34***/− 0.19***/− 0.32***
Questionnaire
β = −0.78***/− 0.51***/ − 0.56***
[KSQ])57 with scales
β = −0.24***/− 0.18***/− 0.23***
β = −0.58***/− 0.38***/− 0.45***
for disturbed sleep
and awakening
problems

KIVPA, a Dutch
instrument to
measure psycho
social problems
among children124
Sleeping problems
(they were asked to
report whether they
had experienced
this symptom in the
last 3 months)

Sleep measure
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(Continued)

Association
recoded:
(low to high)
sleep quality
and (low to
high) social
stressors
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Source

Sample

• Association between sleep
difficulties and being
subjected to bullying at
baseline
• Occasionally bullied
• Frequently bullied
• Association between sleep
difficulties and witnessing
bullying at baseline
• Observing occasionally
• Observing frequently
• Association between sleep
difficulties and witnessing
bullying at follow-up
• Observing occasionally
• Observing frequently
• Association between sleep
difficulties and being
subjected to bullying at
follow-up
• Occasionally bullied
• Frequently bullied

Social stressor concept

Association(s) reported

Sleep quality (how do Disturbed/unsatisfactory awakenings/
poor quality (ORs):
you rate your overall
1.44/1.37 (sig.)/0.9
quality of sleep?)
3.81/0.88/0.81
1.69/1.68 (sig.)/1.13
4.01/1.91/1.08

Sleep measure
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Association
recoded:
(low to high)
sleep quality
and (low to
high) social
stressors
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Kubiszewski
et al.130

Source

1422 students aged
10–18 years
(mean = 14.3,
SD =  2.7; 43%
female)

Sample

Bullying with revised Bully–
Victim Questionnaire
(rBVQ)131

Social stressor concept
Sleep/wake patterns:
four items from the
School Sleep Habit
Survey132
Sleep schedule
variability
• Bedtime differen
ces (differences
between usual
bedtime during the
week and at the
weekend)
• Wake time differ
ences (differences
between usual
wake-up time
during the
week and at the
weekend)
Subjective sleep
disorders (insomnia
symptoms and
subjective nighttime
and daytime
distress) with Athens
Insomnia Scale133

Sleep measure

Persons who are bullies or victims and
bullies (n = 155)
Externalizing behaviors:
Aggression
Sleep duration:
Sufficient: 13.45 (4.6)
Insufficient: 16.40 (5.1)
t = −3**, Pη2 = 0.06
Irregular bedtimes:
No: 14.29 (4.7)
Yes: 16.06 (5.3)
t = −2.16*, Pη2 = 0.03
Irregular wake-up times:
No: 13 (3.5)
Yes: 15.53(5.2)
t = −2.01*, Pη2 = 0.02
Antisocial behavior
Sleep duration:
Sufficient: 12.66 (4.7)
Insufficient: 16.19 (5.6)
t = −4.18***, Pη2 = 0.1
Irregular bedtimes:
No: 13.62 (5.3)
Yes: 15.84 (5.5)
t = −2.6*, Pη2 = 0.04

Association(s) reported
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Association
recoded:
(low to high)
sleep quality
and (low to
high) social
stressors
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Sample

Social stressor concept

Note: Significance level is indicated: * <.05, ** <.01, *** <.001, two-tailed.

Source

Sleep measure

Irregular wake-up times:
No: 12.26 (4.4)
Yes: 15.13(5.6)
t = −2.03*, Pη2 = 0.03
Persons who are victims or victims
and bullies (n = 257)
Perceived social disintegration
Insomnia symptoms:
No: 13.88 (5.7)
Yes: 15.83 (6.7)
t = −2.27*, Pη2 = 0.02
Subjective nighttime and daytime
stress:
No: 13.85 (5.7)
Yes: 15.86 (6.7)
t = −2.42*, Pη2 = 0.02
Psychological distress
Insomnia symptoms:
No: 29.36 (11.2)
Yes: 37.43 (12.3)
t = −5.19***, Pη2 = 0.1
Subjective nighttime and daytime
stress:
No: 28.76 (10.7)
Yes: 38.39 (12.2)
t = −6.47***, Pη2 = 0.14

Association(s) reported
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Association
recoded:
(low to high)
sleep quality
and (low to
high) social
stressors
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Restless legs syndrome and
neuropsychiatric disorders
RAVI GUPTA AND DEEPAK GOEL
RLS and personality profile
RLS and anxiety
RLS and depression
RLS and insomnia
RLS and cognitive dysfunction
RLS and painful syndromes
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Restless legs syndrome (RLS) is a common s ensory–
motor disorder with a population prevalence
of around 2%–10% that varies across studies.1–3
Women have a higher chance of suffering from RLS.1
Although its prevalence increases with age, no age is
spared, and RLS is also seen among children.4 This
disorder imparts a huge burden on the health system
and also negatively influences the productivity of a
person.3,5 Not only does it impart a direct cost on
the health system, but it also increases the indirect
contact and utilization of the health system, since it
is often associated with multiple comorbidities (e.g.,
attention deficit hyperactivity disorder [ADHD] in
children, migraine, depression, poor sleep quality,
fibromyalgia, somatic symptom disorders, and heart
disease, to name a few).6–10 These patients often have
poor-quality sleep, and this can increase smoking
at night, which directly and indirectly increases
healthcare utilization.11 Not only does RL increase
financial burdens and worsen quality of life, but it
can also worsen mortality rates.12
It is a well-known fact that RLS worsens sleep
quality.13 At the same time, it is also known that

CMP with RLS
Somatic symptoms disorder
RLS and ADHD
RLS and nocturnal eating
Schizophrenia and RLS
Conclusion
References
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poor sleep quality or insomnia can have daytime
symptoms that also fulfill the criteria for depression and anxiety. However, it is yet to be defined
neurobiologically whether these neuropsychiatric
disorders have any causal relationship with RLS,
or whether they are just the daytime symptoms of
RLS. One study reported that RLS patients have
a higher incidence of depression, but on Beck’s
Depression Inventory, they reported low scores on
cognitive items and high scores on somatic symptoms.14 A number of psychiatric disorders (e.g.,
depression, anxiety, panic disorders, generalized
anxiety disorder, ADHD, and behavioral disturbances) have been reported to be associated with
RLS among children and adults.15,16 In this chapter,
we will discuss some of the neuropsychiatric disorders that have been reported alongside RLS.

RLS AND PERSONALITY PROFILE
In general terms, personality is the way in which
a person perceives incoming stimuli, understands
them and plans a behavioral output based upon
85
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them. Thus, personality characteristics color a person’s behavior and are important for adjustment in
the social structure. These factors also govern the
way that a person deals with illnesses. Personality
characteristics are not only governed by the genetic
material that a person inherits from their parents,
but also are influenced by learning. Personality
profiles of RLS patients have been examined in a
few studies by comparing the personality profiles
of subjects with RLS with those of controls. It has
been found that these patients have high scores on
depressive, anxiety, hypochondriacal, and hysterical personality traits.17 Using the NEO personality inventory, these patients were reported to have
higher scores on neuroticism.18 These factors translate into more dramatizing and help-seeking behaviors among these patients. They were found to have
lower internal loci of control, which means that they
are prone to being influenced by external stimuli.19
Another study that evaluated personality traits
based upon temperament and character showed
higher scores on harm avoidance and lower scores
on self-directedness in RLS patients.20 All of these
factors have been attributed as risks for the development of depression in these patients.18,20 However,
it must be remembered that these tests are subjective, and thus a response bias is always present.
Moreover, it is difficult to estimate the influence of
the RLS-related neurobiological changes that were
present at the time of assessment on the results of
these tests. Responses on the personality tests may
be influenced by the presence of depression and
anxiety disorders seen in patients with RLS. Thus,
it would have been better if these factors had been
analyzed after the resolution of symptoms.

RLS AND ANXIETY
Anxiety is a normal part of our emotions and can
be an appropriate response in certain situations.
However, when it is pervasive and longstanding,
it may be considered pathological. One study analyzed state and trait anxiety among drivers and
found that drivers with RLS had higher scores on
both state and trait anxiety.21 Patients with RLS
have been found to have a higher prevalence of
generalized anxiety disorder and panic disorder
during the symptomatic periods.16 In addition,
these patients had higher lifetime prevalence of
panic disorder. Considering these facts, this condition was given the name “anxietas tibiarum.”16

RLS AND DEPRESSION
RLS has been found to be correlated with depression using various methodologies. One study
found that nearly a third of RLS patients show
clinical depression.9 Duration of depression was
not correlated with RLS, and nor were other factors (e.g., sleep disturbance and gender). Thus, it
was concluded that depression was a comorbid
condition with RLS.9 Another study among pregnant women with RLS reported that women with
pregnancy had higher chances of having antenatal
and postnatal depression.22 A longitudinal study
involving healthy women reported higher chances
of depression among women who were diagnosed with RLS.23 Another epidemiological study
showed that RLS increased the odds of depression
by 1.8.24 A similar relationship was seen in a cohort
of patients with chronic kidney disease as well.25
However, the prevalence of depression appears
to be related to the severity of RLS, as it has been
reported that subjects with mildly severe RLS did
not have depression.26 Thus, all RLS patients must
be screened for the presence of depression and
anxiety disorders. This issue becomes important
as antidepressants may exacerbate RLS symptoms;
however, this finding could not be confirmed in a
retrospective chart review.27,28 A more interesting
finding is the fact that mild to moderate depression
often responds to dopaminergic therapy for RLS,
and thus in these cases, first the RLS should be
treated, and if depression persists even after adequate resolution of the RLS symptoms, then this
should be addressed.29 Thus, by the time we have
adequate reports, it can be said that all depressed
patients should be screened for RLS, and antidepressants should be added after RLS has resolved.

RLS AND INSOMNIA
Insomnia is diagnosed when a person has difficulties with sleep onset and sleep maintenance, has
early-morning awakenings, or has non-refreshing
sleep, along with the daytime symptoms of insomnia.30 It is a well-known fact that RLS patients often
complain of poor-quality sleep, and patients with
severe RLS report more sleep disturbance.13,31 This
insomnia could be related to the symptoms of RLS;
however, in the long term, these patients may also
present with dysfunctional beliefs related to sleep
that could help in the maintenance of insomnia.32
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In such cases, treatment of RLS may not improve
insomnia completely, and it is important to address
these dysfunctional beliefs through cognitive–
behavioral therapy for insomnia. Moreover, many
of these patients present with fatigue as a prominent daytime symptom, and adequate treatment of
RLS can not only improve sleep, but also improve
daytime fatigue.33
Insomnia in these patients could be related to
hyperarousal, as RLS patients were found to have
high-frequency electroencephalographic activity just before and after sleep onset.34 In addition,
these patients have been found to have higher
levels of glutamine in the thalamus, which can
lead to hyperarousal.35 Thus, it can be said that
insomnia in RLS has a biological basis, and hyperarousal should also be addressed in these patients.
Moreover, nearly 11% of patients attending the
sleep clinic were found to have RLS; thus, RLS
should be screened in every patient who presents
with some kind of sleep problem.36

RLS AND COGNITIVE
DYSFUNCTION
RLS is associated with sleep loss, and this insomnia can impart cognitive dysfunction. However, it
appears that brain cognitive dysfunction caused by
insomnia is and that by RLS are different in terms of
mechanism as well as magnitude. One study showed
that RLS patients perform better than matched
insomnia patients on tests of cognitive functions
(i.e., letter fluency and category fluency). Thus, the
authors concluded that RLS patients had a compensatory mechanism for the sleep-related cognitive
impairment.37 Moreover, like depression, cognitive
dysfunction in RLS appears to be correlated with the
severity of RLS, and cognitive dysfunction has not
been reported in elderly subjects with mild RLS.26
These patients have been found to have a reduced
ability to decide in ambiguous situations, which
increases the chances of taking risky decisions.38,39
However, decision-making ability was found to
improve after the adequate treatment of RLS, so
much so that it became comparable to controls.32

RLS AND PAINFUL SYNDROMES
Clinical diagnosis and treatment plans for isolated RLS are straightforward, but become complicated once RLS is associated with various

comorbidities.27 RLS is commonly associated with
other pain syndromes, leading to a more complex
picture of disease. The comorbid pain syndrome
with RLS needs to be addressed separately, as a
combination of these disorders has a different therapeutic and prognostic implication. It is important
for physicians to be aware of these comorbid pain
syndromes while selecting therapies for RLS. The
various painful syndromes associated with RLS
can be grouped into four categories:
1.
2.
3.
4.

Headache syndromes
Fibromyalgia syndromes (FMSs)
Chronic multiple site pain syndrome (CMP)
Somatoform disorder, including persistent pain
disorder

Headache syndromes and RLS
There are many studies addressing the issue of the
coexistence of headache and RLS. Most studies
have found a positive correlation between migraine
headache and RLS. Chen et al.40 in 2010 studied
the associations between different functional headaches and RLS. Their results showed that a migraine
headache was the most common type of headache
associated with RLS, being present in 11.4% of
patients. Tension-type headache and cluster headache were less frequent, as they were reported by
4.6% and 2% of RLS patients, respectively.40 There
is regional variation of the association between
functional headache and RLS. In India, this association was found in more than 50% of patients.
Gupta et al.10 from India have reported that, among
RLS subjects, coexistence of migraine was found in
51.5%, and other functional headache in 7.1%.10
If we consider the studies that had addressed the
issue from other side, a third of patients suffering
from migraine were found to have a coexistence
of RLS.41 Migraine without aura was found to be
more commonly associated with RLS as compared
to migraine with aura.42,43 The migraine and RLS
association is not only reported in adults, but also
in pediatric patients.6
Not all research groups have confirmed
the association between RLS and migraine.
Gozubatik-Celik et al.44 compared their results
of migraine-like headache in RLS patients with
a population-based study conducted in Turkey.
The results showed no association of migraine in
RLS, but severity of RLS was significantly higher
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in migraine patients. Moreover, family history of
RLS was higher in migraine patients. According to
the authors, the association between migraine and
RLS needs further confirmation.44
One meta-analysis included 24 studies in order
to determine the coexistence of migraine with RLS.
The prevalence of RLS in migraine patients ranged
from 8.7% to 39% without any differences in terms
of gender or presence of aura. This meta-analysis
suggests that migraine is a significant comorbidity of RLS, but the degree of the association is still
unclear.45
Pathogenesis for explaining the coexistence of
migraine and RLS is challenging in view of current evidence. The current literature has tried to
explain the association between migraine and
RLS, and these mechanisms can be grouped into
four categories: first, many studies have tried to
analyze the pathophysiological association and
they have proposed many hypothesis, with the
most fitting involving dopamine and melatonin.46
Since the administration of dopaminergic drugs
for RLS is found to have adverse effects on antimigraine therapy, the dopaminergic correlation of
both of these diseases is unlikely. Second, sets of
studies have explored the role of iron metabolism
and sleep disturbance in explaining the association between RLS and migraine. Comorbid illness
in RLS patients with migraine-like insomnia, daytime sleepiness, depressive symptoms, headacherelated disability, and increased serum phosphorus
levels may provide a better understanding of RLS
pathogenesis in migraine.47 The third mechanism
is based on genetic linkage between the two disorders. There are a few hypotheses to explain
the association between both of these disorders,
including the same genetic origin for migraine
without aura and RLS in a single Italian family
on chromosome 14q21; this gene encodes survival
motor neuron-interacting protein 1 (SIP1), which
can play a role in both diseases.41 The last possible
explanation of the coexistence of RLS and migraine
is based on the alteration of cortical excitability in
both migraine and RLS.41 More recently, the role
of basal ganglia in pain processing has been confirmed by functional imaging data in the caudate,
putamen, and pallidum in migraine patients. A
critical appraisal of all of these clinical and experimental data suggests that the extrapyramidal system is somehow related to migraine. Although the
primary involvement of the extrapyramidal system

in the pathophysiology of migraine cannot as yet
be proven, it may be suggested that a more general
role in the processing of nociceptive information
may be part of the complex behavioral adaptive
response that characterizes migraine.48

FMS with RLS
FMS is a common, painful syndrome that is more
common in females, with a prevalence rate of
2%–8% in population studies.49 In clinical practice,
diagnosis of FMS is based on American College of
Rheumatology criteria.50
As both RLS and FMS are more common in
females, about 2% of females in population studies
have both RLS and FMS. Stehlik et al. (2009) evaluated 332 female patients aged 20–60 years with a
primary diagnosis of fibromyalgia. In this cohort,
64% subjects had RLS symptoms. Sleep initiation
and maintenance were worse in females having
FMS with RLS as compared to females with only
FMS. The females with a coexistence of FMS with
RLS had more non-refreshing awakenings and daytime sleepiness as compared to females with FMS
only.51 Other studies have reported that quality of
sleep and quality of life worsened when FMS was
associated with RLS, and it is recommended that
FMS should always be excluded in RLS patients, as
it can change the treatment plan.52,53

CMP with RLS
Several studies have found that chronic multisite pain (CMP) is prevalent in 31%–64% of RLS
patients.54 Chronic multisite pain is a highly prevalent condition and common health problem today,
remaining undiagnosed and poorly understood by
general physicians. Many of these patients may have a
diagnosis of depression. RLS patients with sleep disorders leading to painful syndromes can have poor
quality of life and secondary depression or other psychiatric problems. It is important that clinicians are
aware of the full spectrum of the painful syndromes
that are associated with RLS for better management
planning. In the general population, the prevalence of RLS increases with the severity of pain and
spreading of pain to multiple sites. Both acute and
chronic pain are associated with RLS and result in
poor responses to pain-relieving treatment.54
Pain is a multidimensional response involving several levels of expression, ranging from the
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somatosensory to the emotional. The potential
shared mechanisms between RLS and pain may
involve sleep deprivation/fragmentation effects,
inducing an increase in markers of inflammation and a reduction in pain thresholds. These
are modulated by several different settings of
neurotransmitters with a huge participation of
monoaminergic dysfunctional circuits. A thorough comprehension of these mechanisms is of
the utmost importance for establishing correct
approaches and treatment choices.55

Somatic symptoms disorder
It has been reported that nearly half of the patients
with somatoform pain disorder have symptoms of
RLS.8 Patients with both disorders had a higher
prevalence of poor-quality sleep as compared
to patients without RLS.8 These patients often
have longer durations of somatoform symptoms
and continuous courses of somatoform disorder.56 Thus, patients with somatoform disorder
(especially those who are not remitting) should
be screened for RLS. This is yet to be established
whether the CMP described in the literature is
actually the somatic symptoms disorder.

RLS AND ADHD
ADHD has been reported in 20%–25% of the children with RLS.15,57 By contrast, another study found
that nearly a third of ADHD children had RLS.58
However, children with comorbid RLS–ADHD did
not show any differences in severity of ADHD and
behavioral disturbances as compared to ADHD
children without RLS.58 Children with RLS often
have sleep disturbances from the age of 3 years, and
these sleep disturbances were found to antedate RLS
by 11 years, suggesting that children with sleep disturbances must be screened for RLS on each visit.57
Not only children, but also adult RLS sufferers were
found to have higher chances of having ADHD as
compared to persons with insomnia and controls.59
Not only patients with ADHD themselves, but their
parents also showed a higher prevalence of RLS.60
These conditions have been found to be comorbid
disorders, having common neurobiological underpinnings of dopamine dysregulation, and some
reports have emphasized that RLS can be misdiagnosed as ADHD not only during childhood, but also
during adulthood.59–61 However, the dopaminergic

theory was challenged by one report that suggested
that treatment with levodopa could improve RLS
symptoms, but not ADHD symptoms.62 Further
evidence suggests that low serum ferritin may be
the causal factor in the development of RLS among
ADHD children.58 Furthermore, the role of epileptic
discharges during sleep has been proposed as causative.63 These discharges responded to levetiracetam
in a small study, and improvements in both RLS
and ADHD were noticed.63 Therefore, these studies
have found that a subgroup of ADHD children has
RLS, and these children have a higher prevalence of
iron deficiency. Correction of iron can improve RLS
and can bring about some improvement in ADHD
symptoms as well.

RLS AND NOCTURNAL EATING
Sleep-related eating disorder (SRED) is characterized by episodes of eating from the onset of sleep to
the offset of sleep, often during partial awakening,
and can be akin to sleepwalking. Although patients
with SRED often prefer high-calorie food, at times
they are unaware of their eating on the morning
after. On the other hand, night eating syndrome
(NES) is characterized by eating at night, often of
large portions, but this occurs during full wakefulness. Both of these disorders have been found to be
associated with RLS.64–66 These patients are often
obese and are using sedative drugs; however, this
is a controversial finding.65,66 Another study examined the prevalence of RLS in SRED and found
that nearly half of them suffered from RLS.67 SRED
appears to be linked to RLS rather than hypnotics,
as one study reported that patients with RLS who
were taking hypnotics had a higher prevalence of
SRED as compared to insomnia patients taking
hypnotics.68 Moreover, nocturnal eating was not
related to awakenings, as patients with insomnia
had longer awakenings at night, yet less frequent
eating episodes.68 Thus, both SRED and NES
appear to have relationships with RLS. One case
report depicted the complete resolution of SRED
by treatment with pramipexole.69

SCHIZOPHRENIA AND RLS
Schizophrenia is a chronic disorder that affects
the thoughts and cognitions of the sufferer. It is
hypothesized to be induced by a functional excess
of dopamine in the mesolimbic tract of the brain.
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Table 6.1 Candidate genes linking antipsychotic-induced RLS and schizophrenia
Author

Population

Study
type

Kang et al.

190 schizophrenia
patients

Cohort

Cho et al.72

190 schizophrenia
patients

Cohort

Kang et al.73

190 schizophrenia
patients

Cohort

Kang et al.74

190 schizophrenia
patients

Cohort

Jung et al.75

190 schizophrenia
patients

Cohort

71

Gene

Results

Single-nucleotide
polymorphisms of:
1. DRD1 gene −48A/G
2. DRD2 gene TaqI A,
3. DRD3 gene Ser9Gly
4. DRD4 gene −521C/T
Val81Met single-nucleotide
polymorphism of tyrosine
hydroxylase gene

Nearly 50% had RLS; no
differences in analyzed
polymorphisms

1. Variable number of
tandem repeat
polymorphism of the
MAOA gene
2. A644G polymorphism
of the MAOB gene
rs9357271 and rs3923809
polymorphisms of the
BTBD9 gene
CLOCK and NPAS2 gene
polymorphisms

Thus, antipsychotics, which act on dopamine
receptors and antagonize their action, have been
found to be effective in the treatment of schizophrenia. However, antipsychotics may produce
some adverse effects that can mimic RLS. One of
these is akathisia, which appears early during the
course of treatment. Akathisia is characterized by
inner motor restlessness, making it difficult for the
person to sit in one place. This is more commonly
seen during phases of inactivity and thus may be
more severe at night. However, unlike RLS, these
symptoms are widespread in the body, and patients
do not complain about the sensory aspects of RLS.
Nevertheless, it is a known fact that antipsychotics
can induce RLS. A number of candidate genes have
been identified as being associated with this condition, and these are depicted in Table 6.1.
Not only antipsychotics, but also schizophrenia itself have been found to increase the chances
of having RLS.70 These patients had more severe

Nearly half had RLS; this
polymorphism was
associated with RLS
among women
No differences between
allele frequencies

rs9357271 was
associated with RLS in
a dominant and
heterozygous model
CLOCK gene poly
morphism (rs2412646)
was associated with
antipsychoticinduced RLS

psychotic symptoms and higher scores on insomnia severity scales.70

CONCLUSION
RLS has a close relationship with several neuropsychiatric disorders, although it is difficult to
establish causality between them. The available
literature suggests that considering its high prevalence along with psychiatric disorders, all such
patients should be screened for the RLS.
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THE SYMPTOMS OF NARCOLEPSY
The earliest reported description of narcolepsy
appears to be recorded by Oliver in 1704.1
Following reports of cases with symptoms of narcolepsy by Graves in 1851,2 Caffé in 1862,3 and
Westphal in 1877,4 it was Gelineau in 18815 who
ascribed the term narcolepsie to describe a condition characterized by brief episodes of irresistible
sleep and by falls (astasias) associated with emotional stimuli.
Narcolepsy is a chronic, debilitating neurological disorder, the hallmarks of which are hypersomnia and cataplexy (a sudden and transient
decrement of muscle tone and loss of deep tendon
reflexes, leading to muscle weakness, paralysis, or
postural collapse, usually in response to an external stimulus).6 Persons with narcolepsy often have
rapid eye movement (REM) sleep intrusion into
wakefulness. Characteristically, patients report
relief of discomfort from episodes of sleep attacks
upon taking short naps. Cataplectic attacks—
another form of REM intrusion—are usually

Impact of narcolepsy on health and welfare:
Quality of life issues
Needs of persons with narcolepsy
Is narcolepsy a disability or a developmental
disability?
Implications for patients, family, and community
References

98
101
101
102
103

evoked by a strong or deeply felt outburst of intense
emotional expression such as laughter, joy, anger
or fright, surprise, amusement or excitement.7,8
Yoss and Daly 9 described a classic tetrad of symptoms for the diagnosis of narcolepsy: excessive
daytime somnolence (EDS), which is usually the
first symptom; cataplexy (70%–80%); hypnagogic
or hypnopompic hallucinations (which can occur
just prior to sleep onset or upon arousal) (70%);
and sleep paralysis (loss of muscle tone at sleep
onset or on awakening) (60%). However, each of
these symptoms can appear at various stages of
the disorder and in different combinations and
degrees of severity.8
Cataplexy is characterized by a sudden bilateral
loss of postural muscle tone (i.e., weakness with loss
of deep tendon reflex) and often occurs in response
to emotional triggers. During a cataplectic attack,
a person loses muscular control but is aware of the
environment. Hypnagogic hallucinations (vivid,
dream-like experiences), sleep paralysis, and automatic behaviors (the performance of routine tasks
without awareness; e.g., talking, driving, or writing)
95
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are auxiliary symptoms; fatigue, cognitive impairment, and disturbed nocturnal sleep are common
complaints of narcolepsy patients.10
In most cases, sleepiness rather than cataplexy
is the more perplexing and debilitating symptom;
people with narcolepsy go through life feeling the
way most of us would feel if we had been awake for
24 hours.11 Nocturnal sleep is fragmented, with a
reduction in slow-wave sleep (SWS); naps may offer
some help, but sleepiness occurs following refreshing naps.11 Thus, both nocturnal sleep and EDS
pose a problem to these patients.12,13

DIAGNOSIS
If narcolepsy is suspected, a polysomnographic
(PSG) and Multiple Sleep Latency Test (MSLT) are
often used to establish a diagnosis of narcolepsy.14
If sleep apnea and other excessive sleep problems
can be ruled out, a daytime mean sleep onset
latency (SOL) of less than 8 minutes—typically
below 5 minutes—and the presence of REM sleep
in two or more of five daytime nap periods (MSLT)
are abnormal and confirm the clinical laboratory
diagnosis of narcolepsy. According to Stores,8 a
combination of EDS and definite cataplexy can be
considered pathognomonic of narcolepsy.

PATHOPHYSIOLOGY
Narcolepsy is a neurological condition, but its etiology and pathogenesis remain obscure,15 although
there have been recent advances in the understanding of the disease. A major milestone in narcolepsy
research was the discovery of sleep-onset REM
period sleep,16 which led to a school of thought
that argued that cataplexy, hypnagogic hallucinations, and sleep paralysis might be due to alterations in REM sleep regulatory mechanisms.17,18 In
1975, the dysfunction of REM sleep in narcolepsy
was emphasized.19 However, others supported the
idea that narcolepsy is characterized by abnormalities of REM and non-REM sleep activity.20–22
The pathophysiology of narcolepsy appears to be
related to the abnormal expression and manifestations of REM sleep that intrude upon periods of
wakefulness.16,23–25
Earlier studies of the genetics of narcolepsy
showed that 98%–100% of patients with narcolepsy are HLA-DR2 positive.26–30 It is important
to note that 20%–25% of the normal Caucasian

population may have this gene. In Israel, where
only 11% of the control subjects in one study were
DR2 positive, the prevalence rate of narcolepsy
is about 1/100 of the rate of narcoleptics quoted
in other studies.31 Researchers in Japan demonstrated that HLA-DR2 and DQWI were positive in most narcolepsy patients, and 30 patients
were found to have the DRW15 subspecificity. 32
However, the incidence of HLA-DR15 varies
among ethnic groups and is lower in the AfricanAmerican population. Later, it was discovered
that HLA-DQ6 and DQB1*0602 occur more frequently in persons with narcolepsy with cataplexy
than those without cataplexy, and subjects were
also found to be DQA1*0102 positive. In addition,
there is a positive correlation between DQB1*0602
positivity and severity of cataplexy. 33,34 This gene
appears to confer susceptibility to narcolepsy;
however, several DQB1*0602-negative families
have narcolepsy with cataplexy.35 A multifactorial
model in which exogenous factors may precipitate symptoms in predisposed individuals may
be helpful in explaining the development of the
symptoms. Experiments carried out on monozygotic twins point to environmental factors.35
However, the appearance of symptoms at puberty
may indicate a hormonal effect. Some authors
have proposed an autoimmune mechanism of
narcolepsy.36–38 The role of the neuropeptide
hypocretin/orexin in the pathophysiology of narcolepsy is a recent discovery. These neuropeptides
were deficient in some cases of narcolepsy, 39 and
the brains of persons with narcolepsy have shown
absence of hypocretin neurons in the hypothalamus.40,41 Hypocretin neurons project to the locus
coeruleus and are excitatory. They also project to
regions of the brain that are important in producing and maintaining arousal. Changes in neurotransmission in these areas due to a defect in the
hypocretin system may explain the EDS of persons with narcolepsy.42

PREVALENCE
The prevalence of narcolepsy is estimated at 0.05%
and 0.067% in the San Francisco Bay area and Los
Angeles county, respectively, and about 250,000
are estimated to have narcolepsy in the United
States.43,44 Recent epidemiological studies suggest
that narcolepsy occurs in approximately 1 in 2000
individuals.8,45,46 It is not as rare as was noted in
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earlier literature, and may in fact affect as many
people in the United States as multiple sclerosis.47
Similar prevalence rates have been observed in
Europe.48
Gender does not appear to be a discriminating variable. A higher rate for men noted by some
researchers may reflect a different pattern of utilization of services or the inclusion of cases of sleep
apnea, which is reported to be more prevalent
among men than women. Socioeconomic status
and race have not been reported as differentiating
variables in the United States. However, a low prevalence rate (0.0002%) has been observed in Israel,
probably because of a concurrent low rate of the
DR2 gene in the population.31

DISEASE ONSET
While frequently undiagnosed or misdiagnosed,
the peak age of onset of narcolepsy is in adolescence
and young adulthood, and is generally between 15
and 30 years.49,50 However, it can occur at any age,
including early childhood or late adulthood. For
example, some authors have reported the onset of
narcolepsy before the age of 11.51–53

TREATMENT
(NON-PHARMACOLOGICAL
AND PHARMACOLOGICAL)
Presently, there is no cure for this condition; however, the symptoms of EDS and cataplexy can be
ameliorated with medications. A comprehensive
treatment plan must be adopted to help allay the
clinical symptoms as well as improve the healthrelated quality of life (HRQOL) of affected individuals. Individual needs of patients and their reactions
to medications play important roles in the treatment strategy. Nonmedical management includes
modifying sleep–wake schedules, napping at strategic times of the day, balancing nutritional intake,
and exercising to reduce excessive weight and to
increase subjective feelings of alertness. Support
and counseling may be needed—as we will see in
the ensuing discussion—to cope with the effects of
narcolepsy on the lives of patients.
The pharmacological management of narcolepsy entails the use of stimulants for EDS, tricyclic
antidepressants for secondary symptoms, and benzodiazepines to consolidate disturbed nocturnal
sleep.54,55 Other sleep disorders, if present, must

also be treated. Stimulants such as amphetamines,
methylphenidate, mazindol, and wakefulnesspromoting medications such as modafinil are prescribed for EDS. Commonly reported side effects
of these medications include tremors, irritability,
sweating, gastrointestinal symptoms, headache,
nausea and, in rare cases, dyskinesia, hypertension, tachycardia, and psychosis. Tricyclic antidepressants such as imipramine, clomipramine,
and protriptyline are prescribed for cataplexy.
Side effects include anticholinergic effects, weight
gain, sexual dysfunction, orthostatic hypotension,
and anti-histiminic symptoms. Selective serotonin
reuptake inhibitors such as fluoxetine and venlafaxine are effective in reducing cataplexy and have
fewer side effects than tricyclics.42
Research shows that gamma-hydroxybutyrate,
an endogenous hypnotic chemical, consolidates
nighttime sleep and improves sleep disruption,
cataplexy, daytime sleepiness, and other secondary symptoms of narcolepsy. It is reported to
promote both REM sleep and SWS.56 A multicenter study was conducted on 136 narcolepsy
patients who experienced 3–249 (median 21)
cataplexy attacks weekly. Three doses of sodium
oxybate (3, 6, or 9 g) or placebo were taken by
the subjects in equally divided doses at bedtime.
Compared to placebo, a dose-related response
was observed in the occurrence of cataplexy, sleep
attacks, and naps. Weekly cataplexy attacks were
reduced at the 6-g dose and significantly at the
9-g dose (p = 0.0008). The results for the Epworth
Sleepiness Scale showed a reduction at all doses,
and was significant at the 9-g dose (p = 0.0001).
The Clinical Global Impression change was
significant at the 9-g dose (p = 0.0002). Naps and
sleep attacks were also significantly reduced at the
9-g dose (p = 0.0035). Sodium oxybate was well
tolerated at all three doses. Commonly reported
side effects were nausea, headache, dizziness, and
enuresis.57 Another study of 25 patients with narcolepsy–cataplexy demonstrated dose-related
decreases in nocturnal awakenings and increases
in daytime SOL. There was an increase in SWS
and delta power, and a reduction in REM sleep.
Significant improvements in sleep architecture
coincided with significant improvements in daytime functioning.58
An unsettling observation made by several
investigators is that, in many cases, even with
medications, the symptoms of EDS cannot be
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controlled. Consequently, patients must learn
to live with it and its profound effects on their
lives.54,59,60

IMPACT OF NARCOLEPSY ON
HEALTH AND WELFARE: QUALITY
OF LIFE ISSUES
It is significant that, whereas strides have been
made in the study of the biomedical aspects of
narcolepsy, it is only recently that scientific consideration has been given to the social and psychological aspects of narcolepsy. There is a lack
of knowledge about narcolepsy among professionals and lay people. Narcolepsy may be misdiagnosed as depression or hypothyroidism, while
the symptoms of hypnagogic hallucinations may
be mistaken for schizophrenia. In many cases,
narcolepsy may remain undiagnosed for several
years, and schoolteachers or parents may mistake
the symptoms of EDS for laziness, lack of interest,
or drug addiction. Thus, contact with an appropriate professional may be delayed by as long as 10
years from the time of the inception of symptoms.
During this time, the affected individual may drop
out of school or become unemployed because of
their inability to stay awake.
A strong denial mechanism is often operative,
in which case the affected individual may delay an
initial contact with a professional for diagnosis and
treatment. Denial also poses difficulty in making
a role transition from a well to an impaired state,
thereby precipitating personal and interaction problems for the individual with their family and friends.
The socioeconomic effect impinging on the lives
of patients has been reported.61 International studies, which included Canada, Japan, and former
Czechoslovakia, have shown that work (performance, income, and job loss), education, driving
(accidents and loss of license), interpersonal relationships, social life, and personality were adversely
affected.62 Patients attributed most of these effects to
EDS, although some were due to adverse reactions
to medications (e.g., loss of libido and impotence).
Based on the clinical presentation and the natural history of narcolepsy, it is suggested that these
effects were not influenced by ethnic, cultural, or
genetic factors, but were attributable to disease. EDS
is characterized in most patients by its unrelenting
chronicity, marked intensity, and poor response to
treatment.63 Even in treated patients, their functional

status is poor compared to continuous positive airway pressure-treated patients and untreated obstructive sleep apnea/hypopnea syndrome patients.60 The
compound effects of narcolepsy were noted in one
study in New York City: unemployment and divorce
rates were higher in narcolepsy in comparison with
the U.S. national rates.64
A study in Germany65 documents the economic
burden of narcolepsy on 75 patients diagnosed
with the disease. Information on the symptoms
of narcolepsy and their economic impacts was
obtained through a standardized telephone interview. A mailed questionnaire was utilized to assess
HRQOL (36-item Short Form Survey [SF-36] and
European Quality of life instrument to measure
five dimensions [EQ-5D]). The study measured
direct and indirect costs in 2002 Euros. All values
were converted from Euros to 2002 U.S. dollars
($1 U.S. = €0.96) and are presented in U.S. dollars.
Direct medical costs covered medications, inpatient care (hospital), outpatient care (doctor visits),
and diagnostic testing. Direct nonmedical costs
included treatment such as physiotherapy and
home equipment. Nursing and sick benefits were
included in this category. In Germany, employees
receive sick benefits if they are out of work for more
than 30 days. None of the patients needed nursing
care and none was out of work for more than 30
days. Indirect costs included days off from work
due to narcolepsy and early retirement.
Direct costs amounted to $3310. Drug costs
were $1060, more than 50% of which was attributed to new wake-promoting medications. Annual
indirect costs amounted to $11,860 per patient due
to early retirement because of narcolepsy. Out of
75 patients, 32 reported narcolepsy as the cause
of unemployment. The high economic burden
of narcolepsy is comparable to diseases such as
Parkinson’s disease, Alzheimer’s disease, epilepsy,
and stroke (annual direct costs [$3310] plus indirect costs [$11,860] equals $15,170).65
If we examine this issue of impact from a public health perspective, it is pertinent to note that,
according to public health reports, automobile accidents are the third-leading cause of death and injury
in the United States.66 It has been reported that sleepiness is a risk factor for automobile accidents.67–71
A study of the hazards of sleep-related motor
vehicle accidents showed that the proportion of
individuals with sleep-related accidents was 1.5–4
times greater in the hypersomnolent patient group
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than in the control group. Patients with sleep
apnea and narcolepsy accounted for 71% of all
sleep-related accidents. The proportion of patients
with sleep-related accidents was highest in the
narcolepsy group.72 Motor vehicle crash drivers
show significantly more driver sleepiness, slower
reaction times, and a trend for greater objective
sleepiness compared with matched controls.73 A
recent analysis of responses from 10,870 drivers
showed that 23% of all respondents experienced
≥1 accident. Among respondents who reported ≥4
accidents, a strong association existed for the most
recent accident to include injury (p < 0.0001). Sleep
disorders were reported by 22.5% of all respondents, with a significantly higher prevalence (35%,
p = 0.002) for drivers who had been involved in ≥3
accidents. Thus, sleepiness was strongly associated with a greater risk of automobile accidents.74
Early diagnosis and education about the impact
of sleepiness could reduce automobile accidents;
however, most physicians receive little education in
the diagnosis and management of sleep disorders.75
A comparison study with epilepsy showed that
narcolepsy patients were more affected at work and
had poorer driving records, higher accident rates
from smoking, and greater problems in planning
recreation. Epilepsy patients showed greater problems in educational achievement and maintaining
a driver’s license.76 The negative impact of narcolepsy due to EDS and impaired alertness was reaffirmed in 1990.77 In 1982, McMahon et al.78 used
the Human Service Scale to study need satisfaction
in 114 persons with narcolepsy compared to 2406
disabled individuals in order to gain information
for rehabilitation planning. This scale is designed
to measure physiological (health), emotional, family, social needs, economic security, economic selfesteem, and vocational self-actualization. A high
proportion of those who had narcolepsy scored
below the average of the disabled group in needs
satisfaction: social needs (35%), physiological
needs (25%), emotional needs (23%), and family
needs (21%). On the other hand, persons with narcolepsy had higher scores than the disabled group
in vocational self-actualization, economic security,
and economic self-esteem. The authors concluded
that the feasibility of employment of persons with
narcolepsy is high; however, the psychological
aspects of narcolepsy require treatment. Thus, the
wide-ranging ramifications of having narcolepsy
are evident and devastating.

In addition to the social- or community-level
influence of narcolepsy on health, many studies
have examined the role of narcolepsy on psychological and mental health. Difficulty with concentration, memory and depression, high anxiety levels,
and apathetic demeanor have been described by
several investigators.62,64,79,80 Sours49 described
problems of adjustment in overall functioning in
narcolepsy. Krishnan et al.81 reviewed the charts of
24 ambulatory male veterans with narcolepsy and
found that these patients showed poor adjustment
to illness, high unemployment rates, and disturbed
family relationships. Sixteen of the patients had
adjustment disorder, depression, alcohol dependence, and personality disorder. There were no psychotic diagnoses in the group. Although the sample
is highly selected, the devastating impact of narcolepsy is obvious. However, psychosis can occur
during treatment with amphetamines. The risk of
psychosis appears to be dose related, although it is
likely that some subjects are more susceptible to
this complication than others.82 Psychosis is usually predominately paranoid. Psychosis symptoms
in narcolepsy may also appear during sodium
oxybate treatment. Hallucinations resemble those
seen in schizophrenia. However, the insight that
the symptoms are delusional is usually preserved.83
In 1982, Kales et al.84 found obsessive–compulsiveness, depression, and anxiety, a tendency
to internalize and control feelings, feelings of
frustration in emotional fulfillment and impaired
interpersonal relationships in 50 patients with
narcolepsy.
In 1986, Baker et al.85 reported high scores of
hypochondriasis, depression, and hypomania. It
was suggested by the authors that these high scores
were probably due to difficulties in coping with the
symptoms of hypersomnolence. High scores on
schizophrenia may have been related to symptoms
of hypnagogic hallucinations and other auxiliary
symptoms of narcolepsy.86
Another devastating effect of narcolepsy is the
complaint of decreased libido or impotence or
both among male patients with narcolepsy.62,81,87
It is reported that impotence is a well-documented
side effect of tricyclic antidepressants that are prescribed for cataplexy.87 Depression in narcolepsy
may be another factor accounting for sexual dysfunction. Cataplexy or sleep attacks during sex
are likely to impair the sexual relationships of
partners.
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The problem of untoward side effects of medications poses a dilemma for many patients.
Adverse drug reactions of stimulant medications
may occur, especially if prescribed in high doses
for prolonged periods of time for severe cases of
narcolepsy. Amphetamines may cause irritability,
mood changes, headaches, palpitations, sweating and tremors,88 or paranoia or psychosis with
visual hallucinations and paranoid delusions.89–92
Dyskinesias may also result from prolonged use of
amphetamines.93 Thus, patients may cease treatment because of the negative effects of medications
on the quality of their personal and social lives.94
Cessation of treatment may in turn render the person totally incapacitated, being unable to work or
to participate in meaningful social activities.
The frequency of alcohol abuse or dependence
was reported in 1989.95 Patients with disorders
of excessive somnolence (DOES) abused alcohol
more frequently than did patients with other sleep
disorders or controls. A Self-Administered Alcohol
Screening Test showed that 26.8% in the narcolepsy
group scored greater than 7%, which indicates possible or probable alcoholism, compared to 13.2% of
the entire DOES group or 5.4% of the controls. The
cause for this dependence on alcohol is not known
and may be correlated with personality type or
frustrations in coping with the negative life effects
of narcolepsy. Management must include careful
screening, treatment, and support from appropriate professionals.
Despite the well-known and long-recognized
impact of narcolepsy on psychosocial functioning and health in general,96,97 only limited studies
address HRQOL issues.98 The first clinical trial in
narcolepsy to include HRQOL was conducted to
study the effects of modafinil (Provigil).99 Data
were collected in two similar 9-week double-blind
studies. A total of 558 subjects from 38 centers were
randomized into one of three groups: placebo,
200 mg modafinil, or 400 mg modafinil. Several
validated instruments were used to measure the
extent of sleepiness and alertness. A questionnaire
comprised of the SF-36 and supplemental narcolepsy-specific scales was administered in order to
assess quality of life changes with treatment. These
instruments were pretested to narcolepsy patients
in two sleep centers.100
Compared to the general population, subjects
with narcolepsy were more affected in terms of
vitality, social functioning, and ability to perform

usual activities due to physical and emotional
problems. People with narcolepsy experienced
HRQOL effects that were as bad as or worse than
those with Parkinson’s disease and epilepsy in
several HRQOL areas. HRQOL effects were worse
among people with narcolepsy than among those
with migraine headaches with one exception:
bodily pain.
The 400 mg modafinil group showed improvement over placebo in 10 of the 17 HRQOL scales.
When compared to the placebo group, the 400 mg
modafinil group had fewer limitations in everyday
activities due to physical or emotional problems,
more energy and less interference with normal
social activities due to health. In addition, the
400 mg modafinil group had fewer narcolepsy
symptoms and higher attention/concentration, productivity, self-esteem, and overall health perceptions compared to placebo. The 200 mg modafinil
group showed better results than placebo in the
following 9 of the 17 HRQOL scales: physical functioning, role limitations due to physical problems,
vitality, mental health summary scale, narcolepsy
symptoms, attention/concentration, productivity,
self-esteem, and driving limitations.
The profound effect of narcolepsy on children
warrants special attention. Alertness levels and
performance in young people are significantly
compromised when sleepiness results in sleep
attacks during task performance. Attention,
memory, motor and cognitive skills are affected
by sleepiness.101,102 Due to the inability to wake
up early, school-aged youth often miss the morning hours at school or their school performance
may be inconsistent. Quite often, narcolepsy or
other sleep disorders are not considered, and the
child is viewed by teachers and school administrators as lazy or having a behavioral problem. Many
children suffering from symptoms of excessive
daytime sleepiness get placed in special education
classes, are seen as hyperactive, and have conflicts
with teachers. Socially, these youngsters suffer
because they want to hide their illness from peers
and teachers. The falls that can occur in cataplexy
are especially embarrassing. These children benefit
by meeting others with the same sleep disorder.
Family members often do not understand the condition or its symptoms, and this results in interpersonal problems with the child. Prompt diagnosis
and management will reduce the frustrations, selfdoubt, and lack of self-confidence that are often
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experienced by those who are afflicted with this
impairment.

NEEDS OF PERSONS WITH
NARCOLEPSY
Although an estimated 250,000 people have narcolepsy in the United States, no study has attempted to
assess their total health service needs and access to
relevant services. Traditionally, the needs of patients
are determined by medical professionals who focus
on the physical aspects of a disorder and its medical management. This highly commendable service
by physicians in the face of rising pressures from
patients and third-party payment systems must be
supported and respected. Today, however, complex
arrays of factors operate that make it necessary to
reexamine the traditional methods of patient care
and their beneficial effects on the patient. It must be
noted that with the increasing prevalence of chronic
illness and an aging population, coupled with uncertain and unanticipated consequences of long-term
use of medications, alternative modes of management have gained increasing significance. The proliferation of self-help groups and support groups across
the country in the management of various diseases
is testimony that, in addition to the medical management of disease, the nonmedical aspects of care
are a needed component of treatment. The beneficial
effects of social support in stressful life events have
been examined by several authors103–105; its buffering
effect has been demonstrated in pregnancy,106 mental health,107,108 and unemployment.109,110
In view of this demand by patients for supplemental/alternative care in addition to the medications prescribed by physicians, it was felt that
a survey to assess the perceived needs of patients
would yield useful information for program development and patient management. The Narcolepsy
Project conducted such a survey in 1986 to assess
the employment status and psychosocial support
needs of persons with narcolepsy in New York State
who had registered with the Project.64 Of the 120
patients who received the questionnaire (80 were
returned because of changes of address), 68 completed responses were received, eliciting a response
rate of 57%. When respondents and nonrespondents were compared, no statistically significant
differences were observed in age, sex, or marital status (p < 0.05). Therefore, age, sex, and marital status do not appear to bias the results.10 The following

perceived needs were reported in descending
order: information and referral center for narcolepsy (84%); group counseling (65%); assistance in
making career transitions (50%); transportation
(34%); homemaker services (25%); and homecare
services (18%).
With regards to employment status, 16% were
unemployed and seeking work—a rate higher than
the U.S. average of 7.5%.111
In personal interviews, respondents expressed
fear of traveling alone or in the dark, embarrassment about symptoms of daytime sleepiness, and
automatic behavior and fear of being mistaken for
a drug addict or being labeled as “lazy.” Untreated
patients manifested a low level of motivation and
an apathetic demeanor. Problems with memory, a
low level of energy, and pervasive feelings of tiredness or weakness were common complaints.10
Thus, the major perceived needs of persons with
narcolepsy were psychosocial support services,
assistance in making career transitions, and transportation services, indicating the need to develop
programs tailored to these patients’ expressed
needs.

IS NARCOLEPSY A DISABILITY OR A
DEVELOPMENTAL DISABILITY?
Let us now consider the definition of narcolepsy
in terms of its functional status. What is the difference between a disability and impairment?
According to the American Medical Association’s
Guide to the Evaluation of Permanent Impairment
(page x of the Foreword), permanent medical
impairment is related to the health status of the
individual, whereas disability may be determined
within the context of the personal, social, or occupational demands or the statutory or regulatory
requirements that the individual is unable to meet
as a result of the impairment.112 Again, on p. 215,
the Guide states “Impairment is a medical determination. It involves any anatomical or functional
abnormality or any clinically significant behavior
changes,” whereas “disability” refers to “the functional, social, or vocational level of an individual
that has been altered by an impairment.”
Because narcolepsy does not cause physical disfigurement or a discernable handicap, many professionals, as well as patients, do not realize that
the federal and state governments classify narcolepsy legally as a “disability.”
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The laws and regulations that protect people with disabilities, and specifically narcolepsy, are described in detail by Sundram and
Johnson.113 Here, we briefly present these laws.
The Rehabilitation Act of 1973, S 701,114 prohibits
discrimination on the basis of disability under
any program or activity receiving federal financial
assistance and defines an “individual with handicaps” as a person who has
a. A physical or mental impairment that substantially limits one or more of the major life
activities of such individuals;
b. A record of such impairments; or
c. Been regarded as having such an
impairment.115
Narcolepsy, being a neurological disorder,
falls within this definition. The Americans with
Disabilities Act (ADA) of 1990 uses the same
definition of disability as individuals with handicaps under the Rehabilitation Act, which includes
narcolepsy.113 The ADA protects individuals with
disabilities and provides equal opportunities in
employment, public accommodations, transportation, state and local government services, and telecommunication.111 Narcolepsy is also considered a
disability under the New York State Human Rights
Law that bars discrimination against the disabled.
Thus, individuals with narcolepsy are eligible for
services through the state developmental disabilities programs. Most providers of care as well as
consumers are unaware of the rights of individuals
with a disability such as narcolepsy.
What is a developmental disability? An advisory from the New York State Office of Mental
Retardation and Developmental Disabilities states
that under Section 1.03(22) of the New York State
Mental Hygiene Law, which is the legal base for eligibility determination, a developmental disability
is defined as a disability of a person that:
1. Is attributable to mental retardation, cerebral
palsy, epilepsy, neurological impairment, or
autism;
2. Is attributable to any other condition of a
person found to be closely related to mental
retardation because such condition results
in similar impairment of general intellectual functioning or adaptive behavior to that
of mentally retarded persons or requires

treatment and services similar to those
required for such persons; or
3. Is attributable to dyslexia resulting from a disability described in (1) or (2);
a. Originates before such person attains age
twenty-two;
b. Has continued or can be expected to continue indefinitely; and
c. Constitutes a substantial handicap to such
person’s ability to function normally in
society.
Functional limitations constituting a substantial handicap are defined in this document as significant limitations in adaptive functioning that
are determined from the findings of assessment
by using a nationally normed and validated, comprehensive, and individual measure of adaptive
behavior administered by a qualified practitioner.
Some patients with narcolepsy qualify for services
and benefits following this definition of a developmental disability.

IMPLICATIONS FOR PATIENTS,
FAMILY, AND COMMUNITY
The consequences of narcolepsy on the life of the
patient are severe and often pervasive. Because
people with narcolepsy look normal, their tendency
to fall asleep in socially unacceptable situations is
perceived by others as lack of drive or interest. This
causes relationship problems with family members, teachers, and employers. The individual, often
unaware of the problem, strives unusually hard to
meet the expectations of a highly success-oriented
society. Unable to fulfill these expectations, the
person experiences a considerable amount of role
strain and role conflict. Most of the person’s time
and energy are expended in resolving these conflicts, with little time for rewarding social activities. Repeated failures in fulfilling role obligations
lead to disrupted relationships, poor self-esteem,
lack of confidence, and a sense of vulnerability to
all kinds of stressful situations. Alienation (a sense
of isolation) is often observed in personal interviews with patients.
Individuals with narcolepsy, it was noted earlier, also tend to manifest symptoms of depression
and anxiety. Cataplectic attacks are avoided by
keeping away from situations that precipitate such
attacks, thus depriving the individual of many
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enriching activities. Anticipation of such attacks is
likely to lead to high levels of anxiety. Depression
may result from dysfunctional relationships and
frustrations in achieving life goals.
In personal interviews, patients with narcolepsy
report fear of being mistaken for drug addicts by
others; therefore, they are afraid of revealing the
nature of their illness to anyone, especially in
the work environment. In severe and prolonged
uncontrolled cases, these patients may find themselves without a family or a job and quite destitute
and lonely.
At a global level, an undiagnosed case of narcolepsy is a loss to the community since most individuals with narcolepsy, when proper treatment
is instituted, can function normally within the
framework of the family and the work environment. Lack of awareness of narcolepsy’s impact
and management can result in ineffective utilization of human resources with a subsequent drain
on the national economy.
Reviews of studies on quality of life in narcolepsy in the United States and other countries
document the extensive negative effects of narcolepsy on the physical health, mental health, work,
and social health of patients. Keeping in mind that
there are differences in methodology in different
studies, a pattern of reduced function in narcolepsy is evident. Emerging studies indicating the
presence of medical and sleep comorbidities in
narcolepsy present further challenges to its management. Furthermore, the developmental aspects
of narcolepsy and its comorbidities pose another
set of issues in the diagnosis and management
of narcolepsy. Pharmacological management of
symptoms is not sufficient, although it is necessary
in most cases. Successful management of objective
and observable clinical features may be affected
by other complaints of narcolepsy patients, such
as a low level of energy and fatigue, problems with
memory, depressed mood, adjustment problems,
and a perception of a lack of security in the environment. Medical treatment should be supplemented
with behavior modification, lifestyle changes and
psychosocial support and counseling. A personcentered approach in the management strategy
would consider the person’s perceived needs and
developing goals with a choice of medical and psychosocial interventions. The challenge is to study
the variables that are manipulable so that meaningful management strategies can be instituted.

In conclusion, a person-centered and familycentered comprehensive management approach
must be designed in order to address narcolepsy, its disabling effects, and the roles of social
stressors and social supports on the quality of
life of the individual and the family. Following
sound scientific principles in conjunction with
humanistic care will maintain the dignity of the
individual and enhance the quality of life of our
patients.
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INTRODUCTION

associations have been proposed to account for
the relationships between sleep and headache.
Knowledge of current research and theory may
facilitate management of primary headache, especially migraine, cluster, and tension-type headache
(TTH), as well as the identification of secondary
headache (i.e., sleep apnea headache [SAH]). This
chapter describes the classification of sleep-related
headache and the models and evidence for the
reciprocal association of headache and sleep processes, and presents a clinical algorithm to guide
sleep evaluation and management, a key component of head pain management for a substantial
portion of headache sufferers.

The relationship between sleep and headache was
recognized well over a century ago in early medical texts and journals.1,2 Historically, evidence of a
sleep–headache relationship comprised anecdotal
observations and small clinical studies, which
led to inconsistencies in outcome and interpretation. The last quarter century has yielded growth
and maturation of the scientific literature, with an
increased number of controlled studies. Although
reviewers agree that the specific nature, magnitude, and physiological mechanisms of the
relationship are not well defined, hypothetical
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DIAGNOSIS AND CLASSIFICATION
Classification of headaches follows the International
Classification of Headache Disorders—3rd Edition,
Beta Version (ICHD-3).3 The subset of headaches comorbid with sleep disorders have also
been addressed in a general manner in the most
recent revision of the International Classification
of Sleep Disorders—3rd Edition (ICSD-3).4 The
ICSD-3 recently added a five-page appendix that
describes the diagnosis and clinical course under
a section entitled “Sleep-related medical and neurological disorders.” Finally, sleep-related headaches may be diagnosed from the Diagnostic
and Statistical Manual of Mental Disorders—5th
Edition (DSM-5).5 The DSM-5 includes diagnoses
for 10 major sleep–wake disorders consistent with
ICSD-3. Psychiatric disorders are comorbid with
both sleep disorders and headache and the symptom constellation of sleep–headache–mood disorder is a common and clinically challenging case.
Thus, familiarity with the DSM-5 may facilitate a

differential diagnosis for cases in which psychological symptoms, distress, and impairment are
prominent.

Primary headaches linked to sleep
HYPNIC HEADACHE

Hypnic headache is the sole example of a pure
sleep-related headache (Table 8.1). Headaches
tend to occur in the mid to latter portion of the
sleep period and patients are abruptly awakened
with pain (a.k.a. “alarm clock” headache due to
the tendency to occur at approximately the same
time each night). A review pooled data from all
published reports of hypnic headache between
1988 and 2014 (250 cases).6 Hypnic headache is
relatively rare and accounts for less than 0.1% of
all headaches and only 1.4% of geriatric headaches. The majority of cases were female (65%). The
mean age of headache onset was 61 years, although
younger patients were also found. Five cases of
hypnic headache have been reported in children.

Table 8.1 International Classification of Headache Disorders—3rd Edition, Beta Version3
diagnostic criteria for hypnic and sleep apnea headache
Hypnic headache
A. Recurrent headache attacks fulfilling criteria B–E
B. Developing only during sleep and causing wakening
C. Occurring on ≥10 days per month for >3 months
D. Lasting ≥15 minutes and for up to 4 hours after waking
E. No cranial autonomic symptoms or restlessness
F. Not better accounted for by another ICHD-3 diagnosis
Sleep apnea headache
A. Headache present on awakening after sleep and fulfilling criterion C
B. Sleep apnea (Apnea–Hypopnea Index ≥5) has been diagnosed
C. Evidence of causation demonstrated by at least two of the following:
1. Headache has developed in temporal relation to the onset of sleep apnea
2. Either or both of the following:
a. Headache has worsened in parallel with worsening of sleep apnea
b. Headache has significantly improved or remitted in parallel with improvement
in or resolution of sleep apnea
3. Headache has at least one of the following three characteristics:
a. Recurs on >15 days per month
b. All of the following:
i. Bilateral location
ii. Pressing quality
iii. Not accompanied by nausea, photophobia, or phonophobia
c. Resolves within 4 hours
D. Not better accounted for by another ICHD-3 diagnosis
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The average attack duration was 162 ± 74 minutes,
with a frequency of 21 ± 10 days per month, 68%
were bilateral, 94% were moderate or severe, and a
third of cases also had migraine. Two of the studies had also assessed sleep apnea and identified a
high incidence of obstructive sleep apnea (73% and
83%). A few studies have reported an association
between hypnic headaches and sleep disorders
such as decreased sleep efficiency, restless legs,
snoring, and sleep apnea.7–10
CLUSTER HEADACHE

Cluster headache is characterized by a circadian
pattern, and sufferers have been found to be at
substantial risk for sleep apnea. Circadian patterns
were reported, with 75% of attacks presenting from
9:00 p.m. to 10:00 a.m. Headaches last for weeks
or months, followed by remissions that could last
for several months to years.3,11,12 Prevalence is less
than 1% of the population, and the majority of
sufferers are male.3 Attacks are accompanied by
cranial autonomic features (e.g., ipsilateral conjunctival injection, lacrimation, nasal congestion,
rhinorrhea, forehead and facial sweating, miosis,
ptosis, or eyelid edema) (Table 8.1).
Cluster headache patients are at risk for sleep
apnea. A study of 37 cluster headache patients who
underwent polysomnography identified a fourfold
increase in the incidence of sleep apnea relative to
age- and gender-matched controls (58% versus 14%,
respectively), and this risk increased to 24-fold in
overweight and obese patients (body mass index
[BMI] ≥25 kg/m2).11 Another report found sleep
apnea in 80% of cluster patients (n = 25/31) who
underwent polysomnography.12 Management is
described below, but the diagnosis of cluster headache should raise suspicion for sleep apnea.
CHRONIC PAROXYSMAL HEMICRANIA

Chronic paroxysmal hemicrania (CPH) is a variant
of cluster headache, except with female rather than
male preponderance and higher-frequency and
shorter-duration attacks.3 Headache symptoms
closely resemble cluster, with severe and unilateral orbital, supraorbital, or temporal pain associated with one or more cranial autonomic features.
Conversely, attacks usually last only 2–30 minutes,
but may recur often, with at least five attacks per
day. Attacks are more likely to occur at night, similarly to cluster.13 In the 1980s, polysomnographic
studies found that attacks often occurred in rapid

eye movement (REM) sleep, and thus the term
“REM-locked” headache disorder became synonymous with CPH.14,15
MIGRAINE HEADACHE

Migraine is the most common neurological disorder, occurring in 12% of the population worldwide
with a 3:1 female:male preponderance.3 Headaches
are often unilateral, pulsatile, and associated with
nausea and/or vomiting. One in five migraineurs
experiences visual or other sensory auras prior to
the onset of headache. Chronobiological patterns
and sleep-related triggers (presented below) are
well evidenced in migraine. Prospective longitudinal studies showed migraine attacks occur following a monophasic sinusoidal 24-hour cycle,
peaking during morning16 or midday17 (Figure 8.1).

Chronic migraine
Sleep has been implicated in the progression of
episodic to chronic migraine. The diagnosis of
chronic migraine is employed when headache frequency equals or exceeds 15 days each month, and
is a common diagnosis presenting to neurology
and multidisciplinary headache clinics and a leading cause of disability.18–20 Often, chronic migraine
presents as daily (often unremitting) or near-daily
headache. A history of transformation from episodic to chronic migraine over time is a frequent
clinical scenario (a.k.a. transformed migraine or
chronic daily headache). Progression or chronification of migraine has been well evidenced in the
literature, and snoring and sleep disturbance have
been identified as being among the risk factors for
progression (as well as medication overuse, psychiatric comorbidity, stress, obesity, and others).21,22
TENSION-TYPE HEADACHE

TTH is by far the most common headache, distinguished from migraine by its non-pulsatile, pressing, often bilateral pain, which is mild to moderate
and less often severe.3 Unlike migraine, tension is
not usually exacerbated by physical activity and
vomiting, although mild nausea, photophobia, or
phonophobia may occur. Headache is subclassified
by the presence or absence of pericranial muscle
tenderness. Headaches are subclassified by frequency as episodic or chronic (15 or more headache days per month or >180 days per year) and
may also be unremitting. The 1-year prevalence of
episodic forms is 42% of adults, and the prevalence
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Figure 8.1 Chronobiological pattern in migraine: 24-hour temporal distribution of headache attacks.
A 24-hour temporal distribution of migraine, plotting the time of headache onset from 2302/2314
headache attacks (12 cases missing data for time of onset) and showing peak onset after noon.
(Reproduced with permission from Alstadhaug K, Salvesen R. Headache 2007; 48: 95–100.)

of chronic forms is 2%–3% of adults.20 Chronic
TTH is the most common headache symptom
pattern to present secondary to sleep apnea and
other sleep-related breathing disorders,23 and as
described below, sleep is a recognized headache
trigger.

Secondary headache
SLEEP APNEA HEADACHE

SAH is the only formal diagnosis of headache secondary to a sleep disorder, coded within “Headache
attributed to hypoxia or hypercapnia,” although its
mechanisms and criteria have not been validated
(see Table 8.1).3 The headache is defined by proximity to sleep in the context of a confirmed sleep
apnea diagnosis and is often called “awakening
headache.” Headache is present in the morning
upon awakening from sleep. Pain location, quality and associated features often resemble tension
headache, although headache is often distinct from
tension and migraine in its high-frequency, shortduration attacks. Alberti et al.24 demonstrated that
SAH presents commonly as bilateral (53%) versus
unilateral (47%); frontal (33%), frontotemporal,
(28%) or temporal in location (16%); usually with
pressing/tightening pain (79%); and of mild (47%)
or moderate intensity (37%), but can be severe
(16%). SAH may present as a new-onset headache or
otherwise as an exacerbation of primary headache,

especially those described above. Effective treatment of apnea may resolve headache or revert it to
an earlier form of primary headache.

Mechanisms of SAH
Mechanisms of SAH remain a subject of debate.
SAH is classified as a secondary condition attributable to a disorder of homeostasis.3 However,
the authors of the diagnostic criteria note that it
is unknown whether headache is a function of
“hypoxia, hypercapnia, or disturbance in sleep.” A
comprehensive literature review concluded that it
was unclear whether the mechanisms underlying
SAH were hypoxemia or hypercapnia, or instead
another non-respiratory consequence of sleep
apnea (i.e., sleep disturbance, autonomic arousal,
cervical/cranial muscle tension, or intracranial
cerebrospinal fluid pressure changes).25 Objective
polysomnographic evidence supporting metabolic mechanisms of SAH was published by Loh
et al.,26 who observed a dose–response relationship between apnea severity (e.g., apneic events
and oxygen desaturation) and severity of morning
headache.
Persuasive recently published evidence found
nocturnal intermittent hypoxemia to be an independent risk factor for headache, as well as other
pain complaints.27 Data from the largest longitudinal cohort study to date examining sleep—the
Cleveland Family Study—compared spontaneous
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pain reports with recurrent nocturnal hypoxemia
versus sleep. The authors concluded that nocturnal
hypoxemia increased the risk for both headache
and chest pain, independent of sleep disturbance;
the association remained significant after controlling for systemic inflammation. When comparing
the lowest quartile of oxygen saturation (saturation
less than 75%) with the highest quartile (saturation
greater than 92%), odds ratios (ORs) doubled for
self-reported morning headache (OR = 2.1 [CI:
1.2–3.7]), headache disrupting sleep (OR = 1.8
[CI: 1.3–2.7]), and chest pain in bed (OR = 2.2 [CI:
1.3–3.6]).
Although the evidence regarding hypoxemia is
compelling, significant experimental evidence has
been published that shows that hypoxemia and
respiratory measures did not account for SAH.28–31
For example, Chen et al.32 found headache to be
more common in apneics (27%) compared to primary snorers (16%) among 268 consecutive snorers undergoing sleep studies, but headache was
not accounted for by oxygen desaturation or apnea
severity. Furthermore, the OR (adjusted for gender,
age, BMI, and smoking) for sleep apnea (adjusted
OR = 2.6) was actually lower than for other predictors, including migraine diagnosis (6.5), insomnia
(4.2), and psychological distress (3.9). Finally, evidence supporting multiple mechanisms was published by Alberti et al.,24 who compared patients
with sleep apnea versus insomnia and found that
approximately half of each group exhibited awakening headache, although the likelihood was greater
with apnea, especially for more severe sleep apnea.

Primary sleep disorders

Table 8.2 International Classification of Sleep
Disorders—3rd Edition4 diagnostic criteria for
exploding head syndrome
Diagnostic criteria (A–C must be met)
A. There is a complaint of a sudden loud noise
or sense of explosion in the head either at
the wake–sleep transition or upon waking
during the night.
B. The individual experiences abrupt arousal
following the event, often with a sense of
fright.
C. The experience is not associated with
significant complaints of pain.

sleep-to-wake transition. The condition appears
to be a sensory variant of the better-known transient motor phenomenon of sleep starts or hypnic
jerks occurring at wake–sleep transition. The neurophysiologic mechanisms underlying these hypnagogic phenomena are unknown. There are few
studies on exploding head syndrome.33 In one
study of nine patients with a history of the syndrome using polysomnographic recordings, five
patients reported the sensation of “explosions”
during the recording period, and in each case, the
electroencephalogram (EEG) demonstrated that
the patients were awake and relaxed. Two attacks
were characterized by EEG arousals, while no EEG
changes were observed in the remaining three. No
epileptiform activity was recorded in any case.34

COMORBIDITY OF HEADACHE
AND SLEEP DISORDERS

EXPLODING HEAD SYNDROME

Population studies

The parasomnia exploding head syndrome (a.k.a.
sensory sleep starts or sensory sleep shocks) can
present as sleep-related headache. Although not
associated with pain, exploding head syndrome
may present to either the headache or sleep specialist. Exploding head syndrome is a parasomnia
(Table 8.2) rather than a headache disorder, and
is classified by the ICSD-3.4 The condition is not
included in the ICHD-3 because of the absence of
pain, although many papers and reviews include
exploding head syndrome among papers on
unusual and short-lived headaches.
The syndrome is considered to be a rare
and benign disorder of the wake-to-sleep or

Observational studies document relationships
between chronic headache and sleep disorders,
particularly insomnia. Using data collected by the
Nord-Trondelag Health Study (HUNT-3), a crosssectional analysis of 297 individuals found severe
sleep disturbance was threefold more likely among
those with TTH (n = 135) and fivefold more likely
among those with migraine (n = 51) than those
without headache.35 Those with chronic headache were 17-fold more likely to have severe sleep
disturbance.36
Boardman et al.37 conducted a cross-sectional
study within the United Kingdom and identified a relationship between headache severity and
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sleep (i.e., trouble falling asleep, waking up several
times, trouble staying asleep, or waking after usual
amount of sleep feeling tired or worn out). Among
2662 respondents, headache frequency was associated with slight (age and gender adjusted OR = 2.4
[1.7–3.2]), moderate (OR = 3.6 [2.6–5.0]) and severe
(OR = 7.5 [4.2–13.4]) sleep complaints. Likewise, a
European study using 18,980 telephone interviews
found that “chronic morning headache” was associated with increased rates of insomnia (OR = 2.14
[1.79–2.57]).38
In a cross-sectional study of 1000 Copenhagen
residents, Rasmussen39 found that “sleep problems”
were more common in TTH than migraine or the
general population; waking non-refreshed was
more common among women with TTH and with
migraineurs than in the general population. The
12-year follow-up survey of the Lyngberg et al.40
cohort determined sleep problems to be associated
with a poorer headache outcome (i.e., at least 180
headache days/year at follow-up due to increased
frequency from episodic to chronic or unremitting) in those individuals with sleep complaints
(OR = 2.7 [1.1–6.3]) for TTH but not migraine.
Poorer prognosis for TTH was predicted by fewer
hours of sleep (OR = 1.4 [1.1–2.0]), waking unrefreshed (OR = 2.0 [1.1–3.7]), and fatigue (OR = 2.5
[1.3–4.6]).41

Clinical studies
Sleep disorders are increased in migraine and TTH.
Sancisi et al.42 matched chronic headache patients
from a neurology service with episodic headache
controls. The sample of 105 chronic headache sufferers included 50 probable migraine with medication overuse, 30 probable tension headache with
medication overuse, 4 chronic migraine, and 21
chronic tension headache; patients with chronic
headache were at substantially greater risk of insomnia every day than episodic headache controls (54%
vs. 24%; OR = 2.71 [1.2–6.4]), sleep apnea and/or
snoring (49% vs. 37%), daytime sleepiness (49% vs.
24%), and anxiety and/or depression (43% vs. 27%;
OR = 2.11 [1.2–3.8]). Risk of insomnia was especially high; 68% of the chronic headache sample
reported insomnia, including 23% reporting daily
use of hypnotics (vs. 10% of the episodic headache
sample). Further multivariate analysis showed that
the presence of insomnia was independently associated with chronic headache (OR = 5.01 [2.3–10.9]).

Other variables independently associated with
chronic headache were lower education, lower age
of headache onset, and antidepressant therapy.
While antidepressant use is probably a marker for
more severe psychiatric comorbidity, they are also
commonly employed in headache prophylaxis.

Prospective population studies
Insomnia has been shown to be a risk factor for
new-onset headache. Longitudinal research has
identified insomnia as a risk factor for TTH. The
HUNT was one of the largest longitudinal population health studies in history, and headache was
included in the collection of the health histories
of 75,000 individuals in Norway, beginning in
1984–1986 (HUNT-1) and assessed again at regular intervals. Insomnia (HUNT-2, 1995–1997) was
found to predict new-onset headache 11 years later
(HUNT-3, 2006–2008).36 Of 15,268 headache-free
individuals in HUNT-2, a total of 2323 individuals developed new-onset headache in HUNT-3,
most of which was TTH (n = 1299 vs. n = 388
for migraine, n = 251 for probable migraine and
n = 370 for unclassifiable headache). After controlling for gender, age, and sleep medication,
insomnia was associated with increased risk during the 11-year interval for TTH (Relative Risk
[RR] = 1.4 [1.2–1.8]) and both migraine (overall
RR = 1.4 [1.0–1.9]) and unclassifiable headache
(RR = 1.4 [1.0–2.0]). For those with insomnia who
reported impairment in ability to work, there was
a 60% increased risk (RR = 1.6 [1.3–2.1]) for developing headache compared to those with insomnia
but without work impairment.
The pattern of progression or transformation
from episodic migraine and TTH into chronic
headache subforms (i.e., “chronification”) has been
documented.43 Risk factors for this phenomenon
include medication overuse, psychiatric comorbidity, stress, obesity, other pain and sleep variables (habitual snoring and sleep disturbance).44
Regulation of sleep and early detection of sleep
disorders could eventually be used as tools of primary or secondary prevention in order to halt progression, although research is needed to explore
this possibility. At this time, however, there are few
drawbacks in headache patients pursuing efforts to
regulate sleep, as these strategies are highly compatible with and easily integrated into usual headache care.45
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Sleep dysregulation triggers
headache
Sleep dysregulation (e.g., sleep disturbance, sleep
loss, or oversleeping) is one of the most frequent
acute “headache triggers” for migraine and TTH.
Stress, menstruation, and fasting are other commonly cited triggers.46,47 Both short or long sleep
patterns have also been associated with chronic
migraine. The Kelman and Rains study48 described
the association of sleep duration and migraine
severity in 1283 patients; 398 short sleepers (sleeping less than 6 hours per night) exhibited greater
headache frequency than 573 normal sleepers, who
slept 6–8 hours per night (Table 8.3). Headache
frequency for a small group of 73 long sleepers
(sleeping greater than 8 hours per night) was 18
headache days per month, which was similar to
short sleepers, although the trend was not statistically significant.
PROSPECTIVE TIME-SERIES ANALYSIS

Sleep triggers for migraine and TTH were confirmed prospectively using time-series analysis.
Houle et al.49 examined relationships between
daily stress, sleep duration, and headache severity
(recorded four times daily) over 28 days of self-monitoring. The relationship between sleep and headache intensity was nonlinear, with both extremes
of the sleep period distribution (short = <6 hours;
long = >8.5 hours) associated with increased headache. The lowest headache severity was associated
with traditional sleep periods lasting 7–8 hours.
Interestingly, there was an interaction effect with
stress that suggested that sleep might be a moderator in the stress/headache relationship; headache was most severe when high stress occurred in
conjunction with low sleep duration over a 2-day

period. Data suggest consistent sleep durations of
7–8 hours may have a stress-buffering effect, supporting the regulation of sleep in headache management, especially during periods of stress.
Kikuchi et al.50 compared sleep over a 7-day
interval using autography, and headache intensity was recorded in electronic diaries at 6-hour
intervals (four times daily) in 27 tension headache
patients (74% chronic), the majority of whom were
female. Oversleeping was associated with headache, although insufficient sleep, which earlier
studies identified as a frequent headache trigger,
was not associated with subsequent headache.
Potentially, a longer assessment period, such as
the 28-day interval used by Houle et al.,49 would
have increased the power to identify an effect of
sleep loss.

MODELS OF POTENTIAL
MECHANISMS FOR SLEEP-RELATED
HEADACHE
Shared neuroanatomy
Several recent papers have discussed the potential
underlying mechanisms of sleep-related headache.51–54 The convergence of sleep and headache
disorders is generally believed to have its basis
in neuroanatomical connections and neurophysiological mechanisms, particularly involving the hypothalamus, serotonin, and melatonin.
Wakefulness depends principally on the functioning of the reticular activating system in the brainstem, which is maintained by influences of cortical
neurotransmitters such as norepinephrine, dopamine, and acetylcholine. Non-REM sleep is primarily controlled by influences from the basal
forebrain, with the functions of non-REM sleep

Table 8.3 Increased headache frequency with short and long sleep duration
Average sleep duration

Headache days per month
All headache days
Severe headache days
Headache-free days

(n = 398)
Short sleep
(<6 hours/night)

(n = 573)
Normal sleep
(6–8 hours/night)

(n = 73)
Long sleep
(>8 hours/night)

17.6a
7.3a
8.7a

15.1a
5.9a
11.0a

17.5
6.6
9.3

Source: Data from Kelman L, Rains JC. Headache 2005; 45(7): 904–910.
a p < 0.001; n = 1044.
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maintained by gamma-amino-butyric acid from
basal forebrain neurons. REM sleep-generating
processes have been localized within the dorsolateral pontine tegmentum. REM sleep is initiated by
the release of acetylcholine, which activates pontine neurons. Serotonin is abundant in the dorsal
raphe nuclei and has a well-established but incompletely delineated role in acute migraine. The trigeminal nucleus caudalis in the pons and midbrain
has been considered to be a potential “migraine
generator” by some researchers, since there
appears to be activation of the vascular structures
that are supplied by this nucleus during migraine
attacks. However, many of the migraine symptoms, especially those associated with prodrome
and aura, are more likely to be the result of hypothalamic or cerebral cortical activity and include
clinical features such as yawning, hunger, cravings,
fatigue, mood changes, and sensory and visual distortions. The hypothalamus, which is the location
of the suprachiasmatic nuclei, has extensive connections, some of which include connections to the
limbic system, pineal gland (a source of neuronal
melatonin), and brainstem nuclei involved in autonomic efferent control (nucleus tractus solitarius),
sleep stage and motor control (locus ceruleus),
and pain modulation (periaqueductal gray matter). Melatonin is well established as a factor in
circadian rhythmicity and might have therapeutic efficacy in cluster headache. Further study of
headache syndromes that exhibit chronobiological
patterns, such as cluster headache, have the most
potential to provide a clearer understanding of the
anatomical and physiological links between headache and sleep.

Functional bio-behavioral model
Sleep disturbance is a trigger for migraine and
TTH; this is well evidenced by prospective studies,
including the time-series studies described above.
Interestingly, there is evidence that the reverse is
also true—headache triggers sleep disturbance.
Headache sufferers tend to rest, nap, and sleep as
a palliative response to pain. Haque et al.55 examined headache triggers and relieving factors in
500 patients presenting for treatment to a large
neurological practice who were diagnosed with
migraine and TTH. Sleeping (52% TTH and 58%
migraine) and medication taking (50% TTH and
61% migraine) were the most commonly endorsed

means of headache relief. Similarly, in a young nonclinical sample of individuals with TTH, Ong and
colleagues56 identified sleeping (81%) and medication taking (75%) as the most common responses
to pain.
The bidirectional nature of sleep and headache
is the basis of the biobehavioral model that has
been proposed to explain the vicious cycle of sleep
dysregulation and chronic headache.57 Using a prevailing theory of basic sleep processes (two-process
model of sleep/wake regulation, depicting the
interplay of homeostatic sleep drive and circadian
processes) and conceptual understanding of the
development of chronic insomnia (“3-P model”
for insomnia including predisposing, precipitating, and perpetuating factors), Ong and Park57
proposed three tenets: (1) the palliative behavioral response to headache of sleeping/resting can
precipitate and perpetuate sleep disturbance over
time; (2) the subsequent disruption in sleep physiology increases the propensity for headache; and
(3) over time, this vicious cycle may serve to transform episodic headache into chronic headache.
These tenets parallel the well-known phenomenon
in which daytime napping undermines the nocturnal sleep drive and causes increased night awakenings, which in turn leads to increases in daytime
tiredness and more napping, which further disintegrates nocturnal sleep. This cycle undermines
the basic physiological sleep/wake processes,
which also happens to be critical in the regulation
of pain and headache.

MEASUREMENT OF SLEEP
Polysomnography
The gold standard of objective sleep measurement remains polysomnography, or technologist-attended overnight assessment of multiple
physiologic parameters including EEG, respiration, cardiac activity, and movement.58 Testing
may be laboratory based, but may be unattended
using ambulatory equipment. Polysomnography is
necessary in order to document complex sleep-disordered breathing, narcolepsy, and parasomnias.
When headache is evaluated in relation to sleep,
polysomnography can identify specific sleep-stage
and headache antecedents. Limited-channel EEG
cassette recordings may be used to assess sleep
parameters only.59 Unattended cardiorespiratory
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monitoring is increasingly utilized in order to
assess obstructive sleep apnea.60

Actigraphy
This activity monitor or motion detector has been
used to infer sleep and waking states based on activity level.61 Industry is increasingly promoting the use
of smartphones and other devices that contain accelerometers and could assess correlates of movement
that suggest sleep. Actigraphy requires patients to
wear a small wristband recording device that records
and stores activity data, which are later downloaded
for evaluation. Sleep is inferred by extended periods
of inactivity so that approximate sleep time can be
determined for patients who are relatively inactive
during sleep and maintain a normal activity level
while awake. Actigraphy may be a cost-effective
tool for validating self-report diary data and measuring the timing and duration of sleep in circadian
rhythm disorders and insomnia over days or weeks.
Statistical correlations for actigraphy with one night
of polysomnography varied by the sleep variable of
interest, such as time in bed (r = 0.99), total sleep
time (0.68), sleep onset (0.87), wake after sleep onset
(0.69), total wake time (0.74), and sleep efficiency
(0.67).62 Actigraphy has been employed in migraine
research,63,64 although rarely. To our knowledge,
commercially available accelerometers have not
been validated against polysomnography.

Questionnaires
A wide variety of questionnaires are available
to assess sleep disorders, sleep quality, daytime
sleepiness, sleep-related psychosocial functioning,
impairment, and quality of life. These questionnaires vary in level of psychometric development,
and are reviewed elsewhere.65–68 The Berlin Sleep
Questionnaire68 identified high- versus low-risk
patients for obstructive sleep apnea (OSA) in
the primary care environment (sensitivity 86%,
specificity 77%, positive predictive value 89%,
likelihood ratio 3.79) based on patient’s neck circumference, habitual snoring, or witnessed apnea
and hypertension. Questionnaires are available for
a wide range of conditions (e.g., insomnia, restless
legs, daytime sleepiness, headache, and sleep quality of life). Interestingly, validated questionnaires
have been rarely utilized in studies of sleep-related
headaches.

Mnemonics
In adults, simple screening questions can direct the
sleep history to identify patients who are “at risk”
of sleep disorders. Inquiring about the Restorative
nature of the patient’s sleep, Excessive daytime sleepiness, tiredness or fatigue, the presence of habitual
Snoring, and whether the Total sleep time is sufficient can be revealing. The mnemonic REST can
help the clinician to remember these four key questions in the screening history. Likewise, the STOPBANG questionnaire has been validated in the
general medical population for quickly screening for
sleep apnea with the variables of Snoring, Tiredness/
sleepiness, Observed apnea, blood Pressure, Body
mass index, Age, Neck circumference, and Gender.69

Sleep history
The basic elements of a 24-hour sleep history include:
presleep routine, sleep period (sleep latency, duration
of sleep relative to time in bed, and mid-cycle and
early morning awakenings), nocturnal perturbations
(e.g., respiratory, movement, and waking), awakening
headache features if reported (e.g., location, ancillary
symptoms, severity, and duration untreated), daytime function (e.g., napping, alertness vs. sleepiness,
and fatigue) and substances or behavioral measures
to promote sleep (e.g., hypnotics, alcohol, bedtime
rituals, or white noise) or wake (e.g., caffeine, nicotine, snacks, boost activity, or other stimulation).
The history may be supplemented with bed partner
report and questionnaires in order to assess sleep
apnea, insomnia, restless legs, etc.

Sleep diary
Paper-and-pencil and electronic sleep diaries are
probably the most commonly used systematic selfreport tools for sleep assessment. With once-a-day
monitoring, subjective estimates can be obtained
over time in terms of the regularity, duration, and
quality of sleep. Typical findings of general interest are latency to sleep onset, number and duration of nocturnal awakenings, total sleep time
relative to time in bed (i.e., sleep efficiency), sleep
quality ratings, daytime sleepiness and alertness,
and napping. Monitoring can also include other
specific variables that are potentially related to
sleep, such as headache (combined headache/sleep
diary) (Figure 8.2).70 Interestingly, sleep diaries are
seldom employed in headache research, although
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DAILY HEADACHE SELF-MONITORING FORM
NAME:
SOCIAL SECURITY NUMBER:
PATIENT ID NUMBER:
DIRECTIONS: Four times each day, please rate your headache intensity, disability level, and stress using the rating scales
below. Mark the times that you were sleeping and eating by coloring (or putting x) in the boxes. You may indicate ½
hour increments by coloring ½ of a box (or use slash). Also, record body temperature, whether menstruating, and ratings
of sleep amount and sleep quality.
HEADACHE INTENSITY
10 EXTREMELY PAINFUL....My headache is so painful that I
can’t do anything.
9
8 VERY PAINFUL.................My headache makes concentration
difficult, but I can perform
demanding tasks.
7
6 PAINFUL............................My headache is painful, but I
can continue what I am doing.
5
4 MILDLY PAINFUL.............I can ignore my headache most
of the time.
3
2 SLIGHTLY PAINFUL........I only notice my headache when I
focus my attention on it.
1
0 NO HEADACHE

DISABILITY
10 COMPLETELY IMPAIRED
(Bedrest)
9
8 SEVERELY IMPAIRED
7
6 MODERATELY IMPAIRED
5
4 MILDLY IMPAIRED
3
2 MINIMALLY IMPAIRED
1
0 NO IMPAIRMENT

STRESS
10
9
8
7
6
5
4
3
2
1
0

EXTREMELY
VERY
MODERATELY
MILDLY
SLIGHTLY
NO STRESS

SLEEP
AMOUNT
10 TOO MUCH
9
8
7
6
5 PERFECT
4
3
2
1
0 TOO LITTLE

SLEEP
QUALITY
10
9
8
7
6
5
4
3
2
1
0

EXCELLENT
VERY GOOD
GOOD
FAIR
POOR
VERY POOR

WEEKLY MEDICATION LIST (AND AMOUNT):

DATE:

12a 1a 2a 3a 4a 5a 6a 7a 8a 9a 10a 11a 12p 1p 2p 3p 4p 5p 6p 7p 8p 9p 10p 11p

MONDAY

HEADACHE:

TEMP

MENSES

Y-N

DISABILITY:
STRESS:

SLEEP
AMOUNT

SLEEP:
MEAL/SNACK:
MEDICATION (AND AMOUNT):

COMMENTS:

SLEEP
QUALITY

Figure 8.2 Headache diary. Daily headache monitoring in relation to precipitants: sleep, stress,
meals, and menstruation. (Reproduced with permission from Rhudy JL, Penzien DB, Rains JC. SelfManagement Training Program for Chronic Headache: Therapist Manual. Available at: https://www.
apa.org/pubs/videos/4310731-diary.pdf)

headache diaries are commonly used and are
familiar tools in headache research.

CLINICAL IMPLICATIONS
While there are no empirically established algorithms to guide clinical practice, there are at least a
few empirically supported tenets. The review provided in this chapter supports the following recommendations for identifying potentially important
sleep disorders in common headache disorders.

The headache practitioner would be encouraged
to approach sleep in a systematic manner as presented below (Figure 8.3).71

Diagnose headache using
ICHD-3 criteria
Recommendations are provided according to
ICHD-3 primary and secondary headache diagnoses and are based upon diagnosis-specific risk for
sleep and psychiatric disorders.
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Standard headache evaluation with
screening sleep history

Determine ICHD-3 headache diagnosis

Sleep apnea headache
(suspect any frequent
“awakening headache”)

Cluster
headache

Hypnic
headache

Chronic
tension-type (or
frequent episodic)

Chronic
migraine

Migraine +/– aura
(episodic)

Tension-type
(infrequent
episodic)

Sleep history & screening tools

OSA, other sleep
breathing disorder;
primary hypersomnia;
severe parasomnia

Insomnia

Circadian
rhythm

No sleep disorder
or complaint

Psychiatric
disorder
Polysomnography
and/or sleep consult

Referral to specialist for
cognitive-behavior therapy

Behavioral sleep
modification

Psychiatric consult
and/or treatment

“Headache trigger”
self-management

Figure 8.3 Algorithm for sleep-related headache. (Reproduced with permission from Rains JC, Poceta
JS. Curr Treat Options Neurol 2010; 12: 1–15.)

Collect sleep history
The basic sleep history as described above may
be supplemented by standardized questionnaires
to assess “awakening headache” or other headache proximally related to sleep. The sleep history
includes circadian rhythms, sleep habits, daytime
sleepiness or fatigue, and abnormal behaviors of
sleep. Responses to behavioral and pharmacological treatments are monitored in the headache diary
over time. Sleep patterns may also help to determine the choice of prophylactic headache treatments, with more-sedating agents preferred in
cases of insomnia, while more-alerting or neutral
agents are preferred for hypersomnolent headache
patients.71

Rule out sleep apnea headache in
high-risk diagnoses (suspect any
awakening headache)
The diagnosis of cluster, hypnic, chronic migraine or
TTH or any headache that usually emerges during

sleep or at the termination of sleep—also known as
awakening headache warrants screening for sleep
apnea and other major sleep disorders. As noted
above, SAH is suspected in cases of new-onset
headache or exacerbation of a pre-existing primary
headache. A diagnosis of cluster headache carries
an 8.4-fold increased risk of sleep apnea and 24-fold
increased risk in overweight patients11; thus, while
a review of symptoms and risk factors is encouraged, the threshold for polysomnography is probably met based on diagnosis alone and the potential
to improve cluster headache control with treatment
for apnea. The available evidence indicates a marked
increased incidence of sleep-disordered breathing
among cluster headache patients, and that treatment
of the apnea can improve this form of headache.72,73
Likewise, hypnic headache probably warrants polysomnography based on anecdotal evidence implicating sleep-disordered breathing.
When headache frequently occurs during or
after sleep onset or upon awakening, it is prudent to screen for the presence of significant
sleep disorder or disturbance. The identification
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of obstructive sleep apnea or other sleep-related
breathing abnormalities is particularly important
because of the potential for headache to improve
with treatment of the apnea,74 as well as to avert
the significant morbidity and mortality associated
with sleep apnea.
Patients with suspected sleep apnea warrant
diagnostic testing and treatment according to
sleep medicine evidence-based guidelines.58 The
clinical symptoms, risk factors, and common
treatments for obstructive sleep apnea are presented (Table 8.4).71
Table 8.4 Identification and treatment of
obstructive sleep apnea
Clinical symptoms
• Habitual snoring
• Wake gasping
• Witnessed apnea
• Morning headache
• Hypersomnia or insomnia
• Night sweats
• Nocturia
Risk factors
• Obesity (↑ body mass index, neck, chest,
waist, and hips)
• Male gender (male preponderance reduced
in elderly)
• Age (positive correlation)
• Family history
• Craniofacial morphology and oral anatomy
• Neuromuscular disorders
• Substances (e.g., tobacco, alcohol, and
sedatives)
Treatment options
• Positive airway pressure (continuous,
bi-level, or adaptive servo-ventilation for
central or complex apnea)
• Oral appliances (mandibular advancement
devices and tongue retaining devices)
• Surgery (e.g., uvulopalatopharyngoplasty,
tonsillectomy, and tracheostomy)
• Hypoglossal nerve stimulation
• Oxygen case by case
• Conservative measures
• Positional therapy to avoid supine sleep
• Weight loss
• Avoid alcohol, muscle relaxants, anxiolytics,
sedatives, and hypnotics

The probable presence of obstructive sleep apnea
as well as hypersomnia and other major sleep disorders warrants referrals for diagnostic testing and
treatment. The identification and management of
primary sleep disorders can be crucial not only for
optimal head pain management, but also for managing the often substantial medical consequences
of the sleep disorders themselves. Reevaluation of
the headache at 1 month following the initiation of
treatment for the sleep disorder is recommended.

Behavioral sleep reregulation
for chronic headache
Among patients with chronic migraine and TTH,
insomnia is the most common sleep complaint,
being reported by half to two-thirds of clinic
patients. Chronic headache sufferers should be
screened for sleep disorders, particularly in cases
that are refractory to standard treatments (e.g.,
prophylaxis or withdrawal from medication overuse). Episodic migraine and TTH patients may
benefit from screening for sleep disorders when
the history suggests a significant sleep complaint
or daytime sleepiness.
Chronic migraine and TTH sufferers should be
encouraged to employ behavioral sleep regulation,
which has been shown to significantly improve
chronic migraine (Table 8.5).75 More extensive
behavioral insomnia treatments are available by
referral. Although there are no studies demonstrating that headache improves solely with pharmacologic treatment for insomnia, pharmacologic
treatment may be appropriate on a case-by-case

Table 8.5 The five-component behavioral sleep
intervention of Calhoun and Ford
1. Schedule consistent bedtime that allows
8 hours in bed.
2. Eliminate watching television, reading, or
listening to music in bed.
3. Use visualization techniques to shorten time
to sleep onset.
4. Move supper to at least 4 hours before
bedtime and limit fluids within 2 hours of
bedtime.
5. Discontinue naps.
Source: Adapted from Calhoun AH, Ford S. Headache
2007; 47: 1178–1183.
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basis. There are no data to recommend a particular
sleep aid for headache patients from the available
hypnotic, anxiolytic, or sedating antidepressants,
but tailoring treatment to symptom patterns would
be in order.

Screen for psychiatric comorbidity
in chronic headache
Individuals with chronic migraine and TTH are at
increased risk for psychiatric disorders.76 Sleep disturbance and daytime sleepiness are symptoms of
a number of psychiatric disorders, and they occur
in the majority of patients with depression, anxiety, and chemical dependencies.19 Thus, the threshold for screening is met when either insomnia or
hypersomnia is present in the headache sufferer.
Psychiatric referral or treatment may be indicated. While there is little research to direct treatment, recognition of insomnia with depression or
anxiety may guide headache prophylaxis towards
sedating antidepressants or anticonvulsants, while
hypersomnia would call for neutral or more-alerting medications.71

Manage sleep-related triggers
of episodic headache
All headache sufferers, and particularly patients
with episodic headache, may benefit from the
inclusion of sleep variables in trigger management.
Triggers are probably most accurately identified by
prospective self-monitoring because patients are
often unaware of the behavioral and psychosocial
precipitants. Headache diaries can be highly informative for patients as well as clinicians for identifying previously unrecognized headache patterns.
Diaries track the regularity, duration, and quality of sleep as headache triggers. Headache may
be linked to triggers such as sleep, stress, mood,
and diet when comprehensive diaries are used (see
Figure 8.1 above).70

RESEARCH CRITIQUE
There are methodological limitations in the sleep/
headache literature, particularly concerning headache classification, research design and methods,
and reporting. Many published studies, including
nearly all studies on SAH, have reported no formal
headache diagnosis for validating existing criteria

or enabling comparison of the phenomenon across
studies. The popular terminology of chronic,
morning, and awakening headache likely encompasses different forms of headache with varying
pathophysiologies and introduces substantial variance into the research equation. Consistent terminology such as that from the ICHD-3 and ICSD-3,
coupled with additional validation studies, would
foster meta-analyses and generalization across
studies.
Research methods have varied widely across
studies. Many studies employed small and selected
diagnostic groups rather than larger, unselected
samples of headache patients or the general population. A small number of subjects might be
unavoidable in certain circumstances because of
the rarity of certain disorders (e.g., hypnic headache). However, clinical studies most commonly
employ samples of convenience in which recruitment methods and sample characteristics are not
reported; thus, the stability of outcomes and generalizability are unknown. Likewise, the significance
of uncontrolled group outcome studies cannot be
determined.
Many studies have utilized non-standardized and subjective outcome measures, although
validated questionnaires are available for a wide
range of sleep and headache variables.1 Studies
that have reported objective polysomnographic
data to quantify measures of sleep have tended to
include small numbers of subjects. No doubt this
limitation is an unfortunate consequence of the
substantial costs and labor involved in conducting polysomnography. However, even low-cost
tools, such as standardized questionnaires and
sleep diaries, have rarely been utilized. Likewise,
many published polysomnographic studies date
back several years and would not meet the current standards for assessing, scoring, and reporting respiratory events and the microstructure of
sleep. Methodological improvements that have
been recommended for future research include the
use of controlled research designs, random sampling methods, ICHD-3 classification of headache,
objective or validated outcome measures, and
improved reporting. Intervention studies to assess
effects on headache that might manipulate sleep
duration or utilize hypnotic sedatives and cognitive–behavioral therapy to improve sleep quality
or otherwise treat specific sleep disorders would be
of value.
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CONCLUSION
The association between headache and sleep has
been long recognized in the medical literature, but
is still not fully understood. Although there is good
evidence supporting the comorbidity of headache
and sleep disorders, the nature, extent, and causes
of this comorbidity are debated. The empirical literature has yielded inconsistencies and, in some
cases, highly divergent outcomes, no doubt due in
part to the methodological limitations of the studies comprising the evidence base (e.g., imprecise
diagnoses, small numbers of subjects, varied sampling methods, lack of objective sleep measures,
other non-standardized measures, and inconsistent reporting). It is highly probable that the
pathogenic sources of sleep-related headache are
multifactorial and stem from the involvement of
common neuroanatomical structures and neurophysiological processes. With the rapid acquisition
of scientific advancements and knowledge regarding the complex interrelationships of functional
anatomical, neurological, and molecular processes
occurring over the last decade, there is great promise that future research that is specifically designed
to examine and better understand the associations
between headache and sleep disorders is close
at hand. Regardless, there are now at least a few
empirically supported tenets, and this chapter forwards a preliminary algorithm to guide clinicians
in identifying headache that is a consequence of
primary sleep disorders and identifying sleep variables that may impact the headache threshold, and
thereby providing a means by which to improve
headache management.
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Fibromyalgia (FM) is not a disease, but a syndrome
that is characterized by centralized sensitization
of afferent inputs into the spinal cord from tactile, chemical, thermal, and nociceptive stimuli,
which leads to amplified pain. Sleep pathology is
a unifying feature of the syndrome, and improvement in sleep architecture is the principal treatment goal.

CLINICAL ASPECTS OF FM
Evolution of the concept
References to the symptoms of FM date back to
biblical times and can be found in the books of Job
and Jeremiah among individuals whose insomnia
was associated with musculoskeletal discomfort.1
Modern understanding stems from observations
by Sir William Gowers in 1904 who coined the
term “fibrositis” to depict tender points in patients
with lumbago (back pain). Serious investigation
into tender points first took place in the early

Pain pathways in healthy and FM patients
The role of sleep in the etiopathogenesis of FM
The impact of disordered sleep in FM
The management of sleep disorders in FM
Ascertainment methodologies
Sleep hygiene
Medication
Summary
References

131
132
132
133
133
134
134
134
135

1800s, but its connection with fatigue and systemic symptoms is credited to Hugh Smythe and
Harvey Moldofsky at the University of Toronto
in the 1970s, who described alpha-wave intrusion
into delta-wave sleep on polysomnograms and correlated it with the presence of tender points.2 Work
by Muhammad Yunus in 1981 statistically correlated tender points with fatigue, functional bowel
disease, sleep pathology, tension headache, and
other systemic symptoms.3 The American College
of Rheumatology published statistically validated
working criteria for the syndrome in 1990, which
were followed by epidemiologic surveys to define
what constituted FM (Figure 9.1).4

Epidemiology
Population-based studies using the 1990
American College of Rheumatology criteria by
Wolfe et al. and White et al. showed that FM
had a prevalence of 2%–4% and was 8–9 times
more prevalent in women.5–7 Onset is primarily
127
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The 1990 ACR Criteria for Fibromyalgia
1. History of widespread pain.
Definition: Pain is considered widespread when all of the following
are present: pain in the left side of the body, pain in the right side
of the body, pain above the waist and pain below the waist. In
addition, axial skeletal pain (cervical spine or anterior chest or thoracic spine or low back) must be present. In this definition shoulder
and buttock pain is considered as pain for each involved side, “Low
back” pain is considered lower segment pain.
2. Pain in 11 of 18 tender point sites on digital palpation.
Definition: Pain, on digital palpation, must be present in at least 11
of the following 18 tender point sites:
Occiput: bilateral, at the suboccipital muscle insertions.
Low cervical: bilateral, at the anterior aspects of the inter-transverse spaces at C5-C7.
Trapezius: bilateral, at the midpoint of the upper border.
Supraspinatus: bilateral, at origins, above the scapula spine near
the medial border.
2nd rib: bilateral, at the second costochondral junctions, just
lateral to the junctions on upper surfaces.
Lateral epicondyle: bilateral, 2 cm distal to the epicondyles.
Gluteal: bilateral, in upper outer quadrants of buttocks in anterior fold of muscle.
Greater trochanter: bilateral, posterior to the trochanteric
prominence.
Knees: bilateral, at the medial fat pad proximal to the joint line.
For a tender point to be considered “positive” the subject must
state that the palpation was painful. “Tender” is not to be considered painful.
Note: For classification purposes patients will be said to have fibromy- Fibromyalgia tender points. (Adapted from “The Three Graces,”
Louvre Museum, Paris.)
algia if both criteria are satisfied. Wide-spread pain must have been
present for at least 3 months. The presence of a second clinical
disorder does not exclude the diagnosis of fibromyalgia.

Figure 9.1 1990 American College of Rheumatology criteria for fibromyalgia. (Updated and revised
with permission from Wallace DJ, Wallace JB. All about Fibromyalgia. New York/London: Oxford
University Press, 2003.)

between the ages of 20 and 50. Approximately 6
million people in the United States have FM, and
another 6 million have FM-related complaints but
never seek medical attention for them (termed
“community FM”). It is the third most common
reason for referral to a rheumatologist. In 2010, a
committee expanded the diagnostic variables to
include a widespread pain index and categorical
scales for cognitive symptoms, unrefreshed sleep,
fatigue, and a number of body symptoms.8 A
severity index was proposed that allows for longitudinal evaluation of patients. It is demonstrated
in Table 9.1. This new metric can be used along
with or instead of the 1990 criteria and is over
90% sensitive and specific.

Clinical overview
The key feature of FM is pain due to central sensitization, which is an exaggeration of sensory stimuli

and the perception of touch and pressure as pain.9
From an operational standpoint, FM requires 3
months of discomfort in individuals, with 11 of
18 specified tender points in all four quadrants
of the body. The presence of fewer FM-like tender
points in one to three quadrants is termed “myofascial pain syndrome” or “regional myofascial
pain.” “Primary FM” is of unknown cause, but
patients with “secondary FM” can trace the onset
of their symptoms to an inciting event or cumulative emotional or physical trauma. The most
common include inception after a trauma, a viral
process, untreated inflammatory arthritis, or lifting heavy loads with poor body mechanics. Most
of these individuals have preexisting risk factors
such as psychosocial stressors, poor sleep habits,
or myofascial pain syndrome. FM is a subset of
chronic widespread pain.10 This differs from the
1990 FM criteria in that it requires more diffuse
limb pain that is present in two or more sections
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Table 9.1 2010 preliminary American College of
Rheumatology diagnostic criteria for
fibromyalgia
Fibromyalgia can be diagnosed based on a
healthcare professional-administered
questionnaire if all three of the following
conditions are met:
1. Widespread pain index: the number of
painful body regions (scored 0–19, where
the patient has had pain over the previous
week with a score of at least 5).
2. Symptom severity scale that assesses
fatigue, waking unrefreshed and cognitive
symptoms, and quantifies the occurrence
of other somatic symptoms. Each
category is rated on a 0–3 scale with a final
score of 0–12. The somatic symptom
category includes over 20 complaints,
including muscle pain, numbness,
tingling, depression, dry mouth, bladder
spasm, etc.
3. Pain and symptoms present for 3 months or
longer with no other disorder to explain it.

of contralateral limbs, as well as axial pain present
for 3 months. These individuals have more severe
disability and higher levels of associated symptoms. Chronic widespread pain can also often be
present without tender points.
The principal symptoms and signs of FM are
listed in order of prevalence in Table 9.2.11,12 Fatigue is
a near-universal complaint and results in decreased
mental and physical endurance. Cardiopulmonary
disease, hypothyroidism, and inflammation must
be excluded as potential causes of fatigue. Although
some patients complain of fevers, the “feverish” sensation reflects autonomic or hormonal imbalances,
and true FM patients are always afebrile unless
infected. Tender lymph glands without lymphadenopathy are a frequent complaint. FM patients have
tenderness in their muscle regions without inflammation, weakness, or myositis. The most tender
areas are in the neck, upper back, anserine bursa,
proximal hip, and shoulder girdle region. Similarly,
joint discomfort or stiffness is common, always
without synovitis. Stiffness or aching is worse in
the late afternoons and tends to spare the hands or
feet, the opposite of what is reported in rheumatoid
arthritis or systemic lupus.

Table 9.2 Prevalence of frequently observed
symptoms and signs in fibromyalgia patients
Symptom
Widespread pain with tender
points
Generalized weakness,
muscle, and joint aches
Unrefreshing sleep
Fatigue
Stiffness
Anxiety
Psychological stress
Dizziness/vertigo
Tension headache
Cognitive impairment or
“fibro fog”
Painful periods
Irritable colon
Subjective numbness,
burning, or tingling
Subjective complaints of
swelling or edema
Depression
Skin redness or lace-like skin
mottling
Complaints of fever
Complaints of swollen glands
Complaints of non-medication
dryness or dry eyes
Posttraumatic stress disorder
Nocturnal myoclonus or
restless legs syndrome
Raynaud’s disease
Irritable bladder or interstitial
cystitis
Chronic pelvic pain
Reflex sympathetic dystrophy
Bipolar illness

Prevalence (%)
100
80
75
75
70
60
60
55
55
50
40
40
35
35
35
30
20
20
18
18
15
15
12
12
5
5

Cognitive, memory, and psychological disturbances include short-term memory impairment
and inability to concentrate or multitask; sensory
and cognitive overload are common as side effects
of medication or due to an evolving dementia or
cerebrovascular disease. Tension headaches are
common and cervical osteoarthritis, sinusitis, or
migraine need to be ruled out. Migraine is more
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frequent in FM patients due to vasomotor instability. Alterations in blood flow patterns to the
brain as documented by neuroimaging account for
some of the headache-related complaints, as well
as intermittent symptoms of cognitive impairment
(also termed “fibro fog”). The sympathetic nervous
system is dysfunctional in FM, which leads to vasomotor hyper-reactivity and is manifested by a resting decrease in oncotic pressure, higher prevalence
of Raynaud’s disease, mitral valve prolapse, livedo
reticularis, self-reported edema, and complaints of
numbness, burning, and tingling. Dysautonomia
can also be associated with “hypervigilance syndromes” where sensitivity to loud noises, bright
lights, and the sensation of dizziness are common,
along with anxiety disorders. Numbness, tingling,
and swelling is part of a small-fiber neuropathy
(and electromyograms are normal).13,14 A total of
1% of people with FM evolve dramatic sympathetic
pathology associated with frank swelling, burning,
and tenderness, which is termed “reflex sympathetic dystrophy” or “regional complex pain syndrome, type 1.”
Bladder and bowel disturbances include pain,
which is present during urination and when the
bladder is full, urge and stress incontinence ensue.
Bowel symptoms include pain, which may be constant or colicky and may be present in any quadrant. Hypersensitivity of the bowel due to irritable
bowel syndrome is thought to be responsible for
the pain and may coexist with constipation and
diarrhea. Abdominal bloating after eating can be
observed and may be due to the presence of bacterial overgrowth in the small intestine. Changes in
barometric pressure, poor sleep, and anxiety can
exacerbate symptoms.

Association with other central
sensitization syndromes
Patients with FM-like complaints often have symptoms that are more bothersome than musculoskeletal ones, and so consult physicians who diagnose
them with conditions that are also associated with
central sensitization.9 A listing of these conditions
and their prevalence is found in Table 9.3. Chronic
fatigue syndrome has its own statistically validated criteria, but differs from FM in that fatigue
is more prominent than myofascial discomfort,
and many more chronic fatigue patients had documented evidence that an infectious process had

Table 9.3 Examples of some central
sensitization syndromes
Fibromyalgia
Myofascial pain syndrome
Temporomandibular disorder
Whiplash
Repetitive strain disorder
Chronic idiopathic low-back pain
Chronic fatigue syndrome; post-infectious
fatigue syndromes
Gastrointestinal syndromes
Non-ulcer dyspepsia
Esophageal dysmotility
Irritable bowel syndrome
Biliary dyskinesia; post-cholecystectomy
syndrome
Cardiac region syndromes
Syndrome X
Noncardiac chest pain
Costochondritis
Mitral valve prolapse
Headache: tension-type or migraine
Gynecologic syndromes
Primary dysmenorrhea
Chronic pelvic pain
Dyspareunia, vulvodynia, vulvar vestibulitis
Endometriosis
Urologic syndromes
Irritable bladder/painful bladder
Interstitial cystitis
Chronic prostatitis
Psychiatric conditions
Depression/anxiety
Posttraumatic stress disorder
Bipolar illness
Obsessive compulsive disorder
Multiple chemical sensitivities (a form of anxiety)
Periodic limb movement disorder
Dysautonomias

induced their symptoms. Post-infectious fatigue
syndrome patients (e.g., Epstein–Barr and Lyme
diseases) often manifest myofascial symptomatology. There is considerable overlap between FM and
conditions associated with visceral hyperalgesia,

The etiopathogenesis of FM 131

such as irritable bowel syndrome, noncardiac chest
pain, non-ulcer dyspepsia, and esophageal spasm.
Pathophysiologically, there is greater emphasis on
parasympathetic dysfunction and smooth muscles
as opposed to sympathetic dysfunction and striated muscle involvement in FM. Dysmenorrhea,
chronic pelvic pain, vulvodynia, vaginismus, interstitial cystitis, and irritable bladder are found in a
minority of patients with FM, but once mechanical
problems or hormonal imbalances are taken into
account, there is an increased prevalence of sexual
abuse, rape experiences, pelvic trauma, or guilt
surrounding sexual feelings. Other regional (not
necessarily four-quadrant)-associated syndromes
include repetitive strain, temporomandibular joint
dysfunction, and scoliosis.

Clinical evaluation and differential
diagnosis
FM patients have normal blood chemistry panels,
complete blood counts, immune profiles, imaging
studies, and electrodiagnostic testing. It is often
a diagnosis of exclusion. Many individuals diagnosed with FM turn out not to have the syndrome.
Other disorders and conditions are associated with
myofascial symptoms and need to be differentiated
from FM. These include multiple sclerosis, hypothyroidism, rheumatoid arthritis, bipolar illness,
early pregnancy, allergies, nutritional deficiencies,
anorexia, cancer, substance (e.g., steroid, alcohol,
heroin, or cocaine) withdrawal, and opportunistic
infections.

Psychological profiles
The majority of FM patients have a history of
depression, but only 18% are depressed at any
given visit. Individuals with FM tend to have
more anxiety, poorer coping skills and psychosocial stressors than control populations. A total of
20%–30% of people with FM have no psychologic
problems (e.g., those with scoliosis) influencing the
syndrome, but two personality profiles predominate. Posttraumatic stress disorder is found in 20%
of people with FM, and another 20% are aboveaverage intelligence females with perfectionistic
tendencies, chronic anxiety, and hypervigilance
symptoms who find it difficult to relax and often
have no hobbies.10,11

THE ETIOPATHOGENESIS OF FM
Pain pathways in healthy
and FM patients
What causes the “pain without purpose” of FM?
FM affects chronic but not acute pain. Chronic
pain states consist of psychogenic or organic pain.
Within the realm of organic pain, the discomfort
can be localized (which plays a minor role in FM)
or central. The sources of central pain are either
neuropathic (not part of FM), nociceptive, or nonnociceptive. In FM, nociceptive pain—or pain that
is associated with discomfort when amplified by
repetitive inputs—leads to hyperalgesia, neuroplasticity, hyperpathia, and/or rarely causalgia.
Non-nociceptive inputs (e.g., gentle stroking) that
should not be uncomfortable become painful, a
phenomenon known as allodynia.
In FM and healthy individuals, thin nonmyelinated C-fibers in the skin are easily activated
by chemical, mechanical, or thermal stimuli. Even
without noxious stimuli, signals can arise spontaneously that are converted into neural impulses.
Once sensitized by this stimulus, the C-fiber nerves
convey this afferently to the dorsal root ganglion of
the spinal cord. The constant bombardment of noxious inputs by C-fibers produces a “wind-up” phenomenon in the substantia gelatinosa, which leads
to central sensitization and, ultimately, FM. Large,
myelinated A-delta fibers, which normally transmit
very noxious signals, start carrying some of the signals that are usually carried by the C-fibers. Even
autonomic B fibers start carrying nociceptive stimuli in order to handle the overload. Non-nociceptive
fibers begin to carry nociceptive signals. In the dorsal root ganglion, increased discharges of secondand third-rung neurons take place via the secretion
of nerve growth factor and substance P. Numerous
studies have documented that cerebrospinal levels of substance P are increased in FM. Excitatory
amino acids (e.g., glutamate) result in N-methyld-aspartate receptors in the spinal column—which
are normally dormant—enhancing electrical depolarization and thus calcium influx into nerve cells,
which makes them more excitable. These impulses
ascend via the spinothalamic tract to the thalamus
(and autonomic fibers via the spinoreticular tract
to the limbic system). The brain now responds with
inhibitory actions via neurotransmitters (e.g., dopamine, norepinephrine, epinephrine, serotonin, and
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opioids) in the descending system. However, in FM,
the responses are diminished (e.g., serotonin products are decreased in cerebrospinal fluid). Recently,
it has been shown that glial cells make cytokines,
substance P, and other chemicals that may perpetuate this process. These factors are influenced by
hormones, emotional stress, cytokines, and sleep
disorders. The end result is amplified pain.12–15
Figure 9.1 summarizes these interactions.

THE ROLE OF SLEEP IN THE
ETIOPATHOGENESIS OF FM
Between 2% and 15% of any given population and
60% and 90% of FM patients have non-restorative sleep.16 First reported with FM in the 1970s
by Moldofsky’s group in Toronto, alpha-wave
intrusion into delta-wave sleep is noted on polysomnograms during stages 2–4 of non-rapid eye
movement (non-REM) sleep.2 Other findings noted
include increases in stage 1 sleep, reductions in
delta sleep, and increases in the number of arousals.17,18 This leads to one being in bed for 8 hours or
so, but waking up not feeling rested. Moldofsky’s
group has identified three distinct patterns of alpha
sleep activity in FM: phasic alpha–delta activity
(50%); tonic alpha continuous throughout nonREM sleep (20%); and low alpha in the remaining
30%.19 The phasic group had the greatest number
of symptoms and lowest sleep time. Increased fragmented sleep has also been documented by greater
numbers of arousals and alpha–K complexes
(which promote arousal, fatigue, and muscular
symptoms) in the syndrome. Electrocardiograms
demonstrate increased sympathetic nervous system activity overnight, while healthy individuals report a decline with sleep. FM and pain have
been associated with a higher proportion of stage 1
non-REM sleep, fewer sleep spindles, and less sleep
spindle frequency activity (usually seen in phase
2 sleep), suggesting that the mechanism relates to
thalamocortical mechanisms of spindle, generation. Cyclic altering patterns during sleep, which
express the instability of the level of vigilance that
manifests as the brain’s fatigue in preserving and
regulating the macrostructure of sleep, is more
often present in FM.20
Non-restorative sleep is felt to derive from
decreases in growth hormone secretion as measured by insulin-like growth hormone.21 We
have 640 muscles in our body that undergo

micro-trauma during our daytime activities. Once
asleep, growth hormone and melatonin secretion
is increased, which heals the micro-trauma experienced by our muscles.22 In other words, abnormal electrical activity interferes with a sound sleep.
These changes are more pronounced with menstruation, stress, pain, trauma, infection, nocturia,
and barometric changes. Forced awakenings (fragmented sleep) lead to the loss of diffuse noxious
inhibitory controls (DNIC), causing its associated
increased achiness.23
A total of 10%–30% of FM patients exhibit
another pattern of sleep pathology that can be documented via a sleep study: restless legs syndrome,
also known as sleep myoclonus or periodic limb
movement syndrome.24,25 These patients experience an alpha-wave burst followed by limb movement, and may have excess sympathetic tone, more
movement arousals, and less stage 3 and 4 sleep.
They do not respond to usual sleep aids and report
that their legs shoot out, lift, jerk, or go into spasm.
Bed partners are often the first to alert one that this
is present. Respiratory flow dynamics during sleep
in FM are just beginning to be surveyed. While initial reports suggested that these may correlate with
sleep apnea (especially in men), its true prevalence
is only 5%. One group has associated upper-airway
resistance syndrome, rather than sleep apnea or
hypopnea, in the overwhelming majority of FM
patients.26,27
Hormones and cytokines play important roles
in the disturbances reported in FM.28–30 Behavioral
makeup, stress, estrogen release, sympathetic
nerve activity, and interleukin-1β (IL-1β) all lead
to the release of corticotropin-releasing hormone,
which indirectly blocks growth hormone secretion. IL-1 independently promotes fatigue, sleep,
and muscle aches and blocks the release of substance P. Chronic insomnia is associated with a
shift of IL-6 and tumor necrosis factor secretion
from the nighttime to daytime, as well as hypersecretion of cortisol. This leads to daytime fatigue
and difficulty sleeping (see Figure 9.2).

THE IMPACT OF DISORDERED
SLEEP IN FM
Altered or poor sleep in FM is associated with
increased somatic symptoms, pain, anxiety, hyperalgesia, altered quality of life, fatigue, depression,
mood changes, and higher medical costs.31–37
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Figure 9.2 Ascending pain pathways in healthy individuals. (Updated and revised with permission
from Wallace DJ, Wallace JB. All about Fibromyalgia. New York/London: Oxford University Press,
2003.)

THE MANAGEMENT OF SLEEP
DISORDERS IN FM
Before treating sleep problems in a FM patient, a
medical work-up should classify the nature of the
problem. Does the patient have classic FM? Is periodic limb movement syndrome part of the picture?
Is sleep apnea, hypopnea, upper-airway resistance
syndrome, or bruxism present? Are there psychiatric considerations? Are medical comorbidities such
as hypothyroidism or inflammatory arthritis present? Is the patient taking medications (especially
for fatigue) that keep them up during the day or

make it more difficult to sleep? Is the patient taking analgesic agents that interfere with sleep? These
aspects may influence the medications or treatment
regimens advocated.

Ascertainment methodologies
Improved quality of sleep in FM has been correlated
with decreased musculoskeletal pain, better quality
of life, and less fatigue. A review of studies examining sleep in FM found that multiple methodologies,
most of which were being validated for non-FM conditions, were used as methods of ascertainment.38
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These included interviewing patients, keeping a
sleep–wake diary, self-rating scales (Beck Dep
ression Inventory, Multidimensional Fatigue Inven
tory, and Fatigue Severity Scale), sleepiness scales
(e.g., Stanford Sleepiness Scale and Epworth
Sleepiness Scale), qualitative and quantitative
self-rating scales of sleep (e.g., Pittsburgh Sleep
Quality Index, Sleep Assessment Questionnaire, and
Karolinska Sleep Diary), and performance tasks. The
Jenkins Sleep Scale is a four-item questionnaire that
evaluates the frequency and intensity of certain sleep
difficulties in respondents. The Medical Outcomes
Sleep Scale measures six dimensions of sleep, including initiation, maintenance (e.g., staying asleep),
quantity, adequacy, somnolence (e.g., drowsiness),
and respiratory impairments (e.g., shortness of
breath and snoring). These metrics and inventories
are complemented by polysomnography.39,40

Sleep hygiene
The rules of sleep hygiene reviewed in Chapters 16
and 19 are applicable here. Briefly, they include making sure the room is dark, the mattress firm, that bed
partners do not snore, that children and/or pets are
not in the bedroom, taking a hot shower before sleeping, not napping during the day, creating a restful
environment during the hour before going to sleep,
eliminating alcohol or caffeine after 6 p.m., not exercising in the evenings, and going to sleep and waking
up at the same times, among other actions. If one is
up in the middle of the night and unable to sleep, it is
desirable to do an activity or read for less than 1 hour
and then return to bed and wake up at the same time
as usual. In FM, any actions that reduce anxiety or
improve body mechanics are appropriate additional
considerations.

2.
3.

4.

5.

6.

7.
8.

Medication

hygiene regimens. Elderly patients are at an
increased risk of falls.
Is the diagnosis correct, and are there other
medical or psychiatric considerations that
apply?
If medication is to be used, a tricyclic antidepressant that promotes sleep with or without
muscle relaxation can be prescribed. These
include cyclobenzaprine, trazodone, amitriptyline, or doxepin in low doses given 1–2 hours
before going to bed. Tizanidine also has a place
in the management of FM-disordered sleep.
Selective serotonin reuptake inhibitors may
make sleep more problematic, but can be
used with tricyclics. Nonsteroidal antiinflammatory agents have no effect on sleep.
Diphenhydramine and other sedating antihistamines do not adequately address the
problem.
Failure to respond or a partial response to
the above regimens is followed by the introduction or addition of a benzodiazepine.
These agents are effective and may ameliorate
anxiety, but can tolerize (e.g., diazepam) and
sometimes lead to depression (e.g., clonazepam). The most commonly prescribed drugs
used in FM patients include temazepam or
zolpidem. Rarely, sodium oxybate may be
indicated.
Severe anxiety may warrant innovative interventions such as atypical antipsychotics (e.g.,
quetiapine), concomitant burning, and tingling
agents such as gabapentin or pregabalin.
Selected patients may benefit from over-thecounter supplements such as melatonin, valerian root, or St John’s wort.
Non-medicinal methods of promoting stress
reduction and encouraging restful sleep
include hypnotherapy, acupuncture, music,
manual therapy, electro-acupuncture, meditation, behavioral therapy, and supervised
exercise (38–42).
Failure to respond to usual measures warrants
a psychiatric evaluation and polysomnogram
with a sleep center consultation.

An Internet survey of 2596 patients with selfreported FM revealed that 30%–40% reported
ongoing use of either cyclobenzaprine, amitriptyline, zolpidem, or a benzodiazepine for insomnia.41
Since few controlled studies have evaluated sleep
therapies for FM, textbooks and experience from
rheumatic disease practices have generated a set of
general concepts, which are listed below42–63:

SUMMARY

1. Medication should only be used in patients
who have failed implementation of sleep

FM is a pain amplification syndrome produced
by persistent afferent sensory stimulation and

9.
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Figure 9.3 Ascending and descending pathways in fibromyalgia. (Updated and revised with permission
from Wallace DJ, Wallace JB. All about Fibromyalgia. New York/London: Oxford University Press, 2003.)

manifested as a central sensitization syndrome.
It is not a disease, but is present in a variety of
medical and behavioral conditions. FM is modified by hormonal, cytokine, neurotransmitter,
and autonomic influences. The overwhelming
majority of people with FM have sleep disorders,
with the alpha–delta abnormality being the principal pathology. Managing sleep pathology in FM
appropriately ameliorates the symptoms and signs
of the syndrome more than almost any other intervention (Figures 9.3 and 9.4).
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Figure 9.4 How sleep is influenced by hormones,
neurotransmitters, and cytokines. (Updated and
revised with permission from Wallace DJ, Wallace
JB. All about Fibromyalgia. New York/London:
Oxford University Press, 2003.)
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INTRODUCTION
Most people feel overly tired at some time or
another, and in 10% of people who see their general practitioner, fatigue presents as the principle
symptom. However, 1%–2% of the population
experience severely disabling and ongoing fatigue.
It is this significant minority of patients enduring
profound and unexplained fatigue that has been
the topic of debate for the past 30 years. Naming
the illness has been a topic of controversy dating
back to the early 1980s, when patients were considered to be having a reaction to stressors from
modern society, otherwise labelled as “yuppie flu.”1
Conflicting arguments advocating for an organic
cause of the illness advanced a series of names to
reflect this, such as post-viral fatigue syndrome
and myalgic encephalomyelitis (ME).
In response to the debates surrounding the
use of terminology with the condition, and in an
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attempt to define a homogenous patient group for
the purpose of research, a renaming of the condition to chronic fatigue syndrome (CFS) was coined
by the Centers for Disease Control (CDC) in
Atlanta, who also published the first standardized
diagnostic criteria for the condition.2 Following
this, a number of related definitions were published from the United Kingdom, Australia, and
Canada, and these case definitions are discussed
further later in the chapter.
Fukuda and colleagues endeavored to standardize the diagnosis of CFS across countries in
their publication of a consensus definition for the
illness.4 The definition specified that fatigue is the
primary symptom, which should be of definite
onset and cause significant disruption to the person’s life. In addition to fatigue, at least four other
key symptoms are required to fulfill these diagnostic criteria, including muscle and joint pain, headache,
cognitive dysfunction, and unrefreshing sleep.
139
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The National Health Service (NHS) e stimated that
250,000 people in the United Kingdom have CFS.
Sleep disturbances are frequently reported in CFS,
and these complaints have been shown to persist
throughout the course of the illness.8 The symptom
presentation and issues with the diagnostic criteria
are discussed further in the following sections.

CFS AND ITS CLINICAL
PRESENTATION
CFS is a chronic, complex, systemic disease that
often can profoundly affect the lives of patients.
With no consistently identifiable biomarkers, diagnosis relies upon symptom report criteria. Patients
with CFS experience a multitude of symptoms.
These range from those of a physical nature (i.e.,
severe malaise and fatigue following physical activity and muscle and joint pain/myalgia), to those that
suggest ongoing abnormalities in immune system
function (i.e., sore throat, swollen/painful glands,
headaches, temperature c ontrol, and intermittent
flu-like feelings), to brain and central nervous
system symptoms (i.e., dizziness, mental fatigue,
cognitive dysfunction, palpitations, and symptoms
associated with low blood pressure/postural hypotension and fainting). Other symptoms include
sleep disturbances (often increased requirements
for sleep at illness onset followed by problems with
sleep maintenance or onset and waking unrested)
and irritable bowel symptomology. Over time,
patients can also develop emotional lability and
mood disturbances. Not all symptoms are experienced by all patients, and besides the widespread
symptoms described, there are also a myriad of
“minor” ones. Fluctuation in symptom severity
is common and patients often report as having
“good” and “bad” days. Nonetheless, individuals
experience marked functional disability 9 and face
significant reductions in their quality of life.10

DIAGNOSTIC CHALLENGES
In order to accurately diagnose an illness or disease, it is important to have a reliable set of criteria
for researchers and clinicians. That said, diagnosing CFS can be complicated by a number of factors.
There is no generally accepted diagnostic test to
reliably diagnose or exclude CFS (i.e., no laboratory
test or biomarker for CFS), and fatigue and other
symptoms of CFS are common to many illnesses.

Further, the illness has a pattern of remission and
relapse, and symptoms vary from person to person
in type, number, and severity.
Whilst CFS affects at least 250,000 people in the
United Kingdom, the variance in the rates reported
from epidemiological studies (0.23%–2.6%11,12) are
a likely result of the differing published criteria
and the guidance that they set out. A meta-analysis
to examine variability among prevalence estimates
for CFS suggested that the observed heterogeneity
in CFS prevalence may also be due to differences in
the method of assessment used.13

Case definitions
There are many aspects to CFS that are controversial, from its etiology through to its pathophysiology, treatments, and even to the naming of the
condition. Classification, including the case definitions and the problems surrounding the varied
clinical descriptions of CFS, is the key issue when
it comes to agreement on naming the condition,
and this disagreement occurs among researchers,
medical practitioners, and patients. This is problematic for a field of research that is attempting
to redress uncertainty. Despite there being some
overlap of symptoms between the clinical descriptions, the definitions differ.

Sleep-related symptoms in case
definitions and diagnostic criteria
for CFS/ME
Issues with classification add to the contentious nature of the illness. With disagreements
already existing between patients, clinicians, and
researchers over its etiology, treatment, and name,
classification of this condition is an area that

warrants further work. That said, the 1994 CDC
case definition (Fukuda et al.4) appears to be the
most reliable clinical assessment tool available at
the current time,13 and has been recommended for
use in the UK clinical services.7 It specifies that
in addition to being present for at least 6 months,
fatigue must have a definite onset, cause substantial disruption to the individual’s day-to-day
activities, and should not be caused by continual
exertion. At least four additional key symptoms,
such as muscle and joint pain, headaches, unrefreshing sleep, and cognitive dysfunction, need to
be reported. There is also a final requirement that

Does sleep play a role in the etiopathogenesis of CFS? 141

other known causes of chronic fatigue must have
been ruled out, specifically clinical depression,
side effects of medication, eating disorders, and
substance abuse. However, improving clinical case
definitions and their adoption internationally will
enable better comparisons of findings and inform
healthcare systems about the true burden of CFS.

Minor case definition criteria:
The pitfalls
The lack of regularity in working case definitions
and guidelines for CFS creates uncertainty regarding the role of sleep in CFS. Specifically, complication exists as to where sleep complaints fit within
the available case definitions of CFS. For example,
the Holmes et al. (CDC) definition includes sleep
disturbances such as hypersomnia or insomnia in
its minor criteria,2 whereas the Fukuda et al. (CDC)
definition considers sleep disorders such as sleep
apnea and narcolepsy as exclusionary and regards
unrefreshing sleep as a minor criterion (Table 10.1).4
Given that some available criteria regard sleep
problems as minor—whilst sleep complaints are
consistently reported in CFS—together with the
considerable variation in the use of terminology,
there is scope to investigate sleep disturbances in
CFS in much more detail and, certainly, there is
a need to establish more definitive criteria with
regards to sleep. This raises the issue of the overlap/
confusion between sleep disorders and CFS.
NEW UPDATES TO THE CRITERIA FOR CFS

In 2015, the Institute of Medicine (IOM) proposed
new diagnostic criteria for CFS in order to help facilitate timely diagnosis and care and enhance understanding among healthcare providers and the public.
The IOM also proposed a new name for CFS,14 recommending replacing the term CFS/ME with “systemic exertion intolerance disease” (SEID). In the
new definition, the IOM outlines three core symptoms, of which sleep disturbance features as one of
these requirements (“unrefreshing sleep”) (Box 10.1).
PATIENT DESCRIPTIONS OF SLEEP-RELATED
SYMPTOMS IN CFS

Patients with CFS describe sleep to be a vital process
for health and well-being, which has a direct bearing on the course and progression of their illness.15
They often experience sleep-related problems such
as insomnia, unrefreshing sleep, non-restorative

sleep and sleep disturbances, and these sleeprelated symptoms can be helpful in attempting to
operationalize sleep in the CFS/ME diagnosis.14
However, the nature (and severity) of sleep problems changes over the illness course,15 but typically,
the complaint of “unrefreshing sleep” remains universal among patients with CFS/ME. Some terms
commonly used by patients to describe their “unrefreshing sleep” symptoms (and which have the
potential to alert clinicians to the diagnosis) are:
“Feeling like I never slept,” “Cannot fall asleep or
stay asleep,” and “After long/normal hours’ sleep, I
still don’t feel good in the morning” (Table 10.2).14

DOES SLEEP PLAY A ROLE IN THE
ETIOPATHOGENESIS OF CFS?
The etiology and pathophysiology of CFS remain
as disputed as the nosology, with several theories proposed ranging from viral infections16 and
immunological and neurobiological factors17,18 to
psychological stress.19 Given that CFS is not likely to
be explained by one single etiological mechanism, it
has been proposed that it is the interaction of multiple factors that serves to precipitate and/or maintain
CFS. This more generic bio-psychosocial model has
been proposed by various authors.20,21 This “3-P”
model incorporates predisposing, 
precipitating,
and perpetuating factors, and ultimately seeks to
explain the phenomenology of the condition as
arising through the interaction of biological, affective, behavioral, and cognitive factors.20,22 In a
recent review of explanatory models of functional
somatic symptoms,23 this multifactorial model was
distinguished from other single-modality models
(which propose that symptoms are the result of
one pathogenic mechanism) as being a meta-model
that provides a coherent theoretical framework for
describing how the interaction of such physiological, behavioral, cognitive, and affective factors can
cause and/or exacerbate physical symptoms. The
3-P model hypothesizes that the combination of
predisposing, precipitating, and perpetuating factors serves to keep the condition going. This model
is particularly important when considering factors
that might come into play in terms of mediating the
exacerbation of sleep-related complaints in CFS.
The perpetuating factors range from the physical
through to behavioral, physiological, and cognitive contributors, which may all serve to maintain
symptoms, p
 articularly disturbed sleep.

Depression and
anxiety

Exclusions

Minimum
duration of
illness
Onset type
Laboratory tests
used
New or definite
Minimum battery of
standard laboratory
screening tests looking
for known cause of
fatigue
Unless clinically indicated,
no additional tests are
required to exclude
other diagnosis
Findings, laboratory, or
imaging test suggesting
the presence of a
condition that may
explain chronic fatigue
must be resolved
(meaning is not clear)
before further classification
Not excluded, only major
depressive disorder with
psychotic or melancholic feature is
excluded

Distinct
Minimum battery of
standard laboratory
screening tests
looking for known
cause of fatigue
Clinical conditions that
would produce similar
symptoms

Not excluded

6 months

Fukuda

6 months

Holmes

Table 10.1 Overview of the different case definitions for CFS

Unless clinically indicated, no
additional tests are required to
exclude other diagnoses
Primary psychiatric disorders,
somatoform disorder, and
substance use are excluded

Not excluded; reactive depression is

Medical
conditions
that cause
chronic
fatigue
Range of
mental
health disorders
Organic
brain
disease
Not
excluded

A list of permanent
medical and
psychiatric exclusions is given, as
well as possible
exclusions

Not excluded, only
major depressive
disorder with
psychotic or
melancholic
feature is
excluded for 5
years before
onset of illness

(Continued )

Infectious or gradual
None listed

NA

ICC

Distinct
None

6 months

Oxford

NA
Routine analysis of
blood and urine

NA

Reeves
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Increased symptoms of
fatigue as a result of
exercise (previously
tolerated)
Recovery 24 hours or
longer

Debilitating fatigue or
fatigability

6 or more of the 11
symptom criteria and
2 or more of the 3
physical criteria; or 8
or more of the 11
symptoms listed
(minimum of 6–8
symptoms)

PEM

Fatigue

Minor symptoms

Holmes

Increased symptoms of fatigue
as a result of any level of
activity
No duration of recovery required

Fatigue is included under the
term PENE: a pathological
inability to produce sufficient
energy on demand

No version
of PEM
included
in the
criteria

Fatigue of
psychiatric or
idiopathic
origin

May be
present

Increased symptoms of fatigue
as a result of any
activity that is
not a demanding schedule

Fatigue is incorporated into the
three self-report
scales

NA

PEM not required for this
diagnosis, but can be
included as a minor
symptom
Increased symptom of
malaise after exertion
Recovery 24 hours or
longer
Persistent or relapsing
chronic fatigue that is
not the result of
ongoing exertion and
not substantially
alleviated by rest that
substantially reduces
activity level
4 or more of the 8
symptoms listed

(Continued )

1 symptom from each of the 3
symptom categories of pain,
sleep disturbance, and
cognitive symptoms
3 symptoms from a mix of
immune and neuroendocrine/
autonomic symptoms
1 symptom from autonomic
symptoms (minimum of 7
symptoms)

ICC

Oxford

Reeves (2005)

Fukuda

Table 10.1 (Continued ) Overview of the different case definitions for CFS
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Holmes

Fever (temperature
37.5–38.6°C) or chills

NA

Painful lymph nodes,
sore throat

Autonomic
symptoms

Neuroendocrine
symptoms

Immune
symptoms

Fukuda

Reeves (2005)

Painful lymph nodes, sore
throat

NA

NA

NA

NA

NA

Symptoms related to
cognitive impairment

NA

NA

NA

Unrefreshing sleep

New headaches
Muscle pain
Multi-joint pain without
swelling or redness

Oxford

NA

NA

NA

NA

NA

NA

ICC

Sleep disturbance
Unrefreshing sleep
Symptoms related to cognitive
impairment
Perceptual and sensory
disturbances
Ataxia
Muscle weakness
Fasciculations
Sensory overload
Symptoms related to blood
pressure, gastric and urinary
systems, cardiac involvement
Symptoms related to
temperature
Genitourinary symptoms
Symptoms such as painful lymph
nodes, sore throat, influenzalike symptoms, sensitivities to
food, medicine and/or
chemicals

Headaches
Noninflammatory muscle pain or
joint pain
Abdomen or chest pain

Source: Adapted from Morris G and Maes M. BMC Medicine 2013; 11(1): 205.
NA, not applicable; ICC, international consensus criteria for myalgic encephalomyelitis; PEM, post-exertional malaise; PENE, post-exertional neuroimmune exhaustion.

Neuropsychological
complaints
Muscle weakness

New headaches, muscle
discomfort, or myalgia
Migratory arthralgia
without joint swelling
or redness
Sleep disturbance

Sleep disturbance
symptoms
Cognitive/
neurological
symptoms

Pain

Table 10.1 (Continued ) Overview of the different case definitions for CFS
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BOX 10.1: Diagnostic criteria for CFS/ME (SEID)
PROPOSED DIAGNOSTIC CRITERIA FOR CFS/ME
Diagnosis requires that the patient have the following three symptoms:
1. A substantial reduction or impairment in the ability to engage in pre-illness levels of occupational, educational, social, or personal activities, that persists for more than 6 months and is
accompanied by fatigue, which is often profound, is of new or definite onset (not lifelong), is
not the result of ongoing excessive exertion, and is not substantially alleviated by rest
2. Post-exertional malaise*
3. Unrefreshing sleep*
At least one of the two following manifestations is also required:
1. Cognitive impairment*
2. Orthostatic intolerance
*

Frequency and severity of symptoms should be assessed.

The diagnosis of ME/CFS (SEID) should be questioned if patients do not have these symptoms at
least half of the time with moderate, substantial, or severe intensity.
Adapted from IOM (Institute of Medicine). Beyond Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome: Redefining an Illness. Washington, DC: The
National Academies Press; 2015. http://www.iom.edu/mecfs.

The role of sleep in existing
CFS models
We should be mindful of a number of factors that
interact throughout the course of illness and ultimately keep disturbed sleep as an ongoing problem
in patients. In individuals who are more vulnerable
to developing CFS (i.e., increased arousal), sleep
may act as a mediating factor between stress and

disability, and thus precipitate illness onset. A combination of socio-emotional factors (i.e., lack of support and understanding of the condition) in the early
stages of the illness, and socio-economic factors
(i.e., not being able to work and adapting to living on
disability) that occur during the illness course may
contribute to CFS and feed into symptoms such as
fatigue. A consequence of these factors is an irregular sleeping pattern, which contributes to reductions

Table 10.2 Operationalizing sleep in the chronic fatigue syndrome/myalgic encephalomyelitis diagnosis
Symptom
Unrefreshing
sleep

Patient descriptions
• “Feeling like I
never slept”
• “Cannot fall asleep
or stay asleep”
• “After long or
normal hours of
sleep, I still don’t
feel good in the
morning”

Questions to ask (explore frequency
and severity)

Observations to make;
tests to conduct

• Do you have any problems getting to There is no evidence
that currently
sleep or staying asleep?
available sleep
• Do you feel rested in the morning or
studies contribute to
after you have slept?
• Tell me about the quality of your sleep the diagnosis of
chronic fatigue
• Do you need too much sleep?
syndrome/myalgic
• Do you need to take more naps than
encephalomyelitis
other people? (There may be other
disruptors as well)

Source: Adapted from IOM (Institute of Medicine). Beyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome:
Redefining an Illness. Washington, DC: The National Academies Press; 2015. http://www.iom.edu/mecfs.
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in sleep efficiency (SE), less deep (slow-wave) sleep,
circadian dysregulation, and homeostatic dysregulation. Disruptions in these four features of sleep
may lead to a sleep d
 isorder that, in turn, reinforces the existing fatigue. The disordered sleep
may also feed into hypothalamic-pituitary-adrenal
axis (HPA) irregularities and autonomic dysregulation, and also have an impact on the cognitive and
behavioral components of sleep with regards to a
patient’s beliefs about their required amounts of
sleep and their resulting sleep behaviors (i.e., sleep
state misperception and napping). This reinforces
the symptom of fatigue and thus the continuation of
an irregular sleeping pattern (Figure 10.1).
Where other (bio)psychosocial models have
been proposed,21,24 these emphasize the role of
precipitants and the eventual perpetuation of
symptoms in CFS. They focus on explaining how
precipitating and perpetuating factors (i.e., prior
stress and personality traits) induce the biological
pathophysiology that accounts for specific symptoms. The proposed model (Figure 10.1) therefore
(Vulnerability)
Predisposing/precipitating
factors (i.e., arousal)

Onset
of CFS

acknowledges such vulnerability factors that may
predispose individuals to CFS. Prospective studies
may wish to explore these further using birth
cohorts, given that these may infer arousability as
a generic risk factor for ill health.
Considered together, the theoretical model of
the role of sleep in CFS may explain the process by
which fatigue develops, is maintained and continues via a cycle of irregular sleeping patterns, biological dysregulation, and cognitive and behavioral
responses. This preliminary model integrates sleep
into existing models of CFS. The model might be
considered as a useful basis for CFS research and
clinical work, helping to generate more multidisciplinary, mixed-methodology work in order to
f urther understand this complex illness.

THE PRESENCE OF SLEEP
DISORDERS IN CFS
CFS/ME has the largest prevalence of a diagnosable
sleep disorder in any single illness population, with
Struggle to get
CFS diagnosis
and support

Fatigue

Irregularity
in “normal”
sleep pattern

Altered immunocompetance
autonomic dysregulation
HPA dysfunction
sleep beliefs and sleep behaviors

Decreased
SE %

Reduced
SWS

Homeostatic
dysregulation

Circadian
dysregulation

Sleep
disorder

Figure 10.1 A theoretical model of sleep in chronic fatigue syndrome.
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rates as high as 69%.25–28 Furthermore, studies have
shown the presence of sleep apnea in up to 65% of
patients with CFS. Sleep-disordered breathing can
in itself result in arousals during sleep, which can
create daytime symptoms of sleepiness and fatigue.29
There are effective interventions available for sleep
apnea (e.g., continuous positive airway pressure);
however, there is little evidence for the effectiveness
of such treatments in reducing CFS symptoms.30
Even after excluding individuals with diagnosable
sleep disorders, population-based studies report that
between 87% and 95% of patients continue to report
unrefreshing sleep as a principle complaint.12,31
The presence of sleep disorders has been highlighted in sleep studies with CFS patients. In a
single-night polysomnography (PSG) and selfreport observational study,32 it was found that,
of the 37 CFS patients, 58% fulfilled the criteria
for a diagnosable sleep disorder, 11 (42%) had
apnea, and 4 (16%) had restless legs syndrome/
periodic limb movement disorder (RLS/PLMD).
High rates of self-reported insomnia (86%) were
also evident in the CFS group. In another study
that combined PSG, actigraphy, and self-reports,
42 (86%) of the 49 CFS patients had a diagnosable
sleep disorder, with 32 (65%) meeting Diagnostic
and Statistical Manual of Mental Disorders—4th
Edition (DSM-IV) criteria for chronic insomnia
and 10 (20%) with apnea.25 In a recent large-scale
study of 205 patients (n = 410, combined data
over two recorded nights), a third of the sample
had suspected apnea, based on their respiratory
disturbance index (average number of episodes

of apnea, hypopnea, and respiratory event-related
arousal per hour of sleep).33 In a recent survey of a
specialist CFS service in London,34 it was reported
that of the 377 patients referred to the CFS service,
almost half (49%) had alternative diagnoses made,
based on an assessment that included a detailed
history and physical and mental state examination. Of those assessed (n = 250), a sleep disorder
was the most common diagnosis (28%), which suggests an alternative diagnosis may be warranted.
These findings highlight the fact that sleep disorders (i.e., insomnia, apnea, RLS, and PLMD)
may well be comorbid, overlooked, or misdiagnosed in CFS. Furthermore, some authors have
suggested that CFS is a primary sleep disorder in
itself. However, this questions the nature of causal
relationships between physiology, symptoms, and
behavior in this population (indeed, in any chronic

condition) and how the appellation “primary” must
be used with caution. Hypersomnia and insomnia
are common features of CFS and are as likely to
be effects as they are causes of fatigue. To date, no
treatment studies have sought to exclusively target sleep in order to ascertain how this impacts
on other symptoms. Only experimental designs
would afford causality. Given the lack of consistency in findings from studies of sleep architecture
and multiple sleep latency times, it could also be
considered that symptoms such as unrefreshing sleep and unremitting fatigue may not reflect
a sleep disorder per se, but rather impaired sleep
homeostasis,35,36 the body’s natural ability to regulate the sleep/wake cycle,37 but again this would
have to be experimentally tested. Practically, what
this work highlights is the necessity of performing
thorough sleep assessments in this population.

SLEEP SUBTYPES IN CFS
Sleep problems are not homogenous in CFS/ME, and
four sleep-specific phenotypes have been described in
a Dutch CFS/ME patient cohort (Figure 10.2).26 After
excluding a third of individuals for an objectively
verifiable sleep disorder (obstructive sleep apnea or

6%
10%
23%

61%

First phenotype

Third phenotype

Second phenotype

Fourth phenotype

Figure 10.2 Proportion of Dutch chronic fatigue
syndrome cohort in each of the four sleep
phenotypes.
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Sleep phenotypes in chronic fatigue syndrome

First phenotype

Second phenotype

Third phenotype

Fourth phenotype

Long SOL
Long REML
High amounts of SWS
Low amounts of REM
Low amounts of stage 2
sleep

High number of arousals
per hour
High amounts of
stage 2 sleep

High TST
Low amounts of time
awake during the night
and few wake periods
High amounts of REM
Short REML

Low TST
Low number of arousals
High number of wake
periods and high amounts
of wake during the night
Low amounts of SWS

Problems in getting off
to sleep but when asleep
few awakenings.
Sleep that is obtained is
of normal quality.

No difficulties in getting
off to sleep and few
awakenings but feelings
or evidence of a “restless”
nights sleep

No difficulties in getting
off to sleep and few
awakenings but feelings
of being unrefreshed on
waking despite a
significant amount of
time in bed

Short sleep duration
No difficulties getting off
to sleep but lots of
awakenings for significant
periods of time
Increased feelings of
daytime sleepiness

Sleep onset
difficulties

Non restorative
sleep

Hypersomnolence

Sleep maintenance
difficulties

Notes: SOL, sleep onset latency; REML, rapid eye movement latency; SWS, slow wave sleep

Figure 10.3 Key features and subjective presentation of the four chronic fatigue syndrome sleep
phenotypes.

PLMD) that could explain the CFS/ME diagnosis,
89.1% of the CFS/ME sample (n = 239) met quantitative criteria for insomnia or hypersomnolence
disorders. In this single-night, case-controlled observational PSG study, groups 1 and 4 are characterized by insomnia symptoms (difficulties initiating or
maintaining sleep), groups 2 and 3 share overlapping
characteristics of disorders characterized by poor
sleep quality, and group 3 in particular shares characteristics of hypersomnolence (longer total sleep duration or shorter sleep-onset latencies). Importantly,
these different sleep profiles can be defined in clinical practice based on subjective reports of sleep from
patients after ruling out objective sleep disorders,
as information from a detailed sleep interview and
sleep diary provides a subjective account that can be
matched to the phenotypes (Figure 10.3).26

First phenotype
The first phenotype is characterized by long sleeponset and rapid eye movement (REM) latencies,

and a high percentage of slow-wave sleep (SWS).
Moreover, this group has low percentages of both
stage 2 sleep and REM sleep. Statistically, this
phenotype differs from the other three groups in
terms of longer sleep-onset and REM latencies and
a lower percentage of REM.

Second phenotype
The second phenotype has the highest percentage
of stage 2 sleep and the highest number of arousals per hour, although neither of these variables
statistically separated them from the other three
phenotypes.

Third phenotype
The third phenotype comprised the largest proportion (61%) of the patient group, with high amounts
of total sleep time (TST) and a high percentage
of REM. Additionally, this group demonstrated
short sleep-onset and REM latencies, low amounts
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of wake after sleep onset (WASO), percentages of
wake time and stage 1 sleep, and a low number of
awakenings. Statistically, TST, percentage wake,
and WASO differentiated this phenotype from
each of the others.

Fourth phenotype
The fourth phenotype demonstrates the highest
amount of WASO, percentages of wake time and
stage 1 sleep, and the highest number of awakenings. This group has low amounts of TST, n
 umbers
of arousals per hour and percentages of SWS.
Statistically, only WASO and percentages of wake
time differentiated this group from each of the
other groups.

EVIDENCE-BASED REVIEW OF
SLEEP STUDIES IN CFS

Polysomnography
(PSG)

Actigraphy

Qualitative
interviews and
focus groups

Sleep studies
in ME/CFS

Multiple sleep
latency testing
(MSLT)

Sleep
diaries

Questionnaires

Subjective sleep assessment
QUALITATIVE FINDINGS

The qualitative literature in CFS typically describes
themes from both patients and physicians, outlining their perspectives of the illness and identifying the struggle to understand and manage
CFS.10,15,38,39 These studies utilize interview-based
techniques with relatively small samples of patients,
and differ in their use of case definitions of CFS
(i.e., Fukuda, Oxford, or Holmes). Although they
discuss quality of life and social factors in CFS—
with extreme fatigue, pain, cognitive dysfunction,

and unrefreshing sleep being described as patients’
key illness experiences—the studies rarely explore
below the surface of these symptoms.40,41 The
main focus of these studies is rather on themes of
gender differences in the illness experience, illness beliefs regarding development and potential
causes. A recent comprehensive review of the qualitative literature on CFS highlighted that a large
proportion of the qualitative studies in CFS and
fibromyalgia describe perspectives from healthcare
professionals regarding medical practice,42 rather
than focusing on patients’ experience. As such,
there are no real in-depth data in these qualitative
accounts on the role of sleep in CFS. This is an area
of research that needs to be addressed, as qualitative work can, amongst other things, indicate the
direction needed in order to move forward with
hypothesis-driven studies, larger cohort studies,
objective measures, and intervention development.
In sum, a potentially rich source of data on sleep
and how sleep-related disturbances may play a role
in maintaining the other symptoms experienced in
CFS is being overlooked.
SELF-REPORT DIARIES AND
QUESTIONNAIRES

Self-report techniques have been employed to
determine the perceptual role of sleep in CFS and
include the use of sleep diaries and sleep questionnaires, such as the Pittsburgh Sleep Quality Index
(PSQI)43 and the Epworth Sleepiness Scale (ESS).44
Studies assessing sleep through self-report methods show higher than normal ESS scores33,45 and
PSQI scores.45 Mariman and colleagues reported
ESS and PSQI scores in 415 Fukuda-defined CFS
patients. Excessive sleepiness was observed in 53%
(ESS scores greater than 10) and poor sleep quality
(global PSQI scores above 5) was observed in
86% of CFS patients. Further, when patients were
divided into groups based on ESS results, these
scores corresponded to a clinical profile of insomnia (complaints of sleep disturbance associated
with increased alertness) or hypersomnia (excessive daytime sleepiness persisting despite normal
nocturnal sleep).45 This provides an indication that
sleep problems may be heterogeneous in this population. Conversely, in a study of 339 CFS patients
from the Wichita population,46 ESS scores and
factors from the Sleep Assessment Questionnaire
(SAQ) showed that, while fatigued, CFS subjects
tended not to report excessive sleepiness. This study
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also showed that most (81.4%) CFS patients had an
abnormal score in at least one of the five possible
SAQ sleep factors (sleep apnea, restlessness, nonrestorative sleep, insomnia, and excessive daytime somnolence). Interestingly, those with sleep
abnormalities also had significantly lower wellness
scores but unchanged fatigue severity scores compared to those with no abnormalities.46
Morriss et al.47 included 69 Oxford-diagnosed
CFS patients without a psychiatric disorder, 58
CFS patients with a psychiatric disorder, 45 controls, and 38 psychiatric outpatients with chronic
depressive disorders in their study. A specially
designed sleep questionnaire was constructed
in order to measure self-rated sleep complaints
according to the International Classification of
Sleep Disorders48 over 4 weeks.47 The study found
a higher prevalence of sleepiness and daytime naps
in CFS patients compared to healthy controls and
depressed subjects, and CFS patients were also
significantly more likely to wake up because of
temperature problems and pain than healthy controls or depressed patients. Further, restless legs
were more frequently reported by CFS (41%) and
depressed patients (40%) than by controls (4%).
This study suggests that difficulty in maintaining sleep is the principle sleep complaint in CFS
patients with or without a psychiatric disorder,
and showed nocturnal waking and restless legs to
be significantly associated with global disability in
CFS patients, as assessed by the Medical Outcomes
Survey.49
Krupp et al.50 assessed 68 CFS patients diagnosed according to Holmes criteria and 20 nonillness controls using a modified version of the
St. Mary’s Sleep Questionnaire.51 They showed
patients’ sleep to be more disrupted than that of
healthy controls; 37% of CFS patients reported
sleeping lightly compared to 20% of controls, and
upon awakening, 76% of CFS patients reported
feeling drowsy compared to 48% of controls.50
Additionally, patient sleep diaries have shown that,
compared to controls, those with CFS report a
significantly longer time in bed at night, take longer to fall asleep, and wake more frequently during the night, whilst also feeling less refreshed on
waking.52,53
There are methodological issues with these
studies. There is a lack of standardized assessment
for sleep disorders, and subjective self-report is not
corroborated by any objective indicators such as

actigraphy or PSG assessment. In addition, a range
of self-report scales is utilized to assess the degree
to which sleep disturbances occur in this patient
group. This lack of consistency is further compounded by inconsistent criteria for patient selection and atypical CFS patient groups,50,54 small
patient samples,50,53,55 and the examination of only
a limited number of sleep complaints.53,54 Given
these caveats, probably the most robust conclusion
that can be drawn from the self-report data is that
sleep disturbances are commonly reported and
they appear analogous to a range of sleep disorders, including hypersomnia and both sleep onset
and sleep maintenance insomnia; in short, we can
say that despite methodological issues, sleep problems are variable but significant in this population.
There are also indications of how this might fit into
the multifactorial model outlined above. Duncan56
highlighted the possible interaction of daytime
behavioral and lifestyle factors driving sleep disturbance in CFS. He has suggested that a sedentary
lifestyle and daytime sleep (napping) may serve to
maintain disturbed nighttime sleep, thus establishing a vicious circle of poor nighttime sleep and
compensatory daytime sleep.

Objective assessment
ACTIGRAPHY

Actigraphy offers a method of characterizing
gross objective measures of sleep continuity (the
quantity and timing of sleep episodes) without
interfering with sleep or daytime functioning.
Actigraphy is usually measured by an unobtrusive device on the subject’s body (often placed like
a wristwatch) and allows for 24-hour recording of
wake and sleep activity in a person’s natural environment. A combination of actigraphy and symptom measurement offers real-time prospective
activity–symptom relationships to be examined.57
Actigraphy studies in CFS differ in sample selection and their reporting practices. One assessment was carried out with children,58 another
with a small group of CFS patients,59 and a third
study was conducted with no comparative control
group.25 With regards to the findings, an assessment of 12 children with CFS showed that they
had longer sleep durations and lower levels of
daytime physical activity compared to age-matched
controls. The actigraph also identified an interaction between disrupted sleep–wake and daytime
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napping.58 Conversely, a more recent sleep study of
15 CFS patients and 15 controls found no significant actigraphy differences between CFS patients
and healthy controls in daytime activity levels,
fragmentation during sleep, SE, duration of sleep,
or duration of napping. Interestingly, in this study,
CFS patients still reported poorer sleep quality than
healthy control subjects.59 This sample, however, is
particularly small and perhaps unrepresentative of
the general CFS population, given that these were
patients undergoing an intervention program of
graded activity-oriented cognitive–behavioral therapy at a tertiary referral clinic. As such, they were
treatment-motivated patients who were also likely
to be well informed in terms of behavioral strategies for sleep and symptom management. Notably,
Creti et al.25 identified difficulties with actigraphy as
an objective measurement modality in this population, showing that it underestimated sleep-onset
latency (SOL; how long it took to get to sleep following retiring to bed) in patients, and was also not
able to accurately or consistently identify nocturnal
wakefulness.
Further, it is difficult to elucidate actual sleep
versus inactivity (lying still in bed, but being
awake) in actigraphy, and the actigraph alone
cannot 

provide specific information on sleep
architecture (i.e., the progression and timing of
sleep–wake stage transitions). As a sole method for
examining sleep, actigraphy is considered problematic.60 However, when combined with other
objective measurement modalities, actigraphy
can help differentiate CFS individuals who have
chronic insomnia from those without insomnia.25
MULTIPLE SLEEP LATENCY TESTS

CFS patients often use the terms tired, sleepy, and
fatigued interchangeably, which is why it is important—albeit difficult—to separate the symptoms of
fatigue and daytime sleepiness.61 This is also important as the two complaints have different implications for diagnosis and treatment. Whereas fatigue
relates to a lack of available energy and a loss of
ability to exert mental and physical effort, sleepiness is a tendency to fall asleep, and only becomes
problematic if it occurs at an inappropriate time
or situation.62 The Multiple Sleep Latency Test
(MSLT) objectively assesses daytime sleepiness by
measuring the amount of time it takes people to fall
asleep during the day, given the opportunity. In the
case of an MSLT, four daytime sleep opportunities

are offered, separated by 2 hours each time. The
results from MSLTs carried out in CFS have generally been inconsistent. Several studies show that
CFS patients do not differ from healthy controls on
MSLT values.63–65 A twin study has shown that CFS
twins, despite reporting significantly more subjective sleepiness than their healthy co-twins, did not
differ in their mean sleep latencies.66 This indicates
that CFS and biological sleepiness are not associated, and also points towards a heightened sense of
sleepiness among CFS twins.
Where clinically significant MSLT latencies
(<10 minutes) have been identified in CFS patients,
these again are not consistent; one study revealed
41% of CFS patients had an abnormal MSLT, yet
their scores did not differ significantly from those
of non-fatigued controls.64 Another study showed
that a quarter of a CFS sample had an abnormal
MSLT.50 In a recent study of CFS patients from the
Wichita population (n = 225), 59.5% of patients had
an abnormal MSLT. Interestingly, in the same sample, 61.7% had an ESS within the normal range.33
Moreover, in a study assessing CFS patients, apnea
patients and healthy controls, the CFS group
showed significantly smaller MSLT scores than
controls during two of the four sleep opportunities
provided; however, these still fell within a normal
range. Overall, comparisons of scores on the MSLT
showed that CFS patients presented with intermediate values between apnea patients (demonstrating the most excessive 
sleepiness) and healthy
controls.61
The key shortcoming of the reported results of
MSLTs carried out with CFS patients is that they
are based on tests usually following a single night
of PSG. As such, MSLTs after a single night of
PSG may not be accurate indications of a patient’s
daytime somnolence, given that the first night of
PSG (usually conducted in an unfamiliar environment) is commonly associated with a phenomenon
known as the “first-night effect.” The first-night
effect is the set of differences in sleep parameters
observed on the first night of recording in comparison to consecutive ones. The main characteristics of the first-night effect include a reduction in
sleep time, more time awake during the night, and
reduced SE parameters.67,68 Moreover, PSG studies
are often criticized for their artificial sleep laboratory conditions that do not reflect normal sleep at
home and do not allow for habituation to cumbersome equipment.69 As such, patients are likely to be
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sleepy during the next day. The functional impact
of the PSG study night may also explain the lack
of an observed relationship between MSLT scores,
sleepiness scores, and fatigue scales.
Examinations of individuals who have been
deprived of or restricted from sleep consistently
demonstrate deteriorations in mood, cognition,
and performance.70 The purpose of each different sleep stage is also unclear, although it is generally agreed that the lighter stages of sleep (stage
1 and stage 2 sleep) afford transitions between
wakefulness and sleep, and then between SWS
and REM sleep. SWS and REM sleep are believed
to confer recuperative, restorative, and learning properties on the individual (e.g., the secretion of growth h
ormone and consolidation of
memory) (Table 10.3).71 Therefore, the proportion
of each sleep stage and timing of entry into each
sleep stage—SWS and REM sleep in particular—
are important for the long-term maintenance of
human physical and mental health. PSG studies
allow us to measure these sleep parameters, and
the next section will review the PSG studies that
have been carried out in CFS.

PSG STUDIES IN CFS

Overnight PSG is an all-night recording of sleep
physiology, including both sleep continuity and
sleep architecture (the progression and timing of sleep–wake stage transitions) and involves
attaching electrodes to the scalp, forehead, and
chin in order to record electroencephalogram
(EEG) eye movements or electro-oculogram
and muscle activity from the submental muscle
(electromyogram [EMG]). In addition, variables
such as electrocardiogram, EMG from leg muscles, and a range of respiratory variables and body
movements may be measured at the same time.
Overall, PSG sleep findings have not shown any
clear pattern of sleep abnormality in this population. One characteristic of the PSG research in CFS
may account for this: there is a high degree of variability in terms of the sleep continuity and sleep
architecture features that are reported in research
studies (Table 10.4). This makes comparisons
between PSG studies of sleep in CFS difficult, and
meta-analyses virtually impossible. There is also a
fair degree of variability in the protocols, adding

Table 10.3 Summary of sleep stages and corresponding normal architectural parameters

Sleep stage

Activity

Wake
NREM sleep

N1

N2

N3 (SWS)

REM sleep

REM

Eyes open, responsive to external stimuli, can hold
intelligible conversation
Transition between wakefulness and sleep. Eyes closed,
breathing slows, muscles relax, and brain starts to
produce alpha waves. Many people notice the falling
sensation during this stage of sleep, which may cause a
sudden muscle contraction (called hypnagogic jerk)
Onset of sleep, heart rate slows, and the body
temperature drops. The brain produces bursts of rapid,
rhythmic brain wave activity known as sleep spindles
Deep sleep or SWS, delta brain waves occur. Deepest,
most restorative sleep, muscles relaxed, blood pressure
drops and breathing slows. Blood supply to muscles
increases, tissue growth and repair occurs
Body becomes immobile and muscles relax. Energy
provided to brain and body. Heart rate and breathing
become more variable. REM and dreaming (dreaming
can also occur in other stages of sleep)

Normal
architectural
parameters
<5%
2%–5%

45%–55%

13%–23%

20%–25%

NREM, non-rapid eye movement; REM, rapid eye movement; N1, stage 1 sleep; N2, stage 2 sleep; N3, stage 3 sleep;
SWS, slow-wave sleep.
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Table 10.4 Previous polysomnography in chronic
fatigue syndrome/myalgic encephalomyelitis
Sleep variable
TST (minutes)
SE (%)
SOL (minutes)
WASO (minutes)
N1 (%)
N2 (%)
N3 (SWS) (%)
REM (%)
Wake (%)
REM latency
(Minutes)

Normal sleep
parameters

Range from
CFS studies

>360
>85
<30
<30
2–5
45–55
13–23
20–25
<5
90

304–495
68–90
6–69
43–75
4–36
21–58
13–42
7–27
11–46
63–149

CFS, chronic fatigue syndrome; TST, total sleep time;
SE, sleep efficiency; SOL, sleep-onset latency; WASO,
wake after sleep onset; N1, stage 1 sleep; N2, stage 2
sleep; SWS, slow-wave sleep (stages 3 and 4); REM,
rapid eye movement.
Note: Significant ranges reported across all sleep
variables and normal continuity and architectural
parameters.

to the complexity. PSG studies have mostly been
carried out over one night25,32,64,72–75 or two,27,66,76–81
which may present potential “first-night effects.”

Does the “first-night effect”
exist in CFS?
A great deal of the assumptions regarding the
variability and lack of consistency in the objective sleep patterns of patients with CFS rests on the
idea that people with CFS experience a first-night
effect. In a seminal study,79 this phenomenon was
studied in 83 CFS patients without an objectively
verifiable sleep disorder. Le Bon and colleagues
observed clear differences between the first- and
second-night sleep parameters. On night 1, there
was less TST and REM sleep, a longer REM latency,
more intermittent wake time, and a reduced number of sleep cycles,79 all indicating poorer firstnight sleep, in comparison to night 2. That said,
and rather complicating the issue, a quarter of Le
Bon et al.’s79 sample demonstrated an “inverse firstnight effect,” with patients experiencing 
better
sleep on night 1 than night 2. These issues may
highlight the need for at least a three-night assessment for PSG research.

Continuity
There is significant variation between PSG studies
on reported sleep continuity variables; for example, in one single-night PSG assessment study,
Sharpley and colleagues showed a mean SOL of 69
minutes,82 whereas Togo and colleagues showed
a SOL of 31 minutes.74 Further, Morriss and colleagues reported a mean SOL of 12.2 minutes in
their CFS patient cohort.53 Given that a SOL of longer than 30 minutes is considered to indicate the
presence of potential “sleep initiation difficulty,”83
these findings are highly variable and relate to
both problematic and non-problematic sleep
values. A two-night PSG assessment—arguably a
more representative indication of “typical” sleep—
identified a significantly longer SOL (39.9 minutes)
on night 2 in CFS patients compared to healthy
controls (21.5 minutes).78
Further single-night PSG assessments have
shown other types of sleep disruption in CFS.
After exclusion for medical illness, psychiatric
disorders, apnea, hypersomnia, and PLMD, 26
CFS patients with coexisting fibromyalgia had significantly reduced TST and reduced SE than controls.74 Home-based PSG studies have also shown
CFS patients to sleep less efficiently than controls,
with patients spending more time in bed and
significantly more time awake during the night.53,82
However, results in terms of percentage time awake
during the night are also highly variable between
studies, with ranges from 11.7%27,65 to 31.9%,53 and
even as much as 46.28%.81

Architecture
Architectural findings of PSG studies in CFS are
equally equivocal. Discrepancies between studies
in their reporting of sleep stages and abbreviations
used may account for this, based on the advancements that have been made in the visual scoring
of sleep stages. Since 2007, the American Academy
of Sleep Medicine (AASM) manual replaced
Rechtschaffen and Kales’s (R&K) rules that had
originally divided the sleep stages into wakefulness, stage 1–4 (non-REM [NREM]), or REM.
Sleep stages were now defined as N1–N3 (NREM)
and stage R (REM), the key difference being stage
3 and stage 4 in the old R&K rules being abbreviated to stage N3 (SWS) in the new rules, as it is
considered that no physiological basis exists for
a difference between stages 3 and 4. This creates
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discrepancies with regards to some studies reporting on stages 3 and 4, with others referring to SWS.
In addition to this, few studies report a full characterization of sleep architectural variables (amount
of each sleep or wake stage and the timing of transitions to each sleep stage), making any conclusive statements about sleep abnormalities in this
patient population difficult. The first report, from a
group of 49 CFS patients compared to 20 matched
healthy controls, found a significantly lower percentage of NREM N3 (formerly considered stage
3 and stage 4 sleep) in CFS.78 Conversely, Le Bon
et al.84 showed significantly increased NREM N3
in the sleep of CFS patients (free of medical illness
and psychiatric or primary sleep disorders), compared to apnea patients and healthy controls, thus
drawing the conclusion that there is an increase in
the amount of deep sleep over light sleep in CFS.
This latter finding was corroborated in 2009 by
Neu and colleagues, who reported architectural
differences from the second night of PSG assessment, with CFS patients exhibiting less light (N1
and N2) sleep and more deep (slow-wave) sleep
than healthy controls or apnea patients.80
Large variations also exist between studies in
terms of reported percentages of REM sleep in
CFS cohorts. Normal adults spend approximately
20%–25% of their TST in REM.85 Some CFS studies
have shown reduced REM (7.6%73; normal range:
22.3%27), and others have observed increased REM
(27.7%).76 Moreover, reported REM latencies (length
of time to the first REM cycle), which in normal
adult sleep is around 90 minutes,85 are equally varied in individuals with CFS. Some report latencies
that are as short as 63.5 minutes,76 and others report
much longer latencies (e.g., 149 minutes).74
These results relating to the proportion of REM
are based on either a single night73,74 or a second
night27,76 of recording, so perhaps, again, the firstnight effect explains this variance. Indeed, much of
the variance in the reported structural and architectural sleep variables in these studies of CFS
patients’ sleep may well be explained by the number
of study assessment nights. Very few studies have
conducted a three-night protocol of PSG assessment.35,78,86 This protocol inconsistency is further
complicated by the fact that reporting practices
differ, making interpretation and comparisons difficult. Some studies report the percentage of each
sleep and wake stage as an index of sleep period
time (amount of the whole sleep period), TST

(amount of time once sleep has been initiated), or
even amount of time in bed,35,65,75,76,78,81,86–88 whilst
others report the minutes of each stage.53,73,79,82,89
However, collectively, these studies do not demonstrate any consistent architectural differences in
the sleep of patients and healthy controls/co-twins.
Consequently, the results should be treated carefully. The variability in measures of sleep parameters could be the result of either the heterogeneity of
sleep problems within the CFS populations, a variability in measurement protocols, and/or the result
of still often-neglected primary sleep disorders in
these studies (i.e., mild obstructive sleep apnea syndrome or periodic limb movement disorder).
There have also been indications of alterations
in the transition patterns of sleep stages in CFS;
in particular, significantly fewer transitions from
REM to NREM sleep over the night in CFS patients
than in controls.73,90 This suggests a potential disruption in the normal circadian regulation of
sleep–wake patterns, abnormalities that could lead
to unrefreshing sleep.

Power spectral analysis
EEG brain wave activities can be categorized into
frequency bands, and they can to some extent provide a gross indication of a particular sleep–wake
state. For example, alpha activity (8–12 Hz) is the
dominant rhythm in a relaxed wake state (eyes
closed) in posterior regions of the scalp. That said,
alpha waves can also be observed (although they
do not predominate) during the various stages of
sleep. When these alpha waves intrude into deep
sleep, it is suggested that the brain is not resting like
it should (also known as alpha–delta intrusion),
indicating that a wakeful period during sleep and
high levels of alpha intrusion into sleep are often
associated with complaints of non-refreshing sleep.
Power spectral analysis (PSA) deconstructs the
amount and density of each frequency band over
each phase of wake and sleep. PSA integrates the
amount of energy (power) and respective density
in each frequency band and their potential overlap
or “intrusion.” In some cases, these intrusions can
result in a change of stage shift (e.g., going from one
sleep stage to another, including wake). In terms
of the PSA evidence, Armitage et al.35 assessed 13
twin pairs (from the University of Washington CFS
Twin Registry) of the 22 who originally underwent
PSG assessments. Having applied PSA, using fast
Fourier transformation (FFT; a widely applied
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linear modeling method to obtain EEG power
spectra), delta power was observed to be slightly
elevated overall in the CFS twins, although this
was not enough to significantly differentiate them
from their healthy co-twins.91 Moreover, there have
been new perspectives in what the homeostatic
impairment in SWS in CFS might be. Le Bon and
colleagues looked at delta activity in the very slow
end of the frequency band, which had mainly been
overlooked in studies. They showed lower ultraslow delta power in the sleep of 10 young females
with CFS in comparison with healthy c ontrols.36
This underlines the importance of looking beyond
the conventional gross EEG.
Decker et al.77 also used FFT, and analysed the
PSG recordings of 35 CFS patients from the Wichita
population study, comparing these to 40 nonfatigued controls. Overall, there was significantly
reduced spectral power of alpha activity in CFS
subjects during stage 2 sleep and SWS, along with
the greatest reduction observed during REM sleep.
CFS patients also showed significantly reduced delta
power activity in SWS, which would concur with
the common symptoms found in CFS, as reduced
delta power is associated with reported fatigue and
the perception of pain.92 However, this delta power
was increased during stage 1 and REM sleep. This
latter finding has been corroborated elsewhere.72,80
This rebound might reflect an impairment of sleeprelated homeostatic functions in CFS.
However, alpha–delta sleep or alpha intrusions
are not entirely specific to CFS. Other disorders,
such as rheumatoid arthritis, fibromyalgia, and
lupus erythematosus, also feature differences in
alpha-range EEG frequencies compared to control subjects.93 Additionally, there are reports
of this alpha–delta sleep in stages 2 and 3 and
NREM sleep in fibromyalgia patients who present
with excessive daytime somnolence and chronic
fatigue.94–97 Furthermore, changes in alpha can
also be found in several primary sleep disorders
(PLMD, sleep apnea, and narcolepsy), and occasionally in patients with no complaints of fatigue.98
The role of alpha–delta sleep in the development
of CFS remains questionable, with some studies of CFS patients observing alpha intrusions in
SWS,86,87 and others failing to support this.45,91,99

Co-twin control methodology
Despite offering a powerful method by which to
control for genetic factors, PSG twin studies have

not provided strong evidence for sleep abnormalities in CFS. In one two-night PSG assessment
study, and following the exclusion of psychiatric
and medical disorders, CFS twins did not appear
to differ from their healthy co-twins on any sleep
parameter.66,76,91 However, delaying sleep onset by
4 hours resulted in CFS twins showing less slowwave activity than their healthy co-twins.35 This
finding may be indicative of a potential impairment in homeostatic sleep pressure in CFS, and
supports the notion that the daytime complaints
observed in people with CFS may be associated
with potential issues in sleep regulation.

Summary of PSG
Overall, the PSG studies report that CFS patients
have abnormal sleep; however, such disturbances
are variable and not found across all patients.
There is also no standardization in protocol,
selection criteria, or reporting practices, making
interpretation and comparisons between studies
difficult. Moreover, different studies exclude different groups and, whilst most exclude medical
illness, psychiatric disorders, and some sleep disorders (primary hypersomnias, sleep apnea, and
PLMD), they tend not to exclude insomnia.25,82
This is highly problematic in terms of reporting
sleep findings in CFS, where patients are likely
to encounter symptoms that are similar to those
experienced in insomnia, such as problems getting
off to sleep or staying asleep. Further, given the
considerable overlap in the existing diagnostic
criteria (used in the reported studies) between CFS
and insomnia (namely non-restorative sleep), it is
highly important to tease these conditions apart in
order to be able to understand CFS exclusively.
A COMBINATION OF METHODS

Several of the studies mentioned earlier have used
a combination of objective sleep assessment with
subjective measures of patient’s sleep.25,65,66 These
triangulation studies demonstrate interesting discrepancies between what emerges in subjective and
objective measures. Overall, CFS patients report
poorer sleep quality and more non-restorative
sleep than healthy and non-fatigued controls, but
objectively they appear to have close to normal
sleep architecture (structure and pattern of sleep)
or macrostructure (temporal organization of
sleep). Similarly, CFS patients report more subjective sleepiness, yet objective measures (MSLTs) of
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sleepiness do not tend to differ between CFS twins
and their healthy co-twins.66 These discrepancies
between subjective daytime complaints and objectively measured sleep are also common in individuals with insomnia, which is often described
as sleep-state misperception (SSM; i.e., perceiving
sleep as wakefulness/overestimating sleep). Such
sleep misperception has been explained by the
neurocognitive model of insomnia, emphasizing
that brain cortical arousal is a central component
whereby both physiological and cognitive arousal
arises from increased cortical arousal around the
sleep-onset period.100
Neu et al.89 specifically demonstrated this difference between subjective and objective sleep.
After exclusion of psychiatric disorders and certain
sleep disorders (apnea, PLMD, and hypersomnia),
their 28 “pure” CFS patients reported significantly
poorer subjective sleep quality—as demonstrated
by PSQI scores—compared to healthy age- and
gender-matched controls, but there was no evidence of structural PSG abnormalities. This might
suggest that CFS patients negatively perceive their
sleep quality, even though they may sleep well. One
suggestion is that they may over-monitor their
sleep, and this perhaps contributes to perceived
sleep problems, a phenomenon that has also been
observed in insomnia.101 Additionally, in CFS, the
lack of explanation and guidance surrounding the
condition may increase patient anxiety, symptom
experience and, consequently, symptom focus.20
This in turn could cause an increased monitoring
of sleep duration and quality. Again, this emphasizes the importance of considering the interaction
between cognitions, behaviors, physiology, and
symptoms in this condition, and also the importance of combining assessment techniques.

SLEEP MANAGEMENT IN CFS
It may be possible to identify specific contributors
to sleep problems in people with CFS (i.e., medications and activities). Likewise, it is also possible
to establish certain sleeping behaviors that may
contribute to patients’ experiences of daytime
symptoms. Irregularity in sleeping patterns can
have a significant impact on daytime functioning. For example, it has been shown that in some
CFS patients, daytime sleep can lead to cognitive impairments and increased levels of daytime
sleepiness.102 It may be beneficial to monitor sleep

 atterns in CFS patients using a sleep diary in
p
order to record nighttime (and daytime) sleep and
wake, with adjunct actigraphy in order to identify
any irregularities in sleeping patterns. It may also
be beneficial to avoid napping for extended periods
(i.e., >30 minutes) and later in the day in order to
prevent entering into sleep cycles and weakening
the sleep drive.
CFS patients who report symptoms of a primary
sleep disorder should have a detailed evaluation
carried out in order to identify and/or rule out a
primary sleep disorder, as identifying these in
patients may mean that they can be treated therapeutically. Sleep problems may be appropriately
identified via information obtained from a detailed
sleep interview and sleep diary, which provide subjective accounts that can be matched to different
sleep profiles.26 There are evidence-based treatment approaches; for example, light therapy is
effective in reducing sleep and circadian rhythm
problems; scheduled napping and modafinil are
recommended for hypersomnolence disorder;
and cognitive–behavioral therapy for insomnia
(CBT-I) is recommended. Efficacy has also been
shown to alleviate sleep problems in related conditions that share similar features with CFS/ME;
for example, CBT-I is effective for people with
fibromyalgia,103,104 and bright light therapy has
been shown to improve cancer-related fatigue.105,106
However, there are no reports of whether these
strategies are beneficial for people with CFS/ME.
As such, there is a need to explore different sleep
treatments in this patient group.

Why is identification of sleep
problems relevant in CFS patients?
It is important to establish a relationship between
objective sleep and sleep complaints in this patient
population, because we do not know the extent to
which disordered sleep may be influencing levels
of disability in CFS. When considering (a) the level
of disability associated with CFS, (b) our negligible
understanding of its pathophysiology or associated biomarkers, (c) the lack of effective and efficacious therapies, and (d) its poor recognition and
management in primary care, this “significant”
complaint actually represents a considerable burden in terms of present and future healthcare utilization, quality of life, and employability. Treating
the most d
 isruptive symptoms first is the priority
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that is facing clinicians in primary care. It is therefore important that disturbed sleep is identified
and treated early on in this illness in order to prevent the maintenance or worsening of other symptoms associated with CFS (fatigue, poor short-term
memory, and concentration difficulties).
The ability to quickly identify an objective
sleep problem in patients with CFS is clinically
relevant in a population where symptoms can
be maintained and/or worsened by poor sleep.
Taking a complete and detailed assessment of
sleep complaints is important (i.e., clinical interview with a complete sleep history, sleep screening q
 uestionnaires, and sleep diaries) will ensure
that the clinician can determine the nature of the
sleep problem and offer appropriate sleep-based
interventions to help patients with their sleeprelated symptoms. Specifically, appropriate treatment should be tailored for the individual patient,
given that sleep problems are not homogenous in
CFS. Whilst PSG is not required to diagnose CFS,
it may be appropriate to use it when screening for
treatable sleep disorders.
The importance of such assessments is based
on the premise that there is potential for sleep
disorders to develop over the illness course,27 that
sleep-related symptoms may change over time
in patients with CFS,15,47 and that they differ in
frequency and/or severity.8 Importantly, however,
sleep-related changes may be a result of changes
in medication use or environmental/behavioral
adaptation.
CFS is more complex than just one factor (i.e.,
sleep), as otherwise it would have been explained
by now, and we must consider that this condition
has a multifactorial biopsychosocial etiology, and
within that, one may be able to identify factors that
we can modify in order to help decrease the impact
of CFS (e.g., educating about daytime management, cognitive–behavioral therapy for maladaptive coping strategies, etc.). The biopsychosocial
etiology of CFS is borne out in the quantitative
and qualitative literature on the biopsychosocial
impacts of CFS. Management should therefore be
tailored to the individual.
Based on findings from studies that have
assessed the impact of poor sleep on daytime functioning in people with CFS, it is important that
clinicians are aware of the factors that may serve
to maintain the condition and/or prevent people
from being able to effectively manage their CFS:

●●

●●

●●

●●

●●

Irregular sleeping patterns (i.e., delayed sleep
phase/advanced sleep phase)
Daytime napping that occurs in the afternoon/
evening (closer to sleep period)
Daytime napping that exceeds 30 minutes
(resulting in entering sleep cycles)
Medications that cause nocturnal arousal/
interference (i.e., selective serotonin reuptake
inhibitor (SSRI)/serotonin-norepinepherine
reuptake inhibitor (SNRI) antidepressants,
analgesics, antianxiety medications, antihistamines, and blood pressure-controlling
medications)
Symptom “flare-up” (i.e., pain, virus, and
“crash” from overexertion)

SUMMARY
Despite the absence of objective architectural differences in people with CFS and healthy controls
for determining CFS-specific sleep pathologies, the
complaint of unrefreshing sleep remains universal
among CFS patients. Sleep disturbance closely
follows the principal complaint of fatigue; to recap,
87%–95% of CFS patients report unrefreshing sleep
as a key symptom complaint.8 More specifically,
patients tend to report fragmented sleep and sleeponset difficulties, despite feeling tired. Continuing
sleep disturbance can cause fatigue, myalgia, and
poor concentration in healthy individuals,71,107 and
therefore sleep disruption may not be just a consequence, but also a cause of symptoms in CFS.
Despite its frequent presentation in primary care,
clinicians face difficulty in objectively verifying
sleep complaints due to a lack of standardized
assessments. Unidentified sleep difficulties early
on may delay appropriate therapy; likewise, early
identification will ensure timely and appropriate
treatment that may help to alleviate other symptoms. Improving symptoms in this population—
namely fatigue and unrefreshing sleep—has the
potential to improve the health and quality of life
of individuals with CFS and significantly reduce
the costs (both at individual and societal levels)
associated with this disabling condition.

THE FUTURE DIRECTION OF
RESEARCH INTO SLEEP IN CFS
Sleep studies in CFS have shown very mixed
results, particularly with regards to PSG. Not only
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do these studies significantly differ in their results,
but their protocol and exclusion criteria are also
equally inconsistent. As a result, no consistent
picture of sleep disturbance emerges from the data.
The most consistent findings are in the subjective
reports of sleep quantity and quality. However, rather
than dismissing this inconsistency as an artefact of
inconsistent methodologies, we would suggest that
a more plausible conclusion is that there is significant
heterogeneity of sleep phenotypes in the CFS population. This needs to be further investigated.
There is a need for more in-depth qualitative
accounts from patients about their experiences of
sleep. This could highlight the proposed heterogeneity and also guide or complement subsequent
objective studies to further investigate which specific components of sleep are disturbed and how
they might play a role in maintaining symptoms
such as fatigue. There is a need for more mixedmethod studies, combining and comparing objective and subjective data. This would afford an
examination of SSM as a principle problem in this
population. Moreover, it is important that research
moves forward in measuring sleep according to
more stringent protocols, avoiding single-night
recordings, selecting well-matched control s ubjects,
and accounting for sleep disorders such as apnea.
More research is also needed to tease apart the
causative and consequential role of sleep in CFS
and to explore whether the daytime fatigue that is
attributed to CFS is related to a sleep disturbance
or something else (i.e., autonomic dysregulation,
activity patterns, or homeostatic dysregulation).
Changes have now been made in the DSM-5 and
International Classification of Sleep Disorders—
3rd Edition, where non-restorative sleep has been
removed from the criteria for insomnia disorder,
which may afford a greater differentiation between
CFS and insomnia. In clinical practice, it is important that CFS patients are screened for the p
 resence
of a sleep disorder in order to identify any incorrect
or comorbid diagnoses, as currently, complete sleep
testing is not part of routine CFS evaluation.2,4,108
Ultimately, sleep comprises specific brain activities and physiological systemic adaptations, which
are implicated in various functions of brain and
body restoration, learning processes, memory consolidation, and mood regulation.85 Investigating
sleep is thus highly relevant to this population,
given the overlap of these features with symptom presentation in CFS patients (loss of physical

functioning and impairments in memory, attention, and concentration).109 Currently, however,
there is no standardized method to measure sleep
in this patient cohort. Practically, there is a need
to address and standardize the technical aspects
of assessing sleep efficiently by employing a standardized three-night protocol in order to observe
sleep continuity, architecture, and microstructure
in CFS patients. This would help to determine: (1)
sleep disorders in this patient group; (2) the overlap
between sleep disorders and CFS; and (3) the distinct sleep characteristics of CFS patients. It may
then be possible to clarify the precise relationship
between sleep, behavior, cognition, physiology,
and the physical symptoms of CFS.
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Coronary heart disease (CHD) is the leading cause
of death in the United States. According to the
American Heart Association (AHA), one out of
every six deaths in the United States is caused by
CHD.1 The incidence of CHD in our aging population is on the rise due to improved healthcare and
subsequent prolonged life expectancy. As a result,
the AHA projects that the direct and indirect costs
of CHD will nearly double from $110 billion in
2010 to approximately $220 billion in 2030.1 It is
therefore clear that effective new strategies to prevent and manage CHD need to be devised and
implemented in our healthcare system.
Like CHD, sleep-related breathing disorders
such as obstructive sleep apnea (OSA) are exceedingly prevalent in the United States. It is estimated that amongst the western population, 24%
of men and 9% of women have OSA, diagnosed
as an Apnea–Hypopnea Index (AHI) ≥ 5.2 OSA
occurs when the upper airway collapses during
sleep, resulting in a cycle of hypoxemia, increased
respiratory effort, frequent arousals, and increased
sympathetic activity. It has been associated with
numerous cardiovascular conditions including
hypertension,3 CHD,4,5 cardiac arrhythmias,6 heart
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failure,7,8 stroke,9 and sudden death.10 Further,
OSA has been linked with increased cardiovascular mortality.
In this chapter, we focus on the relationship
between sleep and CHD. Specifically, we will focus
on (1) normal sleep, (2) extremes of sleep duration, and (3) OSA on CHD events. We describe
several mechanisms through which sleep duration
and OSA contribute to CHD. Lastly, we discuss
the effect of continuous positive airway pressure
(CPAP) treatment of OSA on CHD and CHDrelated outcomes.

NORMAL SLEEP AND THE
CARDIOVASCULAR SYSTEM
Normal sleep provides a period of physiologically
reduced workload for the cardiovascular system
for nearly a third of the average human lifespan.
There are two markedly different stages of sleep;
non-rapid eye movement (NREM) and rapid eye
movement (REM) sleep. Normal sleep architecture
consists of NREM/REM cycles, which repeat on
average four to five times a night. Overall, NREM
and REM stages occupy 70%–80% and 20%–25%
163
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Figure 11.1 Normal sleep architecture. NREM: non-rapid eye movement; REM: rapid eye movement.

of total sleep time, respectively (Figure 11.1).
These two sleep phases are associated with dramatically different cardiovascular responses.
Generally, NREM sleep is associated with a reduction in blood pressure, heart rate, systemic vascular
resistance, and cardiac output.11–13 Alternatively,
during REM sleep, the blood pressure undergoes
frequent oscillations, at times reaching the lowest
levels of the circadian cycle and then rising above
waking values.12 In addition to blood pressure, the
heart rate also experiences greater variability during REM sleep. In an elegant study by Somers et al.,
sympathetic nerve traffic was recorded in eight
patients during wakefulness and sleep. The resulting data provided clear, metric evidence that sympathetic activity is reduced by more than half from
wakefulness to stage 4 NREM sleep, but increases
to levels above waking values during REM sleep.14

SLEEP DURATION AND CHD
A paradigm shift in sleep duration has been
observed over the past 50 years. This change coincides with the progression of the westernized lifestyle, which includes distractors such as TV and
mobile devices along with longer working hours.
The amount of sleep needed varies from person to person; however, a recent National Sleep
Foundation survey found that, on average, most
adults need about 6.5–7 hours to feel alert and
well rested.15 The National Sleep Foundation also
reported that 16% of Americans were sleeping 6
hours or less and 24% were sleeping 6–6.9 hours
a night. Further, 38% of those respondents who
sleep less than 6 hours per night reported getting
less sleep than they need for optimal daytime functioning.15 This is a cause for concern as multiple
studies have examined the role of sleep duration
and quality as a risk factor for comorbid conditions
and premature mortality.16,17
Evidence has emerged that the extremes of
sleep duration are associated with adverse health

outcomes, including increased incidence of obesity,18 metabolic dysregulation including diabetes
mellitus,18,19 hypertension,20,21 atherogenic lipid
profile,22 respiratory disorders,23 poor self-rated
health,24 and all-cause mortality in both adults and
children.16,17 It has been suggested that a U-shaped
association exists between sleep duration and cardiovascular events and all-cause mortality.16,17,25
Numerous cross-sectional observational studies have reported a temporal association between
sleep duration and cardiovascular disease.26–32
Further, a meta-analysis of prospective cohort
studies described a higher incidence of CHD,
CHD-related mortality, and stroke in subjects who
reported sleeping for 5–6 hours or less per night at
a follow-up of at least 3 years.16 A similar increase
was reported in the long sleep group who had sleep
durations of greater than 8–9 hours per night.16
Various theories have been investigated to
understand the mechanisms underlying the correlation between sleep duration and CHD. An
increase in the circulating levels of the anorexigenic hormone leptin and a reduction in orexigenic factor ghrelin have been observed in
patients after sleep restriction.33,34 This in turn
causes an increase in appetite,33,34 calorie-dense
food intake,33 obesity,34 and impaired glycemic
control.33 Leptin and ghrelin levels are typically
regulated by sympatheticovagal balance, and a
reciprocal change in sympathetic nervous system
and vagal activity due to sleep loss may explain the
potential underlying mechanism.35–39 An increase
in cortisol secretion after sleep deprivation and
subsequent glucocorticoid excess has also been
suggested.34,39,40 Additionally, low-grade inflammation activated during short sleep with possible
implications for CHD has been reported.41
To date, limited data exist on the potential
mechanisms for long sleep causing cardiovascular disease or death. The Nurses’ Health Study
II attempted to identify potential correlates to
explain increased mortality in women with
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prolonged sleep. They reported a significant impact
of psychiatric, lifestyle, socioeconomic, medical,
gynecologic, and sleep factors on the association
between long sleep and mortality.42 As such, the
presence of long sleep duration may be considered
an indication to investigate the underlying mental or physiological disorder, instead of a cause of
these chronic disorders.

SLEEP FRAGMENTATION AND CHD
Whether sleep fragmentation in addition to sleep
duration affects cardiovascular morbidity and mortality is unclear. Multiple studies have provided evidence to support the association of disturbed sleep
with increased CHD risk in both adults and children.32,43,45–47 The concomitant effect of sleep disturbance and short sleep duration on the incidence
of CHD was examined in a prospective study using
the Whitehall II Study cohort data. Both sleep disturbance and sleep duration were measured using
standardized questionnaires, and after adjusting
for confounding risk factors, the authors concluded
that the risk of CHD and CHD-related mortality
was highest among those who report sleep disturbance in addition to sleep duration of less than 6
hours per night.45 It is plausible that sleep disturbance and extremes of sleep duration act synergistically with regards to their impact on cardiovascular
disease. This remains to be investigated.

OSA: PREVALENCE AND
ASSOCIATION WITH CHD
Stable CHD
The prevalence of OSA , as defined by the American
Academy of Sleep Medicine,44 is high in patients
with stable CHD. The estimates vary depending on the study design, yet the most commonly
reported estimate is from Mooe et al., in which the
authors examined 142 men with CHD and found a
37% prevalence of OSA, defined as an AHI ≥ 10.48
Similarly, in a case–control study of women with
CHD, it was found that 54% had an AHI ≥ 5 and
30% had an AHI ≥ 10.49 Both studies also reported
that OSA was a significant predictor of CHD after
adjustment for confounding factors like age, body
mass index, hypertension, smoking habits, and
diabetes.48,49 In a similar study, Schafer and colleagues report a high prevalence (31%) of OSA in

patients with angiographically proven CHD.50
Maekawa et al. also investigated the prevalence of
CHD (documented by cardiac stress test, radionuclide myocardial scintigraphy, and/or coronary
angiography) in 386 subjects suspected of OSA
with heavy snoring. They found the prevalence of
CHD among these patients with untreated OSA
(defined as an AHI ≥ 10) to be 23.8%.51 These
results are noteworthy, as evidence suggests that
OSA (AHI ≥ 10) is associated with a worse longterm prognosis.52

Acute CHD
The prevalence of OSA is even higher in patients
with acute CHD events. In a study by Konecny et al.,
OSA was present in 69% of patients hospitalized
with acute myocardial infarction.53 Interestingly,
only 12% of patients had documentation of diagnosed or suspected OSA. The authors suggest a lack
of awareness and recognition of OSA generally,
and specifically in the acute phase of a myocardial
infarction, in order to explain this discrepancy.

Circadian effect on CHD mortality
There appears to be a circadian effect on CHD mortality. Reports in the world literature going back as
far as 1960 have described a circadian periodicity
in the onset of myocardial infarction, and have
documented a peak incidence between the hours
of 6 a.m. and noon, with a nadir between midnight
and 6 a.m.54 As such, the risk of sudden death from
cardiac causes in the general population is significantly greater during the morning hours after
waking (i.e., from 6 a.m. to noon) than during any
other 6-hour interval of the day.55 The presumed
mechanism underlying this trend involves the disturbance of vulnerable atherosclerotic plaque. It
is believed that the plaque within arteries is disrupted due to alterations in blood pressure, thereby
creating shearing forces within the coronary blood
vessels and promoting a thrombogenic event.
Patients with OSA, however, show a significant
deviation from this well-established day–night
pattern. A study by Gami et al. demonstrated a
marked nocturnal peak (between 10 p.m. and
6 a.m.) in sudden death from cardiac causes in
patients with OSA.10 This is likely due to the cyclical
mini-arousals (increases in blood pressure, heart
rate, etc.) that are characteristic of OSA, which
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occur repeatedly throughout the night. However,
beyond simply shifting time of onset, OSA has
been shown to be an independent risk factor for
CHD-related events as well.45,56 In the subsequent
section, we will discuss potential mechanisms for
this association.

OSA AND CHD: POTENTIAL
MECHANISMS
Various theories on the physiological cascades
linking OSA and CHD have been examined. These
mechanisms include, but are not limited to: (1)
endothelial dysfunction/systemic inflammation,
(2) sympathetic activation, (3) metabolic dysregulation, and (4) mechanical load effects.

Endothelial dysfunction and systemic
inflammation
Systemic inflammation and oxidative stress resulting from intermittent hypoxia observed in OSA
are gaining attention as fundamental mechanisms
leading to endothelial dysfunction.57–60 Endothelial
dysfunction in turn is a dynamic and progressive disease that can lead to atherosclerosis—the
underlying pathogenetic mechanism of cardiovascular and cerebrovascular events (Figure 11.2).60
Examples of systemic inflammation and oxidative stress resulting from OSA-induced intermittent
hypoxia are numerous. For instance, it has been
shown that the oxygenation–reoxygenation process, which produces reactive oxygen species due to

Sleep apnea
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Inflammation

Oxidative stress
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decreased anticoagulants

Increased Ang-II, ET-1, XOR
Decreased NO
Compromised barrier
function of endothelium

Thrombosis

Vascular smooth muscle
and adventitial hypertrophy
and proliferation

Cardiovascular morbidity

Figure 11.2 Schematic showing the role of endothelial dysfunction in sleep apnea as a plausible
mechanism for cardiovascular morbidity. Ang-II: angiotension II; ET-1: endothelin-1; XOR: xanthine
oxidoreductase; NO: nitric oxide. (Reprinted with permission from Quan S. J Clin Sleep Med 2007;
3: 409–415.)
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Figure 11.3 The inflammatory response with the production of cytokines and adhesion molecules
secondary to OSA-induced intermittent hypoxemia resulting in endothelial dysfunction and vascular
disease. NADPH: reduced form of nicotinamide adenine dinucleotide phosphate; NFκB: nuclear factor κB; AP-1: activator protein-1; HIF-1: hypoxia inducible factor-1; VEGF: vascular endothelial growth
factor; HSP70: heat-shock protein 70; O2: superoxide radical anion; H2O2: hydrogen peroxide; ICAM-1:
intercellular adhesion molecule-1; VCAM-1: vascular cell adhesion molecule-1. (Reprinted from Sleep
Med Rev, 7, Lavie L., 35–51, Copyright 2003, with permission from Elsevier.)

recurrent obstructive apneas, initiates an inflammatory response. The resulting cascade produces
cytokines and adhesion molecules, which have
been shown to promote endothelial dysfunction
(Figure 11.3).61 Further, it is known that biomarkers of inflammation, such as C-reactive protein and
interleukin-6, are important risk factors for endothelial dysfunction and atherosclerosis. Studies
have shown that these indicators are also elevated
in patients with OSA.61 It is therefore evident that
OSA is associated with the mechanistic progression

of endothelial dysfunction and atherosclerosis via
oxidative stress and inflammation, which in turn
correlate to a higher incidence of CHD. Another
example of impaired endothelial function resulting from OSA is seen in the nitric oxide (NO) pathway. Patients with OSA have enhanced endothelial
dysfunction via a lack of NO-mediated vascular
homeostasis.62 Endothelial NO is a key regulator of
vascular homeostasis. Impaired NO release by dysfunctional endothelial cells is regarded as an initiator and promoter of atherosclerosis.
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On an observable level, noninvasive scanning
techniques like B-mode imaging can be used to
directly identify and monitor endothelial dysfunction and preclinical atherosclerosis in arteries.
Carotid intima–media thickness (IMT) has been
recognized as a surrogate measure of atherosclerosis and a useful index of subclinical cardiovascular
disease. Epidemiological studies have shown that
carotid IMT is a strong independent risk factor
for predicting future CHD and stroke, even after
adjusting for traditional risk factors.63–66 Silvestrini
et al. found that the IMT of the common carotid
arteries of patients with OSA was significantly
greater than that of control subjects.67 Further, a
study by Friedlander et al.68 indicated that individuals with OSA (AHI ≥ 15) have a greater prevalence
of calcified carotid artery atheromas, as measured
by radiographs, than healthy individuals. A beneficial impact of both short-term and long-term
CPAP therapy on subclinical atherosclerosis using
carotid IMT and arterial pulse wave velocity has
been demonstrated.69–72

Sympathetic activation
While the pathophysiology of OSA is not fully
delineated, the downstream consequences of

OSA—such as sympathetic activation—have been
studied extensively. As a result of obstructed
breathing, patients with OSA experience repeated
and prolonged episodes of arterial oxygen desaturation and carbon dioxide retention. During
recurrent apneas, hypoxemia and retained carbon
dioxide can stimulate chemoreceptors, leading to
an increase in sympathetic tone. The duration of
apnea and the level of oxygen desaturation are key
determinants in the degree of sympathetic activation. The sympathetic tone increases progressively
during the obstructive event, reaching its peak
after arousal.
Narkiewicz and Somers found that the blood
pressure surge at the end of the apneic event can
reach levels as high as 250/110 mmHg in a subject who is normotensive during wakefulness.73
Other factors, such as increased muscle tone and
arousal, may also contribute to the increased blood
pressure at the end of an apnea. Oxyhemoglobin
saturation decreases during the apnea and recovers only slowly after termination. Therefore, the
sudden increase in cardiac output at arousal with
increased myocardial oxygen demand is met with
low oxygen delivery to the myocardium and therefore increased risk of cardiac ischemia. Studies
have also shown that in addition to the heightened
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OSA
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Figure 11.4 Recordings of sympathetic nerve activity during wakefulness in patients with obstructive
sleep apnea and matched controls showing high levels of sympathetic nerve activity in patients with
sleep apnea. (Reprinted from Somers V et al., J Clin Invest 1995; 96(4): 1897–1904, with permission
from RightsLink 2014.)
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nocturnal levels, sympathetic drive remains elevated in OSA patients during awake, normoxic
conditions (Figure 11.4).74,75 Further, with CPAP
therapy, a significant reduction in sympathetic
activity to levels below wakefulness has been
observed (Figure 11.5).75
Norepinephrine is the primary neurotransmitter for the post-ganglionic sympathetic nervous
system. Baylor et al. analyzed plasma samples from
patients who were highly suspected of OSA by history over a 5.5–hour sleeping period.76 The team
found that as oxygen saturation decreases, the

variability in plasma norepinephrine increases.
They also reported that the patients with the most
severe degree of cyclic desaturation had the greatest variability in plasma norepinephrine levels;
specifically, the surges in norepinephrine concentrations were greatest in those with the greatest
desaturations. It should be noted that changes in
norepinephrine levels across the night are related
to the degree of cyclic oxygen desaturation and not
to AHI. Regardless, there is strong evidence supporting the link between OSA-associated sympathetic activation (via norepinephrine).
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Figure 11.5 Recordings of sympathetic nerve activity (SNA), respirations (RESP), and intra-arterial
blood pressure (BP) in the same subject when awake with obstructive sleep apnea during rapid eye
movement (REM) sleep and with elimination of obstructive apnea by continuous positive airway pressure (CPAP) therapy during REM sleep. SNA is very high during wakefulness, but increases even further secondary to obstructive apnea during REM sleep. BP increases from 130/65 mmHg when awake
to 256/110 mmHg at the end of apnea. Elimination of apneas by CPAP results in decreased nerve
activity and prevents BP surges during REM sleep. (Reprinted from Somers V et al., J Clin Invest 1995;
96(4): 1897–1904, with permission from RightsLink 2014.)
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Metabolic dysregulation
Patients with OSA have increased prevalence of
dyslipidemia, insulin resistance, and glucose intolerance, which are associated with increased CHD
morbidity and mortality. It is important to recognize that OSA and obesity frequently coexist, and
therefore the independent role of each of these conditions in metabolic dysregulation is challenging
to delineate.
DYSLIPIDEMIA

Dyslipidemia—an abnormal amount or subtype
of lipids in the systemic circulation—is a known
risk factor for the development and progression
of atherosclerosis and subsequent cardiovascular
events.77 The prevalence of dyslipidemia among
those with OSA has been reported to be as high
as 55% (hypertriglyceridemia) and 61% (hypercholesterolemia).78 Greater OSA severity, particularly
degree of nocturnal intermittent hypoxemia, has
been associated with higher fasting triglyceride
levels and lower high-density lipoprotein levels.79
Further, short-term treatment studies have shown
that OSA treatment with CPAP may reduce total
cholesterol, low-density lipoprotein, and triglyceride levels.80 Interestingly, studies of the impact of
CPAP on high-density lipoprotein levels appear
to be inconsistent, with some showing an increase
and others reporting no effect.80,81 Thus, conclusive
evidence regarding the long-term effect of OSA
treatment on lipids is lacking, and so this requires
further investigation.
INSULIN RESISTANCE AND GLUCOSE
INTOLERANCE

Insulin resistance, glucose intolerance, and diabetes are well-established risk factors for CHD.
OSA has been associated with insulin resistance in
animal and human investigations spanning crosssectional and prospective studies, as well as clinical trials. It appears that OSA is associated with
insulin resistance independent of obesity, which
is an important confounder on this relationship.82
Furthermore, even in otherwise healthy individuals, OSA has been associated with a twofold
increase in the risk of impaired or diabetic glucose
tolerance.83 Similar to dyslipidemia, hypoxic stress
appears to be the driving factor for impaired glucose tolerance in individuals with OSA.84 Results
from the Sleep Heart Health Study demonstrate

that sleep-related hypoxemia is associated with
glucose intolerance independent of age, gender,
and obesity.85 In this study, increasing levels of
nocturnal hypoxemia were associated in a “dosedependent” manner with increasing glucose levels.
This finding was observed even within nonobese
individuals. Further, several investigations have
assessed the impact of CPAP therapy on glucose
control. It has been suggested that among patients
with severe OSA, improvement in glucose metabolism may occur after 2 months of CPAP.86
In summary, numerous studies have revealed
an association between OSA, dyslipidemia, insulin
resistance, and glucose intolerance. In fact, OSA
has been identified as an independent risk factor
for type II diabetes.87 It also appears that CPAP
therapy improves insulin resistance and glucose
intolerance. Nevertheless, larger studies with longterm follow-up are necessary in order to better
assess the independent impact of CPAP therapy
on glucose intolerance and dyslipidemia across
patients with a range of OSA severity. These studies
should address obesity, especially visceral obesity,
as an important confounder. Further, they should
also work to identify optimal levels of CPAP therapy, which will result in significant improvement
in metabolic dysregulation.

Mechanical load
Swings in mechanical load via intra-thoracic pressure can impose significant strain and stress on
the cardiovascular system. Intrathoracic pressure
as low as −80 cm H2O can result from inspiratory efforts during apneic events, similarly to the
Mueller maneuver.88,89 Studies by Virolainen et al.
and Buda et al. showed that during a sustained
Mueller maneuver, most of the intrathoracic pressure drop is transmitted into the pericardial cavity, increasing the left ventricular (LV) transmural
pressure gradient and LV afterload.90,91 Virolainen
et al. also demonstrated that the LV relaxation rate
becomes impaired during this maneuver, which
further impedes LV filling and preload.90 Increased
afterload and reduced preload together lead to
a reduction in stroke volume and cardiac output
during the apnea. With arousal and resumption of
breathing, venous return increases, potentially distending the right ventricle and causing the interventricular septum to shift to the left. This results
in impaired LV compliance and LV diastolic filling.
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Additionally, myocardial hypertrophy from
OSA may be associated with compression of endocardial capillaries, impaired myocardial perfusion,
and ischemia. In a study by Cloward et al., 83%
of the patients who were normotensive and had
underlying OSA were found to have LV hypertrophy.92 Similarly, Hedner et al. compared 61 men
with OSA to 61 control subjects, and reported that
LV mass and LV mass index (obtained by dividing
the LV mass by the body surface area) were significantly higher among the patients with OSA.93
Specifically, they found the LV mass index to be
approximately 15% higher in normotensive OSA
patients compared to normotensive control subjects. Therefore, it is apparent that OSA-induced
mechanical load effects induce myocardial hypertrophy and consequently increase the risk for ischemia and therefore CHD.

EFFECT OF TREATMENT OF
OSA ON CHD
The impact of the treatment of OSA with CPAP
on long-term cardiovascular outcomes has been
investigated in numerous studies. These studies
have been largely observational in nature. A landmark study pertinent to this area was from Marin
et al. (Figure 11.6).94 The investigators recruited
1387 men from a sleep clinic-based sample and
an additional 264 healthy men (age- and body
mass index-matched with untreated severe OSA
subgroup) from a population-based sample. All
patients underwent in-laboratory attended polysomnogram studies. Patients with an AHI > 30
per hour and those with an AHI between 5 and 30
in addition to daytime sleepiness or cardiac failure
were offered CPAP therapy. The rest of the patients
were offered conservative advice including weight
loss, avoidance of alcohol, smoking, sedatives,
and appropriate sleep hygiene. All patients were
followed forward in time for 10 years with yearly
clinic appointments. The major endpoints for the
study were fatal or nonfatal cardiovascular events
including myocardial infarction, stroke, and acute
coronary syndromes.
Objective CPAP compliance was ascertained
at each visit. Of the 1347 patients, 377 had simple snoring, 403 had mild to moderate OSA
(untreated), 235 had severe OSA (untreated),
and 372 had treated OSA with CPAP. The results
from this study are noted in Table 11.1. Patients

with untreated severe OSA were found to have an
increased risk of both fatal and nonfatal cardiovascular events (after adjusting for the confounding variables listed in Table 11.1). Patients with no
sleep apnea (snorers), untreated mild to moderate
OSA, and treated OSA with CPAP had no significant increase in the risk of either fatal or nonfatal
cardiac events. The authors of this study do not
provide outcome-specific odds ratios (i.e., coronary or cerebrovascular event-specific outcomes).
Therefore, the ability to infer the impact of CPAP
therapy on CHD-specific events (fatal or nonfatal)
is limited. Further, it is important to note that the
observational nature of this study makes it at risk
for residual confounding. Despite these limitations, this study was the first of its kind to demonstrate a significant impact of CPAP therapy on
cardiovascular outcomes over a long-term period.
Another study by Milleron et al. investigated the
long-term effect of treating OSA on cardiovascular events in patients with underlying CHD.95 The
authors found that OSA treatment significantly
reduced the number of cardiovascular events (cardiovascular death, acute coronary syndrome, hospitalization for heart failure, or need for coronary
revascularization) to 24% in treated group versus
58% in untreated group (p < 0.01). This was demonstrated over a period of 86.5 ± 39 months. The
two groups were similar in risk factors for cardiovascular diseases at baseline, and treatment of
risk factors other than OSA was similar in the two
groups. A majority of the patients in the treatment
group (n = 25) was treated with CPAP (n = 21),
with a small fraction treated with upper-airway
surgery (n = 4).
Similarly, others have shown that treatment
of OSA improves cardiovascular outcomes in the
setting of acute or chronic CHD. A recent case–
control study of 192 acute myocardial infarction
patients and 96 matched control subjects without
CHD (ratio 2:1) revealed that treated OSA patients
(AHI ≥ 5 per hour) had a lower risk of recurrent
myocardial infarction (adjusted hazard ratio: 0.16
[95% CI 0.03–0.76, p = 0.021]) and revascularization (adjusted hazard ratio: 0.15 [95% CI 0.03–0.79,
p = 0.025]) compared to untreated OSA patients.96
Despite the evidence suggesting a beneficial role
of the treatment of OSA on cardiovascular outcomes—either in the setting of CHD95 or outside
of the setting of acute coronary syndromes39,41,94—
there has been a lack of large-scale randomized
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Table 11.1 Adjusted odds ratio for nonfatal and fatal cardiovascular events
Diagnostic group
Snoring
Mild to moderate OSA
Severe OSA
CPAP

Adjusted OR* (CI, p-value)
nonfatal cardiovascular events

Adjusted OR* (CI, p-value)
fatal cardiovascular events

1.32 (0.64–3.01, 0.38)
1.57 (0.62–3.16, 0.22)
3.17 (1.12–7.52, 0.001)
1.42 (0.52–3.40, 0.29)

1.03 (0.31–1.84, 0.88)
1.15 (0.34–2.69, 0.71)
2.87 (1.17–7.51, 0.025)
1.05 (0.39–2.21, 0.74)

OR, odds ratio; CI, confidence interval; OSA, obstructive sleep apnea; CPAP, continuous positive
airway pressure.
* Variables in the fully adjusted mode include: age, diagnostic group, presence of cardiovascular
disease, hypertension, diabetes, lipid disorders, smoking status, alcohol use, systolic and diastolic
blood pressure, blood glucose, total cholesterol, triglycerides and current use of antihypertensive,
lipid-lowering and anti-diabetic drugs.

studies indicating that treatment of OSA reduces
cardiovascular disease-related outcomes. Notably,
in the last few years, there has been an emergence of
randomized clinical trials that are investigating the
impact of OSA treatment on the risk of cardiovascular disease. One such trial is currently underway
in Europe. It is a prospective randomized intervention study (n = 400 patients) called “RICCADSA”
(Randomized Intervention with CPAP in CAD
and OSA).97 It will assess the impact of CPAP on
a composite endpoint of myocardial infarction,
new revascularization, stroke, and cardiovascular
mortality among those with both CHD and OSA.
Similarly, in the United States, a multicenter study
called the Heart Biomarker Evaluation in Apnea
Treatment (HeartBEAT) was recently completed
(August 2012). This study randomized patients with
OSA and CHD or CHD risk factors to CPAP, nocturnal oxygen, and health lifestyle instruction. The
major goal of this trial was to determine whether
CPAP or oxygen altered cardiac biomarkers including (but not limited to) markers of systemic inflammation and oxidative stress, cardiac rhythm,
impulse generation, ischemia and myocardial
stress. Finally, another clinical trial—Continuous
Positive Airway Pressure Treatment of Obstructive
Sleep Apnea to Prevent Cardiovascular Disease
(SAVE)—is underway and will be the largest clinical trial to date in the sleep apnea field (http://
www.savetrial.org/results).98 The goal of SAVE is
to determine whether CPAP treatment reduces the
risk of heart attack, stroke, or heart failure for people with OSA. This trial plans to recruit 5000 participants and is a multicenter study involving various
countries, including China, India, Australia, and

New Zealand. Similar to the RICCADSA trial, it
will assess the impact of OSA treated with CPAP on
incident serious cardiovascular events among those
with established cardiovascular disease.
Clinical trials such as the ones noted above are
required in order to assess the impact of CPAP
therapy on important clinical outcomes, specifically those pertaining to the cardiovascular
system. However, ethical and regulatory topics
continue to be a major focus of concern for investigators in the field of sleep medicine. Although
the ethics of clinical trials are outside of the scope
of this chapter, we encourage interested readers to
follow up with an article by Brown et al., which
reviews important information on ethical apprehensions pertaining to the design and conduct of
clinical trials in OSA.99

SUMMARY
It is clear that OSA, via endothelial dysfunction,
sympathetic activation, metabolic dysregulation,
and mechanical load effects, initiates a complex
cascade of cardiovascular-deleterious responses.
Epidemiological evidence from numerous crosssectional observational studies suggests an independent association between OSA and CHD and
CHD-related mortality. Further research from
longitudinal and interventional studies is necessary in order to more accurately define the link
between sleep and the sleep-related breathing disorder OSA and CHD. Given the prevalence of OSA
in the general population and the public health
burden of CHD, this is an area of great importance
for continued investigation.
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The sleep–personality relationship has been
studied in several ways. The personality traits of
patients with sleep disorders have been reported
in one body of literature. A separate literature has
examined the sleep features of patients with personality disorders. The role of sleep in the development of personality in childhood is not reviewed
here, nor is the role of sleep in the exacerbation of
personality diatheses.

PERSONALITY TRAITS IN PATIENTS
WITH SLEEP DISORDERS
Only a few studies of personality assessment
in patients with sleep disorders have been conducted. One main reason motivating these studies
is that the pathophysiology of these disorders has
remained largely unknown until now. Defining
the personality profile of these patients would thus
at least partly elucidate the role of psychological
factors in the etiology, perpetuation, and treatment
of sleep disorders. The main hypothesis is that there
exists a vulnerability temperament p
 redisposing
these patients to developing their sleep disorder.
Longitudinal studies before and after the appearance of the sleep symptoms are certainly needed in

order to confirm the causality (and not simply an
association or risk factor) of personality traits in
sleep disorders.

Personality traits of patients
with insomnia
Early studies assessing the personalities of insomnia patients have mainly used the Minnesota
Multiphasic Personality Inventory and reported
that these patients are more self-preoccupied,
defensive, and sensation avoiding than controls.1,2
In accordance with these results, some authors
proposed that insomnia is related to an internalization of psychological distress.3,4 More recent
studies have used the Temperament and Character
Inventory (TCI), a well-validated instrument
based on the unified biosocial theory of personality developed by Cloninger and colleagues.5,6 The
TCI is a true–false questionnaire that measures
four dimensions of temperament—novelty seeking
(NS), harm avoidance (HA), reward dependence
(RD), and persistence (P)—and three dimensions of character—self-directedness (SD), self-
transcendence (ST), and cooperativeness (C).6
There is evidence to suggest that these features have
179
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Table 12.1 Temperament and character contributions to sleeprelated disorders

Novelty seeking
Harm avoidance
Reward dependence
Persistence
Self-directedness
*

Insomnia

Obstructive
sleep
apneas

Parasomnias

–
↑
–
–
↓

↑
–
–
–
–

↑
↑*
↑*
–
↓

High anticipatory worry (HA1) and dependence on social attachment
(RD3) together indicate sensitivity to social separation or rejection in
patients with sleepwalking or nightmares

 eurochemical correlates in the brain and clinical
n
correlates with regards to personality disorders, as
well as a differential response to the treatment of
depression and anxiety.7,8 de Saint Hilaire and colleagues9 have used the TCI to investigate personality components in primary insomnia. This study of
32 nondepressed patients with primary insomnia
revealed significantly higher HA scores and lower
SD scores in insomniacs versus normal controls
(Table 12.1). These were correlated with polysomnographic sleep variables related to insomnia.
Sleep latency was positively correlated with HA,
while anticipatory worry (a subset of the HA scale)
was negatively correlated with rapid eye movement
(REM) latency. Insomniacs were higher in all subscales of HA, including anticipatory worry, fear
of uncertainty, shyness, and fatigability. Patients
and controls were not significantly different in the
other aspects of temperament: RD, NS, or P (Table
12.1). There was also a positive correlation between
HA and Hospital Anxiety and Depression Scale
anxiety scores. A total of 43% of the patients with
high HA scores demonstrated a passive–aggressive
profile (i.e., high on HA, NS, and RD), while 17%
tended toward a passive–dependent (cautious/
avoidant) personality type (i.e., high on HA and
RD and low on NS). These findings are consistent
with the hypothesis that insomnia may be related
to sensation-avoiding behavior,1 which may be
similar to TCI harm avoidance. In addition, they
suggest that HA may be a reliable psychobiological vulnerability marker for primary insomnia
and that psychotherapeutic treatment aiming at
this temperament dimension could be used for the
management of this sleep disorder.

Personality traits of patients
with sleep apneas
Initial investigations suggested higher rates of personality and affective disorders in patients with
sleep apneas.10,11 Associations have been suggested
between sleep apneas and hypochondriasis, conversion–hysteria, and possibly psychosis; however,
other studies have not identified apnea density as
a risk factor for personality disorders or a ffective
illness.12,13 Pillar and Lavie14 studied psychological sequelae in over 2000 patients with sleep
apneas and failed to show a connection between
the severity or existence of sleep apneas and the
development of depression or anxiety symptoms.
A recent study, however, showed that snorting/
stopping breathing ≥5 nights/week compared to
never was strongly associated with major depression in men and women.15
To further elucidate a possible connection
between sleep apneas and personality changes,
Sforza and colleagues11 administered the TCI to 60
patients with reduced daytime alertness and snoring who presented to clinic for evaluation of possible obstructive sleep apnea (OSA). Apart from
an increase in NS in patients with OSA compared
to controls (Table 12.1), no other relationships
between apnea density and other TCI variables
were found. Is there direct causality between NS
and apneas? This seems unlikely, as there was no
significant correlation between NS and the Apnea–
Hypopnea Index, nocturnal hypoxemia, or diurnal
sleepiness. The authors hypothesized that as NS is
higher in persons with dependence on nicotine and
alcohol and in obesity, this finding reflects a genetic
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personality trait favoring risk factors that increase
comorbidity for apneas. It is also 
possible that
symptoms associated with sleep apneas, including daytime sleepiness, reduced vigor and energy,
or reduced lust for life, may be misinterpreted as
symptoms of affective illness or personality disorder rather than primary sequelae of sleep apneas.11

Personality traits of narcoleptic
patients
Early studies demonstrated that narcoleptic
patients are characterized by anxiety and social
introversion,12,16 although it has been noted that
there may also be a coupling between the genetics of narcolepsy and biologically based personality traits. Narcoleptic persons often present a
unique personality change named “narcoleptoid
personality” characterized by denial of sleepiness,
decreased psychic tension, low self-esteem, and
passivity.17 These characteristics do not seem to
change with treatment.

Personality traits of parasomnia
patients
A recent study (Perogamvros et al.18) demonstrated
that, compared to controls, parasomnia patients
(12 sleepwalkers and 12 patients with idiopathic
nightmares) scored higher on NS and in particular on the exploratory excitability/curiosity (NS1)
subscale, and lower on SD, suggesting a general
increase in reward sensitivity and impulsivity.
Furthermore, parasomnia patients tended to worry
about social separation persistently, as indicated by
greater anticipatory worry (HA1) and dependence
on social attachment (RD3). Moreover, exploratory
excitability correlated positively with the severity
of parasomnia (i.e., the frequency of self-reported
occurrences of nightmares and sleepwalking), and
with time spent in REM sleep in patients with nightmares. These results suggest that patients with parasomnia might share common waking personality
traits associated to reward-related brain functions.

SLEEP FEATURES IN PATIENTS WITH
PERSONALITY DISORDERS
There is limited formal investigation of the sleep
characteristics of patients with personality

disorders. The most investigated personality disorders to date are borderline personality disorder
(BPD) and antisocial personality disorder (ASP).

Sleep in BPD
Sleep complaints are more frequent in BPD than
in healthy controls.19 However, as rates of substance abuse and depression are increased in
patients with BPD, the data from sleep studies can
be confounded.20 Several polysomnographic studies have been conducted in patients with BPD.21,22
The majority of the earlier studies were not controlled for comorbid depressive illness, and those
that acknowledged depression in their research
subjects often did not do so with standardized instruments.23 The most common finding
among these studies was shortened REM latency,
increased REM density, and overall disturbance
of sleep continuity.24–26 Similar findings have been
reported in non-European and non-American
populations, with similar methodological shortcomings.19 Several studies have controlled for
comorbid depressive illness with mixed results.
Akiskal et al.27 examined 24 non-depressed
patients with BPD and found shortened REM
latency in these patients versus non-BPD personality-disordered controls and healthy controls.
This finding contributed to the hypothesis that
affective disorders and BPD may have a common
biological origin or similar biological pathways,
or that at least a subset of BPD patients may be at
elevated risk for affective illness.27 Battaglia et al.28
examined ten never-depressed patients with BPD
and correlated shortened REM latency with familial risk for depression in these patients. In a similar follow-up study, the same group found that
increased REM density in the first period of REM
sleep was related to risk for depressive illness in
patients with BPD.29 These authors have advanced
these data in order to hypothesize a link between
BPD and vulnerability for affective illness.
Current research has more effectively controlled
for depressive illness and, to some degree, for alcohol usage. De la Fuente et al.30,31 were unable to differentiate between BPD, major depressive disorder,
and normal controls on the basis of REM latency.
Philipsen et al.22 studied conventional polysomnographic parameters as well as electroencephalographic (EEG) spectral power analysis in 20
nondepressed, unmedicated female patients with
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BPD. No severe sleep problems were noted in the
subjects versus healthy controls, but a significant
discrepancy was noted between objective sleep
measurements and subjective sleep quality. This
raises the possibility that sleep disturbance in BPD
may be more closely related to the psychological
correlates and interpretive behaviors that are characteristic of BPD than to a primary neurobiological mechanism. Indeed, complaints of subjectively
poor sleep quality may be more consistent with
the constellation of somatoform and psychoform
symptoms seen in comorbid BPD and somatization disorder, with sleep-state misperception being
part of a broader disturbance in self-awareness.
A second finding of the study by Philipsen et al.22
was that delta power in non-REM (NREM) sleep
appears to be elevated in BPD. This is also consistent with findings in patients with ASP.31,32 As
will be discussed below, this similarity in NREM
sleep between patients with BPD and ASP may
be indicative of dysregulated impulse control
and aggression, and lends itself to a serotonergic
and dopaminergic hypothesis of impulse control,
NREM sleep disturbance, and personality disorder. It should be remembered that BPD and ASP
are clinically similar; patients with BPD are higher
in HA than those with ASP, but are otherwise the
same with regards to other aspects of personality.34
Two more recent studies, that excluded a psychotic or mood disorder during the past year,
showed that BPD patients experience a higher rate
of nightmares, dream anxiety, and disturbed sleep
than controls.35,36 Dream anxiety was positively
correlated with early traumatic experiences and
impaired subjective sleep quality. Patients with
nightmares had a more severe clinical profile than
those without nightmares. In addition, BPD and
primary insomnia patients seem to share common
objective sleep modifications (longer sleep onset,
shorter sleep time, and lower sleep efficiency than
controls), but different subjective complaints (subjectivity of sleep quality and quantity in BPD more
strongly resembles that of controls than of insomniacs). The authors conclude that BPD patients
suffer from insomnia symptoms.37 Other studies
have shown that treatment for BPD improves sleep
quality/quantity in these patients.38
Overall, the most common sleep architecture
change reported in early polysomnographic studies
of patients with BPD is shortened REM latency.
This is an abnormality that is commonly seen in

mood disorders.39 As later studies excluded depressive disorder and found normal REM latencies,
it seems that these findings are confounded by
comorbid depression. Further studies in homogeneous samples of BPD patients and without other
psychiatric comorbidities are certainly needed in
order to clarify the sleep abnormalities in BPD.

Sleep in ASP and aggression
There is a limited yet significant body of research
regarding sleep architecture and ASP. In a sleep
EEG study of 19 habitually violent and drugfree subjects with ASP, Lindberg et al.33 found an
increase in slow-wave sleep, with decreased sleep
efficiency in the form of more frequent awakenings than controls. In contrast to other studies of
psychiatric disorders, this appears to be the only
instance of increased slow-wave sleep among
patients with psychopathology, although this finding may be consistent with observational findings
in preadolescent boys with conduct disorder.31
Lindberg et al.33 also found that subjects with ASP
(and, by definition, a history of conduct disorder)
had a variable degree of impulsiveness that was
correlated with variations in sleep architecture.
More recently, this group found that in 14 habitually violent men with ASP, increases in the amount
and delta power of slow-wave sleep correlated with
a retrospective measure of childhood attention
deficit–hyperactivity disorder (ADHD).40 From
these findings, Lindberg et al.40 hypothesized a
shared deficit related to sleep architecture among
children with ADHD and adults who develop ASP.
In addition, Philipsen et al.22 hypothesized a common pathway between ASP and BPD, wherein
impulse control and aggression are related to
sleep architecture, perhaps through a serotonergic
pathway with or without a dopaminergic component. While the 5-HT2C receptor may play a role
in slow-wave sleep regulation, and treatment with
serotonergic medications may have some benefit in
sleep regulation, it seems premature to declare a
causal relationship.41

Complicating factors
Patients with personality disorders or pathologic
disruptions of temperament and character have
more somatic complaints overall, tend to utilize
additional medical resources, and are prone to
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making poor health-related lifestyle choices.42 In
addition to their primary illness, these patients
have elevated incidences of substance abuse and
may be at elevated risk for major depressive disorder or other mood disorders. The importance
of acknowledging or controlling for depression
in study designs has been discussed above. To
our knowledge, limited efforts have been made
at incorporating comorbid substance abuse, particularly alcoholism, into study designs. Substance
abuse may be a significant confounding factor
in studies of personality disorders and sleep. On
the other hand, “self-medication” with alcohol
or other drugs of abuse may initially develop in
some patients as a response to a sleep disturbance.
Furthermore, substance abuse may also impact the
subjective experience or reporting of sleep quality,
particularly in outpatient or ambulatory survey
instruments.

SUMMARY
Progress, challenges, and limitations in the investigation of a relationship between sleep and personality factors have largely followed those of their
two component fields. Sleep research, in particular
with regards to insomnia, is continually faced with
the challenges of definition, validation, and confounding variables. Personality research is often
limited by its measurement instruments and the
heterogeneity of diagnostic schemes. Nevertheless,
investigations from both sides of a sleep–personality research perspective have yielded interesting
results, which have generated additional research
questions and may also have clinical utility.
Personality assessment has revealed that HA
may play a role in primary insomnia, while NS
seems to increase comorbidity for sleep apneas
by increasing the probability of substance abuse
and obesity. Low SD may influence not only the
development of insomnia, but also its perpetuation. Increased NS and reduced SD also seem to be
related to parasomnias, such as sleepwalking and
idiopathic nightmares. These findings have therapeutic implications, as specific personality characteristics may be targeted by psychotherapy.
While research regarding the sleep components of personality disorders is complex and
the recent iterations of more carefully controlled
sleep EEG studies have been largely equivocal
with regards to REM latency, current evidence

suggests a NREM sleep component to impulse
control-related personality disorders. These findings hold potential for therapeutic modalities
involving modulation of sleep, impulsivity, and
character components through pharmacologic
intervention, self-awareness training, or alterations of sleep patterns.
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INTRODUCTION
Sleep symptoms in dermatology patients1–4 can
be conceptualized as the interplay of one or more
factors that are not necessarily mutually exclusive
(Figure 13.1). Dermatologic disorders may contribute to sleep–wake symptoms such as sleep disruption, insomnia, and daytime fatigue as a result of
nocturnal pruritus and cutaneous pain, and possibly obstructive sleep apnea (OSA) in association
with a heightened pro-inflammatory state (e.g., as
a result of psoriasis). Secondly, sleep disorders and
certain sleep–wake factors may contribute to the
exacerbation of dermatologic diseases (Table 13.1)5–
37; for example, sleep deprivation can contribute to a heightened pro-inflammatory state and
inhibition of skin barrier function recovery, and
circadian rhythm sleep disorders may aggravate
pruritus by disruption of the normal diurnal pattern of cortisol secretion and transepidermal water
loss (TEWL). Studies from the Danish National
Patient Registry38,39 of 19,438 patients with OSA
and 755 patients with obesity hypoventilation syndrome (OHS) have reported increased comorbidity
with diseases of the skin and subcutaneous tissue
and other medical disorders at least 3 years prior
to the OSA/OHS diagnosis (odds ratio [OR]: 1.18,

Cutaneous sensory disorder
Dermatologic disorders
AD (Atopic eczema)
Psoriasis
Urticaria
References

194
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95% CI 1.07–1.30 for OSA and OR: 2.12, 95% CI
1.33–3.38 for OHS).39 Data from 2998 children
(aged 0–19 years) with OSA out of 11,974 children in the registry showed that children with
OSA also have increased medical comorbidities, including skin conditions (OR: 1.32, 95% CI
1.02–1.71) 3 years before the OSA diagnosis, and
a higher incidence of skin conditions 3 years after
the diagnosis of OSA (OR: 1.42, 95% CI 1.06–1.89)
in contrast to children without OSA.38 OSA was
diagnosed with polysomnography (PSG), polygraphy or oximetry and the specific skin disorders
were not identified.38,39 The results from these
epidemiologic studies38,39 suggest that OSA may
predispose the patient to developing certain dermatologic disorders or OSA may be precipitated by
certain dermatologic disorders, or both. Finally,
the treatment-related side effects of the drug therapies used in dermatology can be associated with
sleep-related symptoms. The “
biologics” appear
to be especially effective in the treatment of sleeprelated complaints (Table 13.2).40–50 Continuous
positive airway pressure (CPAP) masks,51,52 especially when they are poorly fitting, can be associated with contact dermatitis and skin abrasion.
In this paper, we have reviewed some of the neurobiological factors that play important roles in the
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Figure 13.1 Some of the neurobiological factors involved in the interface between sleep disorders
and dermatologic disease. The gray arrows indicate the most salient interactions.

interface between sleep and dermatology. We have
further reviewed sleep–wake factors and sleep
disorders in primary dermatologic disease. There
are a relatively large number of recent epidemiologic and clinical studies that have examined the
association of sleep and dermatology—whenever
possible, we have tried to focus upon both epidemiologic and clinical studies that have used objective measures of sleep, such as PSG and actigraphy
versus patient-rated questionnaires.

GENERAL FACTORS
Sleep deprivation/restriction
The skin generates the cutaneous permeability
barrier, localized in the external stratum corneum,

which prevents entry of foreign substances and
prevents excessive water loss.53 One night of sleep
deprivation can inhibit recovery (e.g., after tape
stripping) of skin barrier function in humans.53
Skin barrier function impairment is present in
chronic skin disorders such as atopic dermatitis
(AD), and can lead to an exacerbation of allergic
and irritant contact dermatitis.53
Sleep restriction of 25%–50% of the normal
8-hour sleep period has been associated with an elevation of the mediators of inflammation. Various
pro-inflammatory cytokines have been reported
to be elevated in response to sleep deprivation,
with the most commonly reported cytokines being
interleukin-1β (IL-1β) and tumor necrosis factor
(TNF)-α.54 The extensive literature on sleep and
immunity is outside the scope of this chapter.
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Table 13.1 Overview of sleep disorders and dermatologic disorders
Insomnia
Atopic dermatitis—Polysomnographic (PSG) studies of scratching during sleep show decreased sleep
efficiency, normal sleep architecture, and overall increased arousal even when disease is not active;
atopic dermatitis (AD) can be a factor5 in patients with unexplained arousals on PSG
Psoriasis—Sleep disruption from pruritus, obstructive sleep apnea (OSA) and restless legs syndrome13
Urticaria—Insomnia is a predisposing factor6 that is possibly indicative of underlying increased
sympathetic tone; sleep disruption from pruritus
Scabies—Skin infestation is associated with significant morbidity in economically deprived settings,
intense or severe itch-related sleep disturbance in 37.5% of patients and itch intensity correlates
significantly (p < 0.001) with sleep disturbance; with effective treatment, both itching and sleep
disturbance decrease significantly (p < 0.001)7
Acne—Has been reported to be triggered by a lack of sleep in up to 75.2%8 (n = 1236) of Korean
adults; over 50% (n = 597) of Thai adolescents9 endorsed inadequate sleep as an aggravating factor
for their acne; acne has been associated with several comorbidities including insomnia in a large
(n = 9417) U.S. epidemiologic study10
Obstructive sleep apnea
Atopic dermatitis—Association with OSA in children11 and adults12
Psoriasis—Increased risk following OSA13; metabolic syndrome and increased levels of proinflammatory cytokines in both disorders
Nocturnal sweating—Results from Icelandic Sleep Apnea Cohort14
Acanthosis nigricans—Case study15 of association with obesity and insulin resistance
Yellow nail syndrome—Case16 of PSG-diagnosed OSA, yellowing of nails related to lymphedema and
pleuro-pulmonary inflammatory disorders
Angioedema/urticaria—Case17 of OSA secondary to edema of soft palate in hereditary angioedema
and edema of uvula18
Hypertrophic burn scars—Two cases19 of severe OSA secondary to pressure garments used to treat
hypertrophic burn scars
Lipodystrophy—Case reports20 of familial partial lipodystrophy type 2, a rare genetic disorder
affecting the total body fat distribution associated with increased fat tissue around the neck;
HIV-associated partial lipodystrophy resulting from treatments1
Cicatricial pemphigoid—Series21 of 142 patients showing mucosal lesions affecting the oral cavity,
pharynx, larynx, and stenosis of nasopharynx or larynx
Malignant melanoma—Case22 of secondary OSA caused by malignant melanoma in the nasal cavity
and paranasal sinus
Hyperpigmentation and lichenification of forehead skin—Case23 of localized post-inflammatory skin
changes secondary to resting against a wall when attempting to sleep in severe OSA
Local skin reactions to nasal continuous positive airway pressure mask24—E.g., abrasion of the ridge
of the nose
Onychophagia—Case study25 suggesting impulse control disorders may be unmasked by
untreated OSA
Central sleep apnea
Xeroderma pigmentosum (XP)26 group A, a variant of XP that is associated with neurological
abnormalities
(Continued )
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Table 13.1 (Continued ) Overview of sleep disorders and dermatologic disorders
Parasomnias
Atopic dermatitis—Questionnaire-based controlled study27 of 57 AD children showed increased
frequency of bedwetting, sleep talking, restlessness and movement and sleep walking to be
directly related to AD disease severity, attributed to “sensory hypersensitivity” and
“hyperarousability” in AD27
Vitiligo—Study of 116 adults28 versus non-dermatologic controls showed higher frequency of
parasomnias (nocturnal enuresis, sleepwalking, sleep terrors, nightmares, and “night illusions”) in
childhood and adolescence before onset of vitiligo, possible common neuropathological factors
involving catecholamines/serotonin implicated
Trichotillomania (TM)—TM exclusively during sleep or “sleep-isolated” TM29; case study30 of PSG with
videography indicated non-rapid eye movement parasomnia; cases of scratching during sleep31
have been associated with factitious skin ulcers32
Restless legs syndrome
Atopic dermatitis—Study33 of 120 AD patients, restless legs syndrome (RLS) significantly higher in
active AD (40.8%) versus inactive AD (23.6%), psoriasis (18.0%) and controls (10.8%); stronger
family history of RLS in AD. The paresthesias in RLS may be mistakenly attributed to a primary
dermatologic disorder or delusions of parasitosis34
Psoriasis—Increased prevalence of 15.1%–18% in psoriasis versus 5%–10% prevalence of RLS in
European and North American samples13
Narcolepsy
Alopecia areata (AA)—Five cases35 of comorbid narcolepsy, with possible common autoimmune
factors in both conditions. Study36 of 105 AA patients revealed no significant difference in mean
Epworth Sleepiness Scale (ESS) scores between AA and general Japanese population; 12 (11.4%)
patients had ESS scores >10
Psoriasis and atopic dermatitis—Cases of immune-mediated comorbid conditions,37 including
dermatologic disorders, in 156 patients with narcolepsy with cataplexy

Autonomic nervous system activation secondary to sleep deprivation and small, subclinical
shifts in basal inflammatory cytokine levels can be
associated with the future development of metabolic syndrome in some dermatologic disorders
that interfere with sleep, such as psoriasis.55 In a
mouse model56 of psoriasis, 48 hours of selective
paradoxical sleep deprivation was associated with
significant increases in pro-inflammatory cytokines (IL-1β, IL-6, and IL-12) and decreases in the
anti-inflammatory cytokine IL-10. The cytokine
levels normalized after 48 hours of sleep rebound,
and the authors suggest that sleep loss should be
considered to be a risk factor for the development
of psoriasis.56 Resolution of dyshidrotic eczema
of the palms in a patient after treatment of severe
OSA with CPAP was attributed to a reduced proinflammatory state as a result of a reduced sympathetic tone with CPAP treatment.57
The pro-inflammatory cytokines tend to be
somnogenic58 and have been implicated in the

pathogenesis of OSA-associated sleepiness.58
A double-blind, placebo-controlled pilot study of
the TNF-α antagonist etanercept in eight obese
male OSA patients45 observed a decrease in sleepiness. This decrease in sleepiness was about t hreefold
higher than the reported effect of CPAP on objective sleepiness in OSA.45 Etanercept is also used in
the treatment of psoriasis; however, these preliminary findings do not necessarily suggest an underlying link between psoriasis and OSA. For example,
Maari et al.59 found no difference in improvement
of OSA in psoriasis patients treated with the TNF-α
antagonist adalimumab versus placebo.

Circadian rhythms, cortisol,
and melatonin
The skin has a complex circadian organization,
with the presence of circadian clock genes and
functional oscillators. These functional oscillators function autonomously for driving rhythmic
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Table 13.2 Sleep effects associated with some medications used in dermatology
Isotretinoin—used in the treatment of acne, binds to retinoic acid receptors (RARs) and, in the mouse
model, the gene encoding RARs determines the contribution of the delta oscillations in the sleep
electroencephalogram.40 Polysomnographic study of 12 acne patients before and after 1 month of
isotretinoin treatment demonstrated an increase in sleep efficiency from 83.5% to 89.5% (p = 0.036)
and a decrease in sleep latency from 18.0 to 15.5 minutes (p = 0.023), with no significant change in
other sleep parameters, including slow-wave sleep. Case studies40 of hypersomnia, onset of
Kleine–Levin syndrome and changes in dream patterns including sustained dreaming41 have been
reported
Corticosteroids—associated with a >30% incidence of sleep disturbance, especially insomnia42
Interferon—used in several dermatologic disorders, including malignant melanoma; can modulate the
master clock43 at the genetic level of the Per1 gene and lead to insomnia and sleep disturbances,
including decreased sleep efficiency, slow-wave sleep suppression and decreased time in rapid eye
movement (REM) sleep
Efavirenz—one of the most commonly used antiretroviral medications used in HIV-infected patients,
efavirenz has been associated with severe, usually transient neuropsychiatric effects,44 including
insomnia, vivid dreams and mood changes in about 50% of patients who initiate efavirenz; it is
suggested that efavirenz not be used in patients with severe sleep disorders
“Biologics”—TNF-α antagonist, etanercept45 and infliximab,46 used in the treatment of psoriasis and
psoriatic arthritis, are associated with a marked decrease in sleepiness, believed to be mediated
through inhibition of circulating TNF-α levels. In a study47 of moderate to severe psoriasis,
etanercept was associated with significant improvements in sleep (measured using the Medical
Outcomes Study [MOS] sleep scale) and quality of life; adalimumab48 significantly improved sleep
quality (as measured by the MOS sleep scale) in chronic plaque psoriasis patients with suboptimal
response to prior therapy including etanercept; omalizumab49 significantly improved urticaria
activity and interference of urticaria with sleep in treatment-refractory chronic urticaria patients
Minocycline—decreases in short-wave sleep and no changes in REM sleep after a single dose of
minocycline 200 mg, with no decreases in short-wave sleep or REM sleep after a single dose of
ampicillin 500 mg; these finding were attributed to the inhibition of protein synthesis by
minocycline50

skin functions and are present in the keratinocytes
and melanocytes at the level of the epidermis,
and p
 resent in fibroblasts at the level of the dermis.60 There is an emerging literature on the role
of the circadian clock in metabolism, immunity,
and inflammation. Various skin-related factors
show circadian rhythmicity, with one of the most
important ones being the stratum corneum barrier of the skin.61 There is circadian rhythmicity in
TEWL, skin surface pH and skin temperature at
most anatomic sites, with skin permeability being
higher in the evening and night than in the morning.62 TEWL is also associated with increased itch
intensity in AD.63 The secretion of cortisol is primarily circadian driven with a natural trough in
circulating corticosteroids in the evening, which
results in its anti-inflammatory effect being at a
minimum level during this time. This may be the
basis for the finding that up to 65% of patients with

inflammatory dermatoses, including AD, psoriasis,
and chronic idiopathic urticaria, report increased
pruritus during the night,2 as well as the basis for
the circadian variation of symptoms in some cutaneous sensory disorders such as burning mouth
syndrome (BMS).64 Yosipovitch et al.61,62 discuss
that skin barrier functions are predictably time
dependent, and that the circadian rhythms are
maintained during treatment with high-potency
and medium-potency corticosteroids in healthy
skin. Clinically, this could be an important consideration in the use of moisturizers and emollients
during the night and use of topical corticosteroids
during the late evening hours when the epidermal
barrier function is decreased and there also tends
to be a rise in inflammatory activity.61,62
Night-shift work has been associated with psoriasis comorbidities such as type 2 diabetes and
coronary heart disease, as well as a significantly
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increased risk of psoriasis (adjusted hazard ratio:
1.19, 95% CI 1.07–1.32) after adjusting for age, body
mass index (BMI), smoking and alcohol use, and
physical activity.65 Psoriasis66 and severe AD67 have
been associated with diminished nocturnal melatonin increase, which has been possibly attributed
to a reduced sensitivity of β-receptors in the pineal
gland, which parallels a reduced β-receptor sensitivity in the skin.67 In a study68 of 42 patients with
advanced melanoma who received orally administered melatonin ranging in dosage from 5 mg
to 700 mg/meter2/day, after a median follow-up
of 5 weeks, six patients had partial responses and
six additional patients had stable disease; the sites
of response included the central nervous system
(CNS), subcutaneous tissue, and lung.
Various epidemiologic studies69–72 have examined the possible role of night-shift work on cancer, including melanoma and other skin cancers,
and come up with apparently conflicting results.
It has generally been hypothesized that night-shift
work may be associated with an increase in cancer
risk, as melatonin has anti-mutagenic and oncostatic effects, and peak production of melatonin is
typically suppressed by nighttime light exposure.
Earlier studies of circadian rhythm disruption and
cancer that examined flight attendants69 and airline pilots70 report an over twofold increase in the
risk for melanoma and no increase in the risk for
other skin cancers among flight attendants,69 as
well as an over twofold increased incidence of all
skin cancers among pilots, including melanoma
and basal and squamous cell carcinoma.70 These
increases have been subsequently largely attributed to increased exposure to cosmic radiation
in these occupations. A Swedish register-based
cohort study of over 3 million workers did not find
an association between night-shift work and any
type of cancer, including skin cancer.71 However,
results from the Nurses’ Health Study database
that examined 68,336 non-Hispanic white women
from the United States72 revealed that working ≥10
years on rotating night shifts was associated with a
14% decreased risk of skin cancer compared with
never working night shifts. This association was
strongest for cutaneous melanoma, where working
for ≥10 years on rotating night shifts was associated with a 44% decreased risk for melanoma. The
inverse association between ≥10 years on rotating
night shifts was the strongest among women who
had black or dark-brown hair color at 20 years of

age.72 The authors consider the natural hair color
as a phenotypic proxy for a woman’s predisposition to skin cancer, and discuss the possible role
of both genetic and environmental factors in their
finding.72 A case–control study73 of 70 patients
with pathologist-confirmed skin cancer (55 basal
cell carcinoma and 15 squamous cell carcinoma)
and 70 healthy controls reported that the 24-hour
urinary melatonin metabolite 6-sulfatoxymelatonin was significantly higher in the control group;
however, the results appear to be confounded by
the fact that the control group also slept for a longer duration on average. Melatonin has also been
implicated in hair growth, melanoma control, and
wound healing, in addition to the suppression of
ultraviolet light-induced damage74 in human skin.
In a double-blind, randomized, placebo-controlled study of 40 women with diffuse alopecia
or androgenetic alopecia, 0.1% melatonin solution
significantly influenced hair growth by increasing anagen hair rates and decreasing telogen hair
rates.75 The protective effects of melatonin against
ultraviolet radiation via its antioxidant properties
and free radical-scavenging capacity is a topic with
potentially important clinical implications.76

THERMOREGULATION AND
SWEATING DURING SLEEP
The skin plays a central role in thermoregulation,
which is defined as the process involved in maintaining the core body temperature (CBT).1,2,77 The
timing of the circadian component of the CBT,
which plays a central role in sleep onset, is determined by the suprachiasmatic nucleus.1,2,77 For heat
loss to occur, blood that carries heat from the core
is shunted—primarily as a result of a decreased
sympathetic tone—from the muscles to the cutaneous vascular beds, which are rich in arteriovenous anastomoses, and heat loss occurs through
vasodilation while sweating cools down the core.
The frequency of sweating is highest during nonrapid eye movement (NREM) sleep, especially
slow-wave sleep, and lowest during rapid eye movement (REM) periods.78 In healthy individuals, the
propensity for sleep increases when the distal skin
temperature increases relative to the proximal skin
temperature (i.e., when the distal to proximal gradient [DPG] is greater). The decrease in the CBT
before the onset of sleep and during sleep is associated with a dilatation of peripheral blood vessels,
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which facilitates the dissipation of heat from the
core to the periphery.79 The propensity for sleep
can be enhanced and sleep-onset latency decreased
by warming the skin to the temperature that normally occurs prior to and during sleep; PSG studies have shown that the acceleration of sleep onset
is attenuated in older subjects.79 The importance
of the DPG in sleep onset and sleep disorders is
further illustrated by a study of 15 patients with
narcolepsy with cataplexy who underwent skin
temperature measurements.80 The DPG was higher
in narcoleptics than in controls through the day,
and was related to a shorter sleep-onset latency
during a multiple sleep latency test. The increase in
DPG in narcolepsy patients was also higher than
that which healthy controls achieve when asleep.
Thermoregulation and the autonomic nervous
system are closely linked,78 and sweating during
sleep can be an important clinical sign of potentially serious sleep disorders. Kahn et al.81 have
reported that 25.5% out of 98 infants dying from
sudden infant death syndrome (SIDS; versus 3.1%
of control infants and 4.5% of siblings of SIDS
infants) had been found to be sweating excessively
during sleep. In a study of 258 infants using PSG
and a measure of TEWL, Kahn et al.81 observed
that infants with an apparently life-threatening
event (ALTE) had significantly higher TEWL evaporation rates during NREM sleep. The authors discuss that these findings may reflect differences in
autonomic nervous system activity,81 which could
have potentially important clinical implications
for identifying children who are at a greater risk
for developing an ALTE or even SIDS.

PRURITUS
Pruritus or itch is the most common symptom
of dermatologic disease and a primary symptom in the interface between sleep and dermatology (Figure 13.1). Many dermatologic disorders4
including AD, psoriasis, urticaria, prurigo nodularis, lichen planus, dermatologic infestations such
as scabies, a range of systemic disorders such as
renal and hepatic failure, and malignancies such as
lymphomas have been associated with significant
nocturnal pruritus. The studies on pruritus and
sleep have measured scratching behavior during
sleep and considered it to be a proxy for itch. It is
noteworthy that scratching and resultant lichenification, which is encountered in AD and considered

to be the physical indicator of itch, is typically not
encountered in other pruritic dermatoses such as
psoriasis and urticaria.
Over four decades ago, Savin et al.82,83 studied sleep in pruritic skin disorders such as severe
atopic eczema,82 psoriasis, dermatitis herpetiformis, lichen planus, and urticaria83 using PSG and
observed that the distribution of scratching (a
proxy for the subjective sensation of itch) during
the different stages of sleep was similar in all disorders studied: in NREM sleep, scratching occurred
more frequently in stage 1 than stage 2, and more
frequently in stage 2 than stages 3 and 4; in REM
sleep, scratching occurred with approximately the
same frequency as stage 2 sleep. This finding has
been essentially replicated by most subsequent
studies84–89 of scratching during sleep.
The frequency of scratching during the different sleep stages83 appears to be proportional to
the relative level of sympathetic nervous activity n
 ormally observed during the sleep stage.83 In
NREM sleep, there is a progressive decline in sympathetic n
 ervous activity from stages 1 and 2 to
slow-wave sleep stages 3 and 4, with increased and
more variable sympathetic tone during REM sleep.
Scratching is typically associated with arousals
and sleep stage shifts rather than awakenings from
sleep, and arousals are least likely4 if the scratching
begins during slow-wave sleep. Sack and Hanifin4
observe that scratching during sleep is more common in children and young adults who have much
deeper sleep and therefore are less likely to be awakened from a bout of scratching during sleep; hence,
self-reports of nocturnal itch and scratch do not
correlate well with objective measures of scratching.85,90 Most of the studies of scratching during
sleep use self-reports and actigraphy. In addition to
actigraphy, other objective measures of scratching
during sleep include infrared videography alone91
or videography in conjunction with PSG. Several
studies of adults85 and children91,92 with AD have
also shown that subjective measures of itch do not
correlate with objective ratings of itch using PSG,85
where scratching bouts were also confirmed with
increased electromyographic activity lasting at
least 3 seconds and video monitoring of scratching, infrared video monitoring alone,91 or actigraphy.92 Comparison of PSG and actigraphic sleep
measures85 indicated that while PSG can provide
detail not measured by actigraphy, primary sleep
outcomes that were measured by both actigraphy
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and PSG, such as sleep-onset latency (r = 0.61,
p < 0.005) and sleep efficiency (r = 0.44, p < 0.050),
were significantly correlated. A study 93 of 14 adult
AD patients and 14 controls revealed that actigraphy provided more discriminating information
about sleep fragmentation and itch in AD patients
versus controls than patient self-reporting using
the Pittsburgh Sleep Quality Index (PSQI).

CUTANEOUS SENSORY DISORDER
The skin is a large sensory organ94,95 with afferent
sensory nerves conveying sensations of itch, touch,
pain, temperature, and other physical stimuli to
the CNS and the efferent autonomic, mainly sympathetic nerves playing a role in the maintenance
of cutaneous homeostasis by regulating vasomotor and pilomotor functions and the activity of
the apocrine and eccrine sweat glands. The cutaneous sensory neurons transmit modality-specific
information to the CNS and are associated with
specialized receptors (mechanoreceptors, thermoreceptors, and chemoreceptors) and transducers
for highly specific sensory functions.
Several dermatologic disorders classified under
the new “Obsessive–Compulsive and Related
Disorders” section of the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition (DSM-5)
such as excoriation (skin-picking) disorder and
trichotillomania (hair pulling disorder) involve
excessive/compulsive manipulation of the integument by the patient that helps to regulate emotions.
The compulsive manipulation of the skin is often
triggered by a disagreeable skin sensation (e.g., itching, burning, or stinging). Dermatologic patients
with skin picking or “pathological excoriation” were
noted to report more sleep complaints on the PSQI
than dermatologic patients without skin picking.96
Skin regions that normally have a greater density of epidermal innervation (e.g., face, scalp,
and perineum) tend to be more susceptible to the
development of disagreeable cutaneous sensations and are most susceptible to the development
of cutaneous sensory syndromes, which are often
referred to in region-specific terms such as glossodynia, BMS, and vulvodynia.94 These cutaneous
sensory disorders tend to be complex and multifactorial, where local dermatologic, hormonal,
autonomic nervous system, neuropsychiatric and
other CNS factors, including sleep-related factors
such as sleep deprivation, can all contribute to

the pathogenesis of symptoms.94 A study 97 of 70
patients with BMS and 70 controls reported poor
sleep quality (measured by the PSQI) in 67.1% of
BMS patients versus 17.1% of controls. Various earlier studies98,99 have reported similar findings. An
epidemiologic study100 from a Taiwanese health
insurance database observed that patients with
both sleep apnea (adjusted hazard ratio [HR]: 2.56,
95% CI 1.30–5.05) and non-apnea sleep disorders
(adjusted HR: 2.89, 95% CI 2.51–3.34) had a higher
risk of developing BMS in comparison to the nonsleep-disordered cohort; the HR increased with
age and female gender.

DERMATOLOGIC DISORDERS
Table 13.1 provides an overview of some dermatologic disorders that have been associated with various sleep disorders. There are several large-scale
questionnaire-based epidemiologic studies on
sleep and dermatologic disorders, with only a few
that have reported using objective measures such as
PSG to diagnose OSA in patients with unspecified
dermatologic disorders,38,39 AD,11,12 and psoriasis.13

AD (Atopic eczema)
DEFINITION

AD101 or atopic eczema is a chronic, relapsing
inflammatory skin disorder that is associated
with persistent and severe pruritus, which is a
hallmark of AD. AD is typically characterized by
dry, scaly skin, which is the consequence of epidermal barrier dysfunction and an altered stratum
corneum leading to increased TEWL.101 AD can
occur at any age; however, AD develops during
the first 6 months of life in 45% of affected individuals and before 5 years of age in 85% of cases.101
About 60% go into remission by 12 years of age,
and in the remainder, AD persists into adolescence and adulthood. In industrialized nations,
the prevalence of AD is 10%–30% among schoolaged children and 2%–10% among adults. AD is a
complex genetic disorder that is accompanied by
other atopic disorders such as asthma and allergic
rhinoconjunctivitis.101
STUDIES OF SLEEP AND AD (ECZEMA)

Epidemiologic studies of habitual snoring in children where the severity of sleep-disordered breathing was not evaluated by PSG have reported that
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atopy (asthma, allergic rhinitis, or AD) was the
strongest risk factor for habitual snoring, and the
effect was cumulative (i.e., the OR for habitual
snoring with all three atopic diseases was 9.45
[95% CI 3.48–1.97] and the OR for AD alone was
1.80 [95% CI 1.28–2.54]).102 However, a recent
study11 of 855 children with physician-diagnosed
eczema, a mean age of 6.3 years and median
obstructive Apnea–Hypopnea Index (AHI) of
2.1 episodes per hour diagnosed by PSG revealed
that eczema (an index of atopy) was not related to
adenoidal or tonsillar hypertrophy, and eczema
did not affect OSA frequency after adjustment for
adenoidal and tonsillar hypertrophy, obesity, gender, and age, with an adjusted OR of 0.82 (95% CI
0.56–1.21). Alternately, in an epidemiologic study12
of 1222 Taiwanese individuals with newly diagnosed OSA (cases selected based upon one inpatient admission for OSA or two outpatient service
claims with PSG) who were followed up over a
period of 5.5 years, the adjusted OR for developing
AD after controlling for confounders such as age,
gender, obesity, diabetes, hypertension, allergy,
allergic rhinitis, etc., was 1.5 (95% CI 1.14–2.06,
p = 0.005). The hazard risk for AD was greater in
male AD patients under 35 years of age.12
There is a large body of literature1,3,4 on nocturnal scratching in AD, with the most consistent finding from studies using PSG being decreased sleep
efficiency103–106 due to nocturnal arousals, with no
significant change in overall sleep architecture in
AD. Up to 60% of children with AD have disturbed
sleep, with an increase in frequency to 83% during
exacerbations of AD.3 Increased AD severity has
been reported to adversely affect the sleep of the
parents in over 60% of cases.3 Objective indices of
scratching correlate with objective measures of AD
severity. The subjective reporting of nocturnal pruritus and sleep loss typically do not correlate with
objective measures of disease severity,107 which
highlights the need for objective ratings of sleep in
AD. Chang et al.106 studied 72 pediatric AD patients
(mean ± standard deviation [SD] of age: 7.5 ± 3.9
years) with physician-diagnosed AD affecting at
least 5% of the total body surface area (TBSA) and
32 controls (mean ± SD of age: 8.6 ± 3.9 years)
using actigraphy and PSG. Participants and their
caregivers completed subjective ratings of sleep
disturbance, and AD disease severity was assessed
using the Scoring Atopic Dermatitis (SCORAD)
index. Subjective sleep quality was poor in 54.2%

of AD patients versus 6.2% of controls (p < 0.001);
difficulty falling asleep, difficulty awakening in
the morning and daytime sleepiness were all more
common in AD. Results of actigraphy and PSG were
significantly correlated. AD patients had significantly reduced sleep efficiency (84.5% ± 9.3% versus 94.1% ± 7.5% in controls, p < 0.001) and higher
limb movement indices (13.0 ± 13.4 versus 5.6 ± 2.9,
p < 0.001), with no significant difference (p > 0.05)
in the frequencies of stage N1 (4.8% ± 3.8% versus
4.4% ± 3.0% in controls), N2 (34.4% ± 14.3% versus
33.8% ± 16.2% in controls) and N3 (32.8% ± 14.8%
versus 38.1% ± 17.2% in controls) sleep and a higher
sleep fragmentation index as assessed by actigraphy
(22.1 ± .8 versus 17.0 ± 6.8, p = 0.004). A SCORAD
index of ≥48.7 predicted poor sleep efficiency. There
was significantly more movement during sleep in
the patients with AD, and the movement was highly
correlated (r = 0.70, p < 0.001) with the SCORAD
index and poor sleep efficiency (r = −0.73, p < 0.001).
The pruritus score was correlated with lower sleep
efficiency. In AD patients, lower nocturnal melatonin secretion was significantly associated with
indices of disturbed sleep.106 AD severity has been
shown to be positively correlated with sleep disturbances as measured by actigraphy in some studies,108 but not others.109 In a study110 of 117 children
and adult eczema patients with itchy skin, there
was no significant correlation between subjective
ratings of itch severity on a visual analog scale and
objective measures of scratching using actigraphy,
reflecting a dissociation between scratch and perceived or recalled itch.
Pruritus in AD is typically worse in the evening and can interfere with nighttime sleep. The
scratching in AD may become habitual and automatic1,27 and become a conditioned response to
being in bed at night, even in the absence of significant pruritus. These factors can exacerbate the
AD as a result of the “itch–scratch cycle.”1 AD has
been associated with a higher frequency of restless
legs syndrome (RLS33; 40.8% in AD versus 10.8%
in controls, p < 0.005), and a positive family history of RLS (24.2% of AD versus 7.2% of controls).
Bender et al.85 studied 20 adult AD patients
using two nights of PSG with videography in
order to monitor scratching, actigraphy, subjective patient ratings of itch severity, ratings of the
Dermatology Life Quality Index (DLQI) and PSQI,
objective dermatologic ratings of AD severity and
blood cytokine assays before and after PSG on the
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second night. All scratching events occurred only
during sustained wakefulness or in association
with arousal or awakening from sleep; on average,
a greater proportion of time was spent scratching
in stage 1 (p < 0.007) and 2 (p < 0.0001) sleep than
stage 3, stage 4 or REM sleep; scratching in REM
occurred only with arousals from sleep. The total
scratching index correlated (Spearman correlations) directly with indices of AD severity such
as TBSA affected by AD (0.33, p = 0.008) and the
Rajka and Langeland skin score (0.42, p = 0.064),
and inversely correlated with both PSG (−0.56,
p = 0.01) and actigraphic (−0.52, p = 0.019) measures of sleep efficiency. There was an inverse correlation between sleep efficiency and inflammatory
biomarkers (e.g., evening and morning IL-6 levels).85 There was a significant association between
actigraphic and PSG ratings of sleep-onset latency
and sleep efficiency.85 DLQI and PSQI scores,
however, did not correlate significantly with the
PSG or actigraphy scores of sleep efficiency. Selfassessment of itch did not correlate with objectively measured scratching.85
Using PSG, video monitoring and scratch electrodes, Reuveni et al.104 observed that, even in
remission, AD children had more arousals and
awakenings per hour than controls (24.1 ± 8.1 versus 15.4 ± 6.2, p = 0.001). Scratching accounted
for only 15% of arousals, while the remainder of
arousals were not associated with any identifiable
cause.104 This is consistent with the underlying
hyperarousability27 and overactive sympathetic
response to itch and scratching observed in AD. In
a case–control PSG study of 15 patients with lichen
simplex chronicus (LSC), a common pruritic disorder resulting from repeated rubbing and scratching, Koca et al.88 observed significantly (p < 0.05)
higher arousal and awakenings, higher percentages
of stage 2 sleep, and lower percentages of slow-wave
sleep in LSC versus controls, with no difference
in sleep efficiency. Scratching episodes were also
observed in stage 2 NREM sleep.88 These findings
are in contrast with AD, which is also a pruritic
disorder, in which sleep architecture is typically
not disturbed, but sleep efficiency is lower.

Psoriasis
DEFINITION

Psoriasis111 is a chronic and recurrent inflammatory skin disorder that is most commonly

characterized by circumscribed erythematous, dry,
scaling plaques, which has been associated with an
adverse effect on sleep quality112 due to factors such
as pruritus, pain, depression, and OSA. Psoriatic
arthritis occurs in 5%–30% of psoriasis patients
and tends to be more prevalent among patients
with more severe psoriasis.111 The worldwide prevalence of psoriasis is 2%. Psoriasis can occur at any
age; in approximately 75% of patients, the onset of
psoriasis is before 40 years of age, and in 35%–50%,
onset is before 20 years of age.111 Pruritus, one of
the most distressing features of psoriasis, is present
in over 80% of patients.113
STUDIES OF SLEEP AND PSORIASIS

Epidemiologic studies13 have shown a significantly
higher frequency of a sleep disorder114 (OR: 3.89,
95% CI 2.26–6.71; sleep disorder was coded using
the International Classification of Diseases, Ninth
Revision, Clinical Modification code 780.57, which
denotes “unspecified sleep apnea” with no mention
of how the diagnosis was made) in the psoriasis
patients (n = 51,800) from a national database in
Taiwan, and a higher frequency of psoriasis (hazard of psoriasis: 2.30, 95% CI 1.13–4.69) in PSGdiagnosed OSA patients (n = 2258) also from a
Taiwanese health insurance database.
In a study of 101 patients with severe psoriasis,
sleep was reported to relieve psoriasis in 57% and
aggravate pruritus in 8% of patients.115 Pruritus115
was associated with difficulty in falling asleep in
69% of patients; 66% reported being awakened by
pruritus. The Psoriasis Area Severity Index (PASI)
did not correlate with itch intensity.115 In a survey of 420 respondents from the U.S. National
Psoriasis Foundation,55 some degree of sleep disruption was reported by 49.5% of the sample; sleep
disturbance55 was most frequently predicted by the
presence of psoriatic arthritis (OR: 3.26), followed
by pruritus (OR: 1.26), pain from psoriatic lesions
(OR: 1.22) and decreased emotional well-being
(OR: 1.18). Body surface area affected by psoriasis,
BMI, and therapy were not significant predictors of
sleep disturbance in psoriasis.55
PSG studies of psoriasis13 have evaluated sleeprelated breathing disorders in psoriasis and not
itching and scratching, even though pruritus
commonly interferes with sleep in psoriasis. Buslau
and Benotmane116 performed PSG on two consecutive nights in 25 psoriasis patients and 19 matched
patients with chronic bronchitis, a condition that is
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known to be associated with OSA. The apnea index
in psoriasis (14.4 ± 13.5) was greater (p = 0.028)
than in chronic bronchitis (8.8 ± 13.4); neither
group differed in other OSA risk factors (e.g., BMI
or hypertension). Three patients with recalcitrant
stable psoriasis and OSA that had previously not
responded to standard dermatologic treatments
were treated with nasal CPAP and followed prospectively for 1 year; 1 year later, all three patients
were still on CPAP and had only mild psoriasis,
and two patients reported that they could not
remember their psoriasis being so good for years.116
Karaca et al.117 studied 33 psoriasis patients with
PSG; 18/33 (54.5%) had OSA (11 mild with AHI
scores between 5 and 15, 2 moderate with AHI
between 16 and 30 and 5 severe with AHI >30).
In contrast to psoriasis patients without OSA, the
psoriasis patients with OSA were older (p < 0.05)
and had a greater neck circumference (p < 0.05);
however, they did not differ significantly with
respect to BMI, duration of psoriasis, PASI
scores, or Epworth Sleepiness Scale scores. The
authors116,117 discuss that OSA may act as a triggering factor for psoriasis for genetically predisposed
individuals because of autonomic nervous system
dysregulation and alteration of the homeostasis
of the immune neuroendocrine network in the
skin. In contrast to these results,116,117 in a PSG
study of 35 chronic psoriasis patients, Papadavid
et al.118 observed that only BMI and hypertension,
and not psoriasis characteristics, were associated
with an increased risk for OSA. Among women,
OSA severity correlated (p = 0.021) with psoriasis duration (psoriasis duration ≥8 years more
likely to be associated with AHI >15), and men
with moderate to severe psoriasis presented with
greater (p = 0.035) cardiovascular risk (greater
BMI, hypertension, and Framingham score ≥10) in
comparison to patients with mild psoriasis.
Maari et al.59 studied the effect of the TNF-α
antagonist adalimumab on PSG sleep parameters
in 20 psoriasis patients with ≥5% TBSA affected
by psoriasis and an AHI ≥15 using an 8-week, randomized, double-blind, placebo-controlled study.
Patients were randomized to adalimumab with
a loading dose of 80 mg followed by 40 mg every
other week or placebo for 8 weeks. There was no
significant change in the primary outcome measure of a change in AHI between baseline and
day 56.59 The authors59 discuss that their negative
findings may in part be related to an insufficient

dose of adalimumab because of the overall higher
BMI of their psoriasis patients. The authors further
observe that 70% of OSA patients had no previous
diagnosis of OSA despite being symptomatic, suggesting that OSA may be underdiagnosed in psoriasis patients.59

Urticaria
DEFINITION

Urticaria or hives are characterized by transient
skin or mucosal swelling, resulting in wheals due
to plasma leakage.119 Urticaria is defined as chronic
after a period of time of usually ≥6 weeks. The lifetime occurrence of urticaria ranges from <1% to
30%.119 In over 50% of cases, the basis for the urticaria is not found. The mast cell is the primary
effector cell of urticaria. Mast cell granules contain
preformed mediators of inflammation, the most
important of which is histamine.119 Histamine
is a major wake-promoting neurotransmitter in
the CNS, and histaminergic neurons display elevated discharge activity during increased states of
vigilance.120
STUDIES OF SLEEP AND URTICARIA

In a questionnaire study121 of 100 chronic idiopathic urticaria (CIU) patients, 83% experienced
pruritus at night and in the evening, and 62%
reported difficulty falling asleep. In a study6 of 75
CIU patients, insomnia in the 6 months preceding
CIU onset was the most important psychosomatic
predisposing factor for CIU (OR: 4.9, 95% CI 1.7–
14.5); insomnia may further disturb the circadian
rhythm of cortisol and contribute to the vicious
cycle of CIU. The authors note that treatment of
insomnia6 could aid in the treatment of urticaria,
and therefore sedating antihistamines6,121 may be
more effective than nonsedating antihistamines
(which are usually considered as a first-line treatment for most urticarias) in the treatment of urticaria. A recent study122 of 24 patients with chronic
spontaneous urticaria using a double-blind,
crossover design examined the effectiveness and
prevalence of unwanted side effects when treating with the non-sedating, second-generation
H1-antihistamine levocetirizine 15 mg daily plus
the sedating first-generation H1-antihistamine
hydroxyzine 50 mg at night versus levocetirizine 20 mg daily, each for 5-day periods. Both
regimens significantly improved urticaria-related
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quality of life and nighttime sleep disturbance,
without significant difference between the two
groups. Compared to baseline, daytime somnolence was significantly reduced with levocetirizine
monotherapy (p = 0.006), but not levocetirizine
plus hydroxyzine (p = 0.218). The authors conclude that the belief that nighttime sleep was
aided by the addition of a sedating first-generation H1-antihistamine was not supported by the
results.122 We identified no PSG studies of urticaria.
The majority of the randomized, double-blind,
controlled trials for the treatment of urticaria use
nonsedating histamine H1-receptor antagonists,
such as desloratadine and fexofenadine, or the leukotriene receptor antagonist montelukast.1 In all
studies, sleep was not the primary outcome measure, and in most studies, it was unclear whether
the improvement in sleep was sustained.1
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INTRODUCTION
The use of neuroimaging has contributed significantly to our understanding of both the anatomy
and function of sleep in humans. Primarily, this
has been done through the use of positron emission tomography (PET), in which compounds
labeled with radioactive isotopes are injected into
a subject. The distribution of these compounds is
then assessed through the detection of positron
emissions due to radioactive decay. The two compounds mainly used in sleep research are [18F]
fluorodeoxyglucose (FDG), a marker of glucose
metabolism, and oxygen-15-labeled water (H215O),
an indirect marker of blood flow.
Due to the long half-life of FDG (around
110 min), subjects are injected while sleeping at
the onset of the sleep phase of interest and then
awoken usually around 20 min later and transferred to the PET scanner for assessment. This has
the advantage of allowing subjects to sleep naturally unconstrained outside of the scanner, but
as a result has more limited temporal resolution
and does not allow several scans to be performed
per night. Conversely, H215O has a much shorter
half-life (around 120 s), which allows for multiple
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scans to be performed within a single session with
greater temporal resolution, but does require the
subject to sleep with their head restrained in the
scanner.
More recently, functional magnetic resonance imaging (fMRI) has been used to assess
various aspects of brain activation during sleep.
This method indirectly measures cerebral blood
flow through the detection of the blood oxygen
level-dependent signal, which is based on relative
changes in deoxyhemoglobin related to blood flow.
The main advantages of this technique reside in its
fine temporal resolution on the scale of seconds
compared to PET, which is generally several minutes or more at best, as well as its superior spatial
resolution.
Overall, there are different ways to approach
the use of neuroimaging in order to study sleep,
and as such each of these neuroimaging techniques has been used differentially. One approach
is to examine the differences in global patterns of
activation during each stage of sleep, generally
compared to waking as a baseline. A large body
of research has been devoted to this, and PET
has been primarily used. Another approach is
to examine the neural correlates of phasic sleep
205
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events within particular stages of sleep, such as
spindles and slow waves. These events are identified through electroencephalography (EEG) and
have been studied primarily through the use of
fMRI, as its greater temporal resolution allows for
precise matching of EEG recordings with neuroimaging scans. These two approaches and their
results are reviewed below, and the use of neuroimaging of sleep in order to study depression is
also assessed.

GLOBAL ACTIVATION PATTERNS
Overall, neuroimaging studies have consistently
shown a global decrease in brain activity during
synchronized non-rapid eye movement (NREM)
sleep compared with waking, while levels of brain
activity during desynchronized rapid eye movement (REM) sleep are comparable to those of waking.1 These two broad categories of sleep also show
regionally specific deactivation/activation patterns, which are discussed below.

NREM sleep
An early study using FDG PET imaging showed
that global glucose metabolism in the brain
decreases by around 40% in NREM sleep compared to waking, with particular decreases in the

two thalami.2 Subsequent studies have primarily used the H215O method to identify particular
brain regions whose patterns of activation change
in NREM sleep. Overall, these studies indicate significant decreases in cerebral blood flow relative
to waking in several areas, including subcortical
structures such as the brainstem, thalami, basal
ganglia, cerebellum, and basal forebrain, as well as
areas of the prefrontal (dorsolateral and orbital),
parietal, cingulate, and mesio-temporal cortices (see Figure 14.1).3–7 Similar results were also
observed in a more recent study employing fMRI.8
These results are in accordance with the involvement of several of these subcortical structures in
arousal, as well as the observation that many of the
areas that show this decrease in activation are particularly active during waking.
Interestingly, a FDG study by Nofzinger and
colleagues9 demonstrated that after correcting
for the global decrease in glucose metabolism
seen in NREM sleep, several areas showed relative increases compared to waking. These included
areas of the primary and association sensory motor
cortices, hippocampus, amygdala, hypothalamus,
basal forebrain, ventral striatum, anterior cingulate cortex, and pontine reticular formation.
The authors suggest that these activations may be
related to homeostatic regulation and the processing of memory traces.

Global activation patterns: NREM sleep
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2. Thalamus
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4. Cerebellum
5. Basal forebrain

6. Prefrontal cortex
7. Parietal cortex
8. Cingulate cortex
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Figure 14.1 Global activation patterns: NREM sleep. (Adapted from illustrations by Patrick J. Lynch
and C. Carl Jaffe. http://creativecommons.org/licenses/by/2.5.)
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PHASIC EVENTS

In contrast to NREM sleep, whole-brain metabolism in REM sleep is comparable to that of waking.2 However, at the regional level, several brain
areas showed increased activation during REM
sleep compared to wakefulness, as observed with
FDG PET10 as well as H215O PET.3,11,12 These areas
include subcortical and limbic structures such as
the brainstem, thalami, basal forebrain, hippocampus, and amygdala, as well as cortical areas in
the anterior cingulate and temporo-occipital areas.
In addition, some of these studies have also shown
areas of decreased activation when compared to
waking and NREM sleep, particularly areas in the
prefrontal, parietal, posterior cingulate, and primary visual cortices (see Figure 14.2).3,11,12
The activation of extrastriate and limbic structures, combined with a deactivation of primary
visual and prefrontal cortices, appears to indicate
the existence of a closed processing loop during
REM sleep. The activation of these areas without
primary visual input and higher-level processing
from the prefrontal cortex has been suggested to
underlie some of the aspects of dreaming (vivid/
surreal/bizarre imagery, emotional content, and
lack of awareness), which is commonly associated
with REM sleep.12

Another approach to the use of neuroimaging in
order to study sleep that has been explored more
recently is the examination of the neural correlates
of phasic events during sleep. Instead of comparing global activity between stages of sleep and
waking, this process aims to correlate regional
activity within a particular stage to the occurrence
of specific neural oscillations or events. Much of
this work has been done with fMRI due to its better temporal resolution allowing hemodynamic
responses to be time locked to these events, but it
is possible to use PET as well by correlating overall
activity in a period of sleep to the number of the
events being studied. Of interest are sleep spindles
and slow waves during NREM sleep and rapid eye
movements and ponto-geniculo-occipital (PGO)
waves during REM sleep.

Sleep spindles
Sleep spindles as seen on an EEG recording consist of
transient bursts of around 12–14 Hz activity (sigma
band) that are most prominent in stage 2 of NREM
sleep.13 An early H215O PET study found a negative correlation between cerebral blood flow in the
medial thalamus and activity in the sigma band after
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Figure 14.2 Global activation patterns: REM sleep. (Adapted from illustrations by Patrick J. Lynch and
C. Carl Jaffe. http://creativecommons.org/licenses/by/2.5.)
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Figure 14.3 Phasic events. (Adapted from illustrations by Patrick J. Lynch and C. Carl Jaffe. http://
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controlling for blood flow changes due to slow-wave
oscillations.4 A later fMRI study found somewhat
contrasting results in that spindles were correlated
with increased activity in the thalami as well as anterior cingulate cortex, insula, and superior temporal
gyrus (see Figure 14.3).14 This difference is likely due
to differing methodologies, in that PET requires the
averaging of activity over a period of time of allowing
hyperpolarization to dominate, while fMRI allows
transient increases in activity to be time locked to
specific events. In addition, this study subdivided
spindles into fast (13–15 Hz) and slow (11–13 Hz)
categories and found differences in activation patterns between the two. Fast spindles were associated
with increased activity in sensorimotor areas, the
hippocampus, and the mesial frontal cortex, while
slow spindles were associated with activation in the
superior frontal gyrus.14 Spindles are of interest to
scientists due to their implications in learning and
memory15–17 and in sensory gating during sleep.18–20

Slow waves
Slow waves are prominent characteristics of the
later stages of NREM sleep and consist of highamplitude delta waves at 1–4 Hz and a slower

oscillatory rhythm of less than 1 Hz.13 In the same
PET study as mentioned above, activity in the delta
band was correlated with cerebral blood flow, and
negative associations were found in the thalami,
reticular formation, cerebellum, anterior cingulate, and orbitofrontal cortex.4 A later study reanalyzing the data collected in several previous H215O
PET studies found a negative correlation between
delta power and blood flow in the ventromedial
prefrontal cortex, basal forebrain, striatum, anterior insula, and precuneus.21 In contrast, no association was found in the thalami as in the previous
study. The authors suggest that these results may
reflect non-thalamic cortex-based delta rhythms.
Lastly, a recent fMRI study found increased activity in relation to slow waves in the brainstem, cerebellum, parahippocampal gyrus, inferior frontal
gyrus, precuneus, and posterior cingulate cortex
(see Figure 14.3).22 When slow waves were subdivided into delta wave (1–4 Hz) and slow oscillation
(<1 Hz) rhythms and then compared to baseline,
delta waves were associated with activity in the
prefrontal cortex, while slow oscillations were
associated with activity in the brainstem, cerebellum, and parahippocampal gyrus. These cortical
activations being related to slow oscillations is in
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accordance with evidence of their relation to memory processes.16,17,23
Collectively, these fMRI results on spindles and
slow waves show that NREM sleep may not simply be a state of mere brain quiescence, but rather
a dynamic state with transient neural activity
against a baseline state of deactivation.

depression. Studies of NREM sleep using FDG
PET have observed that depressed individuals
show a smaller decrease in glucose metabolism
relative to controls in broad cortical areas, particularly in the prefrontal region and the parietal
and temporal cortices.30,31 The authors suggest that
this lack of reduction is likely due to hypofrontality during waking in depressed individuals. This
is consistent with research showing lowered wakRapid eye movements
ing prefrontal glucose metabolism in depressed
and PGO waves
individuals, which improved with medication.32
Rapid eye movements are some of the most promi- This hypofrontality is likely related to the broad
nent hallmarks of REM sleep and are believed to cognitive deficits seen in depression, particularly
be related to the PGO waves identified through cel- in executive functions.33 Furthermore, also note
lular recordings in animals. These waves are pro- that there is hypermetabolism during both NREM
duced in the transition to and throughout REM sleep and waking in depressed individuals in the
sleep, and consist of short, high-amplitude elec- brainstem reticular formation, basal forebrain,
trical potentials, prominently recorded from the left amygdala, anterior cingulate cortex, cerebelpontine brainstem, lateral geniculate nuclei, and lum, parahippocampal cortex, fusiform gyrus, and
occipital cortex.24 Due to their discovery through occipital cortex.31 In REM sleep, a FDG PET study
cellular recording in animals, their existence in found increased glucose metabolism in depressed
humans has not been determined, but deep-brain individuals compared to controls in the brainrecordings have pointed to their existence in stem reticular formation and limbic and anterior
humans,25 as well as there being inferential evi- paralimbic areas (including the hippocampus,
dence from neuroimaging. In a H215O PET study, basal forebrain, anterior cingulate, and medial
the number of rapid eye movements during REM prefrontal cortex), as well as cortical areas such
sleep compared to waking was found to be related as the dorsolateral prefrontal, left premotor, prito increased cerebral blood flow in the primary mary sensorimotor, and left parietal cortices (see
visual cortex and right geniculate nuclei, corrobo- Figure 14.4 for summary).34 Hypermetabolism in
rating some of the recording sites for PGO waves in REM sleep was further characterized by a recent
animals.26 Another study employing fMRI found PET study looking at both individuals with postactivations in the pontine tegmentum, vento- traumatic stress disorder and depression.35 Both
posterior thalamus, and primary visual cortex pre- groups showed comparable hypermetabolism in
ceding the rapid eye movements and activations in limbic and paralimbic areas during REM sleep,
the putamen and limbic areas (amygdala, parahip- with the depressed group showing this during
pocampal gyrus, and anterior cingulate cortex) waking as well.
accompanying the movements (see Figure 14.3).27
Due to the association between dreaming and Hyperarousal
REM sleep, it has been theorized that PGO waves
are involved in this process, which is plausible These studies seem to indicate an overall hypergiven their prominence within the visual system of arousal during sleep in depressed individuals,
which may underlie some of the aforementioned
the brain and the visual nature of dreaming.28
sleep disturbances. A common disturbance in
depressed individuals is insomnia, and there is
DEPRESSION AND SLEEP
much evidence linking the two disorders, although
Sleep disturbances are a common facet of depres- the exact nature of this link and causal relationsion and include problems in sleep continuity, ship remains unknown.36 Hyperarousal has been
reductions of slow-wave sleep, decreased REM heavily implicated in sufferers of insomnia, 37 and
latency, and increased REM density.29 Several functional neuroimaging has shown increased
studies have used neuroimaging in order to cerebral glucose metabolism during both wake
investigate the relationship between sleep and and sleep in insomniacs.38 Further evidence of
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hyperarousal in depressed individuals comes from
EEG evidence showing a trend towards increased
power in the beta band, a frequency band that is
associated with the cortical arousal seen in waking and REM sleep, which was correlated with
poorer subjective sleep quality.39 Additionally, a
PET study using a radioactive ligand for the histamine H1 receptor showed decreased binding in
depressed individuals, which correlated with selfreported measures of depression.40 These results
could indicate higher levels of endogenous histamine release, leading to more competition for
binding, and given that the histaminergic system
is a wake-promoting system, this would further
support a model of hyperarousal.
Broadly, the cortical hyperarousal may be in
part due to the increased activity in the brainstem noted in both NREM31 and REM sleep,34 as
the brainstem sends many projections throughout
the brain and is involved in waking and arousal.
More particularly, studies seem to point to hyperactivity in limbic and paralimbic areas, which are
commonly associated with the processing of affective states. Research indicates that sleep is important for the processing of emotional memory and
modulating affective systems,41 so it is plausible

that hyperarousal in these areas during sleep could
be indicative of abnormal or overly intense processing of affect, possibly underlying some of the
emotional problems seen in waking, such as cognitive biases toward negative stimuli/experiences in
attention and memory.42

Effects of treatment
Neuroimaging can also be used to assess the
effects of the treatment of depression. Some of
this research has looked at the influence of antidepressant drugs on brain activation in sleep. For
instance, a FDG PET study looked at the effects
of treatment with bupropion on REM sleep.43
Although a reversal in activation deficits between
waking and REM sleep was found in the anterior
cingulate, medial prefrontal cortex, and right
anterior insula after treatment, this was attributed to a reduction is waking metabolism in these
areas, and not in REM sleep. A much more common method that has been used to study the effects
of treatment on depression with neuroimaging is
actually sleep deprivation. This has robustly been
shown to have antidepressant effects, although
these effects generally do not last for long, and
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early studies noted hyperactivity in the ventral
anterior cingulate and orbital medial prefrontal cortex, which became normalized after sleep
deprivation.44 Recent studies have looked at the
combined effects of sleep deprivation and antidepressant medication. A study in which depressed
patients were given sertraline for 1 week and
then scanned before and after sleep deprivation
showed decreased Hamilton Depression ratings
related to decreased glucose metabolism in several areas, particularly the ventral frontal lobe, as
well as parts of the temporal and occipital cortices and the left insula.45 They also noted increases
in metabolism related to decreased Hamilton
Depression ratings in a number of areas, particularly the dorsal frontal lobe, along with regions of
the parietal, temporal, and occipital cortices and
cerebellum. However, a placebo-controlled study
of geriatric patients with depression treated with
paroxetine did not reveal a synergistic effect of
sleep deprivation combined with medication on
either depressive symptoms or glucose metabolism in the brain areas that are generally associated with clinical improvement.46

CONCLUSION
Neuroimaging is an important tool for investigating the neural correlates of sleep, both in healthy
individuals and those who suffer from depression.
In particular, it shows that the brain is not merely
“turned off ” during sleep, but rather has specific
and dynamic patterns of activation and deactivation. In NREM sleep, the brain is mostly deactivated, with transient fluctuations in neural activity
related to phasic events like sleep spindles and slow
waves. In REM sleep, the brain shows global levels of activity similar to waking, but with regional
increases in limbic and visual association areas that
may, along with rapid eye movements and PGO
waves, be related to dreaming. Individuals with
depression show abnormal brain activation patterns in sleep with a general tendency for increased
brain metabolism, in line with a hyperarousal state,
which may underlie some of the sleep problems
related to depression, as well as cognitive/emotional
dysfunctions in waking.
Future research should seek to clarify these findings through improved techniques and replication
and further our understanding of sleep in both
healthy and pathologic populations. Processes like

sleep-related memory consolidation and dreaming
have already been explored with neuroimaging, but
still remain poorly understood, leaving much room
for future research. Our understanding of neural
oscillations during sleep also has much room for
new discoveries, particularly in terms of understanding the functional purpose of phasic events.
Lastly, sleep disturbances are widely known to be
related to many psychiatric and neurologic disorders, but the exact relationship is unclear. Are sleep
problems predictors or symptoms of these? How
are changes in brain activation and/or morphology involved in this relationship? Neuroimaging
provides a powerful means for investigating all of
these questions, and much remains to be uncovered about the sleeping brain.
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INTRODUCTION
Schizophrenia is one of the most disabling of all
mental illnesses. It is characterized by disordered
thinking, disordered behavior, delusional beliefs,
and perceptual disturbances such as hallucinations
(positive symptoms), as well as deficits in motivation, socialization, and affect (negative symptoms).
The illness typically begins in adolescence or early
adulthood and leads to a marked decline in occupational and interpersonal function.
It has long been held that impaired sleep reflects
a troubled mind. This view and the phenomenological similarity between hallucinations and dreams
have led to an enduring interest in sleep studies in
schizophrenia. A vast literature has accumulated
in regard to sleep abnormalities in schizophrenic
illness. Impairments are seen in subjective quality
of sleep,1 as well as in objective measures of sleep
architecture in sleep studies. Notable findings,
which will be summarized in this chapter, include
reductions in total sleep, sleep continuity, rapid eye
movement (REM) sleep latency, and amounts of

slow wave sleep (SWS). The amounts of REM sleep
are variably reduced in schizophrenia. In addition
to changes in sleep architecture, there is evidence
that suggests that there are alterations in the sleep–
wake cycle.
Sleep disturbances seem clinically important in schizophrenia, predicting coping and
perceived quality of life,2 as well as symptomatic
relapse following antipsychotic discontinuation.3
Furthermore, a model of altered power in theta
and delta and alpha peak frequencies ranges seem
to predict conversion to psychosis in those who are
deemed clinically at risk of psychosis.4,5 Despite
considerable investigational effort, the nature of the
polysomnographic abnormalities and their relationships to the neurobiological underpinnings of
schizophrenia have remained poorly understood.
In this chapter, we will briefly review the nature of
SWS, REM sleep, and sleep spindles, the current
state of knowledge in regard to the alterations in
sleep architecture, the relationship between antipsychotic medications and sleep, and the neurobiology of such impairments in schizophrenia.
215
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NATURE OF SWS, REM SLEEP,
AND SLEEP SPINDLES
In recent years, there has been an increasing understanding of the possible functions of SWS, REM
sleep, and sleep spindles. SWS is characterized by
large-amplitude, low-frequency electroencephalographic (EEG) rhythms, mainly occurring during
the early part of sleep. The slow waves in SWS are
associated with large-scale spatiotemporal synchrony across the neocortex, and are thought to be
generated predominantly in the prefrontal cortex.6,7
The SWS has been seen as reflecting overall synaptic density in the human cerebral cortex, in particular that of the prefrontal cortex,8 although this
has been recently debated9; deficits in SWS have
therefore been thought to reflect parallel prefrontal
cortical dysfunction.7 Sleep deprivation in healthy
subjects appears to cause impairments in sustained
attention that closely resemble prefrontal cortical
dysfunction.10 SWS may be involved in restorative
activity, reversing the “wear and tear” caused during wakefulness; there is evidence for increased
protein synthesis during this sleep phase.11,12
REM sleep is characterized by low-amplitude,
relatively fast EEG rhythms, saccadic eye movements, and decreased muscle tone. In contrast with
SWS, REM sleep is associated with an increased
activity in phylogenetically old limbic and paralimbic regions, such as the amygdala, hippocampus,
and cingulate and entorhinal cortices.13 Conversely,
the dorsolateral prefrontal cortex, parietal cortex,
and posterior cingulate cortex and precuneus are
the least active brain regions during REM sleep.
These observations are significant in view of the
cognitive functions mediated by the prefrontal and
limbic brain regions, as will be discussed later.
Sleep spindles are fast (11–16 Hz) EEG oscillations that seem to be unique to non-REM (NREM)
sleep. Although for a long time they have been seen
as an integral part of NREM sleep, especially of the
stage 2 of NREM sleep, their functional role in memory consolidation and neuroplasticity was only recognized more recently.14 In fact, converging evidence
supports spindles as an index of an individual’s
intelligence and learning ability.15 There is considerable evidence that spindles are generated in the thalamic reticular nucleus (TRN),16 which comprises
GABAergic neurons.8,17 The TRN neurons project
to glutamatergic thalamic neurons, which in turn

project to the cortex. Cortical neurons send glutamatergic input back to the N-methyl-d-aspartate acid
(NMDA) receptors on TRN neurons. Thus, spindles
reflect a thalamocortical feedback loop regulated
by both GABAergic and NMDA receptor-mediated
glutamatergic transmission.18 A two-stage model
of long-term memory formation posits that newly
encoded memories mediated by the hippocampal
ripples/sharp waves traverse the thalamus in a feedforward manner, leading to spindle oscillations, and
then on to the neocortex to be consolidated via slowwave oscillations (Figure 15.1).14

ALTERATIONS IN SLEEP
ARCHITECTURE IN SCHIZOPHRENIA
Alterations of REM sleep
Many early studies of sleep architecture tested
a hypothesis that schizophrenia results from a
“spillover” of the dream state into wakefulness.
While no evidence thus far directly supports this
prediction, subtle alterations in the architecture
of REM sleep have been described.19 REM latency
was found to be decreased in several early studies;
however, this may result from either a deficit in
SWS in the first NREM period, leading to a passive
advance, the early onset of the first REM period,
or from “REM pressure.” Amounts of REM sleep
have been reported to variably increase, decrease,
or not change in different studies.20 Since studies
in treatment-naïve patients (with schizophrenia)
show no increase in REM sleep,21,22 the increases
in REM sleep observed in previously treated subjects may reflect the effects of medication withdrawal and/or persistent changes related to the
effects of medication.22 Similarly, it is unlikely that
the observed decreases in REM latency in some
schizophrenia patients result from primary abnormalities in REM sleep.
Sleep deprivation provides a naturalistic, physiologic challenge for the dynamic manipulation
of sleep processes, and can help clarify the primary nature of sleep abnormalities. An intriguing
reduction in REM rebound following REM sleep
deprivation has been described in several studies in acute schizophrenia, but there is a normal
or exaggerated REM rebound in remitted schizophrenic patients.10,19 This rebound failure in acute
schizophrenia has been attributed to a possible
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“leakage” of phasic REM events from REM sleep
into NREM sleep, although no systematic investigation has supported this hypothesis.19
Lucid dreams, in which the individual has
clear insight into the state of dreaming, offer an
opportunity to understand the nature of impaired
insight in psychosis. Recent neuroimaging studies
suggest that lucid dreamers have more prefrontal
gray matter volume, as well as frontoparietal and
temporal activation during dreams, than those
with non-lucid dreams.23,24 These are the very same
regions that show impaired structure and function in schizophrenia patients with poor insight.
Thus, it is possible that similar brain circuits might
underlie insight into the dream state, as well as into
psychotic experiences. Consistent with this view,
we have recently proposed that progressive frontotemporal and parietal gray matter reductions during the prodromal phase around late adolescence
may underlie the loss of self-monitoring that leads
to the emergence of psychosis.25

Alterations of SWS
SWS is of particular interest to schizophrenia
researchers for two reasons: the evidence implicating the prefrontal cortex in the generation of
SWS; and the evidence supporting a link between
SWS and cognition.26,27 Several, but not all, studies show reduced SWS in patients with schizophrenia; SWS deficits have been documented in acute,
chronic, and remitted states.10 Similarly, SWS deficits have been seen in studies of never-medicated
as well as previously medicated patients. Studies
that failed to find differences in SWS have generally used conventional visual scoring. On the
other hand, studies that included quantified sleep
EEG parameters have revealed reductions in SWS
more consistently. Notably, Ganguli and associates
observed no change in visually scored SWS, but
detected reduced delta wave counts in treatmentnaïve patients,21 suggesting that visually scored
SWS may not be sensitive enough, and automated
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counts may be a better marker of SWS deficiency
in schizophrenia. Other groups have described
similar reductions in delta counts. SWS deficits
have been demonstrated in early-course schizophrenia using sensitive approaches such as spectral
analysis.28
Reductions in low-frequency power may also be
associated with alterations in high-frequency EEG
activity (HFA; > 20Hz). HFA is associated with
feature binding and attention. Tekell and associates reported that schizophrenic patients showed
significantly greater HFA than healthy controls
in all sleep stages.29 Elevated HFA during sleep in
unmedicated patients is associated with positive
symptoms of illness.
Sleep deprivation studies can also help clarify
whether SWS abnormalities in schizophrenia
are secondary to pathology in neuronal circuits
in this disorder, or whether they reflect primary
homeostatic disruption in sleep processes. There
is evidence that following total sleep deprivation, recovery of stage 4 sleep is diminished in
schizophrenia.30 SWS deprivation is known to
consistently cause impaired attention, reaction
times, verbal learning, and vigilance, similarly
to what is seen in frontal lobe dysfunction and
schizophrenia.31 A defect in SWS recovery might
be consistent with impairments in critical cognitive processes, such as the psychomotor vigilance
observed in schizophrenia. Such a defect might
also suggest impairment in restorative processes in
schizophrenia.

Alterations in sleep spindles
Decreases in the amplitude and duration of spindles have been demonstrated in patients with
schizophrenia.32 By including a comparison group
of normal controls who took antipsychotic medication, the investigators showed that their finding
was more of a disease effect, rather than a medication effect.32 Reductions in spindle activity were
also seen amongst newly diagnosed patients with
no prior exposure to antipsychotic medications,
as well as non-psychotic relatives of patients with
schizophrenia.33 Even among the healthy population, spindle density seems to correlate inversely
with magical ideation.34
The available studies suggest that spindle deficits that predate the onset of schizophrenia persist
despite clinical improvement with antipsychotic

medication, and may well be an endophenotype of
cognitive impairment in schizophrenia. Evidence
of dysfunction in spindle generation is consistent
with current models of schizophrenia that posit
impaired thalamocortical circuitry.35–38

Circadian sleep abnormalities
In addition to alterations in sleep architecture,
disturbances in rest–activity timing seem very
common in schizophrenia.4 In one study,4 half
of the participants with schizophrenia showed
severe circadian misalignment, ranging from
phase advance/delay to non-24-hour sleep–wake
cycles and melatonin cycles, and the other half
showed patterns ranging from excessive sleep to
highly irregular and fragmented sleep periods, but
with normally timed melatonin cycles. Notably,
the circadian disruptions existed despite stability
in mood and psychotic state. However, the question of whether these disturbances are secondary to some or all antipsychotic medications, or
whether they are primary to the illness, remains
to be clarified.
Circadian alterations appear to correlate with
poor cognitive functioning in schizophrenia.39 In
one study,40 patients with relatively intact sleep–
wake cycles did better on frontal lobe function
tasks, whereas the severity of positive or negative
symptoms did not correlate with cognitive performance or the quality of sleep–wake cycles, which
led to a conclusion that consolidated circadian
rhythms may be a prerequisite for adequate cognitive functioning in schizophrenia.

RELATIONSHIP BETWEEN SLEEP
ABNORMALITIES AND CLINICAL
MEASURES IN SCHIZOPHRENIA
During the past two decades, researchers have
increasingly made a distinction between the positive and negative symptoms of schizophrenia.
Several studies have investigated the relationship between REM sleep parameters and clinical parameters. Tandon and colleagues reported
an inverse association between REM latency and
negative symptoms.22 While no association was
detected between sleep abnormalities and depressive symptoms,22 there is evidence that increased
REM sleep correlates with suicidal behavior in
schizophrenia.41,42
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In order to recognize the significance of sleep
abnormalities for pathophysiology, it is important
to understand the enduring nature of these abnormalities in schizophrenia; stage 4 sleep does not
improve, while other sleep stages change following 3–4 weeks of conventional antipsychotic treatment.43 In a longitudinal polysomnographic study,
SWS deficits persisted at 1 year, but reduction in
REM sleep appeared to improve. These observations suggest the possible trait-related nature of
SWS deficits in schizophrenia.44 Consistent with
this view, SWS abnormalities correlate with negative symptoms21 and with impaired outcome at 1
and at 2 years.45
Attentional impairment appears to correlate
with SWS deficits in early studies of schizophrenia.46 The thalamus—the main “switchboard” for
information processing pathways in the brain—
plays a crucial role in attention and gating of
information because it is the major relay station
receiving input from the reticular activating system
and limbic and cortical association areas. A defect
in the thalamus, therefore, could explain alterations in SWS, sleep spindles, and the psychopathology of schizophrenia. Impairments in visuospatial
memory have been found to correlate with reductions in the amount of SWS and in sleep efficiency.47
These results point to a functional interrelationship
between regulation of SWS and performance in
visuospatial memory in schizophrenia.
Reduced spindle activity in schizophrenia
seems functionally significant. For instance, there
is evidence that spindle density is associated with
measures of attention and reasoning among newly
diagnosed patients with schizophrenia who had
no prior exposure to antipsychotic medications.48
Furthermore, patients with schizophrenia do not
show improvement on a performance on a motor
task typically seen after a night’s sleep, and lesser
number and density of spindles seems to predict
this poorer performance (after a night’s sleep).49
This is an important finding that indicates that
dysfunction in spindle activity may account for the
well-documented impairment in procedural memory in schizophrenia, and that spindle activity may
be a therapeutic target in patients suffering from
this disorder. Indeed, two separate studies have
shown that the addition of a non-benzodiazepine
hypnotic, eszopiclone, enhanced the number and
density of spindles50 and working memory51 in
patients with schizophrenia.

Taken together, studies of sleep and cognition
suggest that sleep abnormalities may at least in
part contribute to the cognitive impairments in
schizophrenia.

RELATIONSHIP BETWEEN SLEEP
FINDINGS AND NEUROBIOLOGY
IN SCHIZOPHRENIA
Studies of the ontogeny of sleep during normal
adolescence are of significance to our understanding of the pathophysiology of SWS deficits in the
context of a neurodevelopmental framework for
schizophrenia. Adolescence is characterized by a
substantial reorganization of human brain function; a marked decline in synaptic density in the
prefrontal cortex, pronounced reductions in cortical gray matter volume, and regional cerebral
metabolism are seen during adolescence. In parallel, polysomnographic studies show robust SWS
decreases across the age span from childhood to
late adolescence.52 The time courses for maturational changes in SWS, cortical metabolic rate, and
synaptic density are strikingly similar, at least in
humans. It has therefore been suggested that the
maturational processes in sleep EEG, cortical synaptic density, and regional cerebral metabolism
might reflect a common underlying biological
change (i.e., a large-scale programmed synaptic
elimination).8
Do the polysomnographic abnormalities in
schizophrenia relate to the brain maturational
changes discussed above? In addition to SWS
deficits, consistent alterations in the structure and
function of cortical and subcortical brain regions
have been observed in schizophrenia. Studies of
the correlations between such alterations and sleep
can help us better understand the pathophysiologic
substrate underlying schizophrenia.

Altered brain structure
Schizophrenia is associated with widespread
reductions in cortical gray matter, notably in
the frontal and temporal cortex, as well as in the
thalamus.53 The relationship between alterations
in these brain structures and SWS is interesting since SWS is generated by a complex neural
system involving the anterior brain regions and
the thalamus. SWS is inversely correlated with
the anterior horn ratio, a measure of frontal lobe
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size, 54 and positively correlated with lateral ventricular size.55 These correlations may result from
reductions in subcortical structures such as the
thalamus, which forms a substantial part of the
ventricular boundaries. A recent study collected
both structural and sleep spindle-related cortical currents in schizophrenia and demonstrated
reduced mediodorsal thalamic volumes that
strongly correlated with the number of scalprecorded anterior frontal spindles.35

Altered brain metabolism
SWS may result from several of the neurochemical processes involved in neural inhibition, excitation, and EEG synchrony. Activation
of the cholinergic system facilitates arousal and
enhances REM sleep. Therefore, cholinergic
hyperfunction—postulated to underlie schizophrenia—could account for SWS and REM
latency reductions in schizophrenic sleep.56
Interestingly, schizophrenia is associated with
supersensitive REM sleep induction with the cholinergic agonist R5 86, 57 suggesting cholinergic
hyperfunction. Nicotinic receptors may also be
involved; sensory gating deficits as evidenced by
P50 event-related potentials, which are possibly
related to central nicotinergic system alterations,
are reversed following sleep in schizophrenia.58
Disturbances in catecholaminergic mechanisms
may also underlie the SWS deficits in schizophrenia. Serotonergic abnormalities may also be
involved; an inverse correlation is seen between
serotonin metabolites in the cerebrospinal fluid
and SWS in schizophrenia.59 Norepinephrinergic
and serotoninergic neurotransmission, which are
presumed to be abnormal in schizophrenia, are
inhibitory to REM; therefore, it is plausible that
cholinergic and monoaminergic abnormalities
could mediate the constellation of reduced REM
latency and SWS deficits without increases in
REM sleep amounts in schizophrenia.56
Hormonal substances may also be related to
delta sleep alterations. Adenosine, an amino acid
neuromodulator, has drawn increasing interest
in recent years as a possible endogenous sleeppromoting agent, as it tends to accumulate during
waking hours.60 Adenosine agonists such as dipyridamole, which increase delta sleep, have been suggested as having possible therapeutic benefits in
schizophrenia.61

Altered physiology
There is evidence for decreased frontal lobe
metabolism (“hypofrontality”) in schizophrenia,
as assessed by a variety of physiological imaging techniques. It may be instructive to examine
SWS deficits in the context of such physiologic
alterations. An association has been demonstrated
between SWS deficits and reduced frontal lobe
membrane phospholipid metabolism in schizophrenia, as examined by 31P magnetic resonance
spectroscopy.45 It has been suggested that membrane phospholipid alterations are related to
loss of synaptic neuropil (i.e. decreased synaptic
density, postulated to underlie schizophrenia).
Conceivably, this could result in reduced SWS by
decreasing the membrane surface (fewer dendrites
per neuron), causing a smaller-voltage response
to the synchronizing stimulus, thereby leading to
decreased SWS.
Single-cell recordings in cats have shown that
slower (<1 Hz) synchronized oscillations originate mainly in the neocortex,62 whereas delta
waves (1–4 Hz) arise primarily from the activity of
thalamocortical neurons. A finer analysis of these
oscillations may clarify the nature of the pathophysiology in schizophrenia. Preliminary analysis
of this question using period amplitude analyses
suggested more prominent deficits in the <1 Hz
range in schizophrenia, pointing to a thalamocortical dysfunction.28 This finding deserves further
study and application.

EFFECTS OF ANTIPSYCHOTIC
DRUGS ON SLEEP
Studies of the acute effects of neuroleptics have
consistently shown improvements in sleep continuity, as measured by reduced sleep latencies,
improved sleep time, greater sleep efficiency, and
prolongation of REM latency10; however, changes
in SWS have been less consistent. Studies that have
examined the sedative effect of conventional neuroleptics have reported either no effects or modest
increases in SWS.
Recent studies have begun to examine the
effect of atypical antipsychotics on sleep. There
is evidence for increases in SWS but decreases in
sleep spindles with olanzapine following acute
administration.63,64 Furthermore, olanzapineinduced increases in delta sleep may predict better
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treatment response.65 On the other hand, clozapine
increases stage 2 sleep, but may actually decrease
stage 4 sleep.66 In normal subjects, quetiapine
increases total sleep time, sleep efficiency, percentage sleep stage 2, and subjective sleep quality.67
These studies have frequently used small sample
sizes; few studies have examined sleep variables in
relation to acute versus long-term treatment with
neuroleptics in a longitudinal design.
Investigations into the polysomnographic characteristics of schizophrenia have to account for the
potential effects of neuroleptic discontinuation on
sleep EEG. Neylan and colleagues reported significant worsening of REM and NREM sleep in a series
of schizophrenia patients undergoing controlled
neuroleptic discontinuation.68 Patients experiencing relapse have larger impairments in sleep. The
effects of neuroleptic discontinuation continued to
worsen from 2 to 4 weeks of a neuroleptic-free condition, and did not correlate with clinical change.69
These findings suggest that it is important to control for medication state in investigations of EEG
sleep in schizophrenia.

CONCLUSIONS AND FUTURE
DIRECTIONS
In summary, sleep disturbances are pervasive
and cause substantial subjective distress as well
as disability in schizophrenia. The emerging literature pointing to the relationship between
sleep alterations and neurobiological changes in
this illness suggests that sleep abnormalities may
represent a window into the pathophysiology of
schizophrenia. New knowledge regarding the
brain mechanisms of sleep is likely to open new
avenues for exploring such relationships. First,
functional brain imaging studies suggest distinct
patterns of regional brain activation in SWS and
REM sleep; such studies could provide clues to
the pathophysiology of schizophrenia, especially
when used in conjunction with physiologic perturbation paradigms such as sleep deprivation.70
Second, brain imaging studies that also examine different domains of cognition are providing
important insights into the cognitive dysfunction in schizophrenia. Third, sleep architecture
changes dramatically during development; sleep
studies during development in health and disease
could shed considerable light on developmentally
mediated neuropsychiatric disorders.71 Finally,

sleep changes are often the earliest signs of disturbance, and may even represent trait-related vulnerability markers for psychiatric disorders; sleep
studies of individuals who are at risk of schizophrenia are likely to be fruitful.5,72
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INTRODUCTION
Traumatic brain injury (TBI), defined as “an
alteration in brain function, or other evidence of
brain pathology, caused by an external force,”1 is
among the most serious and disabling neurological disorders affecting adults and children in all
societies.2–4 Recently endorsed is the view of TBI
as a chronic disease process encompassing clinical, pathological, and cellular changes starting at
the time of the head injury event.5,6 Consequently,
the classification systems of TBI can be clinical,
pathological, and mechanistic.7 The most commonly used clinical systems include the Glasgow
Coma Scale (GCS)8 and the American Academy of
Neurology grading system9 based on the duration
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of altered mental state. Pathological classifications
are related to the anatomical (i.e., localization of
injury—focal or diffuse)10 and pathophysiological
(i.e., primary impact injury or secondary pathological processes).11 Mechanistic classifications
are related to impact, force-loading, penetrating,
and blast injuries.12 While no single classification
encompasses all of the features of the complex
process of TBI,7 a comprehensive model of TBI is
becoming widely endorsed. Such models take into
account accelerating/decelerating forces that cause
mechanical strain; the direction of force that can
determine the severity of injury13; rapid head rotation generating shear forces throughout the brain,
causing shear-induced tissue damage, with lateral
plane acceleration having the greatest likelihood
225
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for producing damage within the deep internal
structures of the brain14; and the complex neurometabolic and neurochemical cascades occurring
in neurons following stretch and compression.15

SLEEP AFTER TBI
There is considerable interest in the role of various sleep markers for use as diagnostic and prognostic measures in TBI. In 1949, researchers first
introduced evidence of high and low arousal of
the damaged brain, accompanied with changes in
the sleep electroencephalogram (EEG), autonomic
system, and motor activity.16 Since then, the study
of sleep abnormalities in persons with TBI has
grown, resulting in the conceptualization of the
pathophysiological processes occurring in sleep
and their relationships with presenting daytime
symptoms. In recent years, study has progressed
towards more diverse clinical and nonclinical
fields. As depicted in Figure 16.1, the number of
papers published with Medical Subject Headings
(MeSH) terms “sleep” and “TBI” saw an increase
at the start of the new century. This trend parallels
the interest in TBI by itself, and suggests that sleep
is an important area of research in relation to TBI.
In reviewing the pathophysiology of posttraumatic sleep dysfunction, no single mechanism has
been found to be responsible for disordered sleep
and wakefulness after injury to the brain of any
severity. Consequently, the goal of this chapter
is to emphasize the importance of a multifaceted
approach to dealing with sleep dysfunction in this
population. In due course, sleep dysfunction in
persons with TBI must not be viewed as a singular diagnosis, but as a manifestation of a complex
interaction of sociodemographic, medical, psychiatric, behavioral, and environmental factors.

NEUROANATOMY OF SLEEP
AND WAKEFULNESS
The reticular formation (RF), a diffuse network
of cells deep in the tegmentum of the brainstem,
has a central role in the complex neural regulation
of the consciously aroused state.17 This network
is situated throughout the brainstem and spinal
cord, and most of its neurons are interneurons
with multiple efferent projections—ascending and
descending—processing information from the
ipsilateral and contralateral sides.18 All networks

of the RF19 receive input from other brain areas
and can, in turn, influence the functioning of these
other brain areas. The projections from the RF that
ascend to the thalamus and cortex and play a role
in the modulation of consciousness make up the
reticular activating system (RAS).19 It follows that
the principal cause of coma, a deep sleep-like state
from which the patient cannot be aroused, is bilateral damage to the RAS, or damage to both cerebral
hemispheres that disrupts the RAS.20 Unilateral
damage may not be noticeable, or may involve only
some alterations to the state of consciousness.20
Regulation of sleep is mediated by opposing actions of the anterior and posterior/lateral
regions of the hypothalamus. The suprachiasmatic
nucleus (SCN) serves as a central nervous system
(CNS) pacemaker,21 driving both physiological and
behavioral circadian rhythms, including sleep–
wake cycle, hormonal secretion, and thermoregulation. The CNS neurons have an approximately
24-hour rhythm of electrical activity—an intrinsic
rhythm—even in the absence of environmental
cues.22 Environmental signals override this intrinsic rhythm through light input from the retina
(reticulohypothalamic tract) and the secretion of
melatonin, largely by the pineal gland, in a circadian pattern.23 Secretion of melatonin is controlled
by the CNS through projections to the visceral
nervous systems and, in turn, a sympathetic projection from the superior cervical ganglion to the
pineal gland. Thus, the circadian activities of endocrine secretion, visceral function, feeding, temperature, and behavior are interrelated.24 Damage
to the hypothalamus is expected to result in disturbances of neuroendocrine, autonomic, homeostatic, sleep–wake, and emotional functions. On
the other hand, increased intracranial pressure as
a result of head trauma can exert pressure on hypothalamic nuclei and alter sleep–wake function in
various ways.22

EPIDEMIOLOGY
It is very difficult to determine the prevalence of
sleep–wake dysfunction in TBI. This is not only
because TBI is a complex disorder with multiple
interdependent risk factors (i.e., age, sex, recurrent
injury, comorbidities, prescription/illicit drugs,
etc.) that can affect sleep after the injury, but also
because TBI encompasses primary (i.e., focal, diffuse, or both) and secondary injuries (i.e., complex
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Figure 16.1 Construct of sleep dysfunction in traumatic brain injury. Unidirectional arrows from
constructs (i.e., circles) to items (i.e., rectangles) represent reflective models, and from items to constructs, they represent formative models. Bidirectional arrows represent a combination of reflective
and formative elements. (Based on Fayers PM, Hand DJ. Qual Life Res 1997; 6: 139–150.)

biochemical cascades, including disruption in cerebral blood flow, increases in intracranial pressure
[brain swelling], cellular necrosis, and apoptosis),
each of which impact sleep function differently.
In the acute phases post-injury, especially in
moderate to severe TBI, medical care addresses the
ABCs (airway, breathing, and circulation) of the
injured person, as it is well established that hypoxemia and hypotension are associated with worse
clinical outcomes, and a single episode of hypotension doubles mortality risk.23 While research has
provided some evidence on sleep pattern abnormalities in patients with TBI utilizing EEG, in the
first 24 hours post-injury, the amplitude, frequency,
and shape of wave potentials are not stable and of
lesser prognostic significance than those taken
between 24 and 48 hours post-injury.24,25 Findings
range from increased slow wave in the delta frequency band (<4 Hz) to amplitude suppression,

rises in slow focal or diffuse theta activity (4–8 Hz),
and immediate decreases in the mean frequency of
alpha waves (8–13 Hz).24 Typical features of sleep
(i.e., rapid eye movement [REM] and non-REM
sleep) are reported to be more common among
patients who show good recovery.25–28 Although
sleep EEG has value when assessing injury severity and prognosis, it does not provide great spatial
resolution and is impractical for long-term monitoring.29 In patients with mild TBI, the utility of
the EEG is even more limited, as not all patients
sustaining these injuries will seek medical care. It
is important to note that studies that utilized conventional EEG in mild TBI did not report any early
EEG abnormalities, even in cases where structural
magnetic resonance imaging abnormalities were
present.30 However, given the recent reports that
an index of brain electrical activity derived from
10 minutes of monitoring was found to be a highly
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Table 16.1 Prevalence of the most common sleep disorders, by International Classification of Sleep
Disorders category
Traumatic brain
injury population (%)

Sleep disorder
Insomnia
Sleep-related breathing disorders
Hypersomnia, not due to sleep-related breathing disorders:
narcolepsy
Circadian rhythm sleep disorders
Sleep-related movement disorders: periodic limb
movement disorder
Sleep-related movement disorders: rapid eye movement
behavior disorder

sensitive measure for the detection of potentially
life-threatening traumatic intracranial hematomas
following closed head injury,31 the study of brain
activity in sleep early after mild TBI may prove
useful.
Investigation of sleep function usually starts
in the post-acute phase post-injury, when patients
report or seek a physician’s help because of one or
more of the following: (1) inability to sleep at night;
(2) daytime symptoms of fatigue, tiredness, or
excessive daytime sleepiness (EDS); (3) behavioral
manifestations in sleep; or a combination of these
complaints. There have been several studies aiming
to determine the prevalence of sleep dysfunction in
chronic TBI (Table 16.1).32–39 Because of the wide
variation in definitions and methodologies utilized
to study it, prevalence values ranged significantly.
In a meta-analysis of 21 studies featuring a total
of 1706 participants with TBI, Mathias and Alvaro
reported that, overall, 50% of people suffered from
some form of sleep disturbance after a TBI, and
25%–29% had a diagnosed sleep disorder.40 These
numbers are much higher than those observed in
the general population.41

MOST COMMON SLEEP
DISORDERS IN TBI
Insomnia
Insomnia is characterized as difficulty falling
asleep, maintaining sleep, awakening in early
morning, or non-restorative sleep. It is one of the
most endorsed symptoms in persons with TBI. A
study performed by Cantor and colleagues at five

General
population (%)

3082
2573–3562
3112

<10113
6114
0.05115

3635
1780

6.6116
4117–11118

1358

0.5119

National Institute of Disability and Rehabilitation
Research TBI Model Systems involving 334 individuals with TBI who completed 1-year (n = 213)
or 2-year (n = 121) follow-up interviews between
2008 and 2012 reported insomnia incidence of
11%–24%.42 A meta-analysis of Mathias and Alvaro
reported insomnia to be one of the most commonly occurring disorders, being self-reported
by 941 TBI participants of varying injury severities (50%).40 When the standardized criteria of
the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSMIV-TR)43 was applied, Fichtenberg and colleagues
reported insomnia syndrome as occurring in 30%
of persons with mild to moderate TBI44; similar
findings were reported by Ouellet and colleagues
(29.4%).45 In the general population, based on a
review of over 50 epidemiologic studies published
worldwide, a prevalence rate of approximately 6%
was obtained for insomnia diagnosis based on
DSM-IV-TR criteria.46
The higher prevalence of insomnia in the TBI
population has been related to the injury itself in
a recent study of 204 patients with TBI (mean age
33 years), in which 40.2% of participants were found
to have insomnia, as measured by the Insomnia
Severity Index, and the only variables that were
associated with insomnia were severity and duration of TBI.47 TBI patients with moderate injury
severity (70.7%) had a significantly higher occurrence of insomnia than those with mild injury
severity (19.7%; p < 0.0001). Over half (63.4%) of
the TBI patients reporting insomnia did so within
the first 3 months after injury. Neuroanatomical
localization was also correlated with insomnia.
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Cerebral contusion was the most common (40.2%)
site of impact. Almost half (42.4%) of the patients
with insomnia had multiple contusions. Similar
findings were reported in a military TBI clinic
located in Iraq, where 150 male military patients
completed standardized self-report measures and
clinical interviews.48 Patients were categorized into
three groups according to history of TBI: zero TBIs
(n = 18), single TBI (n = 54), and multiple TBIs
(n = 78). Rates of clinical insomnia, as measured
by ISI, were significantly increased across these
TBI groups (p < 0.001): 5.6% for no TBIs, 20.4% for
single TBI, and 50.0% for multiple TBIs, a pattern
that remained even after controlling for depression, posttraumatic stress disorder, and concussion
symptoms.48 Based on these results, it is reasonable
to assume that there is a risk for the development
of insomnia as a result of TBI. The current data are
limited, however, making it difficult to determine
the exact level of risk posed, the type of injury to
the brain that is responsible, and whether insomnia in TBI is an independent problem or one that
is related to multiple medical comorbidities and/or
psychopathologies.

Excessive daytime sleepiness
Daytime impairment due to dysfunction of nocturnal sleep should be distinguished from hypersomnia due to a neurologic disorder as a result
of brain injury. In particular, this may be important when selecting a treatment intervention. For
example, in a TBI patient, daytime sleepiness
can occur due to a primary sleep disorder (i.e.,
sleep-related breathing disorder, periodic limb
movement disorder [PLMD], etc.) as a result of
nocturnal sleep fragmentation,49 have the etiology of a circadian disorder (i.e., EDS during the
afternoon hours due to advance sleep phase syndrome),50 neurologic hypersomnia (i.e., with long
sleep time but poor sleep efficiency),51 be a manifestation of narcolepsy as a result of cerebrospinal
fluid hypocretin-1 level deficiency,52 psychiatric
disorder,53 medication effects,54 and/or a combination of these. Moreover, while the definition
of sleepiness implies the risk of falling asleep, the
description of this impairment is sometimes used
in reference to physical tiredness, reduced mental
alertness, or fatigue.55 Finally, prolonged symptom duration, as well as brain injury, may affect
judgment and ability to report any difficulty with

insight.56 Therefore, a comprehensive differential
diagnosis is of high importance.
Studies utilizing self-report measures reported
EDS in TBI in a frequency range of between 14%
and 55%.57–59 In a sample of 184 patients with
post-traumatic hypersomnia, Guilleminault and
colleagues reported that a majority of participants were involved in litigation, and in addition
to daytime sleepiness, had memory difficulty,
poor concentration, depressive symptoms, and
were unable to work.57 Only 28% of the patients
with EDS by self-report were found to be so following the multiple sleep latency test (MSLT).57
Verma and colleagues reported that over 50% of
persons with EDS by self-report in his sample
had mean onset sleep latencies of <5 minutes on
the MSLT.58 A recent case–control study of TBI
patients with increased sleep need following their
injury assessed sleep through sleep logs, actigraphy, polysomnography (PSG), and the MSLT.
Actigraphy recordings revealed that TBI patients
had substantially longer estimated sleep durations
than controls (10.8 hours per 24 hours, compared
to 7.3 hours for controls). When using sleep logs,
TBI patients underestimated their sleep need.59
During nocturnal sleep, patients had higher
amounts of slow-wave sleep than controls (20%
versus 13.8%). The MSLTs revealed EDS in 15
patients (42%), and ten of them had indicators of
chronic sleep deprivation.59 It should be noted that
the MSLT requires a criterion of average time to
fall asleep in four or five tests. However, the same
average can be derived in a variety of different
ways (e.g., consistent times to fall asleep over all
sessions, or very long times in some and abrupt
in others), and therefore will not have the same
implications.
Severe head trauma can affect the hypothalamic system to such an extent as to alter levels
of the neurotransmitter hypocretin, transiently
or permanently. Prevalence of narcolepsy, a rare
disorder, is reported to be 60-times higher in persons with TBI than in the general population.41
Baumann and colleagues reported that extensive
loss of the hypothalamic neurons that produce
the wake-promoting neuropeptide hypocretin
(orexin) causes the severe sleepiness that is characteristic of narcolepsy, and partial loss of these
cells may contribute to the sleepiness in patients
with severe TBI.60 These findings highlight the
often-overlooked hypothalamic injury in TBI and
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provide new insights into the causes of chronic
sleepiness in patients with TBI (i.e., deficits in
orexin neurotransmission in the lateral hypothalamus). Nardone and colleagues applied transcranial magnetic stimulation to study posttraumatic
sleep–wake disturbances in persons with mild to
moderate TBI.61 The researchers reported changes
in excitability of the cerebral cortex. Resting
motor threshold was higher in the patients with
EDS, similar to that reported in patients with narcolepsy. The researchers proposed that this cortical hypoexcitability might reflect a deficit in the
excitatory hypocretin/orexin neurotransmitter
system.61

Behavioral manifestations in sleep
Sleep-related movement disorders are commonly
reported in persons with TBI. Castriotta and colleagues reported PLMD to affect 17% of the TBI
patients in their study.62 This disorder is nonspecific to TBI and occurs in a wide range of medical and sleep disorders, including narcolepsy, sleep
apnea, REM behavior disorder (RBD), and various
forms of insomnia.63,64 The prevalence of PLMD in
population-based studies ranges between 4% and
11% of adults, with incidence reported to increase
with age.41 The etiology of this disorder is poorly
understood; however, animal models with high
spinal transections and continued PLMD support
the possibility of there being a spinal origin of the
disorder.65
RBD is characterized by dramatic REM motor
activation resulting in dream enactment, often
with violent or injurious results. A populationbased survey indicated an overall 2% prevalence of
violent behavior during sleep, a quarter of which
was likely to be RBD, putting the prevalence of
RBD at 0.5%.65 Verma and colleagues examined
the spectrum of sleep disorders in chronic TBI
patients and reported complaints of parasomnia in
25% of participants, with RBD being the most frequently reported parasomnia (13%).58 It has been
proposed that the increased RBD incidence in TBI
relative to that of the general population is attributed to damage to brainstem mechanisms mediating descending motor inhibition during REM
sleep.58 Animal studies with bilateral lesions of
the pontine tegmentum in areas controlling REM
sleep motor inhibition support this hypothesis.66
It has also been reported that individuals taking

serotonergic antidepressant medications may be at
an increased risk of developing RBD, particularly
with increasing age.67,68

Sleep-related breathing disorders
manifesting as disturbed nocturnal
sleep with EDS
Respiratory dysfunction in sleep is common in persons with TBI, occurring at a significantly higher
rate than in the general population (25%–35% vs.
4%–9%).40,41 The pathogenesis of obstructive sleep
apnea (OSA) is occlusion of the upper airways in
sleep.69 The main factor leading to airway collapse is the generation of pressure during inspiration that exceeds the ability of airway dilator and
abductor muscles to maintain stability within
the airway. Various factors can increase the risk
of collapsing the upper airway after TBI, including, but not limited to: disturbed coordination of
the upper-airway muscles due to damage to the
brainstem (i.e., hypoglossal nucleus); sleep-related
withdrawal of noradrenergic and serotonergic
excitatory drive to upper-airway muscles; muscle
relaxants commonly prescribed after the injury;
and alcohol, an important cofactor because of its
selective depressant influence on upper-airway
muscles and on arousal response.70–72 In many TBI
patients, the patency of airways can also be compromised structurally, or be compromised due to
obesity as a result of compressing of the pharynx
by superficial fatty tissue.

Central sleep apneas in
patients with TBI
Webster and colleagues reported on the nature of
sleep apnea after TBI, with a majority of the apneic
episodes (36%) in their sample of 29 TBI patients
being central sleep apnea (CSA) events rather
than OSA events (11%), concluding that the brain
injury may be part of the underlying cause of this
observation.73 Although CNS-active medications
could potentially play a role in this occurrence,
the researchers found there to be no difference
between the rate of CNS-active medication use
among subjects with respiratory disturbance index
(RDI) values over 5 and those with RDI values of
less than 5. The etiology of CSA is still unknown;
however, when the ventilatory control system
is unstable, large fluctuations in ventilation can
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produce central events. Furthermore, because
distinguishing between central and obstructive
hypopneas cannot be reliably accomplished without noninvasive techniques (i.e., esophageal balloons or respiratory-induced wall motion strain),
for a definite diagnosis, only apneic events should
be documented for a CSA diagnosis in persons
with TBI.

Circadian rhythm sleep disorders
manifesting as inability to fall asleep
or EDS
Circadian rhythm sleep disorders are important
to consider when dealing with insomnia and/or
EDS due to their common occurrence in patients
with TBI.74 Numerous research studies to date have
reported a delayed sleep phase syndrome, which
can potentially be confused with insomnia if the
person with TBI goes to bed at a socially acceptable time. Ayalon and colleagues investigated
complaints of insomnia following mild TBI and
reported 36% of people to be diagnosed with circadian rhythm sleep disturbances (CRSDs).75 Clinical
presentation (i.e., insomnia, excessive sleepiness,
or both) is expected to depend on whether an individual schedules sleep according to their internal
circadian clock or in accordance with a socially
accepted schedule. Llompart-Pou and colleagues
applied cerebral microdialysis techniques in order
to study brain interstitial cortisol levels at 08:00,
16:00, and 24:00 hours in the acute phase of TBI
in ten patients (median GCS score after resuscitation was 5 [range 3–10]). Intra-individual analysis
showed that circadian variability was lost in all
patients, both in serum and brain interstitial cortisol samples.76 The study of the circadian rhythm in
TBI patients warrants further investigation.

Shift-work sleep disorders
The negative effects of shift work include sleepiness and insomnia, reduced alertness, and greater
risk of re-injury, overall poor health, low work
productivity, and poor quality of life.77 Although
the cause–effect relationship between pre-morbid
shift work and insomnia after TBI remains unclear,
study of the pre-morbid misalignment of the output of the endogenous circadian pacemaker in
association with post-morbid insomnia is timely.

INVESTIGATING SLEEP
DYSFUNCTION IN PATIENTS
WITH TBI
Sleep in TBI represents something of a challenge
to investigate because of the broad array of possible diagnoses for the manifested problems. One
approach would be to use a carefully constructed
interview or screening algorithm that incorporates the recommendations of the American
Association of Sleep Medicine pertaining to
clinical sleep dysfunction evaluation.78 Such a
theoretical framework can provide a context for
examining a problem and serve as a guide for the
systematic study of a precisely defined relationship between factors that can constitute or contribute to sleep dysfunction in TBI. Based on a
comprehensive literature review,41 we developed
a construct of sleep dysfunction for patients with
TBI (Figure 16.2).

Self-report questionnaires
A recent systematic review of the various sleeprelated self-report measures used in TBI research
and clinical practice to date resulted in the identification of 16 measures from more than 100 currently available in the field of sleep medicine.79
These measures were comprehensively described.79
Two of the measures—the Pittsburgh Sleep
Quality Index (PSQI) and the Epworth Sleepiness
Scale (ESS)—have been partially validated in TBI
samples of varying injury severity. Fichtenberg
and colleagues reported on the concurrent validity of the PSQI in a sub-acute TBI sample of 50
consecutive patients who were distinguished with
respect to insomnia by the DSM-IV criteria.44 The
overall agreement of the PSQI with the DSM-IV
diagnosis of insomnia was 94%, with a sensitivity of 100% and a specificity of 96%. The proposed
global PSQI cutoff score of 8 was found to be
appropriate for discriminating 96% of insomnia
cases correctly, and a cutoff score of 9 accurately
established the condition in 98% of cases. The concurrent validity of the ESS was reported by Masel
and colleagues.80 The study investigated the relationship of ESS scores to MSLT scores in 71 TBI
patients with time since injury ranging from 3 to
27 years. The authors found no significant correlation between the ESS score and mean sleep latency
by the MSLT.80
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Sleep diary
The sleep diary has been used in the TBI population
for assessing sleep quality and quantity, and for
identifying factors that may affect sleep and wakefulness. Results were generally applied towards a
clinical diagnosis of insomnia and quantification
of sleep and waking behavior over a specific period
(usually weeks). The strength of the instrument lies
in its ability to prospectively depict sleep and daytime functioning. However, the low return rates of
diaries, response burden, possible impaired judgment, and common sleep state misperception in
the TBI population requires careful interpretation
of results.79 While self-report is important and
evaluation of sleep by self-report is cost-effective,
researchers have described under-/over-reporting
of sleep disturbances by patients and recommended the utilization of self-report measures in

conjunction with objective methods for the assessment of sleep post-TBI.79–82

Polysomnography
There are numerous qualities that allow for an
informed clinical decision with regards to sleep
quality to be made based on PSG findings in
patients with TBI. This technique provides objective evidence of sleep continuity, efficiency, architecture, and physiological measures (e.g., heart
rate, breathing, oxygen saturation, and muscle
movements), and allows for extensive study of
EEG activity and arousability.83 Continuous video/
audio is particularly relevant for differentiation
between sleep disorders and epileptic phenomena post-TBI, and there is the potential to capture
infrequent events. Table 16.2 presents a list of sleep
disorders that can be diagnosed or ruled out based

Table 16.2 Sleep disorders diagnosed/ruled out with polysomnography, and frequency of relevant
publications based on the traumatic brain injury population (as of July 2014)
Sleep disorder
Circadian rhythm
sleep disorder
Insomnia

Narcolepsy

Nocturnal
seizures
Parasomnia

Sleep-related
breathing
disorder

Sleep-related
movement
disorder

Value of polysomnography
• Diagnostic accuracy, differentiation from other
disorders
• Observation of long sleep-onset latency, frequent
nocturnal awakenings, increased light-stage sleep
• Allows diagnosis and exclusion of other disorders
given multiple possible causes of insomnia
• Multiple sleep latency test for verification of
daytime somnolence, observation of number of
sleep-onset rapid eye movements
• Observation of episodes by video recording
• Diagnostic accuracy, differentiation from other
disorders
• Observation of confusional arousals, sleep
walking/talking, enuresis, bruxism, etc.
• Diagnostic accuracy, differentiation from other
disorders
• Respiratory parameters, arterial oxygen
saturation, heart rate, partial pressure of carbon
dioxide
• Identification and classification of apneas and
hypopneas
• Observation of muscle activity, movement by
electromyography and video
• Effect of sleep movement disorder based on
sleep architecture

# PubMed MeSH term
hits
“shift work sleep
disorder” (MeSH): 5
“sleep initiation and
maintenance
disorders” (MeSH): 22
“narcolepsy” (MeSH): 14

“epilepsy” (MeSH): 13

“sleepwalking” (MeSH): 3
“night terrors” (MeSH): 1

“sleep apnea syndromes”
(MeSH): 37

“movement disorders”
(MeSH): 11
“restless legs syndrome”
(MeSH): 4
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on PSG, as well as data on the use of the technique
in research addressing specific sleep disorders
in the TBI population. PSG is currently the gold
standard for the diagnosis of sleep disorders such
as sleep-related breathing disorders, narcolepsy,
PLMD, and nocturnal seizures, among others.

sleep following TBI, being an overall more naturalistic and cost-effective approach compared to
PSG.88

MSLT and maintenance of
wakefulness test

The effectiveness of pharmacological and nonpharmacological treatments of various sleep disorders has been demonstrated in TBI samples. The
evidence for their efficacy and specific considerations for their use are discussed below.

The MSLT is a validated measure that is used to
quantify daytime sleepiness and has been applied
to the TBI population.84 It was reported to aid in
the differential diagnosis of pathological sleep
abnormalities from self-report sleepiness and postTBI fatigue. To diagnose narcolepsy, a patient must
fall asleep within 10 minutes and present with
at least two sleep-onset REMs across four to five
nap opportunities at 2-hour intervals. The maintenance of wakefulness test evaluates one’s ability
to remain alert, which is highly relevant to TBI, as
test results can be linked to variations in daytime
vigilance and/or daytime functioning.85

Actigraphy
Actigraphy records sleep–wake parameters based
on the absence or presence of motor limb or
head activity over a period (typically 2 weeks),
and it has promising value for people whose selfreports are in question. For individuals with
brain injury, it is reported to aid in the study of
CRSDs. Zollman and colleagues utilized actigraphy in a TBI sample and raised caution regarding
its application for patients with spasticity, paresis, agitation, and impulsivity.86 Duclos and colleagues applied actigraphy in order to study rest/
activity cycles and the association with injury
severity and outcome in acute moderate to severe
TBI. The researchers found that the patients with
a more rapid return to a consolidated rest/activity
cycle acutely after injury were more likely to have
cleared posttraumatic amnesia and have lower
disability at hospital discharge.87 Sinclair and colleagues reported on the association between sleep
diary and actigraphic assessments of sleep disturbance (i.e., wake after sleep onset [WASO] and
sleep-onset latency), finding weaker agreement
between the methods for WASO measures, supporting the view that actigraphy may prove to be
useful as a supplement to self-report measures of

TREATMENT OF SLEEP DISORDERS
IN PATIENTS WITH TBI

Non-pharmacological interventions
Non-pharmacological treatments for insomnia in
TBI include cognitive–behavioral therapy (CBT)
and acupuncture. Eight weeks of CBT with stimulus control, sleep restriction, cognitive restructuring, and sleep hygiene education was proven to
be successful for 8 of 11 TBI participants in one
study.89 Progress was maintained at the 1- and
3-month follow-ups. Sleep improvements were
accompanied by a reduction in reported fatigue.
Acupuncture has been applied to the treatment
of posttraumatic insomnia in 24 adults with TBI
at up to 5 years post-injury.90 A pilot randomized
control trial supported the contention that acupuncture has a beneficial effect on perception of
sleep or sleep quality and on cognition in patients
with TBI, and resulted in the tapering of sleep
medication use.
Sleep apnea in 13 TBI patients was managed
by continuous positive airway pressure (CPAP),
eliminating respiratory events and their associated
outcomes.91 While researchers reported significantly decreased Apnea–Hypopnea Index scores
and improved sleep quality 3 months after treatment administration, EDS was not resolved. The
compliance of this treatment option in TBI is still
under study.

Pharmacological interventions
Li Pi Shan and colleagues studied the effects of benzodiazepine and non-benzodiazepine hypnotics
on sleep restfulness and the effects of these medications on cognition. The researchers reported no
difference between the two drug classes in terms of
their effects on sleep duration and sleep continuity,
as well as cognition in individuals with TBI.92
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Kemp and colleagues conducted a randomized double-blind trial with melatonin and amitriptyline (1 month/drug, 2-week washout period
between treatments) involving seven TBI patients
who complained of difficulty initiating and maintaining sleep 3 years after injury.93 The researchers reported no improvement in sleep duration
or reduced sleep onset with either drug; the effect
size, however, revealed positive changes: patients
on melatonin reported improved daytime alertness, and those on amitriptyline had improved
sleep duration compared to baseline. The researchers reported no adverse drug effects. Nagtegaal
and colleagues described a case of delayed sleep
phase syndrome developed following TBI that was
successfully treated with melatonin in a 15-yearold girl.94 Several physiological markers of the
sleep–wake rhythm, including plasma melatonin,
body temperature, wrist activity, and sleep architecture (EEG), were delayed by almost half a day,
returning to normal after treatment with 5 mg of
melatonin.
TBI patients with narcolepsy and EDS have
been reported to respond well to neurostimulant
agents such as methylphenidate. Kaiser and colleagues reported the positive effect of modafinil
in alleviating EDS after TBI in ten patients who
received 100–200 mg of modafinil every morning
compared to ten patients who received placebo.95
No clinically relevant residual effects were found.

MEDICATION EFFECTS: A WORD
OF CAUTION
Persons with TBI are more likely to have or develop
co-occurring conditions related to pain, mood,
adjustment and anxiety disorders, among others,
which may require treatment with a number of
different medications. Two decades ago, Goldstein
reviewed the medical records of 100 patients with
head trauma admitted to a university hospital over
1 year and reported on the frequencies of medication prescriptions during their hospital stays.96
While only 14% of patients with head injury were
taking medications at the time of injury, during the
hospital stay, all received pharmacological interventions. A total of 72% of the patients received
one or a combination of drugs that, in animal studies, have been implicated in impaired sleep and
recovery (i.e., neuroleptics and other central dopamine receptor antagonists, benzodiazepines, and

the anticonvulsants phenytoin and phenobarbitone). Goldstein warned that until the true impact
of these classes of drugs on the recovery process
is better understood, care should be exercised in
their use. A recent retrospective cohort study of
306 persons with moderate to severe TBI who
were discharged from a large rehabilitation hospital reported that the prevalence of prescription
medication was 58.9% in the sample, and this was
greater in females (65.6%) than in males (56.1%).97
The most prescribed medication types were anticonvulsants (25.8%) followed by antidepressants
(8.2%), painkillers (8.2%), and antianxiety medications (5.9%). On average, persons with TBI were
prescribed 2.6 (standard deviation = 2.1) medications, with a range of 1–12.
Another study reported that veterans with TBI
being treated with nervous system and muscular
skeletal drug classes of medications can develop
addiction and various adverse effects, including
those related to sleep.98 These effects might be difficult to disentangle from the effects of the brain
injury itself, and also more difficult to treat.
Opioid-induced CSA is very difficult to manage. While not studied in TBI, a recent systematic
review of the various modalities of positive airway
pressure (PAP) in a total of 127 patients who had
been on opioids (10–450 mg daily of morphineequivalent dose) for at least 6 months reported
CPAP as being mostly ineffective for reducing central apneic events; however, bi-level PAP with and
without supplemental oxygen achieved elimination
of central apneas in 62% of patients, while adaptive
servo-ventilation yielded conflicting results, with
58% of participants attaining a central apnea index
of less than 10 per hour.99 With the increasing use
of opioids for managing pain in patients with TBI
(59.7%),100 the threat of untreated CSA is real.
Hypersomnia in TBI is often treated with
sodium oxybate, a neurotransmitter that is found
in the human brain and exerts sedative effects. A
recent case report described de novo CSA induced
by sodium oxybate in a patient without preexisting sleep-disordered breathing.101 Previous
publications have also reported a deterioration of
sleep-disordered breathing by this drug in patients
with narcolepsy and comorbid OSA.102 The safety
of sodium oxybate in TBI patients with concurrent
breathing disorders should be revisited.
Drug-induced Parkinsonism caused by the
concurrent use of donepezil and risperidone in a
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patient with TBI has been recently reported. When
drugs were stopped, these symptoms rapidly disappeared in several days.103
While currently there is no strong evidence
directly relating sleep difficulties in persons with
TBI to the side effects of neurotropic medications,
data on their safety for chronic use are also lacking. While our discussion of medication effects
and sleep and wakefulness in TBI is limited, given
the complexity of sleep topics, future research
should consider medication effects, as the potential
for medications to cross the blood–brain barrier
and mimic neurological deficits and cause or exacerbate sleep dysfunction is great. Moreover, continuous medication exposure produces changes
in neural functions, including those that regulate
sleep and wakefulness. The proposed mechanisms
include medication effect changes in receptors and
ion channel functions, signal transduction, synaptic reorganization, and gene expression, among
others.104–106 Such long-term use of sleep-affecting
medications could lead to alterations in the brain
pathways underlying sleep dysfunction in TBI.
Given the vulnerability of the already-compromised cerebral function from the brain injury
itself, careful consideration should be given to the
medicines taken by TBI patients, as this will provide invaluable insights into the proper differential diagnosis and treatment of sleep dysfunction
post-injury.

PRACTICAL CONSIDERATIONS
Sleep complaints are common in TBI patients.
Increasing evidence of the significant consequences of disturbed sleep necessitates comprehensive assessment and treatment. Treatment
should be highly specific and follow general principles based on one’s medical and sleep dysfunction profile, ability to tolerate side effects, effects of
treatment on patients’ neural recovery, rehabilitation, safety, and quality of life.107 We propose the
following steps for consideration in establishing
the treatment plan of a person with TBI and their
sleep dysfunction, abbreviated to “DEDEF”:
●●

Diagnosis. Differential diagnosis is extremely
important, and the identification of numerous
factors that contribute to a patient’s insomnia,
hypersomnia, or behavioral sleep disturbances
is key to targeted therapy.

●●

●●

●●

●●

Education. While generally the patient is considered as the primary target of treatment, in TBI,
the involvement of family members/caregivers
is of key importance. Therefore, they should
be educated and informed about sleep and its
roles in recovery, specifically in situations where
self-awareness and motivation to follow through
with the treatment plan are reduced.
Dosage. It is important to focus on treatment interventions with minimal side effects.
Pharmacological studies in TBI report variable
efficacy. The dosing schedule requires considerable attention. It is recommended to begin with
a lower dose than that which is recommended
for the healthy persons, and then to titrate
the medication and dosage to the individual
patient.108,109
Emphasis should be put on sleep hygiene,
behavioral and environmental strategies
with non-pharmacological interventions for
pain, depression, anxiety, and insomnia and
hypersomnia.98
Following the patient with TBI closely, monitoring compliance with treatment planning
should be conducted.

SUMMARY
Although the effects of a multidisciplinary
approach to the treatment and rehabilitation of
persons with TBI are well documented, the rates
of poor rehabilitation outcomes post-injury are
still high.110 This fact highlights the significance of
primary and secondary injury prevention110; it is
easier to prevent than to cure. Regular check-ups
of one’s health and activity demands (productive
duties timing /duration and duty difficulty/intensity) have to be in alliance with circadian timing
and amount of time available for sleep, which are
primary determinants of daytime performance,
alertness, and therefore safety.
TBIs, although largely preventable, nevertheless
do occur. A thorough investigation of sleep function
in persons who have sustained a TBI must begin
as early as possible with an investigation of what
constitutes “having difficulty falling asleep and/
or maintaining sleep” and/or “sleeping too much.”
Next, the cause of poor sleep and/or excessive sleepiness must be determined and a diagnosis established. Although the study of the pathophysiology
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of sleep dysfunction after TBI is still evolving, the
goal is to determine whether the problem is caused
by a correctable factor (i.e., primary sleep disorder,
medication/substance effects, depression, endocrine dysfunction, poor sleep hygiene, etc.) so that
interventions are applied in a timely fashion and
appropriately. Integrating screening for sleep disorders into post-acute and chronic TBI care may
reduce healthcare and disability costs.
To summarize, sleep is disturbed in patients
with TBI. The construction of this disturbance is
complex. While the question of whether sleep dysfunction is the cause, the consequence, or develops
on its own after the injury as the person ages and
more comorbid conditions accumulate remains to
be answered, the implications of sleep dysfunction
for the injured person and the clinician call for
timely and proper differential diagnosis, followed
by highly specific treatment.
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INTRODUCTION FOR 2014
We have extended our search of Medline for dreams
and the seven mental illness categories from 2005
to 2008, which we reported in 2010.162 We found
90 articles in our search: 5 for schizophrenia, 24
for depression, 48 for posttraumatic stress disorder
(PTSD), 5 for eating disorders, 1 for brain damage,
none for mental retardation, and 7 for alcoholism and drug abuse. We have now extended our
Medline search from 2009 to 2014.163 In our most
recent search from 2009 to 2014, we found 137 articles that came from crossing dreams with one of
the seven illness-specific categories: 15 for schizophrenia, 28 for depression, 81 for PTSD, 3 for eating
disorders, 3 for brain damage, 1 for mental retardation, and 6 for alcoholism and drug abuse. None of
the 227 (90 + 137) studies met the illness and content criteria, so our descriptions of dream content
described in the first edition are unchanged.
The interest in dreams has not diminished over
the past 10 years, as the average number of studies
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over the two time periods is essentially the same
(22.5/year compared to 23.0/year). The most frequent questions asked by investigators are comparative and treatment oriented rather than content
focused for an illness category and do not contribute to what the dream content may be for a patient
with a particular illness.
In my seven articles on dream content,20–24,162,163
I have focused on the second interest of Freud’s,
“modifications to which dream-life is subject in
cases of mental disease.”5 The other two areas—
etiology and analogies to psychosis—were seen
occasionally as we explored the dreams for content
reported from 1969 to 2004 and should be systematically studied.

INTRODUCTION
There has long been the assumption that there is
an intimate relationship between dreams and mental disorders. Epigrammatic statements that “the
madman is a waking dreamer,”1 that “dreams [are]
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a brief madness and madness a long dream,”2 that
if we “let the dreamer walk about and act like a person awake…, we [would] have the clinical picture
of dementia praecox [schizophrenia],”3 and that if
“we could find out about dreams, we would find
out about insanity,”4 reflect the conviction about
the close relationship between dreams and profound emotional disturbance. This view enlivened
efforts to study dreaming in order to gain insights
into the problems of the mentally ill.
In the literature review that introduces The
Interpretation of Dreams,5 Freud has a section
on “The Relations between Dreams and Mental
Diseases.” He points out that when he “speaks of
the relationship of dreams to mental disorders
[he] has three things in mind: (1) etiological and
clinical connections, as when a dream represents a
psychotic state, or introduces it, or is left over from
it; (2) modifications to which dream-life is subject
in cases of mental disease; and (3) intrinsic connections between dreams and psychosis, analogies
pointing to their being essentially akin.”
The published work on dreams and psychopathologic states touches on all three areas of
Freud’s concern.6 There are reports of psychotic
states appearing to begin with a dream or a series
of dreams, and there is certainly literature that
continues to pursue analogies between dreams and
psychosis. However, the vast majority of the work
that has been done on dreams and psychopathologic states devotes itself to the “modifications to
which dream life is subject in cases of mental disease” and will be the focus of this report. Freud
was of the opinion that as we better understand
dreams, this will enhance our understanding of
psychosis. Hartmann is of similar opinion.7
There is a potential confusion between a psychopathology of dreams and dreams in a psychopathologic state. The former refers to alternations
in the dreaming process that may be seen as abnormal, whereas the latter refers to the dreams that are
the concomitants of a mental disorder. A dream
that awakens the dreamer in a terrified state generally with accompanying frightening dream content—a nightmare—would be a psychopathologic
dream.7 A dream report from a patient suffering
from schizophrenia would be a dream from a person in a psychopathologic state. The dream may or
may not be unique, either pathognomonically or
statistically, to that state. Strangers occurring more
frequently in the dreams of schizophrenics than

in normal or depressed individuals is a statistical
change in dream content in a psychopathologic
condition.8
A psychological examination of the dream
is a study of the manifest content of the dream.
Jones9 has pointed out that a psychology of dreams
must rest on a study of the elements of which it
is composed—the manifest dream images. Even
Freud has pointed out “…that in some cases the
façade of the dream directly reveals the dream’s
actual nucleus.”10 However, his almost exclusive
focus on the latent dream content and his dismissal
of the reported manifest dream retarded the study
of dream reports. In the modern era, Hall and Van
de Castle11 have presented quantitative methods
for assessing dream content and have encouraged a
scientific approach to the examination of dreams.
The study of the dream is an undertaking that is
fraught with many difficulties. The dream experience cannot be directly observed and its study is
still dependent on the dream report. The dream
is experienced during one state—sleep—and
reported during another state—wakefulness. The
problems of examining verbal reports of inner
experiences are compounded by the change in
state necessary to obtain the dream report. The
study of lucid dreaming12 opens the possibility of
examining the dream experience while it is occurring, but the work so far on lucid dreaming has
been more directed at demonstrating its occurrence than utilizing it as a method for studying the
dream experience.
The verbal nature of the dream report needs
to be addressed. Does the form of the dream
obtained in the dream report reflect the dream
as experienced or is it a result of the verbal style
of the dreamer? An appropriate report of a waking experience becomes a necessary control if the
study of the form of the dream is undertaken. For
example, is the “apparently” nonlinear description of an experience the same for a subject in
describing a waking experience as when describing a dream experience? If it is, then the finding
of nonlinearity cannot be considered a property of
the dream experience, but rather it is an aspect of
the dreamer’s verbal style.
There are those who see the dream as an ineffable
experience whose essence is destroyed by scientific
study, by quantification.13 The present survey is of
quantitative reports. Quantification does not have
to damage the essence of the dream experience.
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There are significant methodological issues
that influence the dream content found in dream
reports. These issues relate to the collection and
measurement of the dream report.14 They apply
generally to dreams obtained either from nighttime awakenings or from morning reports. There
are seven collection factors that influence dream
content: (1) the place in which the dream is experienced and collected; (2) the method of awakening
the dreamer; (3) the context of the interpersonal
situation in which the dream report is given; (4)
the style of the collection interview; (5) the time of
night and stage of sleep from which the sleeper is
awakened; (6) the method of recording the dream
report; and (7) the type of subject from whom the
dream is collected. In addition, there are five problems that are related to the quantification of dream
content that need to be considered: (1) the verbal
nature of the dream report; (2) the definition of the
scoreable protocol; (3) the effect of dream length
on the type of measurement made; (4) the methods
of quantifying dream content; and (5) the validity
and reliability of the measurement. These factors
need to be considered in studying the reports of
dreams both separately and in interaction, as they
affect the results obtained.
Interest in the dream has been kept alive by
depth psychologists’15 and by the man in the
street,16 while the scientific study of the dream has
been significantly stimulated by the amount of the
dream experience that can be recovered relatively
close to the time of occurrence in rapid eye movement (REM) sleep,17,18 and this has opened the possibility for manipulative (experimental) studies of
dreaming.
In 1953, Ramsey19 published a review of the
studies of dreaming. These were all from the preREM literature. Overall, he cites some 121 articles and books, of which 20 at most were studies
of the dreams of six patient groups. The amount
of information available from 20 publications
would be woefully inadequate for characterizing
the dreams of psychopathologic groups. Ramsey
concludes that the research was scientifically inadequate. Very few of the studies were so designed
and reported that they could be replicated in order
to validate their findings. He found that the dream
studies were weak in not adequately: (1) describing the population under study (i.e., their gender,
age, intelligence, health, economic status, and education); (2) limiting the group of subjects under

study; (3) using control groups; (4) defining more
adequately the characteristics of the dreams; (5)
treating the data statistically; and (6) controlling
for interviewer bias.
The literature dealing with the nature of the
relationship between dreaming and mental illness has been reviewed on several occasions,20–24
with the last detailed review published in 1979.23
That review focused on 75 reports in 71 articles
in six patient groups (i.e., schizophrenia, depression, disturbing dreams, alcoholism, chronic brain
syndrome, and mental retardation). Seventy-one
articles were covered, four of which referred to
more than one diagnostic group of interest. The
scientific adequacy of the publications covered in
that review23 was quite problematic, but a picture
of dream content in some psychopathologic states
began to emerge.
Since that review, only one other review article
on dream content in psychiatric conditions has
appeared.25 The report was an extension of the
previous work 23 and used as its database relevant
studies and cases reports found in Psychological
Abstracts from 1977 to 1990. It was of interest in
that many of the findings of the previous review23
were supported and some additional groups were
examined. Unfortunately, as only 35 articles were
cited, covering nine diagnostic groups, the scope
of the review was limited. Meanwhile, a review of
sleep physiology in psychiatric disorders has been
published by Benca.26

METHOD
For the present report, an extensive title search
of the English language periodical literature on
dreams was undertaken. The basic source of bibliographic information was Medline (1966–2005).
Dream was used as a descriptor to generate a basic
5484-item list (see Table 17.1). This list was then
searched for the six psychopathologic categories of
interest (i.e., schizophrenia, depression, PTSD, eating disorders, organic brain disorder, and alcoholism and drug abuse). Some 496 articles published
since 1976 were selected.
Of those 496 articles, 493 were obtained and
examined. Ninety-four articles with dream content
were included in the review. In the case of PTSD,
all of the appropriate articles available from 1966
onwards were reviewed. Two of the publications
had three studies each and one had two studies.
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Table 17.1 Extent of periodical literature search
for dreams in psychiatric disorders

Citations found
Citations requested
Citations obtained
Citations unavailable
Citations reviewed
Citations not reviewed
a

b
c

197523

2005

2503
1410
1359
51
71b
17

5484
496a
493
3
94c
0

Limited to schizophrenia, depression, posttraumatic
stress disorder, eating disorders, organic brain disorders, and alcoholism and drug abuse.
Two articles had three studies each.
Two articles had three studies each and one had two
studies.

Table 17.2 Psychiatric disorder studies with
dream content reported
Number of studies
197523
Schizophrenia
Depression
Posttraumatic stress
disorder
Eating disorders
Organic brain disorder
Alcoholism and drug
abuse
a
b

References
2005
2005

30
14
17b

8
20a
46a

35–42
45–65
66–129

0
5
5

11
6
7

130–140
141–146
147–153

71

98

Articles 55 and 67 each had three studies.
Included nightmares and anxiety dreams.

Each study was reviewed as a separate article, giving a total of 98 studies (see Table 17.2).
The studies utilized for this review were categorized along 53 parameters covering the areas of:
(1) the type, nature and site of the studies; (2) the
description of the patient sample; (3) the description of the control sample; (4) the method of dream
content collection; (5) the method of scoring the
dream content; (6) the nature of the statistical analysis; and (7) the dream content results obtained.
The review of the various parameters established
only the presence or absence of the category, not
its adequacy, with the exception of the statistical
category.

RESULTS
The current update (1976–2005) yielded 94 articles
covering 98 studies in six psychiatric conditions of
concern (see Table 17.2). There were eight articles
about schizophrenia, 18 articles with 20 studies
about depression, 44 articles with 46 studies about
PTSD, 11 articles on eating disorders, six articles
on organic brain disorder and seven articles on
alcoholism and drug abuse. In the earlier review,
there had been 30 studies on schizophrenia, 14 on
depression, 17 on disturbing dreams (PTSD and
nightmares), five on organic brain disorder, and
five on alcoholism. The findings from the 98 studies are presented under six content headings and
are compared with the findings from the earlier
review.23

The type, nature, and site
of the studies
In the current update (1976–2005), 67% of the
reports on the six conditions are of studies (see
Table 17.3). This is encouraging, as single case
reports are less likely to provide leads about the
fundamental aspects of the dream life of a particular
patient group. Interestingly, there is a 10% increase
in case reports compared to our 1975 review,
which showed 23% case reports and 77% studies.
Table 17.3 Type, nature, and site of studies
Percentage
A. Type of report
1. Study
2. Case report
B. Nature of report
1. Descriptive
2. Separate groups
3. Repeated measures
C. Site of data collection
1. Sleep laboratory
2. Non-laboratory
D. Subject–control in
separate groups
1. Sick-sick
2. Sick-well
3. Both

197523

2005

77
23

67
33

37
51
12

69
27
4

32
68

27
73

53
29
18

46
29
25
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The increase in case reports may reflect an interest in trying to capture some aspect of the reported
dream life of a patient group that has not been adequately described in the literature (e.g., effects of
physical illness, medication, or residence).22
The trend towards increased description is
highlighted in that currently 69% of the reports
were descriptive in nature, compared to 37%
reported earlier. Comparison of the target patient
group to another (control) group has fallen from
51% to 27%, while following an aspect of the
manifest dream content across time or condition
change—ill to well or vice versa—has declined
from 12% to 4%.
It appears that the concern voiced by Ramsey19
in reviewing the pre-REM era of dream studies,
and in the earlier review23 about the neglect of
appropriate research designs for building a scientifically sound literature about dream studies,
remains an issue to this day.
The sleep laboratory has not become an
increased source for collecting dream reports, as
only 27% of current studies and 32% in the earlier
review were in the dream laboratory. This may
reflect the fact that researchers are not convinced
of the value of waking subjects at night to collect
a larger, more complete sample of dreams, or that
those who are interested in dream content do not
have such a facility available and therefore base
their work instead on reports of spontaneously
recalled dreams from home studies. We know that
the site in which the dream is experienced and collected influences the content.14
It is heartening to see that the value of comparing the index group to another ill group or to

both an ill and well (normal) group has been maintained. In both reviews, 71% of the studies had at
least a sick–sick comparison.
It is unfortunate that the available designs have
not been systematically applied. Based on the earlier review,23 it had been suggested that a content
or theme generated from a descriptive report, case
study, or literature review be appropriately compared in a separate group study to an ill and well
(normal) group and then be studied in a repeatedmeasure design to establish if the finding was
limited to the illness (state) or was linked to a predisposition to the condition (trait). Our knowledge
of the dream life of psychopathological groups will
remain limited without more systematic study.

The adequacy of the description
of the patient sample
SAMPLE SIZE

The overall sample sizes for both sleep laboratory
and non-laboratory studies appear to be adequate
(see Tables 17.4 and 17.5). The mean laboratory
sample size has almost doubled from 12 to 22
when comparing the earlier review to the current
one. The mean number of subjects in the nonlaboratory studies, although still adequate, has
decreased from 246 to 97.
PATIENT SELECTION

There has been greater attention paid to describing the basis for selecting patients in the various
reports. In 56% of the studies, the selection basis
is provided, whereas in earlier studies, only 31%

Table 17.4 Patient sample size
Total
1. Number of studies
a. Laboratory
b. Non-laboratory
2. Total number of subjects
a. Laboratory
b. Non-laboratory
3. Mean number of subjects per study
a. Laboratory
b. Non-laboratory

Original

197523

2005

24
51

27
71

17
46

22
69

297
12,528

594
6693

234
5966

496
5034

12
246

22
97

14
130

22
73

197523

2005

248 Dreaming in psychiatric patients

Table 17.5 Description of patient sample
Percentage of studies
197523
A.
B.
C.
D.
E.

Basis of selection
Basis of diagnosis
Specificity of diagnosis
Drugs or physical treatment
Demography
1. Sex
2. Age
3. Race
4. Education
5. Marital status
6. Socioeconomic class
F. General health
G. Original sample
H. Site of patient residence
1. In hospital
2. Out of hospital
3. Both
4. Not given

provided this information. This information is
essential to understanding the nature of the group
studied, as well as providing the minimal information needed for replication.
BASIS OF DIAGNOSIS

There is a slight increase from 45% to 48% in providing the basis for the diagnosis. Without this
information, no judgment can be made about
whether the classification of the patient was made
on reasonable and reproducible grounds. Was
the patient classified as schizophrenic because he
or she was delusional or because he or she met
some criteria, such as those in the Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition
(DSM-IV)?27
SPECIFICITY OF DIAGNOSIS

The problem of categorizing the patient as to “subtype” has been considerably less well attended
to in the current than in the earlier review. Only
23% of studies provided the operational basis for
the subtyping of the patient (e.g., major depressive
disorder or dysthymia), while 48% included this
information in the earlier review.23

2005

Yes

No

Yes

No

31
45
48
24

69
55
52
76

56
48
23
36

44
52
77
64

85
69
27
29
29
25
5
81

15
31
73
71
71
75
95
19

88
67
26
22
30
12
29
89

12
33
74
78
70
88
71
11

57
28
11
4

28
62
10
0

DRUGS OR PHYSICAL TREATMENT

In slightly over a third of the patient studies (36%),
there is mention made of the treatment status of
the patient. This is up from the 24% in the earlier
review. In neither case is this adequate, as we have
reason to believe that medication and physical
treatments can affect the psychology of dreaming,
as well as the physiology of sleep.22 The problem is
that if one obtains a positive finding in a study, one
would not know whether to attribute it to the psychopathological state, the treatment, or an interaction between the two.
DEMOGRAPHY

There is an awareness in the current and prior
review23 that the gender and age of subjects are
parameters that do indeed influence the content of
dreams. Gender is reported in 88% of the current
studies, and age is reported in 67%. This is compared to 85% and 69% in the earlier review. The
other demographic variables—race, education,
marital status, and social class—are reported less
often (12%–30%) and, indeed, they have less influence on dream content.28
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GENERAL HEALTH

There has been a significant increase in reporting
the general health status of the patient population
from 5% in the 1975 review to 29% of studies in
the current review. The physical health status of
a patient group is a potentially confounding variable, as it may either independently or in interaction affect the dream report content.22
ORIGINAL SAMPLE

In 89% of studies, the sample used was an original
one. This is slightly larger than the 81% of studies
in the earlier review.
SITE OF PATIENT RESIDENCE

There has been a major shift in dream studies of
patients with psychopathology from studying
those in the hospital (57%) to those out of the hospital (62%). This may reflect the current practice
of treating patients outside of the hospital. Setting
impacts the contents of the dream29 and is universally reported (96% in the 1975 review and 100% in
the present review).

The adequacy of the description of
the control sample (separate-group
studies)
The descriptions of the control group in the 27
separate-group studies are more complete than
those found for all of the other studies and are
significantly improved over those reported in the
earlier review (see Table 17.6).23 To illustrate, 56%
of the current overall sample reported the basis for

selecting their target group. A total of 37% of the
separate-group studies reported the basis for selection of the control sample in the earlier review,23
while in the current review, 83% of the studies provided the basis for selecting the control sample. For
12 descriptors (Table 17.7), the studies in the current review presented more complete data for 8 of
12 parameters compared to what was reported in
the 1975 review.

The method of dream content
collection
The major interest in dream content studies,
whether of psychopathological or normal individuals, is what is contained in the dream report.
How the report is obtained, scored or categorized,
counted and statistically analyzed is basic to establishing what the subject is dreaming about.
The nature and extent of the sampling of
the dream life of a psychopathological population is reflected in the number of nights (laboratory studies) or days (non-laboratory studies) of
dream collection that was attempted, the number
of dreams collected, and the percentage of dream
recall achieved. The sampling process in the current review reflects less attention to the number
of days or nights of collection or to the percentage
recall than in the earlier studies (see Table 17.8).
The number of days or nights was reported in 52%
in 1975 versus 38% in the current study. In addition, the percentage dream recall was reported in
35% of the earlier studies versus 22% in the current study.

Table 17.6 Control patient sample sizes
Total
197523
1. Number of studies
a. Laboratory
b. Non-laboratory
2. Total number of subjects
a. Laboratory
b. Non-laboratory
3. Mean number of subjects per study
a. Laboratory
b. Non-laboratory

Original

2005

197523

1997

10
28

10
17

8
23

9
17

166
1843

167
1007

143
1703

127
1007

17
66

17
72

18
74

14
72
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Table 17.7 Description of control sample
Percentage of studies
197523
A. Basis of selection
B. Basis of diagnosis
C. Specificity of diagnosis
D. Drugs or physical treatment
E. 	 Demography
1. Sex
2. Age
3. Race
4. Education
5. Marital status
6. Socioeconomic class
F. General health
G. Original sample
H. Site of patient residence
1. In hospital
2. Out of hospital
3. Both

Percentage of
studies
197523
A. Number of days or
nights
B. Number of dreams
C. Percent dream
recall
D. Who collected
dreams
E. When dreams
collected
F. Mode of
awakeninga
G. Protocol for
obtaining dreams
H. Mode of recording
dreams
I. Associations
obtained
a

2005

Yes

No

Yes

No

52

48

38

62

57
35

43
65

58
22

42
78

67

33

46

54

55

45

51

49

38

62

22

78

15

85

19

81

87

13

27

73

37

63

34

66

Only applicable to laboratory studies.

Yes

No

Yes

No

37
26
24
5

63
74
76
76

83
71
50
54

17
29
50
46

76
68
18
33
24
26
11
80

24
32
82
67
76
74
89
20

92
62
25
21
12
12
33
88

8
38
75
79
88
88
67
12

42
34
24

Table 17.8 Dream content collection variables

2005

25
75
0

The interpersonal setting30 and the mode of
dream inquiry13 may influence the nature of any
content obtained. In the 1975 review, 67% of the
articles reported who and 55% reported when the
dreams were collected, compared respectively to
46% and 51% currently. There has been a decrease
in reporting of both variables that is more significant in terms of who collected the dream,
indicating a failure to appreciate the effect of the
interpersonal situations on what is reported.
Although it is known to influence content, the
mode of awakening31 the subject in laboratory studies remains infrequently reported at 22%. The protection against interviewer bias provided by a fixed
protocol for obtaining a dream report also remains
low at 19%. The mode of recording the report and
whether associations are obtained are reported in a
third or fewer of the current reports.
Unfortunately, the major methodological prob
lems in dream collection studies remain unchanged.
The basic sampling procedures are often not
reported. The failure in 81% of studies to use a fixed
protocol in order to protect against interviewer
bias is of great concern. Moreover, the low rate of
reporting of the mode of awakening in laboratory

Results 251

studies (22%) also contributes to the problems in
characterizing the dream lives of patient groups.
The neglect of these crucial parameters contributes
to our difficulties in assessing the adequacy of a
study, in comparing the results from one study to
another and in being able to resolve discrepancies
between studies.

The method of scoring
dream content
Little or no attention is paid in the articles under
review to reporting on protocol preparation (6%),
on whether the raters were “blind” (18%), or on the
reliability of the scorers (11%) (see Table 17.9). In
33% of the studies, only one rater performed the
rating. The type of scale and source of the scale
is given in only 38% of the studies. These issues
are reported at a lower frequency than in the earlier review, in which they were also given inadequate attention. The failure to use more than one
“blind” rater whose reliability has been established
Table 17.9 Dream content scoring variables
Percentage of
studies
197523
A. Protocol
preparation
B. “Blind” raters
C. Reliability
reported
D. Number of scorers
used
1. One
2. Two
3. Three
4. Not given
E. Type of scale
1. Item
2. Thematic
3. Not given
F. Scale source
1. Standard
2. Ad hoc
3. Not given
a

Modified.

2005

Yes

No

Yes

No

28

72

6

94

28
27

72
73

18
11

82
89

68
27
5
0

33
6
0
61

20a
77a
3a

32
6
62

22a
78a
0a

18
20
62

and checked periodically attributes a remarkable
faith in the objectivity and consistency of human
performance.
The limited use of standard rating scales (18%
currently and 22% in the prior review) highlights
a core problem in the field of dream research.
Failure to describe the basic elements in the manifest dream report with a standard device, and then
to build special or inferential scoring from these
identifiable parameters, severely limits the development of a body of knowledge in which one study
builds on another and in which any given study is
potentially relatable to another.32

The nature of the statistical analysis
The percentage of studies in which any statistical
analyses was reported is only 33% currently compared to 41% earlier (see Table 17.10).23 In the 30
studies that reported statistical results, the number
of tests is reported in almost all studies (90%), the
statistics are by and large appropriate to the design
and the data (80%), and the comparisons are generally preplanned (77%).
The content of the dream in psychopathologic
states can be developed only from studies with
acceptable statistical treatment of the data collected. This limits the core data pool to 30 of the
Table 17.10 Nature of the statistical analysis
Percentage of
studies
197523
A. Are statistical tests
reported?
B. Are the numbers of
tests reported?a
C. Are the statistics
appropriate?a
1. To the design?
2. To the data?
D. What is the nature of
the comparison?a
1. Preplanned
2. Post hoc
E. Significant resultsa
a

2005

Yes

No

Yes

No

41

59

33

67

81

19

90

10

81
55

19
45

80
80

20
20

48
52
81

Studies that reported statistical tests.

77
23
73
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90 studies. The nonstatistical articles—either case
reports or studies—provide leads for further, more
systematic study. However, only a small group of
studies remain for characterizing a large area of
interest.

DREAM CONTENT RESULTS
In 1976, Frosch6 wrote a critical review of the “The
Psychoanalytic Contributions to the Relationship
between Dreams and Psychosis” that provided
some partial answers to Freud’s questions about
the relationship. Frosch concluded: (1) “…that
although there are many apparent similarities
between dreams and psychosis, they do differ in
some basic respects; certainly insofar as the factors are concerned which play a role in their production”; (2) “…that there is no consensus as to
whether the manifest dream was of itself a meaningful guide to the presence of psychosis…[some]
felt it was the latent content that was most telling
[while others] seemed to feel that there might
be features about the manifest form and content
which could be of significance, indicating the presence of a psychosis. It [was] felt by some investigators that the patient’s attitude toward the dream,
difficulties in differentiating the dream from reality, and the persistence of dreamlike states invading
the waking life [that] may offer clues to the possibly psychotic nature of dreams”; and, (3) “…[in
regard] to whether there are dreams which presage
psychosis, there was some suggestive evidence that
this was the case.”

Schizophrenia
Schizophrenics23 are less interested in their dreams
and their dreams are more primitive (i.e., less
complex and more direct, sexual, anxious, and
hostile, and showed evidence of their thought disorder in being more bizarre and implausible). In
a mixed patient population that included schizophrenics, Lesse33 reported that mounting anxiety
could increase or decrease dream reporting. With
increasing anxiety, motion and affect in the manifest dream are increased. In addition, a decrease in
affect in the manifest dream is the first change that
is seen during successful phenothiazine therapy.
Strangers were the most frequent dream
characters in schizophrenics. Hallucinations and

dream content were relatable and the degree of
paranoia—awake and in dreaming—was similar,
contrary to Freud’s compensatory view of waking
and dreaming in paranoia.34 An updated literature
review yielded only eight articles on dream content
in schizophrenic states,35–42 a surprisingly small
number that added little to our understanding.
Lobotomized schizophrenics43 had a lower
dream recall rate in the laboratory (10.4%) than
non-schizophrenics (46.7%), but both were lower
than in another study.44

Depression
The depressed23 patient was found to dream as
frequently as the nondepressed, but the dreams
were shorter and had a paucity of traumatic or
depressive content, even after the depression had
lifted. Family members were more frequent in
their dreams. When hostility was present, it could
be directed at or away from the dreamer, while in
schizophrenia it was directed at the dreamer. In
their dreams, the depressed had more friendly and
fewer aggressive interactions than schizophrenics, but more failure and misfortune. With clinical
improvement, hostility decreased while intimacy,
motility, and heterosexuality increased.
The view that begins to emerge more clearly
from the updated review32,45–65 is that, in depression, there is a decrease in the frequency47,49–52,55,64,65
and length51,52,55,56,64 of the dream reports. Their
dreams are often commonplace, but at times have
content characteristics45,50,52,57 of high interest.
There is an increase in the dreaming of death
themes in depressed suicidal patients and in
bipolar patients before becoming manic.45,52
An increase in family roles in the dreams of the
depressed may also be the case.46,51,55
Masochism in the dreams of the
depressed32,53,54,57–59 appears more clearly in
women than in men and is more likely a trait than
a state characteristic. It was evident that a past
focus49–53,56,58 was not universal in the dreams of
the depressed, nor was it unique to the depressed
state. Affects such as anxiety and hostility were not
prominent in the dreams of the depressed.45,53,57,61
The content of their dreams may have prognostic significance for the response of the depressed
patient to treatment or the spontaneous outcome
of the depression.49,54
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A most striking implication of these findings
about dreaming in the depressed is that the affective state of the dreamer covaries with the content of the dream.45,48,50,55–57 In addition, changes
in dreams across the night may contribute to the
dreamer’s coping capacity,56,57,60,63,65 as was suggested by Kramer.62 Changes in dream content
across the night alter the affective condition of
the dreamer and contribute to the adaptive state
of the dreamer during the next day. Mood regulation processes may have implications for the treatment of depression. Untreated depressed subjects
reporting more negative dreams at the beginning
of the night than at the end of the night were more
likely to be in remission after 1 year.63 In contrast,
a failure to self-regulate mood was associated with
a suicidal tendency.65

Posttraumatic stress disorder
A widespread interest in PTSD has developed
since the Vietnam War, including the dreams of
such patients.68–128 PTSD was only included in the
official nomenclature of the American Psychiatric
Association in 1980, although it had been described
in the psychiatric literature for over 100 years.66 In
a review article, Ross and his colleagues68 attempt
to demonstrate that a sleep disturbance is the
hallmark of PTSD. They base their hypothesis on
the mentation difference between REM and nonREM sleep. They characterize the dreams of PTSD
patients as vivid, affect laden, disturbing, outside
the realm of current waking experience (although
representative of an earlier life experience), repetitive, stereotyped, and easy to recall. They are of the
opinion that the dream disturbance is relatively
specific to the disorder69 and that PTSD may fundamentally be a disorder of the REM sleep mechanism. However, as the nightmare in REM sleep
occurs early in the night when there is less REM
and is associated with gross body movements, the
authors68 acknowledge that abnormal non-REM
sleep mechanisms may be involved as well, and
speculate that the neural circuitry involved in
PTSD may be similar to that in accentuated startle
behavior. Ross et al.68 take exception to Reynold’s69
suggestion that the dream in PTSD is the same that
occurs in traumatized depressives, pointing out
that the dreams of traumatized depressives are not
dreamlike and do not incorporate the trauma.56

Ross’s group68 sees the dream in PTSD as repetitive and, more importantly, stereotyped.
In contrast, Kramer71 views disturbing dreams
as the hallmark of PTSD, rather than sleep disturbance. Green and collaborators72 have suggested
that the unique aspect of PTSD is indeed the
intrusive symptoms, including intrusive images
and recurrent dreams and nightmares. They point
out that not all dreams are direct recapitulations
of the trauma. For them, these intrusive images
may be the hallmark of PTSD. The view of Green’s
group72 was based on the suggestion by Brett and
Ostroff 73 that there has been a neglect of posttraumatic imagery, which they postulate is the core of
PTSD. They lament the lack of research into the
range, content, and patterning of this imagery.
Interestingly, Fisher and coworkers74 point out that
trauma sufferers may have disturbing arousals that
can come out of both REM and non-REM (stage 4
and stage 2) sleep. This is a view that Schlosburg
and Benjamin,75 Kramer and Kinney,76 and Dagan
et al.124 confirm. Questions arise as to whether the
sleep disturbance in PTSD involves more than
REM sleep mechanisms and whether the imagery and dreams reported by PTSD patients are (1)
stereotyped and (2) REM bound, as Ross’s group68
postulate.
There has been a relative lack of attention to the
range, content, and patterning of the nightmares in
PTSD. It was found that there can be different types
of nightmares,84,85,88 that themes may be unrelated
to the trauma,67,90,128 with one study finding a strong
association between recalled dream content and a
war experience,127 and that the traumatic dreams
can change across time.100 The traumatic nightmare
is seen to reflect classical Freudian dream work
mechanisms,77,79,80,84–86 and not to be a meaningless
reenactment of the trauma.
An adequate characterization of the phenomenology of the disturbing dream in PTSD remains
to be done. The dream experience is disturbing,
but this may be more of a reaction to the dream
than the dream itself.120 The affect-laden nature of
the disturbing dream cannot be confirmed, and
expectations may influence the perception of what
the dream should be like in PTSD.129 The content of
the disturbing dream may be outside of the realm
of current waking experience, but it is linked to
earlier childhood experiences77,79,80,85–87 and can
be reactivated later in life.82–84,91–93 The vividness of
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the dream has not been adequately addressed. The
dream in PTSD is not easily recalled. Patients with
active PTSD have a lower dream recall rate67,104,106
than normal subjects, but higher than welladjusted former PTSD patients.113
A consensus has begun to emerge from the
PTSD dream literature suggesting that the hallmark of PTSD is a disturbance in psychological
dreaming and possibly of non-REM sleep early
in the night. Disturbed dreaming covaries with
combat exposure117 and being tortured,118 not with
the complaint of a sleep disturbance. The disturbing dream tends to occur early during sleep,108
as do increases in movement,67,119 spontaneous
awakenings,120,121 autonomic discharge,122 elevated
arousal threshold,123–125 and a heightened startle
response.125,126 The disturbing dream is not sleep
stage bound and may emerge out of REM or nonREM sleep.74–76 Stereotypical dream content is not
the sine qua non of the dream in PTSD.
The failure or avoidance of dream recall may be
an adaptational strategy in PTSD.113,114

Eating disorders
Anorexics and bulimics130–140 both report dreams,
and their dreams are seen as useful in therapy. For
eating disorder patients, the rate of dream recall is
low on self-report questionnaires, but normal in
the sleep laboratory. Dreaming of food is high in
eating disorder patients, and is higher in bulimics than anorexics. Aggressive dreams are less
common in eating disorder patients than normal
subjects.

Brain damage
The previous review23 found five articles on braindamaged patients. These studies reported that
there was a decrease in dream reporting with age
and dementia.154,155 The more recent studies141–146
of brain-injured patients report the value of dream
exploration in psychotherapy with these patients. A
questionnaire study of aged individuals found no
relationship between dream report frequency and
the degree of brain atrophy on computed tomography scan. Repetitive visual imagery in braindamaged patients was not REM bound. Focal brain
damage studies suggest the anatomical substrate for
dream formation. The dream content of right hemispherectomized patients was similar to the content

of control subjects, which suggests that the left hemisphere has a critical role in dream generation.146

Alcoholism and drug abuse
In the previous review,23 the dreams of alcoholics
could be distinguished from those of non-alcoholics. The alcoholic had more oral references in his or
her dreams, was more often the object of aggression, and had fewer sexual interactions. Those
detoxifying alcoholics who dreamed about drinking maintained sobriety longer. The implication of
dreaming about drinking or drug use as a predictor of abstinence remains unclear.147–153 However, it
raises the possibility that what one dreams about
may have adaptive significance. Drug dreams in
patients with cocaine dependence and bipolar
disorder are similar to those in patients with pure
substance dependence.153

CONCLUSION
It is apparent that the mysteries of psychosis have
not been revealed through the study of dreams.
The paucity of studies in some conditions and the
relative lack of scientific rigor throughout continue
to plague the study of dreams in psychiatric conditions. However, in some areas, such as depression
and PTSD, we do know more about dreaming than
we did previously.
Detailed phenomenological descriptions are
needed of the dream experience in normal subjects
and in the various psychiatric illnesses—both in
and out of the laboratory—utilizing quantitative
techniques in order to capture various aspects of
the experience. These results can then be statistically compared in between-group and repeatedmeasure experiments, as was recommended in
a previous review.23 Further, study of the dream
construction process, of the dream as a dependent measure and applying the manipulations
suggested by Tart156 and the analytic techniques
described by Kramer et al.,157 Montangero,158 and
Cipolli159 would enhance our understanding of the
cognitive process in dreaming.
The most intriguing insight that emerges from
this review is that what one does or does not dream
about may contribute to the waking adaptational
process.57,62,113,114,150,151,160 Manipulating the dream
by the controlled incorporation of characters or
events into the dream161 and assessing the daytime
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consequences would treat the dream as an independent variable and contribute to our understanding
of the functional significance of dreaming.
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Sleep is defined behaviorally—a reversible state of
perceptual isolation. Most categories of medication
affect this state in which we spend at least a third of
our lives. Historically, the effects that medications
exert on sleep and alertness were viewed as global
and nonspecific; however, in the last 25 years, the
selective neuromodulating effects of most sedative–
hypnotic drugs on p
 rimary n
 eurotransmitters have
been defined. This improvement in understanding
has, however, occurred as the field of neuropharmacology has changed. We now understand that
psychoaffective medications exert effects and side
effects not just on the classic synaptic transmission
systems, but also on intracerebral neuroendocrine,
electrophysiological, and generalized arousal systems that are potentially as complex and important
as the interconnecting systems described by classic
neuroanatomy.1
The field of sleep disorders medicine has matured into an increasingly complex field involved
in the diagnosis and treatment of more than 90
diagnoses each with clear diagnostic criteria, many
treated with specific pharmacological therapies.
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Respiratory effects
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References
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An even larger group of medical and psychiatric
diseases produce mental or physical discomfort
that can adversely affect sleep.
Sleep disorders can be generally divided into
three large groups: (1) those producing insomnia
(the complaint of difficulty falling asleep, staying
asleep, or non-restorative sleep); (2) those with
a primary complaint of daytime sleepiness; and
(3) those associated with disruptive behaviors
during sleep—the disorders of arousal.2,3 A wide
spectrum of medications can be used to treat
these disorders, each with particular benefits as
well as potential for harm. The medications that
have been used to treat sleep disorders have a long
and checkered h
 istory that included limited efficacy, misuse, serious side effects, addiction, and
lethal toxicity in overdose. One of the significant
advances in the development of sleep medicine
as a medical specialty has been the development
and use of efficacious medications to treat these
disorders; medications with minimal side effects,
low addiction potential, and limited toxicity in
overdose.
261
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MEDICATIONS INDUCING
DISORDERED SLEEP
Drug-induced sleepiness is perhaps the most
commonly reported side effect of central nervous
system (CNS)-active pharmacological agents (the
1990 Drug Interactions and Side Effect Index of
the Physicians’ Desk Reference lists drowsiness
as a side effect of 584 prescription or over-the-
counter preparations). Unfortunately, the terminology describing daytime sleepiness, generally
considered to be “the subjective state of sleep
need,” is poorly defined, interchangeably including
such contextual terminology as sleepiness, drowsiness, languor, inertness, fatigue, and sluggishness. The results of questionnaire, cognitive, and
performance tests for daytime sleepiness correlate
only loosely with the actual effects of sleepiness
on complex tasks such as the operation of a motor
vehicle.4
Most medications affecting CNS functioning
induce insomnia in some patients. The neuroanatomical systems modulating waking and sleep
are contained within the isodendritic core of the
brain extending from the medulla, through to
the brainstem and hypothalamus up to the basal
forebrain. Neurochemically, multiple factors and
systems are involved. Most neuromodulators
affecting sleep exert effects on GABA, the primary negative neurotransmitter utilized in the
CNS; h
 owever, no single neurochemical has been
identified as necessary or sufficient for modulating sleep and wakefulness. Medications affecting
the neuromodulators norepinephrine, serotonin,
acetylcholine, orexin, muscarine, and dopamine, often induce insomnia and/or sleepiness.
However, agents such as antibiotics, antihypertensives, antivirals, oral c ontraceptives, and thyroid
replacements can induce insomnia in susceptible individuals (Table 18.1).5 Over-the-counter
medications can induce insomnia, including

decongestants (including nose sprays), weight loss
agents, ginseng p
 reparations, and high-dose vitamins, notably v itamin B1 (niacin). Finally, chronic
and long-term sedative/hypnotics and sedating
medications used to induce sleep may develop

tolerance to the sedative effect, contributing to
chronic insomnia.3,6
Diagnoses that lead to alterations in sleep and
alertness are quite common. Obstructive sleep
apnea (OSA), with its well-described effect of

Table 18.1 Medication types known to
cause insomnia
Adrenocorticotropin and cortisone
Antibiotics—quinalones
Anticonvulsants
Antihypertensives (alpha-agonists, beta-
blockers, and central acting agents)
Antidepressants (selective serotonin reuptake
inhibitors)
Antineoplastic agents
Appetite suppressants
Beta-agonists
Caffeine
Decongestants
Diuretics
Dopamine agonists
Ephedrine and pseudoephedrine
Ethanol
Ginseng
Lipid- and cholesterol-lowering agents
Niacin
Oral contraceptives
Psychostimulants and amphetamines
Sedative/hypnotics
Theophylline
Thyroid preparations

daytime somnolence, affects 5%–10% of the population. Many of these patients with OSA also have
disrupted sleep, yet treatment of these patients
with sedative/hypnotic medications can, in some
patients, cause respiratory depression, increased
apnea, and worsened sleep. Patients with narcolepsy often paradoxically report improved sleep
with daytime amphetamine use. Periodic limb
movement disorder (PLMD) and its symptomatic
co-diagnosis restless legs syndrome (RLS) often
respond to treatment with low-dose dopamine agonists, yet increase in intensity with the use of some
antidepressants. Increased daytime arousal typifies a spectrum of common diagnoses, including
chronic insomnia, anxiety d
 isorder, and posttraumatic stress disorder. Such patients may demonstrate altered responses to medications, inducing
alertness and/or sleepiness, with unexpected
results. Stimulants may induce sleepiness in some
patients, while hypnotics may induce agitation and
insomnia even when used in anesthetic settings
and dosages.7
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MEDICATIONS FOR THE
TREATMENT OF INSOMNIA
Sedative/hypnotics
Insomnia is an extremely common complaint.
Transient insomnia (<2 weeks in duration) affects
up to 80% of the population on a yearly basis.8
Depending on criteria, chronic insomnia affects
7%–15% of the population.9,10
Historically, sedative/hypnotics have been
some of the most commonly prescribed drugs.
Many sedatives were initially utilized as anesthetics. Chloral hydrate was the original “Mickey
Finn” that was slipped into the drinks of unsuspecting marks for the purposes of criminal activity. Unfortunately, the potentially fatal dose for
chloral hydrate is quite close to the therapeutic
dose, and murders rather than robberies were
often the result. In the years leading up to the
discovery of benzodiazepines, barbiturates were
commonly utilized for their sedative effects.
Unfortunately, these medications can be drugs of
abuse and have a significant danger of overdose.
Marilyn Monroe, Elvis Presley, and Jim Morrison,
among others, were celebrities who died during
this era from overdoses that included sleeping
pills. Barbiturates and barbiturate-like medications (methaqualone [Quaalude, Sopor], glutethimide [Doriden], ethchlorvynol [Placidyl], and
methyprylon [Noludar]) are still available, but are
rarely used because of their limited efficacy, cognitive effects, potential for abuse, and lethal toxicity
associated with overdose.5
In the 1970s, benzodiazepines became available
for the treatment of insomnia. These drugs are nonspecific GABA agonists and have far less overdose
danger and abuse potential than barbiturate-like
medications. The many drugs in this class are best
viewed therapeutically based on their pharmacodynamics (Table 18.2).11 Rapid onset of action is characteristic of flurazepam (Dalmane) and triazolam
(Halcion), indicating that both of these agents have
excellent sleep-inducing effects. Flurazepam, like
diazepam (Valium) and clorazepate (Tranzene),
has the characteristic of having active breakdown
products. This results in an extraordinarily long
active half-life, which can approach 11 days. This
prolonged effect in the elderly has been associated
with increased automobile accidents and falls with
hip fractures.12,13 Withdrawal from long-acting

agents can be difficult, with an initial syndrome of
insomnia followed by persistent anxiety that may
extend beyond the half-life of the agent.
Benzodiazepines are rapid eye movement
(REM) sleep–suppressant medications, and withdrawal often results in episodes of increased
REM sleep (REM rebound). REM sleep is known
to play a role in learning and memory consolidation. For short-acting agents such as triazolam
(Halcion), this rebound occurs during the same
night in which the medication was taken, and has
been associated with daytime memory impairment, particularly at higher dosages.14 Temazepam
(Restoril) and estazolam (Prosom) have halflives that are compatible with an 8-hour night of
sleep. Temazepam, because of its slower onset of
action, is less efficacious as a sleep-inducing agent
than other drugs used as hypnotics in this class.
All benzodiazepines can result in respiratory
depression in patients with pulmonary d
isease
and tend to lose sleep-inducing efficacy with
prolonged use.15 Chronic hypnotic (particularly
benzodiazepine) use has been a ssociated with the
development of mood disorders (depression) and
hypnotic-dependent disorders of sleep.16 Therefore,
the underlying reasons and the diseases resulting
in chronic insomnia should be addressed.
The newer hypnotics zolpidem (Ambien),
zaleplon (Sonata), eszopiclone (Lunesta), and indiplon are agents that exert specific effects on the same
GABA receptors (Figure 18.1). Benzodiazepine
withdrawal is not blocked by these agents. These
agents demonstrate excellent efficacy with minimal side effects. Although any agent used to induce
sleep can result in a dependence on that agent for
inducing sleep, the abuse potential of these agents
is minimal. Idiosyncratic reactions of persistent
daytime somnolence and/or memory loss have
been reported in some patients. Tachyphylaxis
is unusual, and these agents can be used on a
long-term basis. Sleep is altered minimally, and
REM rebound is not associated with these agents
(Table 18.2).17,18 Zolpidem and eszopiclone have a
6–8-hour half-life, while zaleplon and indiplon are
shorter acting (3–4 hours). Clinical comparison
of these agents suggests that zolpidem and eszopiclone may have greater sleep-inducing efficacy, and
zaleplon may have fewer side effects. Insomnia
often occurs as a comorbid symptom in psychiatric and medical diagnoses associated nocturnal
discomfort. While the importance of treating the
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Table 18.2 Sedative/hypnotics
Class

Drug

Benzodiazepine

Short onset, short
half-life—
<4 hours

Triazolam
(Halcion)

Short onset,
medium halflife—8.5 hours
Short onset, long
half-life—
50–110 hours

Estazolam
(Prosom)

Medium onset,
medium halflife—7–10 hours

Temazepam
(Restoril)
Clonazepam
(Klonopin)

Flurazepam
(Dalmane)

GABA receptor agents
(a) Zolpidem
(a) Short onset,
medium half-life (Ambien)
(b) Zaleplon
(b) Short onset,
(Sonata)
short half-life
Other agents
Chloral hydrate
Barbiturates and
barbiturate-like
agents
Sedating antihistamines
H1 blockers

Melatonin agonists

Sleep stage effects
Decreased amplitude of
stages 3 and 4
Increased stage 2 (all)
Shortened sleep latency
In-night rapid eye
movement (REM)
sleep rebound
Shortened sleep latency
Decreased REM sleep

Significant side
effects
Loss of effect with
chronic use
Dependence
Anterograde
amnesia

Daytime sleepiness

Indications

Transient
insomnia

Transient
insomnia

Shortened sleep latency Daytime sleepiness, Transient
insomnia,
chronic buildup
Decreased REM sleep
anxiety
(car accidents,
Withdrawal REM sleep
hip fractures)
rebound
Decreased REM sleep
Daytime sleepiness, Transient
insomnia,
poor sleep
anxiety
induction
(parasomnias)
Shortened sleep
latency, Benzodiazepine effects with
dose above that
normally prescribed

Chloral hydrate 1) Short sleep latency,
decreased REM
Phenobarbital
sleep, withdrawal
Methaqualone
REM sleep rebound
Glutethimide
2) REM sleep suppresEthchlorvynol
sion, short sleep
Methyprylon
latency, decreased
DiphenhydrREM sleep,
amine
withdrawal REM
sleep rebound
3) Decreased sleep
latency in some
patients
Ramelteon
Shortened sleep latency

Idiosyncratic
daytime sleepiness or anterograde amnesia

Transient
insomnia,
chronic
insomnia

Transient
Low lethal dose,
insomnia in
loss of effect with
controlled
chronic use
settings
Addiction, low
No sleep
lethal dose, loss
indications
of effect with
Over-the-
chronic use
counter
Daytime sedation,
insomnia
anti-cholinergic

Neurohormonal
interactions

Sleep-onset
insomnia
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Figure 18.1 A model of the GABA receptor.

underlying disorder cannot be overemphasized,
these newer hypnotics can, in most cases, be safely
utilized on a short-term basis for the treatment of
such secondary/comorbid insomnia.

Melatonin agonists
Melatonin is a neural hormone that is effective at resetting circadian rhythms of sleep and
body core temperature through its actions on the
suprachiasmatic nucleus. For individuals with
insomnia secondary to disruptions in circadian
rhythms, melatonin can act as a h
 ypnotic and is
a useful adjunct to treatment that often includes
cognitive therapies, light exposure, and other
hypnotics. Ramelteon (Rozerem) is a m
 elatonin
receptor a gonist that is indicated for the treatment
of transient and chronic sleep-onset 
insomnia.
Tasimelteon is a new agent that is designed to treat
24-hour sleep–wake disorder in the blind.
The side effect profiles of melatonin agonists are
neurohormonal. These differ significantly from the
side effects associated with the hypnotics affecting
GABA.19

HYPNOTICS: OVERVIEW
Most of the newer hypnotic medications, in
general, can be safely utilized on a short-term

basis for the treatment of transient insomnia.
For 
persistent chronic insomnia due to anxiety
disorders, 
idiopathic insomnia (persistent lifelong insomnia without other sleep-associated
diagnoses), post-menopausal insomnia, agitated

depression, and other less common diagnoses
associated with persistent insomnia, chronic hypnotic use with the newer non-benzodiazepine
hypnotics can be justified and is indicated if medication use leads to improvement in waking performance.3,6 Eszopiclone (Lunesta) has been approved
by the Food and Drug Administration (FDA) for
extended use in patients with chronic insomnia.17
For zolpidem in a sustained-release preparation
(Ambien-CR) and ramelteon (Rozarem), long-term
use is no longer contraindicated. These newer hypnotic agents are less likely to have deleterious side
effects than most over-the-counter treatments for
insomnia.20

Treating arousal
Individuals with chronic insomnia are hyperaroused with increased corticotropin secretion
throughout the sleep–wake cycle and have associated greater whole-brain metabolism.21 The
primary neurotransmitters and neuromodulators affecting sleep can be divided into positive
activators (affecting arousal) and negative agents
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Table 18.3 Sleep/wake neurotransmitters and
modulators
Wakefulness
•
•
•
•
•

Norepinephrine
Serotonin
Acetylcholine
Histamine
Orexin/hypocretin

Sleep
• Adenosine
• γ-aminobutyric
acid (GABA)
• Galanin
• Melatonin

(affecting sleep tendency) (Table 18.3). Many
recent approaches to treating insomnia have been
directed towards addressing this higher level of
arousal in individuals complaining of insomnia.
HISTAMINE

Almost all over-the-counter sleeping pills contain
sedating antihistamines, usually diphenhydramine. These agents are varyingly effective, but
may result in daytime sleepiness, cognitive impairment, and anticholinergic effects that p
 ersist into
the day after use, affecting driving performance.22
These agents are not recommended for use in the
elderly.23 Seizure thresholds can be lowered by
their use in epileptic patients. Sedating antihistamines are associated with decreased performance
on daytime driving tests and an increase in automobile accidents. Sedation is infrequent with H2
antagonists (e.g., cimetidine, ranitidine, famotidine, and n
 izatidine), but somnolence as a side
effect is evidently reproducible in susceptible
individuals. The side effect profiles of the newer
sedative/hypnotics are generally more benign that
those of the s edating antihistamines.22,24
Doxepin, a tricyclic antidepressant with high
H1 selectivity, has been rereleased recently for the
treatment of sleep-maintenance insomnia at lower
doses (3–6 mg) than previously utilized clinically.
At this dosage, next-day sedation and anticholinergic effects are minimized.25
OREXIN

Recent studies indicate that the orexin (hypocretin) system that is abnormal in individuals with
a diagnosis of narcolepsy is a critical regulator of
sleep and wake. Recently, the orexin antagonist,
surorexant has been released for the treatment of
insomnia associated with daytime arousal.26 Side
effects in these clinical trials include sleepiness

during the next day and issues with driving,
as well as unusual dreams and thoughts of suicide. These agents may turn out to be excellent
drugs for treating hyperarousal in patients with
insomnia; however, it should be noted that most
of the primary side effects associated with the
use of sedative/hypnotics were not discovered in
clinical trials, but only after extensive clinical utilization. Such recent concerns as to the potential
effects of insomnia and hypnotics use on falls in
the elderly were raised only after decades of the
widespread use of generic and easily available
medication.27
NONPRESCRIPTION SEDATING AGENTS

Ethanol is probably the most widely used hypnotic medication. In patients with chronic insomnia, 22% report using ethanol as a hypnotic.17
Unfortunately, chronic use of ethanol to induce
sleep can result in tolerance, dependence, and
diminished sleep efficiency and quality. When
used in excess with other sedative/hypnotic agents,
overdose can be fatal. Among drugs of abuse, marijuana has significant hypnotic effects. The central
sedative effects of b
arbiturates, barbiturate-like
agents, benzodiazepines, and opioids can induce
fatal respiratory suppression at higher doses,
particularly when abuse is coupled with ethanol.
In addition to over-the-counter melatonin
supplements and the sedating antihistamines, a
variety of non-prescription and herbal agents are
marketed as hypnotics. Tryptophan has a history of
known efficacy in the treatment of chronic insomnia. In the late 1980s, use of this agent was associated with severe eosinophilia that was lethally
toxic in some cases. This agent was removed from
the market, despite speculation that the toxicity
was not secondary to the drug itself, but to deficiencies in the preparation process. Kava, which is
considered to be a drug of abuse in some cultures,
has been used for insomnia, but has shown potential for hepatic toxicity in some patients. The best
data supporting the sedative effect of an herbal
agent are for Valerian.28 Evidence supporting the
hypnotic efficacy of other herbal agents including
chamomile, passionflower, and skullcap is limited.
ANTIDEPRESSANTS

Sedating antidepressants are sometimes used
to treat insomnia. A significant percentage of
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individuals with chronic insomnia and/or daytime
sleepiness also have depressive symptoms. Chronic
insomnia itself can predispose patients to developing depression.16 Depression associated with
insomnia is likely to be a different diagnostic entity
from depression without insomnia, and treatment
of the former with nonsedating antidepressants
may produce no improvement in sleep, even when
the underlying depression resolves.29 Use of antidepressants is limited by side effects (anticholinergic effects, daytime hangover, etc.) and danger
of overdose (particularly with the tricyclics).30
Sedating antidepressants include the tricyclics

(amitriptyline, imipramine, nortriptyline, etc.),
Trazadone (Deseryl), and the newer agents mirtazapine (Remeron) and nefazodone (Serzone)
(Table 18.4). The selective serotonin reuptake
inhibitors (SSRIs) have a tendency to induce
insomnia; however, in some patients, paroxetine
(Paxil) may induce mild sedation. Depressionrelated insomnia responds to sedating antidepressants more rapidly and at lower doses compared to
other symptoms of depression.31 In patients with
insomnia and concomitant depression, antidepressants are often used in combination with the newer
sedative/hypnotic medications.32 Use of sedating

Table 18.4 Antidepressants
Class
Tricyclics

Non-tricyclic
sedating
Monoamine
oxidase
inhibitors
Selective
serotonin
reuptake
inhibitors
(SSRIs)
SSRIs + tricyclics
Da-na-SSRI

Drug

Sleep stage effects

Indications

Trimipramine
Nortriptyline
Doxepin
Amoxapine
Amitriptyline
Imipramine
Amoxapine
Protriptylinea
Desimprinine
Maprotiline
Mirtazapine
Phenelzine
Tranylcypromine
Fluoxetinea
Paroxetine
Sertraline
Fluvoxamine
Citalopram HBr
Venlafaxine

Increased rapid eye movement (REM)
sleep latency
Decreased REM sleep,b short-wave
sleep (SWS) latency
Deep sleep, sleep latency

Depression with
insomnia, REM sleep
and SWS suppression,
chronic pain, fibromyalgia, enuresis, etc.

Increased REM sleep latency
Decreased SWS latency, REM sleep,b
sleep latency
Increased stage 4 sleep
Decreased REM sleep latency, REM
sleepb
Increased REM sleep latency, sleep
latency, stage 1 sleep
Decreased REM sleep

Depression, depression
with insomnia, REM
sleep suppression
Depression, REM sleep
suppression

Bupropion

Non-tricyclic
Non-SSRI

Nefazodone

SSNRI

Duloxetine HCl

5HT1A agonist

Buspirone

Increased REM sleep latency
Decreased sleep latency, REM sleep
Increased REM sleep latency and
increased sleep latency
Increased REM sleep
Decreased sleep latency
Increased REM sleep and sleep
latency
Increased REM sleep latency
Decreased REM sleep

Note: Sedating agents are in bold and insomnia-inducing agents are in italics.
a Documented as a respiratory stimulant.
b Higher levels of effect.

Depression, posttraumatic stress disorder,
obsessive–compulsive
disorder, phobias,
cataplexy, etc.
Depression
Depression, nicotine
withdrawal
Depression, depression
with insomnia and
anxiety
Depression
Anxiety
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antidepressants has been associated with declines
in daytime performance, driving test p
 erformance,
and an increased potential for involvement in
motor vehicular accidents.33

Daytime sleepiness
Excessive daytime sleepiness (EDS), which is
varyingly defined, is present in 5%–15% of the
population.4,12,31 Many patients with EDS, particularly those who also complain of snoring, will
require overnight sleep evaluation (polysomnography) because of the potential diagnosis of OSA.
OSA is usually treated with continuous positive
airway pressure (CPAP; a system that 
utilizes
positive nasal pressure to maintain airway patency
during sleep). Other treatment approaches for OSA
include ear, nose, and throat (ENT) surgery and
dental mouthpieces. Symptoms of mood disorders
(e.g., depression), which also common causes of
daytime sleepiness, can be difficult to distinguish
from the 
symptoms of OSA.23,33 Chronic sleep
deprivation as a basis for daytime sleepiness is
particularly common in the adolescent and young
adult populations and in individuals involved in
occupations requiring nocturnal shift work. Less
common causes of EDS are neurological diseases
inducing sleepiness: 
narcolepsy and idiopathic
hypersomnolence. Daytime sleepiness is probably
the most common side effect of CNS-active medications (Table 18.5). A major concern in such sleepy
patients is the potential danger to self and others
while working and/or driving motor vehicles.34,35
ALERTING MEDICATIONS

Medications that are used in somnolent patients to
induce alertness include the amphetamines (dextroamphetamine [Dexedrine], methylphenidate
[Ritalin]) and pemoline (Cylert). The tendency of
pemoline to cause acute hepatic failure has limited
its usefulness. The amphetamines are considered
to have high abuse potential and are Schedule II
prescription drugs. Side effects of these drugs
include personality changes, tremor, hypertension
(Dexedrine and Ritalin), headaches, and gastrointestinal reflux.36
The newer alerting agents modafinil (Provigil)
and armodafinil (Nuvigil) are pharmacologically distinct from the amphetamines and have
much lower potential for abuse (Schedule IV).
These agents are indicated for the treatment of

narcolepsy as well as the persistent sleepiness associated with OSA in patients who are already being
treated with CPAP. Modafinil is also indicated for
the treatment of fatigue and daytime sleepiness in
patients with shift-work disorder.37

MEDICATION-INDUCED
ALTERATIONS IN SLEEP
STAGES AND SLEEP
ELECTROENCEPHALOGRAM
Many psychoactive mediations alter the recorded
physiologic parameters of sleep. CNS-active
medications often alter the occurrence, latency,
and electroencephalogram (EEG) characteristics
of specific sleep/dream states, either with therapeutic intent or as side effects. Even some non-
pharmacologic therapies, such as oxygen, CPAP,
and electroconvulsive therapy, can alter REM sleep
and deep sleep.38 Typically, psychoactive medications alter background EEG frequencies and the
occurrence, frequency, and latency of the various
defined stages of sleep and waking consciousness.39
Since drug-induced EEG changes are associated
with characteristic behavioral effects, this relationship can be utilized in order to suggest therapeutic
possibilities for medications producing characteristic EEG effects.40

Sleep state-specific diagnoses
and symptoms
Parasomnias are sleep disorders occurring during
arousal, partial arousal, or sleep state transition.41
The arousal disorders (sleep terrors, somnambulism [sleepwalking], and confusional arousals) are associated with arousals from deep sleep,
confused dream reports, autonomic behaviors,

and, sometimes, extreme fright.
REM sleep parasomnias include sleep paralysis,
nightmare disorder, and REM behavior disorder.
Nightmares are the most common of these parasomnias. The most common symptom of posttraumatic stress disorder are stereotypic frightening
nightmares that can occur either at sleep onset or
during REM sleep. REM sleep alters many physiological processes, and therefore it is not surprising
that a variety of physical illnesses become symptomatic during REM sleep. Respiratory muscle atonia
associated with REM sleep can result in increased
sleep apnea, particularly in patients with chronic

Medication-induced alterations in sleep stages and sleep electroencephalogram 269

Table 18.5 Medications reported in clinical trials and case reports to have sleepiness as a side effect

Medication class

Neurochemical
basis for
sleepiness

Antihistamines

Histamine
receptor
blockade

Anti-Parkinsonian agents

Dopamine
receptor
agonists
Varied effects

Anti-muscarinic/
anti-spasmodic

Skeletal muscle
relaxants

Varied effects

Alpha-adrenergic
blocking
agents
Beta-adrenergic
blocking
agents

Alpha-1-adrenergic antagonists

Specific medications
Azatadine (Optimine)
Chlorpheniramine (ChlorTrimeton)
Dexbrompheniramine
(Polaramine)
Clemastine (Tavist)
Cyproheptadine (Periactin)
Benztropine (Cogentin)
Biperiden (Akineton)
Atropine
Belladonna
Dicyclomine (Bentyl)
Glycopyrrolate (Robinul)
Hyoscyamine

Baclofen (Lioresal)
Carisoprodol (Soma)
Chlorzoxazone (Parafon
Forte)
Cyclobenzaprine (Flexeril)
Doxazosin (Cardura)
Prazosin (Minipress)

Beta-adrenergic
antagonists

Acebutolol (Sectral)
Atenolol (Tenormin)
Betaxolol (Kerlone)
Bisoprolol (Zobeta)
Carvedilol (Coreg)
Esmolol (Brevibloc)

Opiate agonists

Opioid receptor
agonists
(general
central
nervous
system [CNS]
depression)

Opiate partial
agonists

Opioid receptor
agonists
(general CNS
depression)

Codeine
Fentanyl (Sublimaze)
Hydrocodone
Hydromorphine (Dilaudid)
Levomethadyl (Orlamm)
Levorphanol (Levo-
Dromoran)
Meperidine (Demerol)
Buprenorphine (Buprenex)
Butorphanol (Stadol)

Diphenhydramine (Benadryl)
Doxylamine (Unisom)
Promethazine (Phenergan)
Triprolidine (Actifed)

Procyclidine (Kemadrin)
Trihexiphendyl (Artane)
Ipratropium bromide
(Atrovent)
Mepenzolate bromide
(Cantil)
Methscopolamine bromide
(Pamine)
Scopolamide
Dantroline (Dantrium)
Metaxalone (Skelaxin)
Methocarbamol (Robaxin)
Orphenadrine (Norflex)
Terazosin (Hytrin)

Labetalol (Normodyne)
Metoprolol (Lopressor)
Nadolol (Corgard)
Pindolol (Visken)
Propranolol (Inderal)
Sotalol (Betapace)
Timolol (blocadren)
Methadone
Morphine
Opium
Oxycodone
Oxymorphone (Numorphan)
Propoxyphene (Darvon)
Sufentanil (Sufenta)
Tramadol (Ultram)
Nalbuphine (Stadol)
Pentazocine (Talwin)

(Continued )
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Table 18.5 (Continued ) Medications reported in clinical trials and case reports to have sleepiness as
a side effect

Medication class
Anticonvulsants
Barbiturates
Benzodiazepines
Hydantoins
Succinimides
Other

Antidepressants
Monoamine
oxidase
inhibitors
Tricyclics

Selective
serotonin
reuptake
inhibitors
Others

Antipsychotics

Neurochemical
basis for
sleepiness

GABA receptor
agonists
GABA receptor
agonists
General or poorly
defined effects
General or poorly
defined effects
Varied effects
including
GABA
potentiation

Norepinephrine,
5HT, and
dopamine
effects
Acetylcholine
blockade,
norepinephrine, and 5HT
uptake
inhibition
5HT uptake
inhibition

5HT, dopamine,
and norepinephrine
effects
Dopamine
receptor
blockade,
varied effects
on histaminic,
cholinergic,
and alphaadrenergic
receptors

Specific medications

Mephobarbital (Mebaral)
Elonazepam (Klonopin)

Phenobarbital (Luminal)
Primidone (Mysoline)
Fosphenytoin (Cerebyx)

Ethotoin (Peganone)
Phenytoin (Dilantin)
Ethosuximide (Zarontin)

Methsuximide (Celontin)

Carbamazepine (Tegretol)
Felbamate (Felbatol)
Gabapentin (Neurontin)
Lamotrigine (Lamictal)
Levetiracetam (Keppra)

Oxcarbazepine (Trileptal)
Tigabine (Gabitril)
Topiramate (Topamax)
Valproic acid (Depakene)
Zonisamide (Zonegran)

Phenelzine (Nardil)

Tranylcypromine (Parnate)

Amitryptyline (eEavil)
Clomipramine (Anafranil)
Desipramine (Norpramin)
Doxepin (Sinequan)
Imipramine (Tofranil)

Maprotiline (Ludiomil)
Nortriptyline (Pamelor)
Protriptyline (Vivactil)
Tripramine (Surmontil)

Citalopram (Celexa)
Escitalopram (Lexapro)
Fluoxetine (Prozac)

Fluvoxamine (Luvox)
Paroxetine (Paxil)
Sertraline (Zoloft)

Bupropion (Wellbutrin)
Mirtazapine (Remeron)
Nefazodone (Serazone)

Trazadone (Deseryl)
Venlafaxine (Effexor)

Fluphenazine (Prolixin)
Mesoridazine (Serentil)
Perphenazine (Trilafon)
Prochlorperazine
(Compazine)
Thioridazine (Mellaril)
Trifluperazine (Stelazine)
Aripiprazole (Abilify)
Clozapine (Clozaril)

Haloperidol (Haldol)
Loxapine (Loxitane)
Molidone (Moban)
Olanzapine (Zyprexia)
Pimozide (Orap)
Quetiapine (Seroquel)
Risperidone (Risperdal)
Thiothixene (Navane)
Ziprasidone (Geodone)
(Continued )
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Table 18.5 (Continued ) Medications reported in clinical trials and case reports to have sleepiness as
a side effect

Medication class

Neurochemical
basis for
sleepiness

Barbiturates

GABA agonists

Benzodiazepines

GABA agonists

Anxiolytics,
miscellaneous
sedative/
hypnotics

GABA agonists,
varied effects

Anti-tussives

General or
poorly defined
Opioid, general
or poorly
defined
Antihistamine
and varied
effects

Anti-diarrhea
agents
Anti-emetics

Genitourinary
smooth muscle
relaxants

General or
poorly defined

Specific medications
Amobarbital (Amytal)
Butabarbital (Butisol)
Mephobarbital (Mebaral)
Pentobarbital (Nembutal)
Alprazolam (Xanax)
Chlordiazepoxide (Librium)
Clorazepate (Tranxene)
Diazepam (Valium)
Estazolam (Prosom)
Flurazepam (Dalmane)
Buspiirone (Buspar)
Chloral hydrate
Dexmedetomidine
(Precedex)
Droperidol (Inapsine)
Hydroxyzine (Vistaril, Atarax)
Benzonatate (Tessalon)
Diphenoxylate (Lomotile)

Dimenhydrinate (Dramamine)
Diphenidol (Vontrol)
Meclizine (Antivert)
Prochlorperazine (Compazine)
Flavoxate (Urispas)
Oxybutynin (Ditropan)

obstructive pulmonary disease (COPD). Lower
esophageal pressure, which is also characteristic, of
REM sleep, can result in symptomatic gastrointestinal reflux. Chronic d
 iseases that m
 anifest symptoms during REM sleep include angina, migraines,
and cluster headaches. Nocturnal seizures, asthma,
and panic attacks are more likely to occur in light
sleep (stage 2).

Medication effects on sleep
stages and EEG
Medication-induced changes in sleep and EEG
activity can lead to an increase in symptoms
occurring during specific sleep/dream states.

Phenobarbital (Luminal)
Secobarbital (Seconal)
Secobarbital/amobarbital
(Tuinal)
Lorazepam (Ativan)
Midazolam (Versed)
Oxazepam (Serax)
Quazepam (Doral)
Emezepam (Restoril)
Triazolam (Halcion)
Meprobamate (Equanil,
Miltown)
Promethazine (Phenergan)
Zaleplon (Sonata)
Zolpidem (Ambien)
Eszopiclone (Estorra)
Dextromethorphan
(robitussin)
Loperamide (imodium)

Thiethylperazine (Torecan)
Trimethobenzamide (Tigan)
Metoclopramide (Reglan)
Tolterodine (Detrol)

For example, insomnia and nightmares are
associated with the REM sleep rebound that

occurs after the discontinuation of REM suppressive drugs (i.e., ethanol, barbiturates, and benzodiazepines). Medications such as lithium, opiates,
and gamma-hydroxybutyrate (sodium oxybate),
which can cause an increase in deep sleep, can
induce the occurrence of arousal disorders such as
somnambulism.41
The influence of psychoactive medications on
sleep states has a positive side as well. For example,
REM sleep-suppressive medications can be useful adjuncts in the treatment of REM sleep parasomnias and sleep stage-specific symptoms. Both
benzodiazepines and antidepressants can be used
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to decrease REM sleep. Similarly, the arousal disorders can be treated with medications that affect deep
sleep (benzodiazepines and o
 thers).42 Clonazepam
(Klonopin) is the medication that is most commonly utilized in the treatment of p
 arasomnias,
particularly in REM behavior disorder.

SLEEP DIAGNOSIS-SPECIFIC
MEDICATION EFFECTS
Respiratory effects
Most sedative medications depress respiratory drive
with increasing dosage. Benzodiazepines, bar
biturates, and opiates can exacerbate respiratory
failure in patients with COPD, central sleep apnea,
and restrictive lung disease. These medications
can also negatively affect OSA and may increase
the potential for symptomatic sleep apnea in some
population groups, such as patients being treated
for chronic pain. The newer non-benzodiazepine
hypnotics have demonstrated lower potential
for respiratory depression. Methylprogesterone
(Provera), protriptyline (Vivactil), and fluoxetine
(Prozac) have been documented to have respiratory-stimulant effects that may be clinically useful
in some patients.38

sleep and often leading to recurrent arousals from
sleep.44 These associated disorders are quite common, occurring in up to 15% of the population and
increasing in frequency with age. PLMD/RLS may
develop in patients during pregnancy, OSA, renal
failure, low serum ferritin levels, and in patients
taking antidepressants, particularly the SSRIs. Both
PLMD and RLS are most commonly treated with
low dosages of dopamine precursors and dopamine
receptor agonists at b
 edtime. Possible side effects
of these medications, which include carbidopa/
levodopa (Sinemet), pramipexole (Mirapex), ropinirole (Requip), and r otigotine, are nausea, headache,
tachyphylaxis and a ugmentation of symptoms.45

Circadian rhythm disturbance

Persistent bedwetting is present in up to 15% of
5-year-olds. Medication has been shown to be
symptomatically useful. Tricyclic antidepressants
have been used for decades in this disorder, but
there has been concern about cardiac effects and
long-term safety in children. The current treatment of choice is desmopressin (DDAVP), which
corrects the lack of cyclic antidiuretic hormone
increase during sleep that is typically seen in
these patients. Symptoms can be controlled until
neurophysiological maturity occurs, with a resolution of nocturnal enuresis.43

A number of sleep disorders are linked to abnormally timed sleep–wake cycles. These include
delayed and advance sleep phase syndromes in
which the sleep period is markedly later or earlier than what is socially accepted, jet lag, shift
work, and certain sleep abnormalities associated with aging. Low doses of melatonin—the
photoneuroendocrine transducer that conveys
information controlling sleep–wake cycles and
circadian rhythms in the central nervous system—may be useful in treating these disorders.
Because it is marketed as a dietary supplement,
there is m
 inimal data on safety, side effects, and
drug interactions for this compound.46 Jet lag and
shift work disorders can also be effectively treated
with bright light therapy and the repetitive shortterm use of sedative/hypnotics.47 Ramelteon and
tasimelteon are melatonin receptor agonists with
high affinity for melatonin MT1 and MT2 receptors in the suprachiasmatic nucleus. Ramelteon
reduces sleep latency in most patients and is not
a controlled substance since there is no potential
for abuse. The most frequent adverse events leading to discontinuation were somnolence, dizziness,
nausea, fatigue, headache, and insomnia.19

RLS and PLMD

Cataplexy

Symptoms of RLS include uncomfortable limb sensations at sleep onset and motor restlessness relieved
by exercise and exacerbated by relaxation. PLMD
is characterized by repetitive, stereotypic limb
movements occurring in 15–40 cycles in non-REM

The primary symptom of narcolepsy is daytime
sleepiness and sleep attacks. A significant number
of narcolepsy patients, however, also have hypnagogic hallucinations, sleep paralysis and c ataplexy—
skeletal motor weakness associated with emotion

Enuresis
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when awake. For a subgroup of narcolepsy patients,
cataplexy can be incapacitating. Sodium oxybate
(also called gamma-hydroxybutyrate) has shown
excellent efficacy in the treatment of cataplexy.
Sodium oxybate, available in liquid form, is given
as two doses in the first 2 hours of the night. This
agent has a history of recreational misuse and has
limited pharmacological distribution, being available as a class 3 agent for narcolepsy patients.48

CONCLUSION
Many medications are used therapeutically for
specific sleep disorders. The effects of most sedative/hypnotic drugs on sedation and arousal are
secondary to selective neurotransmitter effects,
rather than through nonspecific CNS depression.
The newer non-benzodiazepine sedative/hypnotic agents have lower addictive potential and
toxicity than older agents and can be utilized on
a long-term basis in patients with chronic insomnia. Benzodiazepines, antidepressants, and other
agents are utilized for their sedative side effects in
anxious and insomniac patients. Conversely, medications may induce insomnia, disturb sleep, or
exacerbate the effects of chronic illnesses on sleep.
Drugs known to induce daytime sleepiness are
associated with declines in daytime performance
and increased rates of automobile accidents. One
of the significant advances in sleep medicine
has been the development and use of efficacious
medications to treat sleep disorders—medications
with minimal side effects, low addiction potential,
and limited toxicity in overdose. The fields of sleep
and neuropharmacology are changing rapidly,
leading to new understanding and comprehension
of the complexity of the state of sleep disorders
and the medications used clinically to address the
complaints and disorders of sleep.
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INTRODUCTION
Sleep disturbance is one of the most common
health complaints in the general population. It is a
symptom of various conditions of different pathogeneses. Some sleep disorders have clearly identified physiologically etiologies. Examples include
breathing-related sleep disorders, narcolepsy, and
sleep-related movement disorders.1 Others are
primarily caused by psychosocial or behavioral
factors, such as stress-related transient insomnia
(adjustment sleep disorder) or sleep disturbance
associated with poor sleep hygiene. Moreover,
sleep complaints in some other cases are associated with psychiatric or medical conditions. It
was estimated that about 40% of patients with
insomnia and 47% of patients with hypersomnia
carried one or more comorbid psychiatric diagnoses, with depressive/bipolar disorders, anxiety
disorders, and substance-related and addictive disorders among the most prevalent ones.2–4 In addition, 16%–82% of patients with chronic medical
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conditions, such as musculoskeletal and other
painful disorders, heart disease, airway disease,
and diabetes, reported difficulty sleeping.5–9 The
sleep complaints in these cases are often assumed
to be symptoms that are secondary to the primary
conditions or caused by the discomforts associated
with the primary conditions. Ideally, the different aspects of sleep pathologies in a patient should
be differentiated and treatment should be instituted accordingly. However, in clinical practice,
the pathogeneses are usually multifaceted and the
causal inferences among the factors are usually difficult to tease apart. For example, a patient’s sleep
may be initially disrupted by the pain caused by a
medical condition. The resulting worries over the
consequences of sleeplessness may further worsen
sleep and exacerbate the sleep problems. A longitudinal study that examined the association between
chronic illnesses and insomnia reported that newly
developed medical conditions might precipitate or
worsen insomnia; resolution of comorbid medical
conditions, however, had no significant impacts on
277
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preexisting insomnia.5 Often, psychological and
behavioral factors can develop after the onset of
insomnia and further disrupt the neurophysiological systems that regulate sleep and wake.10,11 Even
in a physiologically based sleep disorder, such as
mild sleep-related breathing disorder, anxiety over
poor sleep and daytime functioning, or inappropriate sleep practices can further disrupt the already
fragile sleep. Therefore, behavioral intervention is
beneficial not only in the treatment of sleep disorders of psychosocial origins, but also in the management of physiologically based sleep problems.
Many behavioral and psychological interventions are effective in the treatment of sleep disorders, especially in the management of chronic
insomnia.12–14 Some of the behavioral techniques
have also been applied to insomnia associated
with medical or psychiatric disorders with positive results.12,15–18 In addition to improvements in
sleep, psychiatric symptoms decreased.19,20 Widely
applicable behavioral interventions have been used
to enhance the compliance with medical treatment
in sleep-related breathing disorders.21,22
In this chapter, we will describe how psychological and behavioral factors influence the neurophysiological mechanisms of normal sleep
regulation, and will provide a framework for the
clinician to conceptualize the development of
insomnia in individual patients. Further, we will
review the behavioral techniques that are effective
in the treatment of insomnia. Since there are some
recent review articles on the treatment efficacy of
cognitive–behavioral therapy for insomnia,23–25
our chapter will focus more on the conceptual
rationales and practical aspects of the cognitive–
behavioral interventions. Lastly, we will briefly
review the behavioral interventions for specific
sleep disorders other than insomnia.

PSYCHOSOCIAL AND BEHAVIORAL
FACTORS AFFECTING SLEEP–WAKE
REGULATION
Sleep disturbances can be conceptualized as disruptions of the mechanisms that regulate the normal
processes of sleep and wakefulness. Thus, understanding the mechanisms of normal sleep control
is important for the evaluation and treatment of
sleep disorders. It is now recognized that human
sleep is regulated by the interactions of two major
systems: a homeostatic system that regulates the

optimal level of sleep drive in order to maintain the
internal balance between sleep and wakefulness;
and a circadian process that generates a biological
rhythm of sleep and wake tendency over a day.26–28
In addition, the neural mechanism that promotes
wakefulness and/or arousal can counteract sleep
drive and disrupt normal sleep regulation.26
The homeostatic sleep drive is determined by
the amount of sleep acquired previously and the
duration of prior wakefulness. Like other homeostatic systems, such as those that regulate body
temperature, the system seeks to maintain a set
amount of sleep. Therefore, sleep deprivation is followed by enhanced sleep drive and extra recovery
sleep. Satisfaction of sleep drive is, in contrast, followed by decreased sleep propensity and shorter or
lighter sleep. In addition, increased physical activities may enhance homeostatic sleep drive.29
The circadian system, on the other hand, generates a near 24-hour rhythm of sleep and wake
tendency that is independent of prior amount of
sleep. The tendency for sleeping and waking is
determined by temporal factors associated with
the phase of the endogenous circadian cycle.
Studies with both animals and humans have identified the genetic determinants of the circadian
sleep tendency.30,31 In addition, exposure to environmental time cues, especially bright light, can
stabilize or shift the endogenous circadian rhythm.
It has been recognized that the endogenous circadian cycle in human beings is slightly over 24
hours32,33; therefore, there is a natural tendency
for the endogenous rhythm to drift later in time.
Morning light exposure can advance the circadian sleep phase and maintain a 24-hour circadian
period.34,35 With the interactions of the homeostatic and circadian systems, the sleep propensity
and amount of sleep obtained at a given time is
determined by the accumulated sleep debt and the
circadian sleep tendency at that time.
Behavioral practices and environmental factors can optimize or disrupt the operations of these
systems. Maladaptive behavioral practices, such as
napping or sleeping late on weekends, may trigger
and perpetuate sleep problems. These sleep episodes intrude into the typical waking period of the
day and lead to insufficient sleep drive being accumulated by bedtime. Furthermore, sleeping-in will
limit the morning light cue and thus will permit a
delay in the individual’s endogenous circadian sleep
tendency, making it difficult to fall asleep at night.
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Irregular sleep–wake habits may destabilize the
endogenous circadian rhythm and produce fluctuations in the homeostatic sleep drive, both of which
can interfere with a regular sleep–wake rhythm.
In addition to the homeostatic and circadian
processes, the wakefulness and arousal-promoting
process can be conceived of as being reciprocal to
the sleep processes. This process can be boosted by
stress and emotional and environmental stimuli,
leading to disruption of the normal sleep processes.
It can be considered to be a protective system that
is intended to arouse the organism when it is at
risk. However, when it is activated at bedtime, sleep
disturbance may result. Several etiological models
addressing the role of arousal as a cause of insomnia have been proposed.36,37 Characteristics of overactivation of the arousal system in insomniacs from
either psychosocial or physiological perspectives
have been reported in previous research. Individuals
with insomnia have been shown to have elevated
indices of autonomic activity, such as higher metabolic rate, body temperature, heart rate, urinary
cortisol, adrenaline excretion, skin conduction, and
muscle tension.38,39 In addition, increased cognitive
processing around sleep onset or during sleep was
reflected by disturbing mental activity, faster electroencephalography (EEG) frequencies,40–42 and
reduced inhibitory event-related potentials.43,44 The
elevated high-frequency EEG power spectral findings have been shown to be reduced after successful treatment with cognitive–behavioral therapy
for insomnia (CBT-I), but were still maintained at
a level that is higher than in good sleepers.45 These
results imply that hyperarousal might in part be
a predisposing trait and in part aggravated in the
course of chronic insomnia.
Similar to homeostatic and circadian regulation, the arousal system is also highly susceptible to the effects of behavioral practices and
psychological status. Vigorous presleep activities
and worries about sleep (e.g., watching the clock,
counting the number of hours left for sleep, and
the consequences of poor sleep) may activate the
arousal system; emotional disturbances, such as
feeling depressed over a loss or guilt and anticipatory anxiety of challenges to come, also lead to
over-activation of the arousal system and further
disruption of sleep processes. Both the behavioral
practices and emotional arousal may be influenced
by attitudes and beliefs concerning sleep. For
example, a belief that one should obtain 8 hours

of sleep can lead an insomnia sufferer to spend
extra time in bed during the weekend, which further results in decreased homeostatic sleep drive at
bedtime on the next night and may delay the phase
of endogenous circadian rhythms. In addition,
the failure to obtain 8 hours of sleep may lead to
excessive worry, which further aggravates the individual’s sleep condition. Therefore, sleep cognition
plays a major role in the pathogeneses of insomnia.46–49 Changes in sleep cognition after treatment
have also been found to be associated with sleep
improvement.47,50 Figure 19.1 shows a conceptual
model of the interactions among the psychological/behavioral factors and the neurophysiological
systems that regulate sleep. With this model in
mind, the clinician can try to evaluate a patient’s
sleep problems by examining the functioning of
the three neurophysiological systems and the various factors that may have impacts on these systems.
As discussed above, the factors contributing
to sleep disturbance in an individual are usually
multidimensional. The 3-P model proposed by
Spielman can serve as a conceptual framework to
organize these contributing factors along the timeline of the development of chronic insomnia.10 The
model categorizes the factors into predisposing,
precipitating, or perpetuating factors. Predisposing
factors are the individual traits that set the stage for
the development of insomnia, but do not necessarily lead to insomnia. For example, vulnerability to
stress-related sleep disturbance51 has been shown
to predict the onset of insomnia.52 Other examples
include anxiety-prone personality styles, hypersensitive physiological arousal system, a rigid circadian system, and vulnerable sleep systems. The
clinician may need to assess the patient’s premorbid sleep pattern, sleep history at younger age, and
his/her general personality style in order to identify
these factors. Understanding the risk factors can
help a patient to establish a realistic expectation of
his/her sleep and to avoid getting into situations
that may trigger a sleep problem. Precipitating factors are usually readily identified as the events or
conditions that initiate the sleep disturbance. The
most common precipitating factor is major life
stressors, such as loss, having a baby, change of
working schedule, major illness, retiring, or any
event that heightens arousal or leads to significant
changes in daily life routines. In some cases of transient insomnia, resolving the triggering event is the
only treatment that is needed in order to address

280 Behavioral intervention for sleep disorders

Psychological/Behavioral
factors

Neurophysiological
systems

Homeostatic
system
Behavioral
practices
Sleep
cognition

Circadian
system

Sleep

Emotion
Arousal
system

Figure 19.1 A conceptual model showing that psychological/behavioral factors influence sleep mediated by the neurophysiological systems for sleep regulation.

to his insomnia, he may develop behavioral adaptations and thoughts that are counterproductive.
For example, he may start to spend too much time
in bed to “get rest” or to “make up for lost sleep.”
These behaviors will lead to more chances of being
awake in bed, and may strengthen the association
between the bed and fretful tossing and turning,
leading to a conditioned insomnia. The patient may

Insomnia threshold

the sleeping problem. However, in many cases, the
insomnia persists and becomes chronic over time.
Common perpetuating factors include the conditioned association between arousal and bedtime
cues, maladaptive sleep–wake habits intended to
gain more sleep, strategies to minimize daytime
deficits, and excessive worries over sleeplessness.
In these cases, the perpetuating factors should
then become the focus of the treatment. Figure 19.2
illustrates the relative contribution of the factors
along the development of chronic insomnia. Thus,
the model can be helpful for understanding the formation of the sleep problem and the formulation of
a treatment plan.
To illustrate this model, take a man with a high
anxiety trait as an example. The anxiety tendency
predisposes him psychologically to worry about
trivial matters and physiologically to be easily
aroused. The trait alone may not ordinarily be sufficient to produce a persistent sleep disturbance,
but may lead to occasional poor sleep. However,
a life stressor (e.g., a breakup with his girlfriend)
may boost the arousal system and precipitate the
onset of insomnia. He starts tossing and turning
in bed and ruminating over the conflicts in the
relationship. Stress management to help him cope
with the stressor by direct actions, or temporizing
and allowing time to dampen these problems may
be the first therapeutic plan. However, in reacting

Preclinical

Onset
Short-term
Course

Perpetuating factors
Predisposing factors

Chronic

Precipitating factors

Figure 19.2 The 3-P model of the development
of insomnia. (Modified from Spielman AJ, Caruso
LS, Glovinsky PB. Psychiatr Clin North Am. 1987;
10(4): 541–553. Review. PubMed PMID: 3332317.)
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Table 19.1 Common contributing factors associated with the development of insomnia
Predisposing factors
Homeostatic process
• Abnormality or weakness of the neurophysiological system that generates sleep
Circadian process
• Extreme circadian-type functioning better during late evening or early morning as an
individual trait
• Less flexible circadian system
Arousal system
• Anxiety-prone and depressive personality traits and tendencies towards neuroticism and
somatization lead to a higher level of emotional and physiological arousal
• Personality traits associated with sustained level of arousal, such as perfectionism and excessive
need for control
• Heightened or more sensitive physiological arousal system
Precipitating factors
Homeostatic process
• Lack of or decrease of daytime activities, such as retirement
Circadian process
• Change of sleep–wake schedule, such as jet lag or start a nightshift job
Arousal system
• Life stressors or events leading to emotional and physiological distress
Perpetuating factors
Homeostatic process
• Increased resting in bed
• Discharge of the sleep drive by sleeping outside of the nocturnal sleep period, such as increased
daytime naps or frequent dozing-offs
• Reduced daytime activities
Circadian process
• Sleeping-in during weekends to catch up on sleep
Arousal system
• Dysfunctional beliefs and attitudes about sleep that lead to increased emotional arousal and
worries over sleep loss
• Conditioning between bedtime cues and arousal

start to worry about not being able to fall asleep or
about job performance on the next day. These worries further activate his arousal system and exacerbate the sleep difficulties. At this point in time,
treatment should target the reduction of arousal,
the changed view of sleep, and the elimination of
maladaptive sleep practices. Without proper treatment, the individual may start to use hypnotic
medication regularly and have difficulty stopping
because of the rebound effects when withdrawing
from the drug. At this point in the course of the
insomnia, education about the effects of hypnotic
use and withdrawal, as well as strategies to taper off

medication, should be included as part of the treatment. Therefore, this model provides a framework
for the clinician to organize the multiple determinants of insomnia and to formulate a comprehensive treatment plan. Table 19.1 shows the common
contributing factors that are associated with the
development of insomnia.

BEHAVIORAL INTERVENTIONS
FOR INSOMNIA
Various behavioral techniques have been applied
for the treatment of insomnia. Many of these
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techniques are effectively combined as a multicomponent approach that is usually referred to as
CBT-I. CBT-I can be conducted in groups with a
structured program or conducted individually
with techniques being selected that are tailored for
an individual. Meta-analyses and review articles
on the efficacy of individual behavior techniques as
well as multicomponent CBT-I programs showed
moderate to large effect sizes on the major sleep
parameters.12,13,53 Furthermore, the treatment
effects were shown to be equal to or better than
pharmacological treatments at the end of treatment sessions and with long-term follow-up of up
to 2 years.14,23,54
Before the initiation of a cognitive and behavioral intervention for insomnia, several issues
needed to be addressed: first, it is important to
conduct a thorough evaluation in order to identify
the contributing factors and to share the case formulation with the patient. Patients with sleep disturbances are often puzzled by their condition. The
feeling of being out of control and the m
 ystery of
what is causing the problem often generates worries and anxiety that may further disrupt their
sleep. Thus, sharing the formulation with the
patient may be therapeutic by restoring some modicum of control and reducing unnecessary worry.
Furthermore, the patient’s grasp of the formulation will facilitate the understanding of treatment
rationales and may motivate the patient to practice
the behavioral techniques. In addition to the evaluation and etiological formulation, providing the
rationale and describing the treatment procedures
comprise a comprehensive first treatment session.
Second, it is useful for patients to know what
to expect from treatment. For example, providing
information that the behavioral techniques require
a few weeks to have significant impact may prevent
premature demoralization when improvement is
not immediate. The patient needs to understand
that reliably carrying out behavioral practices is
crucial for the treatment to be effective. Changes
in sleep habits and daily life routines and the practice of some techniques are all likely to be required.
A series of office visits or group sessions is then
scheduled on a weekly or biweekly base, with sleep
log recording and/or phone contacts in between
sessions. For both individual and group CBT-I, the
whole program usually takes 4–8 weeks. Lately,
abbreviated, two-session CBT-I was also reported
to be effective in the primary care setting.55

As mentioned above, CBT-I comprises various
cognitive and behavioral techniques. The major
ones include sleep hygiene education, cognitive
therapy, stimulus control instruction, sleep restriction, and relaxation training. The following are the
rationales and practical guidelines of the major
CBT-I techniques for insomnia.

Sleep hygiene education
Sleep hygiene refers to practices of everyday living
and sleep-related activities that promote good-quality sleep or that make sleep more resistant to disruption. The objectives of sleep hygiene education are to
improve basic knowledge about sleep and to modify
counterproductive sleep practices.56 Sleep hygiene
education usually includes both a knowledge part
and a practice part. Firstly, sleep hygiene education provides basic knowledge about sleep and sleep
disorders, including information about the homeostatic process and function of normal sleep, the
influence of circadian rhythms on sleep, the influences of stress and emotion on sleep, the variability
in night-to-night sleep, the developmental changes
of sleep, the effect of daily activities on sleep, and
the effect of sleep disturbances on daytime function.
Understanding empowers the patient and eliminates
unnecessary worry about the consequences of sleep
loss. It also provides a rationale for sleep-promoting
behavioral practices. Secondly, good sleep hygiene
requires the patient to modify daily living practices
that are counterproductive to sleep. The clinician
reviews the lifestyle and sleep–wake habits with the
patient and identifies a set of practices that are not
consistent with good sleep hygiene. The patient is
asked to refrain from maladaptive activities and, in
some cases, engage in sleep-promoting behaviors.
Common behavioral practices that are incompatible
with good sleep are listed in Table 19.2.
Sleep hygiene education is usually part of a
more comprehensive treatment program. Sleep
hygiene education alone has been shown to be less
effective than the other behavioral treatments.53
Insomnia patients were found to engage in poorer
sleep hygiene practices in some studies,57–59 but
not in other studies.60,61 One study categorized
sleep hygiene practices into different categories and found that the behavioral practices that
might increase the level of arousal correlated most
significantly with insomnia symptoms and sleep
quality in patients with insomnia.62
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Table 19.2 Sleep-related habits and daily life practices that may interfere with sleep
Practices that reduce homeostatic drive at bedtime
Daily life behaviors
• Insufficient activities during the day
• Lying down to get rest during the day
Sleep-related habits
• Napping, nodding-off, and dozing-off during the day or evening
• In a trance or semi-awake in the evening
• Spending too much time in bed
• Extra sleep during the weekends
Practices that disrupt circadian regularity
Daily life behaviors
• Insufficient morning light exposure, leading to a phase delay in circadian rhythm
• Early-morning light exposure, producing early-morning awakening due to a phase advance
in circadian rhythm
Sleep-related habits
• Irregular sleep–wake schedule
• Sleeping-in in the morning during weekends
Practices that enhance the level of arousal
Daily life behaviors
• Excess caffeine consumption or caffeine later in the day
• Smoking in the evening
• Alcohol consumption in the evening
• Exercising in the late evening
• Late evening meal or fluid (may cause frequent urination)
• Getting home late or not enough time to wind down
Sleep-related habits
• Evening apprehension of sleep
• Preparations for bed are arousing
• No regular presleep ritual
• Distressing pillow talk
• Watching TV, reading, or engaging in other sleep-incompatible behaviors in bed before lights
out, or falling asleep with the TV or radio left on
• Trying too hard to sleep
• Clock-watching during the night
• Staying in bed during awakenings, or lingering in bed awake in the morning
• Poor sleep environment, such as bed-partner snoring, noises, direct morning sunlight, or
pets in the bedroom

Many patients are aware of sleep hygiene
practices, but do not believe that the practices
will produce significant changes in their sleep. It
is important to convey to such individuals that
insomnia is the result of the interaction of a number of factors, and that an effective treatment
should address multiple factors at the same time.

Eliminating these habits may not solve the problem. However, a successful treatment result may
be prevented or delayed due to poor sleep hygiene
practices. In addition, patients with chronic sleep
problems may engage in counterproductive sleep
practice, such as daytime napping, going to bed
earlier, or staying in bed in the morning to catch up

284 Behavioral intervention for sleep disorders

on sleep, as ways of coping with the consequences
of their sleep problem. It is important to convey to
the patient that these coping strategies may help in
the short term, but they sacrifice robust sleep in the
long term.

Cognitive restructuring
Worrying about sleeplessness may promote arousal
and become a self-fulfilling prophecy that further
exacerbates sleep difficulties. Misconceptions about
sleep may also lead to sleep-disruptive behavioral
practices. Faulty beliefs and attitudes about sleep
have been shown to be associated with the symptoms of insomnia.47,49,50 Common dysfunctional
cognitions about sleep can be classified into five
categories: misconceptions of the causes of insomnia, misattributions or amplifications of its consequences, unrealistic sleep expectations, diminished
perceptions of control, and predictability of sleep.63
Changes of dysfunctional thoughts can reduce the
worries and therefore break the vicious cycle that
leads to arousal. Disruptive cognitions about sleep
may be corrected with sleep hygiene education.
Relaxation training can also be helpful in distracting the patient from excessive worry and reducing
physical arousal. Cognitive restructuring, on the
other hand, addresses the sleep-disturbing cognitions directly, and replaces these thoughts with
more realistic thoughts and positive ideas.46,63
To institute cognitive restructuring, the clinician should discuss with the patients their beliefs
regarding sleep in general and regarding their
sleep problems. Beliefs that lead to maladaptive
behavioral practices or enhance worries about
sleep should be identified. The Dysfunctional
Beliefs and Attitudes Scale63 can also be utilized to
help with the evaluation of a patient’s sleep cognitions. The clinician can provide correct information about sleep and the consequences of sleep loss
in order to help the patient develop more positive
and less disruptive ideas about their sleep problems. For example, a patient with a belief that
“without an adequate night’s sleep, I can hardly
function the next day” will become anxious prior
to bedtime and make a lot of effort to try to fall
asleep. The patient should be guided to understand
that the worries over poor sleep and efforts to
gain more sleep tend to increase presleep arousal,
which may further disrupt the natural process of
sleep. This dysfunctional belief should be replaced

by a more adaptive belief, such as “a poor night of
sleep might have a minor influence on my functioning the next day; what really ruins my sleep
and my day is my over-concern about the negative
consequences of poor sleep.” The change in belief
could decrease the bedtime worries and allow the
natural sleep process to occur around bedtime.
Alternatively, a strategy of behavioral experiment
may be employed by enlisting the patient as a coinvestigator to gather data that will address the validity of specific beliefs. For example, the patient who
believes that poor sleep will ruin their day may be
asked to rate job performance on daily sleep logs.
In this way, data could be collected to disconfirm
dysfunctional thoughts and beliefs regarding sleep.

Stimulus control therapy
Stimulus control therapy is designed to break the
maladaptive association of bedtime cues with
wakefulness and worrying. Patients are instructed
to get out of bed if they are unable to fall asleep and
return to bed when they feel ready to fall asleep.
Over time, the repeated association of bedroom
cues with rapid sleep onset brings sleep under the
stimulus control of the bedroom environment.64
Specific instructions are listed in Table 19.3.
While the instructions are very straightforward, carrying them out regularly is difficult and
needs encouragement from the therapist. Initially,
patients will spend considerable time out of bed
and thus will suffer some sleep loss. It is important to motivate the patients by letting them
fully understand the rationale of this treatment
Table 19.3 Instructions for stimulus control
therapy
1. Go to sleep only when feeling sleepy.
2. Do not use the bed or bedroom for other
activities except sleep (sexual activity is the
only exception).
3. If you do not fall asleep within about 20
minutes, get up and go into another room to
do something relaxing.
4. Go back to bed only when feeling sleepy
again.
5. Repeat the procedure of getting out of bed
if you still cannot fall asleep rapidly.
6. Get up at the same time each morning,
regardless of how much sleep you obtain.
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procedure. Although daytime functioning and
mood may be impaired temporarily, the partial
sleep deprivation will foster both rapid sleep onset
and increased sleep. The patient needs to be educated that short-term sacrifice will produce longterm gains. In addition, some patients may worry
that they do not know what to do when they are
out of bed during the night. The clinician may need
to prescribe activities to perform during the night
that are not too taxing or activating. Stimulus control is one of the CBT-I techniques that shows the
most consistent effects when administered alone.4

Sleep restriction therapy
Sleep restriction therapy was developed with the
assumption that the homeostatic sleep process
can self-correct when sleep disturbance leads to
sleep loss. Sleep restriction therapy promotes sleep
by inducing a mild sleep loss initially and gradually increasing sleep time after sleep is stabilized.
Like stimulus control therapy, this procedure can
also prevent or break the maladaptive association
between anxiety and bedtime cues by decreasing the chance of lying awake in bed.65,66 Specific
procedures are listed in Table 19.4.
Some modified procedures to adjust time in
bed have been proposed and utilized. One way
is to increase time in bed progressively by 15 or
30 minutes each week until the patient is spending
7 hours in bed. Further changes of time in bed may
be made based on daytime functioning, fatigue,
and sleepiness.67 In addition, a sleep compression
procedure has been utilized in order to gradually
reduce time in bed instead of curtailing it abruptly.
As in the original procedure, mean total sleep time
and time in bed were determined from the 2 weeks
of the baseline sleep log. The difference between
mean total sleep time and mean time in bed was
then divided by 5, and the prescribed time in bed
was compressed by this amount weekly. By the end
of the fifth session, time in bed had been gradually compressed to match the initial total sleep
time. Like in the original procedure, time in bed
was increased by 15 minutes if sleep efficiency
surpassed 90%. This procedure was found to be
helpful for elderly patients with insomnia.68
As with stimulus control instructions, patients
should be told to expect mild sleep loss and daytime deficits at the initiation of the treatment.
It should be stressed that this temporary worsening

Table 19.4 Instructions for sleep restriction
therapy
1. Patients complete a sleep log that records
the daily sleep pattern over a 2-week period.
2. The average total sleep time (TST) per night
of this 2-week period is then prescribed as
the time in bed (TIB) for the following week.
Time of arising from bed is set to the time
when the patient is required to wake up or
when the patient generally awakens, and
time of retiring is calculated accordingly. To
avoid the effects of severe sleep deprivation,
the minimum TIB is never set below 4.5
hours. Lying down or napping outside of the
scheduled bedtimes is not permitted.
3. Patients fill out a sleep daily log to record
TIB and estimated TST. Sleep efficiency
(SE = TST/TIB × 100%) is evaluated every
week. Prescribed TIB for the next week is
adjusted by three criteria:
a. SE ≥ 90% (85% in older individuals): TIB is
increased by 15 minutes by setting the
retiring time earlier.
b. SE < 85% (80% in seniors): TIB is decreased
by 15 minutes by delaying bedtime.
c. SE ≥ 85% (80% in seniors) and <90% (85%
in seniors): TIB remains the same.

of daytime mood, performance, and energy will
lead to deeper and more consolidated sleep after a
few weeks of practicing this method. Patients may
have difficulty resisting the temptation to spend
more time in bed. Clinicians should encourage
patients to continue to follow the instruction and
to plan specific activities for their increased time
in the evening before going to bed.

Relaxation training
As described earlier, thoughts and behaviors
resulting in arousal may interfere with sleep. For
the same reasons, activities that reduce arousal
may facilitate sleep. Various relaxation techniques
have been developed to assist in the reduction of
tension and anxiety. Examples include progressive muscle relaxation that reduces muscle tension
by sequential tensing and relaxing of the main
muscle groups,69,70 autogenic training that produces somatic relaxation by inducing sensations of
warmth and heaviness of the body,70 and guided
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imagery that aims to channel mental processes
into a vivid storyline.71 Biofeedback has also been
utilized to assist with the mastering of relaxation
techniques.72,73 In general, relaxation training
starts with a demonstration of how it is done by the
clinician. The patients are then instructed to practice the technique at home in between sessions.
The instructions of the relaxation procedures can
be recorded during the session for the patients to
practice at home. Commercial relaxation training audio or video media are also available to
facilitate the practice at home. The patient is
asked to practice the relaxation protocol once or
twice a day. A patient’s level of relaxation should
be assessed before and after each practice session
with a simple subjective rating scale in order to
monitor the progress of the training. It may take
weeks for some individuals to develop the skill to
relax on cue. Only after mastering the procedure
to a certain degree is the patient told to use it to
facilitate falling asleep or returning to sleep following a nocturnal awakening, otherwise the patient
may be frustrated when failing to use the skill to
assist sleep. At the start of the training, patients
are often distracted and deflected from the tasks,
and find themselves thinking and worrying about
other things. The patients should be told to anticipate that their mind will wander and to avoid selfcriticism. It is crucial to help motivate the patients
to continue practicing the technique and to help
them deal with any obstacles that they encounter.

To date, there is no standard procedure for conducting mindfulness-based treatments for insomnia. Taking the mindfulness-based therapy for
insomnia developed by Ong and colleagues79,80,82 as
an example, the treatment adopts the principles of
acceptance and letting go and integrates the mindfulness training and exercises from the MBSR
and the behavioral techniques from the CBT-I. It
emphasizes not only the alleviation of the nocturnal insomnia symptoms, but also the decrease of
emotional and physiological arousal both during
the day and at nighttime. The intervention is usually delivered in groups of six to eight participants
and consists of six to eight 2-hour weekly sessions. The sessions could be roughly divided into
two parts. The first part begins with a practice of
mindfulness meditation (body scan and sitting
and walking meditation), followed by a discussion of the application of mindfulness principles
(e.g., beginner’s mind, non-striving, letting go,
non-judging, acceptance, trust, and patience) in
order to deal with reactions to disturbed sleep and
real-world situations. Participants are instructed
to engage in meditation practice between sessions
for at least 30 minutes per day, 5 days per week.
The second part of the session is spent implementing and discussing the behavioral techniques from
CBT-I (e.g., sleep restriction, stimulus control, and
sleep hygiene education).

Mindfulness-based techniques

BEHAVIORAL INTERVENTION FOR
ADJUSTMENTS OF CIRCADIAN
RHYTHM

CBT with a mindfulness-based approach, known as
mindfulness-based cognitive therapy (MBCT) and
mindfulness-based stress reduction (MBSR), have
gained great popularity in the fields of psychiatry
and behavioral medicine. The main goal of these
programs is to develop metacognitive awareness
cultivated through meditation practices and mindfulness exercises in order to manage the negative
emotional reactions associated with various distressful mental and physiological symptoms. Many
empirical studies have demonstrated the effectiveness of MBCT and MBSR in improving mental and
physical health. These approaches have also been
applied in the treatment of sleep disturbance. They
are often combined with the concepts and techniques of CBT-I and have generated positive results
in both primary and comorbid insomnia.74–83

Sleep disturbances can result from a mismatch
between the endogenous circadian phase and environmental time. In these cases, a person’s sleep per
se may not be problematic when they are allowed to
choose their preferred sleep schedule. Individuals
with a delayed endogenous circadian sleep–wake
system, for example, tend to have difficulty falling
asleep in the evening, and also experience difficulty getting up in the morning. However, when
allowed to sleep at their preferred schedule, such
as during the weekend or on extended vacations,
they usually choose to go to bed late and to sleep-in
in the morning without experiencing sleep disruption. This condition is more frequently seen in adolescents and young adults.84,85 In contrast, patients
with an advanced endogenous circadian rhythm
usually have no problem initiating sleep, but
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complain of sleepiness in the evening and earlymorning awakenings. This sleep pattern is more
commonly reported by elderly individuals.86,87 In
clinical cases, mild phase shifting of the circadian
rhythm may interact with other sleep pathologies and make the evaluation and treatment more
complicated.
Although the mechanisms that are responsible
for circadian rhythms have been shown to include
genetic operations, particular neuroanatomical
loci, and environmental time cues, bright light
has also been shown to be quite effective for phase
shifting human circadian rhythms.34,35 Light exposure can be used to treat sleep disturbances that
are related to phase shifts of endogenous circadian
rhythms. The influence of light on the phase of
circadian rhythms depends on the timing, wavelength, intensity, and duration of light exposure.
There is a relationship between the timing of light
exposure and the size and direction of the phase
shift induced. This relationship can be plotted as a
phase response curve. Light exposure in late subjective night and early subjective day produces a
phase advance in circadian rhythms; in contrast,
light exposure in late subjective day and early subjective night induces a phase delay.35 Therefore, for
patients complaining of difficulty falling asleep in
the evening and difficulty getting up in the morning, indicating possible delayed sleep phase, bright
light administration upon awakening in the morning can advance the patients’ circadian rhythms
to the desired time.88 Bright light exposure in the
evening has also been used to treat patients with
advanced sleep phase who complain of early-evening sleepiness and early-morning awakening.89,90
Since in these individuals endogenous circadian
oscillators are advanced in time, bright light exposure in the evening should be applied in order to
delay their circadian rhythms. In addition, manipulation of light exposure during work hours and
avoiding light exposure after work have also been
shown to facilitate the adjustment to shift work.91
To institute light therapy for phase shifting,
patients complete a sleep log that records their
daily sleep patterns over a 1–2-week period in
order to estimate their endogenous circadian
phase. The time of the afternoon/evening dip in
alertness may help estimate the endogenous circadian phase, with a later dip (evening flagging
attention and energy) suggesting more of a delay in
the phase. The patient should also identify an ideal

sleep schedule as the goal of the phase shifting. In
the beginning, patients are asked to set a sleep–
wake schedule that is close to the estimated endogenous sleep phase. As the treatment proceeds, the
wake-up time is progressively shifted to an earlier
time for patients with a delayed circadian phase;
in contrast, the retiring time is gradually shifted
to a later time for patients with an advanced sleep
phase. Most patients can shift their circadian phase
by over 1 hour each week with little difficulty with
the help of light exposure. In terms of the light
exposure, bright light exposure should be administered in the morning as close to the patient’s scheduled wake-up time as possible for patients with
delayed sleep–wake patterns, and administered
in the early evening for patients with advanced
sleep–wake patterns. The source of bright light can
be an artificial light device that is made for light
therapy or natural outdoor sunlight. Illuminance
of approximately 2500 lux or more at eye level is
usually required to obtain successful results. The
optimal duration of exposure must be determined
individually. A 1–2-hour period of treatment each
day usually achieves adequate effect. There is a precaution that patients with eye pathology should
consult with an ophthalmologist before receiving
light therapy.
Another behavioral procedure that is used for
the treatment of delayed sleep phase is chronotherapy. Since it was recognized that the sleep–wake
cycle in human beings assumes a period length of
slightly greater than 24 hours,32,33 there is therefore a natural tendency for humans to be able to
delay their sleep–wake schedule more easily than
to advance their phase. Based on this observation,
chronotherapy was invented as a treatment for
individuals with delayed sleep phase by gradually
shifting the sleep–wake schedule later in time until
it reaches the desired schedule.92 Again, conducting
this procedure requires an estimation of baseline
circadian phase by sleep log and setting up the initial sleep–wake schedule accordingly. The patient
is then instructed to delay retiring time and arising time by 2 or 3 hours each day until it matches
the desired sleep schedule. Once the desired sleep
schedule is achieved, the patient should be told to
avoid sleeping late and to arrange for exposure to
morning sunlight in order to prevent relapses of
the condition. The primary problem in carrying
out chronotherapy is that it requires the patients
to follow unusual sleep–wake schedules for several
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days. There will be a number of days in a row in
which the patient is sleeping during daylight hours
and is awake during the night. Therefore, patients
usually take several days off from work and must
ensure that they are not disturbed while they sleep.
Since the relapse rate for patients with delayed
sleep phase syndrome is as high as 91.5%,93 clinicians need to emphasize the importance of following a strict sleep–wake schedule after the patient
reaches their desired schedule. Morning exposure
to bright light can be instituted in order to assist in
the maintenance of a stable circadian phase.

BEHAVIORAL INTERVENTIONS FOR
OTHER SLEEP DISORDERS
Behavioral techniques have also been used to assist
in the treatment of other sleep disorders, although
evidence of their effectiveness is still preliminary.
The behavioral intervention can be the primary
treatment or a supplementary treatment combined with pharmacological therapy and/or other
medical procedures.
Behavioral intervention has been applied as a
supplementary treatment to facilitate compliance
with the use of continuous positive airway pressure
(CPAP) in patients with sleep-related breathing
disorders. The treatment usually includes psychological support, education regarding sleep-related
breathing disorders and the function of CPAP,
modeling of CPAP use, and systematic desensitization to overcome the anxiety associated with CPAP
use. Studies of the effects of education and support on CPAP compliance have generated mixed
results. Some studies showed a facilitation of CPAP
use,22,94,95 while others did not.96,97 Evidence supporting the effects of systematic desensitization
is also limited. So far, there is only one case study
reporting efficacy.21
Behavioral intervention has also been developed
for the management of nightmares. Clinicians
have the patient recall and rehearse the content of
nightmares and change the dream narrative ending to a more positive outcome. The patient is then
instructed to rehearse the revised version of the
dream while awake each day for a few days. The
dream rehearsal was found to be effective in reducing the frequency and intensity of nightmares, and
also to improve their sense of control. This technique was also applied successfully to patients with
posttraumatic stress 
disorder (PTSD). Patients

showed improved sleep and PTSD symptoms with
this technique.20,98
In addition to these specific techniques, the
basic conceptual framework and behavioral
intervention developed for insomnia may also be
applied in order to optimize sleep in patients with
other sleep disorders. Although their sleep pathologies may disrupt the normal processes of sleep
regulation, maximizing the sleep drive at bedtime,
maintaining a stable circadian rhythm and reducing the interference from cognitive and emotional
arousal can strengthen the sleep cycle and may
make the patients more resistant to disruption by
the primary sleep pathology.

CONCLUSION
Classical western medicine favors a single explanation for a cluster of symptoms. However, in the
case of sleep disorders, the sleep symptom is often
a manifestation of the interactions between multiple contributing factors. Frequently, both physiological and psychological factors are involved in
the production of the sleep disturbance. Clinicians
should take a broad prospective and avoid viewing the problem from a single perspective. A careful evaluation of the patient’s overall condition is
often the key to a successful treatment. The basic
rationale of behavioral interventions for sleep
disorders is to make an individual’s lifestyle and
sleep pattern more compatible with the nature of
the systems that regulate sleep. This often requires
the patients to change daily life routines and to
engage in specific behavioral practices. Patient
motivation is another key for effective treatment.
Although effective behavioral techniques for
sleep disorders are available, the percentage of
patients seeking help remains relatively low. Survey
studies have reported that only around 5% of
patients with insomnia seek help specifically for
their sleep problem,99 and only a third of patients
with sleep difficulties discussed their problems
with a healthcare professional.100 Public education
is important for promoting awareness of the treatment options and promoting the wisdom to seek
help at an early stage of the sleep problem. In addition, inclusion of sleep medicine training for professionals is important for providing physicians,
psychologists, and other medical professionals
with sufficient knowledge and techniques to help
patients with sleep problems.
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I never thought my brain could be normal. I now have hope.
—Quote from a treatment-resistant patient who improved
after one night of sleep deprivation therapy

INTRODUCTION
Sleep deprivation therapy (SDT), also referred to
as “wake therapy,” is a robust, rapid-acting (within
24–48 hours), noninvasive antidepressant treatment. First proposed by Schulte1 and Pflug and
Tolle, 2 SDT has been administered to more than
2000 patients worldwide. One night of enforced
sleep loss significantly decreases depressive

symptoms in approximately 40%–60% of
depressed patients and can be administered as
an adjunctive treatment to ongoing medications. 3
Although SDT is relatively safe, there is a slight
risk of switches into hypomania/mania that is
comparable to or lower than that associated with
conventional antidepressants. Mood stabilizers
can quickly reverse symptoms in order to restore
euthymia.4–6
295
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The robustness of the antidepressant action of
SDT is reported to be equivalent to that of sloweracting conventional antidepressants that usually
require 2–8 weeks for a full clinical response.7 It
is efficacious in both major depressive disorder
(MDD) and bipolar disorder (BPD), as well as in
treatment-resistant depression, although rates in
refractory patients may be lower.8,9
In Europe, SDT is considered to be a firstline treatment option.6 The World Federation
of Societies of Biological Psychiatry (WFSBP)
includes guidelines for SDT for both MDD10 and
BPD.11 Its use is recommended: (1) in unmedicated
depressed patients; (2) to accelerate response to
medication; and (3) to potentiate an ongoing antidepressant drug therapy. The guidelines also note
that SDT plus sleep phase advance is an effective
treatment for MDD and BPD. To minimize risk
of switches, it is recommended that mood stabilizers be initiated prior to SDT in BPD patients.
(For further details on administering chronotherapy including sleep deprivation, Wirz-Justice
and colleagues have published a second edition
of a c linician’s manual.12) There is also a website
(www.cet.org/education/clinicians-forum-intro/)
that acts as a forum for clinicians who are interested in SDT, which allows clinicians to ask questions and share their experiences with the use of
sleep deprivation.

Variations in SDT
Total sleep deprivation (TSD) involves keeping patients awake for 36–40 continuous hours;
partial sleep deprivation (PSD) refers to keeping
patients awake for the first half of the night—
“early PSD”—or patients being kept awake for the
second part of the night—“late PSD.” Cycles of
sleep deprivation can be administered as a single
treatment or may be repeated over the course of a
week or more.

Strategies to block relapse and
sustain improvement
SDT by itself rapidly but transiently decreases
depressive symptoms. Relapse rates, however, can
be as high as 80% following recovery sleep.13 Naps,
lasting only a few minutes, can precipitate symptoms in some,3,14–17 but not all patients.18 A study of
30 depressed SDT responders found that morning

naps and shorter naps were more detrimental than
afternoon naps.14
Concomitant treatment with medications
(e.g., antidepressants and lithium) and post-sleep
deprivation chronotherapies such as bright light
therapy and sleep phase advance can lengthen
the maintenance of improvement from weeks to
months. Bright light therapy typically involves
exposing patients to 10,000 lux in the morning
following SDT. Sleep phase advance involves setting patient bedtimes earlier and then advancing
bedtimes over subsequent days. Table 20.19,19–28 and
Table 20.24,8,29–38 summarize 22 long-term studies
(>2 weeks) showing the feasibility of sustaining
SDT antidepressant responses. Table 20.1 includes
11 studies using sleep deprivation plus adjunctive medications only. Table 20.2 summarizes
11 studies combining SDT with medications plus
chronotherapies (light therapy and sleep phase
advance). Follow-up times ranged from 2 weeks
to 9 months. Protocol designs included: TSD (one
night) in 15/22 studies; PSD (late; second half of the
night) in 4/22 studies; and both partial and total
SDT in 3/22 studies. One study administered PSD
in the first half of the night.38 Repeated SDTs were
administered in the majority of protocols—14/22
studies (63%).
In our study, 31 we randomly assigned 49 medicated (sertraline and lithium) BPD depressed
patients to either chronotherapy (n = 32; one
night of TSD and bright light therapy plus sleep
phase advance; see Figure 20.1) or to a medication-only (n = 17; treatment as usual) group.
Significant decreases in depression ratings in
the chronotherapy group were seen in the first
24 hours 
following a night of sleep deprivation. Improvement was immediate and significantly better than the treatment-as-usual group
at every time-point over the 7-week trial with
the exception of day 6. By the end of the study,
12/19 responders (63%) fulfilled the criteria for
remission.31

SDT: Reducing suicidality
A major challenge in the treatment of depression is to rapidly decrease the risk for suicide.
Two studies reported the efficacy of SDT plus
chronotherapy. Benedetti et al.4 observed that
SDT plus lithium and extended bright light
treatment produced an immediate (day 1) and

6 elderly depressed;
6 age-matched controls
40 BPD
Placebo-controlled
study

44 MDD
Crossover design

13 elderly MDD
8 recurrent; 5 acute
51 MDE

Kuhs et al.22

Bump et al.23

Kuhs et al.24

Smeraldi
et al.21

Benedetti
et al.99

Smith et al.20

Subjects

24 MDD
Recurrent (n = 14)
Acute (n = 10)
40 BPD

Caliyurt and
Guducu19

Study

PSD (late) group A: 2×/2
weeks; group b: 1×/
week for 2 weeks
1 night of TSD
(open trial)
6 PSD (late)

Amitriptyline (n = 27)
Amitriptyline plus PSD
(n = 24)

Paroxetine

TSD + pindolol (n = 20)
TSD alone (n = 20)
Initiated lithium postSDT to maintain
response
Amitriptyline

3 TSD (7 a.m.–7 p.m.) on
alternate days

Timing of PSD was not significant
Group A: 9/20 responders
Group B: 8/22 responders
8/13 responders within 2 weeks
11/13 responders by 12 weeks
Significant improvement in
amitriptyline + PSD on day 14
compared to amitriptyline
alone
Continued improvement only in
the amitriptyline/PSD group at
day 28

14/20 responders to
TSD + pindolol
3/20 responders to TSD only

Paroxetine

TSD

3 TSD

(Continued )

28 days

3 months

35 days

6 months

12 weeks

3 months

Finding
4 weeks

Responders (n)
12/13 responders to
sertraline + PSD
5/11 responders to sertraline only
13/20 responders to chronic
lithium
2/20 responders to lithium
post-SDT
5/6 responders

Medication
Sertraline and late PSD
(n = 13)
Sertraline only (n = 11)
Chronic lithium
(>6 months) vs.
lithium post-SDT

6 PSD

Sleep deprivation method

Table 20.1 Studies reporting efficacy in sustaining the antidepressant response of sleep deprivation therapy (SDT) with medication
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30 MDD

Elsenga and
van den
Hoofdakker28
2 TSD/week for 2 weeks
(double-blind)

TSD: 2 nights (40 hours) 1
week apart

Medication

Nortriptyline
administered after
TSD
Fluvoxamine
Maprotiline
Started on evening after
SDT
n = 10 in each group
Clomipramine
TSD plus clomipramine
TSD alone

Fluoxetine (n = 15)
Lithium (n = 5)
Sodium valproate (n = 1)
Other antidepressants
(n = 8)

Responders (n)

Faster response in first week; no
difference in second week
between clomipramine and
clomipramine + SDT

11/20 responders
TSD expedited the
antidepressant response
No relapse in either group after
recovery sleep

No difference between late or
early PSD
15/26 responders
1/3 BPD responders
1 BPD spontaneous responder

Finding

15 days

4 weeks

2 weeks

3 weeks

MDD: major depressive disorder; PSD: partial sleep deprivation; BPD: bipolar disorder; TSD: total sleep deprivation; SDT: sleep deprivation therapy; MDE: major depressive episode.

41 MDD

TSD (36 hours)

Sleep deprivation method
4 cycles of PSD early
(slept from 3 a.m. to 7
a.m.) or late (slept from
10 p.m. to 3 a.m.) on
days 5, 6, 12, and 13

Subjects

n = 29
4 BPD
25 MDD
Medicated for 3
months but still
chronically depressed
20 MDD

Kasper
et al.26,27

Shelton and
Loosen25

Leibenluft
et al.9

Study

Table 20.1 (Continued ) Studies reporting efficacy in sustaining the antidepressant response of sleep deprivation therapy (SDT) with medication
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12 MDD

Moscovici
and
Kotler32
Benedetti
et al.8

60 BPD
(TRD) and
non-TRD

64 MDD
30 SDT
34 exercise
group
49 BPD

Martiny
et al.29,30

Wu et al.31

141 BPD
32 with history
of suicidality
117 TRD

Subjects

Benedetti
et al.4

Study

TSD
3 PSDs
(late)
3 TSDs

TSD

3 TSDs in a
1-week
period

3 TSDs in a
1-week
period

PSD or
TSD

n = 34 drug-free
n = 26 on medication
n = 16 lithium + medication

Medication-free

n = 17 sertraline + lithium
n = 32 sertaline + lithium +
CAT

Duloxetine

Lithium maintained or
initiated at start of trial

Medication

BLT (green light dawn
simulation)
SPA
400 lux green light
for first 30 minutes
after awakening for
7 days

BLT (10,000 lux for 30
minutes) + sleep
time stabilizationb
(29 weeks)
BLT (5000
lux/2 hours) for 3
consecutive days
post-SDT
SPA on recovery
night for 3 days

BLT (10,000 lux) for
30 minutes at 3
a.m. post-SDT and
for 1 week
following acute
response

Additional
chronotherapy
99/141 responders; 78/99
achieved remission at the end
of the trial
Suicidality decreased after first
SDT + BLT in responders and
nonresponders, although
improvement was more rapid
in the responders
78/99 TRD patients responded
Chronotherapy vs. exercise
group
Remission rate = 61.9% vs 37.9%
in exercise group
CAT group significantly
improved over treatment-asusual group at every time
point with the exception of
day 6
12/19 CAT patients were in
remission at 7 weeks
7 remitters
2 responders
1 partial responder
23/33 non-TRD responders
12/27 TRD responders
At 9 months:
13/23 non-TRD responders
2/12 TRD responders

Findings

9 months

4 weeks

7 weeks

29 weeks

1 month

Follow-up
(length of
trial)

(Continued )

Table 20.2 Studies reporting efficacy in sustaining the antidepressant effects of sleep deprivation therapya with additional chronotherapies
(bright light therapy and sleep phase advance)
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30 TRD BPD

33 MDD
7 SAD
14 males, 26
females

10 MDD
6 BPD

Fritzsche
et al.34

Szuba
et al.35

Subjects

Benedetti
et al.33

Study

–

TSD

TSD

PSD or
TSD

Lithium or desipramine

Lithium vs. no lithium
Responders to SPA were
maintained or initiated
on lithium
Medicated

Medication

BLT or dim red light
(50 lux) from day 3
post-SDT until day
16 from 7 to 9 a.m.
Dim red light (50
lux) or bright white
light (2500 lux) was
administered
PSD (late) or TSD

SPA

Additional
chronotherapy

(Continued )

30 days

16 days

20/40 responders to TSD
(improved by 30%). It was
concluded that only the sleep
deprivation responders
further improved with light
treatment. (No difference
between bright or dim light)
PSD had greater efficacy than
TSD
0/4 TSD showed response at
day 30. (2/4 responded by
day 20)
4/6 PSD responders maintained
response through to day 30
2/3 TSD on desipramine
sustained improvement over
30 days

3 months

Follow-up
(length of
trial)

9/16 responders on lithium
4/14 responders initiated on
lithium

Findings

Table 20.2 (Continued ) Studies reporting efficacy in sustaining the antidepressant effects of sleep deprivation therapya with additional
chronotherapies (bright light therapy and sleep phase advance)

300 Sleep deprivation therapy: A rapid-acting antidepressant

21 MDD
1 BPD
1 atypical
5 TSD
responders
(open study)

van den
Burg
et al.37
Souetre
et al.38
Drug-free
Medication
Drug-free

PSD (late)
3×/week
for first
week and
then
weekly
for 3
weeks
2 TSD/2
weeks

PSD (early)

Trimipramine

Medication

4/5 responders sustained
improvement with SPA

8/23 responders
SDT + BLT sustained responses

BLT (n = 11)
Dim light (n = 12)
SPA for 2 weeks

Medication alone (11/14
responders
Medication + PSD (6/14
responders)
Medication + BLT (6/14
responders

Findings

Medication alone
Medication + PSD
Medication + BLT
(5000 lux for 1
week and last 3
days of week for 3
weeks)

Additional
chronotherapy

2 weeks

2 weeks

6 weeks

Follow-up
(length of
trial)

b

a

SDT is also referred to as “wake therapy.” In this table, for simplification, the term “sleep deprivation therapy” is used.
Sleep time stabilization: patients were instructed to keep a stable sleep–wake cycle, prevent oversleeping and encouraged to go to sleep earlier than midnight.
PSD: partial sleep deprivation; TSD: total sleep deprivation; BPD: bipolar disorder; TRD: treatment-resistance depression; BLT: bright light therapy; SDT: sleep deprivation
therapy; MDD: major depressive disorder; SPA: sleep phase advance; CAT: chronotherapeutic augmentation therapy; SAD: seasonal affective disorder.

12 firstepisode
MDD
23 MDD
6 BPD
1 dysthymic

Subjects

HolsboerTrachsler36

Study

PSD or
TSD

Table 20.2 (Continued ) Studies reporting efficacy in sustaining the antidepressant effects of sleep deprivation therapya with additional
chronotherapies (bright light therapy and sleep phase advance)
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Initiate
Lithium

Initiate
Sertraline

Patients assessed
daily for 1 week
and then weekly
thereafter for
7 weeks
Baseline
Day-2

Baseline
Day-1

SLEEP
DEP

SPA

SPA

SPA

Morning bright light
Chronotherapy

Figure 20.1 Protocol for triple chronotherapy. One night of sleep deprivation therapy is followed by
three mornings of bright light therapy and three nights of sleep phase advance. (For more details, see
Wu JC et al. Biol Psychiatry 2009; 66: 298–301.)

sustained decrease in suicidality (as measured
by the Hamilton Depression Rating Scale, item
#3). (Significant improvement was seen after
the first of three nights of TSD.) Nonresponders
also benefited from the sleep deprivation protocol, although their course of improvement was
slower.
In an independent study using an open design,
Sahlem et al.39 treated 10 suicidal depressed
patients with one night of TSD, three nights of
sleep phase advance, and four 30-minute sessions
of morning bright light (10,000 lux). Primary outcome measures included the Columbia Suicide
Severity Rating Scale (CSSRS) and the Hamilton
Depression Scale (HAM-17). The results showed a
dramatic decrease in CSSRS ratings from 19.5 at
baseline to 6.5 on the first day following SDT. Six of
the 10 suicidal patients fulfilled remission criteria
on both the CSSRS and the HAM-17 by day 4.
Two case reports of the use of chronotherapy
(one night of sleep deprivation plus sleep phase
advance) in a hospital setting in treatment-resistant patients with severe suicidality suggest that
chronotherapy is a useful adjunct to medications. One patient was in remission for 1 month

post-hospitalization after receiving SDT. A second
chronotherapy patient also remitted and was doing
well at a 10-month follow-up. Family members
attributed the improvement to SDT.40

SDT: Treatment-resistant depression
SDT is beneficial in treatment-resistant patients,
despite the failure of response to conventional medications. Two studies conducted by
Benedetti’s group in BPD patients involved three
nights of TSD plus light therapy administered
on alternating nights over a 1-week period. All
patients were medicated with lithium. In the first
study, 8 light therapy consisted of morning green
light (400 lux) for 7 days and reported a response
rate of 17%. In the second study,4 light therapy
consisted of exposure to morning bright light
(10,000 lux) for 7 days. Response rates dramatically increased from 17% to 55% in the second
study. The investigators attributed the improvement to prolonged bright light exposure and the
initiation of lithium.4 (As noted above, SDT was
successfully used to reduce suicidality in treatment-resistant patients.)
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Novel combination of SDT plus
repetitive transcranial magnetic
stimulation in treatment-resistant
depression
Coadministration of repetitive transcranial magnetic stimulation (rTMS) with PSD produced
a slower but prolonged response. Krstic et al.41
treated 19 treatment-resistant MDD females with
PSD (kept awake for part of the night) in combination with rTMS. All patients were treated with
antidepressants. Patients were administered a 1-Hz
rTMS or sham stimulation over the right dorsolateral prefrontal cortex for 10 daily sessions. PSD
was administered once per week. Full remission
was seen in 5 out of 11 patients at week 24 in the
PSD plus rTMS groups.

PREDICTION OF SDT RESPONSE
Wiegand et al.,17 conducted a series of six SDT trials in 12 medicated inpatients (each cycle consisted
of 36 hours of SDT followed by a night of recovery
sleep) over a period of 3 weeks. Subjects relapsed to
baseline levels prior to each cycle so that the presleep deprivation depression ratings were consistent
throughout the protocol. The results showed that:
(1) individuals who do not respond to one cycle of
SDT may respond to another; (2) there is no predictable pattern of response for any individual from
one cycle to the next; and (3) patients do not become
habituated or sensitized to repeated SDT treatments.

Diurnal mood changes as
predictors of response
It is reported that mood swings characterized by
early-morning worsening and improvement by late
afternoon may increase the likelihood of response
to SDT in a subgroup of depressed patients with
stabilized mood.3,29,42–44 Wirz-Justice45 proposes
that this is not due to the directionality of the
mood swings, but rather to the propensity for diurnal mood changes.

Diffusion tensor imaging data as
predictors of response
Diffusion tensor imaging (DTI) data reveal white
matter changes in the brains of a wide range of

BPD patients (i.e., depressed, manic, drug-naïve,
untreated first-episode psychosis, untreated BPD
depressed, drug-naïve manic, and euthymic BPD
patients). DTI pathology is also reported in highrisk unaffected relatives.46–48 Bollettini49 conducted a DTI study of 70 BPD inpatients in order
to evaluate DTI as a biomarker of response to SDT.
Patients were administered three consecutive SDT
cycles on alternating days (1 week). Bright light
therapy (10,000 lux for 30 minutes) was administered at 3:00 a.m. on the night of sleep deprivation and 30 minutes after awakening on recovery
sleep mornings. All patients were medicated with
lithium. The response rate to chronotherapy
was 65.7% (46/70 patients). DTI results showing
increased mean and radial diffusivity correlated
with poor antidepressant response to total SDT
plus light therapy.

GENETIC BIOMARKERS
ASSOCIATED WITH SDT OUTCOME
Single-genomic polymorphisms may influence
responses to antidepressants, including those associated with SDT.50

Serotonin transporter promoter
genotype
Benedetti and colleagues conducted a study of
depressed patients treated with one night of TSD.51
The authors identified a functional polymorphism
within the promoter of the serotonin transporter
(5-HTTLPR) that may influence response to
antidepressants as well as SDT. The data showed
that homozygotes (l/l) for the long variant of
5-HTTLPR have higher response rates to SDT
(plus bright light) compared to heterozygotes and
homozygotes for the short variant.
We hypothesized that depressed patients that
are homozygous for 5-HTTPLR (l/l) may have a
greater capability for mobilizing the serotonin system under sleep deprivation conditions.52
In other work, the serotonergic receptor gene
(5HT2A) polymorphism rs6313 was shown to
play a role in sleep deprivation responses. Bipolar
patients with the T/T variant of the polymorphism
had a 36% higher response rate to three cycles of
SDT compared to patients with the T/C or C/C
variants.53
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GSK3β
GSK3β codes for an enzyme that is a target of
lithium and valproic acid. In animal studies, inhibition of GSK3β increases antidepressant behaviors, including the rapid-acting effects of low-dose
ketamine.54 Benedetti et al.50 reported higher rates
of antidepressant response to one night of SDT
(TSD) in BPD patients who were homozygous for
the mutant allele of the GSK3β promoter (−50 T/C)
single-nucleotide 
polymorphism, which inhibits
GSK3β. A limitation to these findings is that only
a few BPD patients carry the GSK3β (C/C) allele.

FUNCTIONAL BRAIN IMAGING
STUDIES
Functional brain imaging studies provide compelling evidence for predicting response to SDT.
This evidence includes positron emission tomography, single-photon emission computerized
tomography, and functional magnetic resonance
imaging (fMRI) data. The findings suggest that
increased activation at baseline is associated with
response to TSD and PSD. With clinical improvement, a ctivation levels usually return to normal.
Regions associated with response include the
anterior c ingulate cortex, the fronto-orbital cortex,55–61 the left superior and inferior temporal
cortices,59 and the amygdala.55,62 In the largest
MDD study to date,59 we identified 12 responders
and 24 n
 onresponders to TSD and demonstrated
that improvement was associated with baseline
activation in a central region of the medial prefrontal cortex (BA 32). Increased amygdalar perfusion at baseline was associated with therapeutic
response and was reported in a fMRI study involving 17 unmedicated MDD patients compared to
8 controls using a PSD protocol. Sleep deprivation response produced a significant reduction in
amygdalar perfusion, which correlated with clinical improvement.62
In healthy controls, sleep deprivation decreases
metabolic activity, particularly in the thalamus,63,64
as well as in the prefrontal cortex, basal ganglia,
posterior parietal association cortices, and cerebellum.63,64 Nofzinger et al.65 suggests that depression may be associated with hypermetabolism (in
a ventral emotional neural system), which may
persist during waking and sleep (non-rapid eye
movement) in a subgroup of depressed patients.

POSSIBLE MECHANISM OF
ACTION OF SDT
Circadian abnormalities in depression
Accumulating data support depression as a circadian-related illness, as evidenced by abnormalities in sleep, mood, hormonal secretions,
and/or temperature in a subgroup of depressed
patients (for reviews, see Bunney and Bunney66,67).
Biological rhythms are under the control of the
circadian machinery (including core clock genes).
When circadian rhythms are dysregulated, the risk
for depression increases.68,69 Moreover, the degree
of circadian desynchronization is reported to
correlate with the severity of the illness; as depressive symptoms subside, circadian rhythms often
normalize.70–73
SLEEP

An estimated 70%–80% of depressed patients
complain of sleep disturbances, including insomnia, early-morning awakening, and difficulty in
initiating sleep.74 Patients with severe insomnia
are likely to have poorer treatment outcomes75 and
may be at increased risk of suicidality.76 Sleep disturbances are considered to be risk factors in the
onset of depressive disorders, even in nonpsychiatric patients. Normalization of sleep patterns can be
an early predictor of treatment response.70,77
TEMPERATURE

Increases in minimal core body temperatures are
reported to predict response to SDT.78 Clinical
findings suggest that there is a relationship

between nocturnal core body temperature, severity of depression, and the timing of sleep, possibly
reflecting a “misalignment” of circadian rhythms.68
As depressive symptoms improve, 
temperature
rhythms usually normalize.72,73
HORMONE SECRETION

Melatonin and cortisol are abnormally regulated in
a subgroup of depressed patients. Melatonin is the
major hormone of the pineal gland. Secretion of
melatonin serves as a marker of circadian “phase”
relative to the timing of its release under dim light
conditions (dim light melatonin onset). In healthy
subjects, melatonin is secreted 1–2 hours before
sleep onset. Melatonin secretion is delayed and its
levels are lower in depressed subjects.79,80
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Cortisol is also abnormally regulated in a sub- interviews with next-of-kin, and medical records
group of patients, as characterized by increased were used to confirm diagnoses.
nocturnal levels and earlier phase shifts in late
The results showed a significant and marked
night.81,82 Cortisol-related corticotrophin-releasing loss in rhythmicity in the top-ranked cyclic genes
factor levels are dysregulated, which relates to in MDD patients compared to controls and prodysfunction of the hypothalamic–pituitary– vided the first direct evidence of dysregulation

adrenal axis.83 Cortisol levels frequently normalize in clock gene expression across six brain regions.
as depressive symptoms remit.71
The fi
 ndings were independent of medication and
cause of death. Dysregulated genes included the
core circadian clock genes (i.e., BMAL1, PER1,
First evidence that circadian
PER2,
PER3, Rev-Erbα, DBP, DEC1, and DEC2),
clock gene expression is altered
which are essential to modulating virtually all
in the MDD brain
rhythms throughout the body.84
Indirect evidence supports circadian abnormalities in the pathophysiology of depression. SDT: POSSIBLE MECHANISMS
However, it was not until recently that the expres- OF ACTION ON THE CIRCADIAN
sion of clock genes, which control circadian SYSTEM
rhythms in the human brain, was investigated
by our group.84 Time of death of gene expression We hypothesize that a subgroup of depressed
data of 24-hour cyclic patterns from six cortical patients with abnormal circadian rhythms may
and limbic regions (dorsolateral prefrontal cortex, have a state-related defect in clock gene machinery.
anterior cingulate, hippocampus, nucleus accum- With remission, many of the dysregulated rhythms
bens, amygdala, and cerebellum postmortem normalize. Figure 20.2 illustrates that chronotissue) compared findings from 55 nonpsychi- therapeutic interventions such as SDT, bright light
atric controls and 34 MDD patients. Microarray therapy, and sleep phase advance may act, in part,
analyses including 12,000 transcripts identified by resetting and stabilizing circadian function.
the genes with the most robust 24-hour sinusoidal Clinical relapse may reflect a desynchronization in
rhythms. To discover the cyclic genes, the expres- circadian function associated with the reactivation
sion values for each of the genes were fit by a sinu- of abnormal clock gene expression.
soidal function of time using the method of least
A body of data suggests that low-dose
squares and fixing the period at 24 hours. High- 
ketamine—a rapid-acting antidepressant—may
quality postmortem brain tissue was collected alter circadian rhythmicity as reported in animal
(all cases had sudden death and high pH values studies85–87 and a neuronal cell culture study.88 It
>6.5). Additionally, a 141-item questionnaire, as is hypothesized that SDT and low-dose ketamine
part of a psychological autopsy, was completed by may have overlapping mechanisms of action that

Depression
dysregulated
circadian clock
genes

SDT

Robust
antidepressant
response;
decrease in
suicidality

SDT resets circadian clock gene
rhythms including
Sleep, mood, temperature, hormones

Block relapse
(BLT, SPA)
Sustained
improvement

Clock gene function
can be unstable–may
relapse

Stabilization of reset
clock gene function

Figure 20.2 Hypothesized mechanism of action of sleep deprivation therapy (SDT) in robustly and
rapidly (<24 hours) reducing depression and suicidality by “resetting” circadian rhythms and stabilizing response with chronotherapies (bright light therapy and sleep phase advance). A subgroup of
“non”-SDT responders are reported to benefit from SDT, but at a slower rate.
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modulate circadian rhythmicity and promote
rapid antidepressant responses. However, in contrast to shorter-acting antidepressant effects of ketamine (4–5 days), SDT plus light and lithium has
longer-lasting effects (up to 7 weeks).31 As reviewed
by Bunney et al.,69 both interventions alter circadian-related systems involving NMDA, AMPA,
mTOR, and GSK3β.

FUTURE DIRECTIONS
Sleep deprivation as a research tool
Studies of the mechanisms of action of sleep deprivation may provide potentially important clues as to
the switch process. The rapid antidepressant actions
of SDT and the equally rapid relapses into depressive episodes associated with recovery sleep provide
a potentially critical framework for investigating
the molecular underpinnings of the switch process.

Insomnia
Since 80% of MDD patients complain of insomnia,89 it is somewhat counterintuitive that depriving depressed patients of sleep can rapidly improve
symptoms. In otherwise-healthy individuals,
insomnia (greater than 2 weeks) increases the risk
of depressive illness within 1–3 years.90 Relatively
little is understood about the interaction between
sleep and depression and why sleep patterns frequently normalize with improvement in symptoms.

Animal models of depression
Sleep deprivation in animals has a wide range of
physiological and cognitive effects.91 In animal
models of depression, 12 hours of sleep deprivation
has been shown to reverse depressive-like behavior
in rodents.92–94

Convergence of antidepressant
actions of SDT with conventional
interventions
Future research may determine whether SDT (as well
as low-dose ketamine) activates a “fast-track” pathway for antidepressant response, or whether it converges on a common neuronal circuitry in order to
augment the actions of conventional antidepressants.

Technology advances
Emerging new technologies, including optogenetics, clustered regularly interspaced short palindromic repeats (CRISPR), induced pluripotent
stem cells (iPSCs), and nanomedicine strategies, are
expected to provide exciting data in the near future
that will help us to understand the mechanisms
of rapid-acting antidepressants. Optogenetics
enables researchers to selectively manipulate individual neural circuits.95 CRISPR enables the editing of DNA,96 while iPSCs can differentiate into
many cell subtypes, thus providing the potential
ability to rebuild neuronal circuits.97 Finally, a
recent breakthrough in nanotechnology involves
the introduction of novel DNA nanostructures in
order to manipulate gene expression.98 Using these
tools to target the genes and their pathways that are
relevant to the rapid-acting antidepressant effects
of SDT (and fast-acting, low-dose ketamine) could
help to revolutionize the treatment of depression.
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BACKGROUND
Cancer is a leading cause of morbidity and mortality worldwide. The World Health Organization
estimates that there are 14 million new cancer cases and 8.2 million cancer deaths annually.1 Alarmingly, given demographic trends, this
already colossal number of new annual cancer
cases is expected to increase to approximately 22
million over the next two decades.2,3 The picture
is slightly different in developed and developing countries, with a greater global burden in the
developed world.4 For example, cancer is responsible for more than one in four deaths in Canada,5
the United Kingdom,6 and the United States.7
Beneficially, there has been progress in cancer prevention, early detection, and treatment. However,
a paradoxical result of advances in detection and
treatments is that, overall, cancer patients are
surviving longer and living with short- and longterm side effects and consequences that affect their
quality of life and may require clinical attention.
Available evidence suggests that sleep–wake
disturbances—including delayed sleep latency,
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Physical exercise and yoga
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Conclusion
References
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waking episodes after sleep onset, non-refreshing
sleep, reduced quality of sleep, and reduced sleep
efficiency—are amongst the most common symptoms reported by patients with cancer.8 Compared
to the sleep disturbance rate of 10%–15% that is
reported in the general population,9,10 it is estimated that 30%–60% of cancer patients experience
sleep disturbances.11–15 The large range in prevalence rates is a result of multiple factors, including differences in assessment methods and criteria
used to identify sleep disturbances, type and stage
of cancer, socio-environmental stressors, adverse
effects from medications and cancer treatments,
medical comorbidities and age.14,16 For example,
contrary to what is found in the general population, younger cancer patients are more likely
to report having a sleep problem.11,17,18 Further,
although sleep disturbances occur at diagnosis,
during treatment and can continue into survivorship or palliative care, the underlying cause may
differ at the different stages of cancer. Notably,
sleep disturbances in cancer patients cluster with
pain, fatigue, depression, anxiety, and vasomotor
symptoms.14,19
313
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The most common sleep disorder in the general
population and among cancer patients is insomnia.20 Insomnia is defined as difficulty initiating
sleep, maintaining sleep or early-morning awakenings, or a combination of these difficulties.21,22
A complaint of fatigue and daytime impairment
is often the consequence of insomnia.21 According
to the Diagnostic and Statistical Manual of Mental
Disorders Fifth Edition (DSM-5), the insomnia
disorder is a combination of criteria regarding
frequency (i.e., at least three nights per week),

duration (i.e., symptoms present for at least
3 months to be considered persistent), and consequences on one’s functioning (i.e., including
impairment in social, occupational, educational,
academic, behavioral, or other daytime functioning) (see Table 21.1).20 While approximately 10%
of individuals in the general population meet the
criteria for insomnia disorder,20 a population
based study conducted in cancer patients has
found rates that are at least two- to three-times
higher.15,23
The underlying etiological causes of insomnia
are multifactorial. Figure 21.1 describes the predisposing, precipitating, and perpetuating factors
of insomnia in cancer patients that have been
discussed in the literature.12,24 As mentioned, the
complaint of insomnia can occur at any point
during the cancer trajectory, including diagnosis, treatment, survivorship, and palliative care.12
In cancer patients, insomnia is also related to
physical, psychological, interpersonal, or treatment factors.12,25–27 Evidently, cancer patients who
have insomnia are not a homogeneous group. The
different underlying causes of each case should be
considered for beneficial patient-centered insomnia treatment.
Insomnia can profoundly affect every aspect
of a cancer patient’s life.28 Disruption of sleep
may interfere with physiological and behavioral
functioning and can have multiple and widereaching repercussions. Sleep problems in cancer patients are associated with sexual disorders
(e.g., loss of libido and inability to achieve orgasm)
and increased physical symptoms (i.e., pain).12,29
Insomnia can also decrease cognitive functioning (e.g., in memory and concentration) and work
productivity, and increase safety risks, accidents,
and medication misuse and abuse.17,29–32 In addition, because of these complications and their
possible repercussions on reduced productivity,

Table 21.1 DSM-5 diagnostic criteria for
insomnia disorder
A. A predominant complaint of dissatisfaction
with sleep quantity or quality, associated
with one (or more) of the following
symptoms:
1. Difficulty initiating sleep
2. Difficulty maintaining sleep,
characterized by frequent awakenings
or problems returning to sleep after
awakening
3. Early-morning awakening with inability to
return to sleep
B. The sleep disturbance causes clinically
significant distress or impairment in social,
occupational, education, academic,
behavioral or other important areas of
functioning
C. The sleep difficulty occurs at least three
nights per week
D. The sleep difficulty is present for at least
3 months
E. The sleep difficulty occurs despite adequate
opportunity for sleep
Comorbidity specifiers:
With non-sleep disorder mental comorbidity
(including substance use disorders)
With other medical comorbidity
With other sleep disorder
Duration specifiers:
Episodic: symptoms last at least 1 month but
less than 3 months
Persistent: symptoms last 3 months or longer
Recurrent: two (or more) episodes within the
space of 1 year
Source:

Adapted from American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, (DSM-5). Washington, DC:
American Psychiatric Association, 2013.

rates of medical consultations and greater sick
leave, there are substantial healthcare costs that
are associated with untreated insomnia among
cancer patients.33
Insomnia also places an enormous toll on an
individual’s mood. Individuals with insomnia are
at a greater risk of developing a psychiatric disorder.11,34 Indeed, patients with insomnia report
more psychological distress, including depression,
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Type of cancer1

Younger age

Female gender
Personal or family history
of insomnia

Mood or anxiety disorder
Hyperarousability trait
Predisposing
factors

Distress regarding cancer
diagnosis or prognosis

Long-term/inappropriate
use of medications5

Cancer related symptoms2
Cancer therapies3

Precipitating
factors

Medications or
substance use/
withdrawal4

Perpetuating
factors

Maladaptive sleep behaviors6
Circadian rhythm disruption
Maladaptive cognitions7

Hospitalization

Figure 21.1 Etiological factors of cancer-related insomnia. 1, Insomnia is more prevalent in breast,
lung or gynecologic cancer; 2, E.g., cancer pain, fatigue, menopausal symptoms (night sweats or hot
flashes) or gastrointestinal and genitourinary disturbances; 3, Including radiotherapy, chemotherapy,
hormone therapy or bone marrow transplantation; 4, E.g., some antidepressants, steroids, alcohol,
caffeine or nicotine; 5, E.g., Dependence or several years of hypnotic use beyond advised limit; 6
E.g., sleep-interfering activities in the bedroom, excessive amount of time spent in bed or irregular
sleep–wake schedule; 7, E.g., faulty attitudes and beliefs about sleep, misconceptions about the
cause of insomnia or inaccurate appraisal about sleep difficulty. (Modified from Savard J, Savard
M-H. Sleep Med Clin 2013; 8(3): 373–387; Savard J, Morin CM. J Clin Oncol 2001; 19(3): 895–908;
National Cancer Institute. Sleep Disorders. http://www.cancer.gov/about-cancer/treatment/sideeffects/sleep-disorders-hp-pdq#section/all. Accessed April 24, 2015; Howell D et al. Support Care
Cancer 2013; 21(10): 2695–2706; Yue HJ, Dimsdale JE. Sleep and cancer. In: Holland JC, Breitbart W,
Jacobsen PB, Marguerite SL, Loscalzo MJ, McCorkle R (Eds). Psycho-oncology. New York, NY: Oxford
University Press, 2010; pp. 258–269; Koul R, Dubey A. Internet J Pain Symptom Control Palliat Care
209; 7(1): 1–8.)

anxiety, and substance-related problems, as well
as impairments in daytime mood and performance.11,12,35,36 For example, Davidson et al.17
found that patients with insomnia were less able to
cope with stress and complete their daily activities.
Furthermore, Fortner et al.37 showed that cancer
patients with insomnia report less energy, more
pain and greater emotional difficulties. Notably,
some researchers have criticized these results and
the lack of prospective research in the field.28 There
is indeed a bidirectional relationship in this area,
and while insomnia can contribute to triggering
or worsening conditions such as pain, fatigue,
depression, and anxiety, these symptoms can also

predispose or worsen insomnia.28 Nevertheless,
overall it is evident that insomnia is associated
with a cluster of symptoms in cancer patients that
negatively impacts physical and emotional wellbeing.12,17,29,38 Clearly, managing insomnia symptoms in cancer patients is important in order to
relieve suffering and improve quality of life.21
Despite the prevalence and consequences of
insomnia in cancer patients, this disorder is often
under-reported, under-recognized, and undertreated.28,39 In a survey of 150 patients, 44%
reported having sleep problems during the previous month; however, only 16.6% of patients who
reported a sleep problem had told their healthcare
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providers of this.40 More recently, in a study of 78
patients with serious insomnia complaints, only
four patients (5%) received a recommendation for
follow-up or reassessment of their sleep problem.41
This is a multilayered problem. Cancer patients may
not realize that insomnia is avoidable and treatable.
Patients may also assume that insomnia is a temporary response to their cancer diagnosis and treatments.24 Some cancer patients may also not discuss
their symptoms with their physician because they
do not want to detract from their physician’s focus
of treating cancer or because they do not want to
be prescribed a sleeping medication. Indeed, other
physical symptoms (e.g., pain or nausea) are discussed more frequently with physicians, oncologists, or oncology nurses. On the other hand, many
oncologists and physicians who are caring for cancer patients may not inquire about sleep problems,
and when a patient mentions a sleep complaint,
they may underestimate the importance of this
issue, assume that the insomnia is only temporary
and instead focus on other “more urgent problems.”28 Partly as a result of insomnia being underrecognized, treatment for insomnia is inaccessible
and is “currently highly limited in oncology settings.”8 Nevertheless, it is well recognized that when
insomnia causes p
ersonal distress or significant
impairment, then treatment is required.42
This chapter will provide an overview of the
assessment methods and non-pharmacological
interventions that can be used for cancer-related
insomnia. We will begin by discussing the screening
tools that are often used, as well as how and when to
assess for insomnia in cancer patients. We will then
proceed to discuss a number of non-pharmacological interventions that have been developed, adapted
and used to treat insomnia, including cognitive
behavioral therapy (CBT), mindfulness-based stress
reduction (MBSR), exercise, and yoga.14 These interventions will be described and the evidence of their
efficacy will be reviewed. We will then conclude this
chapter by discussing research gaps, as well as future
directions in order to improve patients’ access to
effective treatments for cancer-related insomnia.

SCREENING AND ASSESSMENT OF
INSOMNIA IN CANCER PATIENTS
Many researchers and clinicians have advocated for
all oncology patients to be regularly screened for

insomnia and offered appropriate treatment that
is dependent on their underlying clinical presentation.44 Screening is the initial step in identifying
and managing insomnia in cancer patients.13 It is
crucial to screen all cancer patients for insomnia
given the high prevalence of insomnia in this group
and the detrimental impact of insomnia on quality
of life.15 Furthermore, because sleep disturbances
have been shown to change throughout the cancer
trajectory, continual screening of sleep symptoms
is also important.13 Insomnia screening should
be regularly conducted in order to facilitate better triage and referral for further assessment when
appropriate.29 However, problematically, insomnia
is seldom included in routine screening of cancer
patients.14,24,45
In Canada, the revised Edmonton Symptom
Assessment System (ESAS) and the Canadian
Problem Checklist (CPC) have been largely
implemented as routine screening instruments
of psychological distress in cancer patients.46–48
However, the ESAS version that is generally used
does not contain any sleep items, but only assesses
drowsiness, a symptom that is not specific to
insomnia. Patients can report their sleep difficulties by checking “yes” on the CPC sleep item or
by identifying sleep difficulties using the “other
problem” item of the ESAS. A specific sleep item,
rated on a scale from 0 (“best sleep”) to 10 (“worst
sleep imaginable”), was added to the ESAS in a
few studies conducted in patients with advanced
cancer.49 A score of three or higher on this item
was found to be associated with a sensitivity of
74% and a specificity of 73% when compared to a
clinical score (≥5) on the Pittsburgh Sleep Quality
Index (PSQI).49
Some guidelines recommend that healthcare
providers follow up an initial screening of sleep
disturbances by asking: (i) “Do you have problems
with your sleep or sleep disturbance on average for
three or more nights a week?”; and if yes, (ii) “Does
the problem with your sleep negatively affect your
daytime functioning?”24,50 If these questions are
answered affirmatively, then a comprehensive
assessment of insomnia should follow.24,50
Two self-reported tools—the Insomnia Severity
Index (ISI) and the PSQI—have also been recommended as screening tools for insomnia in oncological clinical practice and research.50,51 The ISI
is comprised of seven questions that are rated
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cumulatively using a five-point Likert scale.52,53
The ISI is designed to evaluate the severity of
insomnia on the basis of difficulties falling asleep,
nighttime awakenings, early-morning awakenings, dissatisfaction with sleep, noticeability of
impairments, distress or worry caused by sleep
difficulties, and impaired functioning.53–55 The ISI
has been validated specifically in the context of
cancer and found to have equivalent psychometric properties.51,55,56 A score of eight or greater is
used to indicate the presence of clinical levels of
insomnia.51 The PSQI provides a measure of general sleep disturbances. It contains 19 items and
yields a global score of 0–21, with higher scores
indicating poorer sleep.44,57 The 19 items generate seven scores regarding subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep 
d isturbances, use of sleeping
medication, and daytime dysfunction.50 A total
score of five or greater is generally used to screen
for sleep disturbances.50 The PSQI has also demonstrated high test–retest reliability (0.87) and
good construct validity in cancer patients with
insomnia.58,59
A sleep diary is another subjective sleep measure that can help evaluate the severity of insomnia and inform its treatment by highlighting key
problem areas in a detailed way (e.g., use of hypnotic medications, bedtime hour, time of falling
asleep, number of awakenings, and time spent in
bed).53,60 In addition, clinical interviews, such as
the Insomnia Interview Schedule (IIS) and the
Duke Structured Interview for Sleep Disorders,
contain semi-structured questions that evaluate
multiple aspects of sleep difficulties and provide
diagnostic guidelines for insomnia.61,62
Assessment for insomnia can include multiple
sources, including the patient’s self-reported sleep
difficulty, objective information on the patient’s
behavioral and physiological manifestations of
sleep disturbances, and reports from the patient’s
significant others vis-à-vis the patient’s quality of
sleep. A comprehensive sleep assessment should
also ideally be accompanied by medical evaluation,
evaluation of emotional status, and general sleep
difficulties (i.e., Epworth Sleepiness Scale to detect
daytime sleepiness), as well as the gathering of
information regarding exercise and activity levels,
diet and use of medications or other substances so
as to rule out the presence of other sleep disorders

and comorbid problems.13,63 However, when investigating insomnia symptoms in patients with cancer, it is important for clinicians to balance the
utility of a comprehensive assessment with the
risks and benefits of cumbersome procedures and
treatments, as well as cancer patients’ willingness
and capacity to undergo lengthy evaluations.21
Indeed, a comprehensive sleep assessment is not
realistic in many settings.21

CRITICAL REVIEW OF NONPHARMACOLOGICAL
INTERVENTIONS FOR INSOMNIA
IN CANCER PATIENTS
Given the side effects of the medications used to
treat cancer and/or insomnia (e.g., residual daytime sleepiness) and the risks associated with a
long-term usage of hypnotic medications (e.g.,
dependence),57,64 there are many advantages and
great interest in using non-pharmacological interventions in the treatment of insomnia in cancer
patients.65–67 Moreover, certain behavioral therapies maintain superior therapeutic gains over time
compared to pharmacotherapy.10,68 This chapter
will discuss non-pharmacological treatments with
an emphasis on evidence-based studies specifically
targeting insomnia or sleep disturbance symptoms
among cancer populations.

CBT for insomnia
CBT for insomnia (CBT-I) is the most studied nonpharmacological intervention and is considered a
safe, effective, and the gold standard treatment for
chronic insomnia.10,66,68 The core objective of CBT-I
is to address patients’ maladaptive sleep behaviors
(e.g., spending too much time in bed) and erroneous cognitive distortions (e.g., unhelpful and faulty
beliefs about sleep; see Table 21.2). The format of
CBT-I generally varies from between six and eight
sessions and combines stimulus control and sleep
restriction strategies, cognitive restructuring, and
sleep hygiene (see an example of a CBT-I protocol
in Table 21.3).
Over the last three decades, there has been
a significant volume of research, notably metaanalyses and Cochrane reviews, including randomized controlled trials (RCTs), supporting
the efficacy CBT-I in the general population.69–73
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Table 21.2 Common maladaptive sleep habits
and erroneous beliefs specific to insomnia
comorbid with cancer
Maladaptive sleep habits
• Excessive time spent resting or in bed
• Daytime napping, often encouraged by
treatment team and family to “get rest and
sleep”
• Engaging in non-sleep-related activities in bed
• Irregular sleep–wake schedule
Erroneous beliefs
• “If I don’t sleep well, my cancer will come
back” → increased arousal and performance
anxiety → “I really need to sleep (well and
more) tonight”
• “I need to sleep more to recuperate” →
daytime napping → irregular sleep schedules
Sources: Adapted from Savard J, Savard M-H. Sleep
Med Clin 2013; 8(3): 373–387; Savard J,
Morin CM. J Clin Oncol 2001; 19(3): 895–908;
Espie CA. Annu Rev Psychol 2002; 53: 215–
243; Howell D et al. Support Care Cancer
2013; 21(10): 2695–2706.

Clinically and statistically significant improvements have been c onsistently reported in subjective and objective sleep measures such as time
to sleep onset, time awake after sleep onset, and
duration of awakenings at night. Additionally,
participants also report clinically and statistically significant benefits on secondary outcomes,
including decreased psychological distress and
improved quality of life, with benefits lasting for at
least 6 months post-treatment.72,74–76
Since 2000, there has been a growing literature
of insomnia studies among patients with a cancer
diagnosis.8,77 The common faulty and dysfunctional beliefs about sleep, as well as the maladaptive
sleep behaviors of cancer patients, are generally
quite similar to those reported among individuals with insomnia with no comorbid conditions.
One notable distinction is that many cancer
patients are often encouraged by health professionals and their support system to “get rest and sleep”
in order to recuperate post-cancer treatments.
In the long term, excessive daytime napping and
spending too much time in bed can significantly
alter sleep and sleep–wake cycles. Also specific to
the cancer population are maladaptive, erroneous

beliefs, such as “If I don’t sleep well, my cancer will
come back,” which can increase arousal and performance anxiety at bedtime (e.g., “I really need
to sleep tonight”). Some cancer patients also state
that the “whys” (e.g., Why me? Why now? Why are
other women in remission and not me?) are often
prevalent nighttime thoughts that make it difficult
to “shut off” and fall asleep. Other concerns and
deeply entrenched fears about survival and death
include “how will this end?”, “how much time do
I have left?” or “how will my family and friends
cope without me?”78,79 Importantly, as time passes
and the patient realizes that death is less of an
imminent threat or that they are surviving their
cancer, cancer patients express wanting to return
to a regular sleep routine, but have “forgotten how
to sleep.”
The efficacy of CBT-I in the context of cancer
has been reviewed and shows similar success and
efficacy as in the general population.8,77 One of the
first quasi-experimental studies found subjective
improvements in the number of nighttime awakenings, sleep efficiency, and global sleep quality
among cancer survivors following a 6-week treatment program of CBT-I.80 Two additional uncontrolled CBT-I studies among breast or mixed
cancer type patients similarly reported significant
improvements in subjective and objective measures
such as sleep efficiency, total wake time, and sleeponset latency as measured using sleep diaries and
polysomnography or actigraphy.81,82 These promising findings encouraged researchers to conduct
RCTs. In a recent review,77 eight RCTs of CBT-I
were described and examined.77,83–89 Five studies’
populations consisted of breast cancer patients, and
three studies were of men and women with mixed
cancer diagnoses. Seven studies included men and
women who had completed their cancer treatments.
The review reported that CBT-I treatment varied in
format and modality: treatment length ranged from
5 to 9 weeks; four treatments were face-to-face,
group-based formats, while four were individualbased interventions, with one being internet-based.
Control groups also varied, with four studies comparing to waitlist controls, two studies comparing
to treatment as usual, and two studies comparing to
active treatment groups.
In the largest RCT, comparing standard CBT-I
with usual care, Espie et al.88 found significant
improvements in insomnia and nighttime wakefulness, with results persisting for at least 6 months
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Table 21.3 An example of a cognitive behavioral therapy for insomnia protocol
Week
1
2

3

4

5
6

Treatment content
Presentation of basic information about sleep and insomnia.
Introduction of stimulus control therapy and sleep restriction strategies. Stimulus control
therapy aims to re-associate the bed and the bed environment with sleep and to establish
a regular sleep–wake rhythm by following a specific set of guidelines such as “Go to bed
only when you feel sleepy” and “When unable to fall asleep within 20–30 minutes, get out
of bed, leave the bedroom and return to bed only when sleepy.” Sleep restriction aims to
curtail the time in bed to the actual sleep time, thereby resulting in more consolidated and
efficient sleep. Time in bed is progressively increased as sleep efficiency improves during
treatment.
Introduction of cognitive restructuring strategies. Explanation of the cognitive model of
emotions and of the five-column technique for restructuring negative automatic thoughts.
Patients are guided in identifying their automatic thoughts, challenging the validity of
these thoughts and reframing them into more adaptive substitutes.
Identification and revision of dysfunctional beliefs about sleep, sleep difficulties and the
impact of these sleep difficulties on patients’ daily functioning (e.g., “I need 8 hours
of sleep to recuperate from my treatments”; “If I do not sleep well, my cancer will
come back”).
Information about sleep hygiene (i.e., effect of environmental factors and health behaviors on
sleep) and information about the appropriate usage of hypnotic medications.
Evaluation and maintenance of treatment gains and relapse prevention strategies.

Source: Adapted from Garland SN et al. Sleeping well with cancer: A systematic review of cognitive behavioral
therapy for insomnia in cancer patients. Neuropsychiatric Dis Treat 2014; 10: 1113–1124; Savard J, Morin
CM. Insomnia in the context of cancer: A review of a neglected problem. J Clin Oncol 2001; 19(3):
895–908.

among 150 mixed diagnosis cancer patients. CBT-I
was also associated with increased quality of life
and reduced daytime fatigue. Similar successful
outcomes were reported in the seven RCTs.77 In
a recent comparative efficacy study of 96 cancer
survivors, armodafinil (a psychostimulant) did not
improve the reported efficacy (i.e., reductions in
insomnia severity and improvements on the PSQI)
when it was given in combination with CBT-I.90 In
addition, the efficacy of armodafinil alone was not
very different from that shown by placebo alone.
These results indicate that CBT-I is a mainstay and
that there appears to be no unique or added benefit
associated with this medication for treating cancer-related insomnia.

Mindfulness-based stress reduction
Other non-pharmacological interventions that
have been studied for the treatment of insomnia include relaxation treatments and relaxation
training (e.g., progressive muscle relaxation or

autogenic training). Although relaxation training is sometimes a component of CBT-I and other
interventions, CBT-I demonstrates larger effects
compared to relaxation training as a standalone
treatment.77,93 One treatment that has garnered
much attention is MBSR because of its efficacy for
improving symptoms of stress, mood disturbance,
and high levels of psychological distress.94,95
MBSR is one of the most studied and practiced
forms of mindfulness. MBSR is a structured treatment modality that is utilized to decrease stress by
means of psycho-education, mindfulness mediation, body scan sensory awareness experience, and
gentle hatha yoga.96 Typically, the treatment lasts
8 weeks (2.5-hour sessions) and often includes
one full-day “silent” retreat.97 Despite the primary
goal of stress reduction, MBSR has been shown
to be efficacious and beneficial for the reduction
of numerous symptoms among individuals with
many medical conditions, psychiatric and physical, including cancer (for reviews and meta-analyses, see94,98–101).
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Examining the relationship between the global
construct of mindfulness and symptoms of
insomnia was motivated by Lundh’s102,103 earlier
conceptualization of insomnia, which incorporates aspects of mindfulness. The core tenant of
mindfulness is that thoughts and experiences are
brought into the present moment in a nonjudgmental fashion.98,104 Mindfulness can be applied
more generally as a way of “being in the world”
and more specifically as a discrete, pragmatic practice. As such, mindfulness practice can be applied
in either formal or informal meditation practice,
such as simply remembering to be present, and
as a nonjudgmental attitude as one goes about
their daily tasks. Lundh102,103 explains that there
is a theoretical relationship between mindfulness and insomnia, whereby mindfulness enables
cognitive deactivation and in so doing decreases
cognitive rumination and arousal, which in turn
allows for improved sleep quality (i.e., decreasing
the likelihood of insomnia symptoms). Moreover,
the level of mindfulness would theoretically influence the impact that stress has on an individual.
For example, if one were to have an accepting
and nonjudgmental disposition, then one would
have a decreased psychological and physiological
response to stress.
In the context of cancer, the hypothesis that
mindfulness is related to insomnia was first indirectly evaluated.105,106 Earlier research showed that
greater mindfulness is associated with decreased
stress and improved sleep quality among mixed
cancer populations (see Smith et al.107 for a
review).105–111 Long-term follow-up studies examining physiological biomarkers demonstrated
continuing decreases in overall cortisol levels
following MBSR programs, primarily due to
decreases in evening cortisol levels, which tend to
support better sleep–wake patterns.112
Some of the earlier uncontrolled studies showed
promise for MBSR as a sleep-enhancing intervention. Carlson et al.105 evaluated a MBSR intervention among cancer patients (primarily breast
cancer) and found significant improvements in
overall quality of life and sleep quality. At the
start of treatment, 40% of their sample reported
poor sleep quality, whereas only 20% reported
poor sleep quality at the end of treatment.105
Similarly, Carlson and Garland106 evaluated an
8-week MBSR intervention among a heterogeneous sample of cancer patients. They found

significant improvements in sleep quality (PSQI),
stress (Symptoms of Stress Inventory), mood (the
profile of mood states [POMS]), and fatigue (POMS
subscale).106 Given the lack of control groups in
these studies, the improvements in reported sleep
quality could be attributable to other factors of
the MBSR intervention (e.g., psycho-education) or
regression to the mean. Moreover, an earlier MBSR
study that utilized a control group design did not
find significant differences in sleep functioning
among breast cancer patients in the MBSR group
relative to a placebo group (whereby participants
chose stress management techniques such as talking to a friend, exercise, or taking a warm bath).113
Nevertheless, both groups produced significant
improvements on daily diary sleep parameters,
and the authors explain that the “control condition in retrospect had many active treatment
features.”113 Furthermore, the authors found that
even though being assigned to MBSR did not predict significant improvements, practicing mindfulness techniques was associated with feeling more
rested (as reported through sleep diaries).
In a recent RCT, 317 adults with a non-
metastatic cancer diagnosis who had completed
chemotherapy and radiation treatments for at least
1 month and met the diagnostic criteria of clinical
insomnia compared the efficacy of mindfulnessbased cancer recovery (MBCR; an adaptation of
MBSR for cancer patients) and CBT-I for improving sleep.84,114 The study used a non-inferiority
design to test whether the novel treatment for sleep
(MBCR) was as good as the gold standard (CBT-I).
The results indicated that both treatments had clinical efficacy on a variety of sleep outcome measures.
MBCR was initially significantly inferior to CBT-I
for improving insomnia severity immediately after
the program terminated, but MBCR demonstrated
non-inferiority at the 3-month follow-up. At follow-up, sleep-onset latency was reduced by 22 minutes in the CBT-I group compared to 14 minutes
in the MBCR group. Total sleep time increased by
0.60 hours for CBT-I and 0.75 hours for MBCR.
Both treatment groups reported reduced stress and
mood disturbance, whereas only CBT-I participants
experienced improvements in their sleep quality (on the PSQI) and dysfunctional sleep beliefs
(on the Dysfunctional Beliefs and Attitudes about
Sleep Scale). Importantly, the authors concluded
that CBT-I was superior, as this treatment modality resolved sleep difficulties faster than MBCR.84,114
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Physical exercise and yoga
Moderate-intensity aerobic exercise (e.g., walking
or some forms of yoga) is another type of nonpharmacological treatment that can reduce insomnia symptoms in cancer patients.115 Exercise may
promote sleep and decrease insomnia symptoms
by triggering a decline in body temperature in
the evening (i.e., the thermogenic effect), impacting circadian rhythms, improving inflammatory immune responses or through the release of
serotonin and the resulting amelioration of a nxiety
or depression.116,117 In the general population, a
handful of studies have suggested that walking
and yoga can reduce insomnia.116,118–120 In cancer
patients, the risk of inactivity is greater as cancer
treatments often lead to a reduction of physical
activity, which results in physical deconditioning
and the potential for impaired sleep.117
A systematic review by Howell et al.24 examined best practices in the management of sleep
disturbances in adults with cancer and identified a few studies that evaluated the efficacy of
exercise therapy in cancer patients.121–124 Three
RCTs have examined home-based aerobic exercise interventions.121–123 Payne et al.121 evaluated a
home-based moderate-intensity walking intervention (20 minutes a day/four times a week) in breast
cancer patients who were receiving hormone
therapy. They found that, compared to waitlisted
controls, participants in the walking intervention
had improved sleep on the PSQI, as well as shorter
wake times and less movement as demonstrated
by actigraphy.121 Similarly, Tang et al.122 found
that, compared to usual care controls, a homebased walking intervention (30 minutes a day/
three times a week) significantly improved sleep
quality (on a translated PSQI) in a mixed group of
cancer patients. Lastly, Sprod et al.123 evaluated a
home-based exercise program that included progressive-intensity walking and resistance training
components for breast and prostate cancer patients
during radiation therapy. They found better selfreported subjective sleep quality (on the PSQI),
reduced sleep-onset latency, and increased sleep
efficiency post-intervention in the exercise group
versus the control group.123
Components of exercise have been incorporated
into other non-pharmacological interventions.
Most notably, gentle yoga is a predominant aspect of
MBSR and is considered one of many “mindfulness

modes of exercise.”105,125,126 Nevertheless, there
has also been a number of evaluations of yoga as
a standalone treatment.125 For example, Cohen
et al.124 conducted a RCT on a Tibetan yoga intervention (of 7 weeks) in patients with lymphoma
who were either receiving chemotherapy or had
received chemotherapy within the past 12 months.
They found that patients in the intervention group
reported significantly lower sleep disturbance
scores, including better subjective sleep quality (on
the PSQI), shorter sleep latency, longer sleep duration, and less use of sleep medications compared
to waitlisted controls.124 Conversely, Bower et al.127
evaluated the effects of yoga on sleep problems.
Although they found that fatigue significantly
declined as a result of yoga, they did not find significantly greater effects on subjectively assessed
sleep (on the PSQI) in the yoga intervention compared to the health education control group.127
Recently, Mustian et al.128 published a multicenter RCT that examined the effects of yoga on
insomnia in mostly female cancer survivors suffering from a sleep disturbance at between 2 and
24 months after surgery, chemotherapy, and/or
radiation therapy. The Yoga for Cancer Survivors
(YOCAS) program consisted of two 75-minute
weekly sessions of gentle hatha and restorative
yoga for 4 weeks.128 Individuals who participated
in the YOCAS program (n  =  206) showed a significantly greater reduction of PSQI scores at postintervention compared with individuals receiving
standard care (n  =  204).128 Yoga participants also
significantly decreased their use of sleep medications by 21%, while control participants increased
their use by 5%.128 Moreover, greater improvements in wake after sleep onset and sleep efficiency,
as measured objectively with actigraphy, were also
found in yoga participants.128
An increasing number of clinical trials have
found that cancer patients’ sleep improved as
a result of moderate-intensity aerobic exercise.
However, few trials report statistically significant
results.24 Although the potential for yoga and walking interventions to assist with insomnia in cancer patients is very promising,129 future research
is required in larger and more diverse samples.
Indeed, Howell et al.24 conclude that “[w]hile exercise may have beneficial effects on sleep quality in
individuals with cancer, the evidence is inconclusive due to quality biases and the lack of identification of clinically significant levels of insomnia at
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baseline.” Hence, it is still unknown whether these
interventions can treat clinical insomnia.

FUTURE DIRECTIONS FOR
RESEARCH AND CLINICAL
PRACTICE
One of the notable challenges for cancer patients
is accessibility to effective insomnia treatments,
as they may not want to remain at the cancer center beyond their medical treatment or they may
be too weak to leave their homes. The number of
treatment sessions can also be difficult for cancer
patients who are receiving ongoing cancer treatments. Additionally, embedding CBT-I within a
cancer hospital or center—where there is often
a lack of mental health professionals trained in
CBT-I and associated costs—makes implementing routine CBT-I problematic. These difficulties
point to the opportunity for self-administered
interventions.8
Earlier small-scale studies found a video- and
an Internet-based CBT-I to be feasible and to lead
to promising outcomes.86,130 More recently, a RCT
conducted in 242 women with breast cancer showed
that a video-based CBT-I (VCBT-I) was a highly
valuable alternative to a professionally administered
CBT-I (PCBT-I), although PCBT-I proved to be the
optimal delivery format.142 More specifically, at
post-treatment, both PCBT-I and VCBT-I were associated with significantly greater improvements in
most subjective sleep variables and in dysfunctional
beliefs about sleep as compared to a no-treatment
condition. However, greater reductions of ISI scores,
early-morning awakening, depression, fatigue, and
dysfunctional beliefs about sleep were observed in
PCBT-I patients as compared to VCBT-I patients.142
Remission rates of insomnia were also larger in
PCBT-I than in VCBT-I at that time point.142
In another study, Casault et al.131 tested the efficacy of a self-administered minimal CBT-I (mCBTI) intervention, offered in bibliotherapy format,
combined with three brief phone consultations
for treating acute insomnia comorbid with cancer
(i.e., duration of less than 6 months). The results
indicated that on all sleep measures (i.e., ISI, sleeponset latency, sleep efficiency, total wake time, wake
after sleep onset, and total sleep time) there was a
significant improvement from before to after treatment for the mCBT-I group, whereas no significant
changes were reported in the control group. There

was also a decrease in the average hypnotic medication usage from pre- to post-treatment. Therapeutic
gains were maintained up to 6 months post-intervention. Interestingly, mCBT-I was also associated
with a significant decrease of anxiety and depressive symptoms, maladaptive sleep habits and erroneous beliefs about sleep, as well as a significant
improvement in subjective cognitive functioning.
These results highlight that a minimal intervention delivered early on may suffice to treat acute
insomnia in cancer patients. Future studies should
examine whether mCBT-I could offer patients a
reasonable, comprehensive and affordable intervention by examining not only the efficacy, but also
the cost-effectiveness of these therapies in large
RCTs.8 Prevention studies using mCBT-I in highrisk individuals are also warranted.
This chapter has focused on CBT, MBSR,
exercise, and yoga. In the future, more controlled
studies with large sample sizes are required in
order to evaluate the impact of alternative therapies that may improve insomnia in cancer patients,
including: bright-light therapy, expressive therapy,
expressive writing, healing touch, autogenic training, massage, acupuncture, aromatherapy, music
therapy, hypnotherapy, and guided imagery.24,132–134
A number of low-quality studies have investigated
the evidence of these treatments; however, greater
evidence is required for establishing these treatments as evidence-based psychotherapies.134–138
Future RCTs should be large enough to begin
to investigate important differences in cancer stage, cancer type, gender, and other socio-
demographics. It would also be important for
future research to investigate cancer patients’
preferences for how and where they would like to
receive psychotherapeutic treatments for insomnia
(i.e., the acceptability of interventions at different
points of the cancer continuum). Furthermore, it
is also important to better understand the acceptability of psychotherapies among oncologists. For
example, McCall et al.139 investigated the knowledge, attitudes, beliefs, and referral practices of
oncologists in relation to yoga and found that only
a small number of oncologists currently recommend yoga to their patients. Research that surveys
patients and oncologists is important for better
understanding the barriers to psychotherapeutic
intervention for insomnia in cancer patients.
CBT-I and MBSR are multicomponent interventions, and it is therefore important to examine
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which elements are necessary to improve insomnia and sleep disturbance symptoms among cancer populations, particularly when resources are
scarce and highly coveted. For example, it would
be important to compare exercise or yoga alone
compared to exercise that is incorporated within
a full MBSR treatment. Furthermore, exercise and
yoga are ubiquitous terms that describe extremely
diverse practices.129 For example, while Mustian
et al.117 identified 11 clinical trials of yoga for
insomnia and sleep difficulties in cancer patients,
the interventions studied varied tremendously in
the number of classes offered, length of sessions,
type of yoga postures and poses practiced, intensity
of practice, and the population studied. Isolating
components and subtypes of interventions that
are especially potent will provide patients with
the biggest payoff. It would also be useful to determine whether non-pharmacological interventions
for insomnia could concurrently address other
cancer-related symptoms that are associated with
insomnia (e.g., hot flashes, fatigue, and pain) in
order to increase treatment efficacy.8
Lastly, more clinical studies are needed in order
to assess the efficacy of non-pharmacological interventions so as to improve the sleep of patients with
advanced cancer. Patients with advanced cancer
have high rates of sleep disturbances, which include
insomnia and excessive daytime sleepiness.49,140,141
These patients typically use a number of medications to treat various symptoms (e.g., pain), leading
to several side effects. To be able to improve sleep
without the recourse to another medication would
be extremely advantageous for these patients.

CONCLUSION
This chapter provided an overview of the assessment and treatment of sleep disturbances in cancer
patients. It demonstrated that insomnia is highly
prevalent in patients with this medical condition. Given the significant toll of insomnia on the
patients themselves, as well as on society, systematic screening of this condition in cancer clinics is
crucial. Several tools are available, including some
very brief ones. When insomnia is detected, it is
important to offer an appropriate intervention.
While pharmacotherapy is still the most commonly
used treatment, CBT-I is considered the treatment
of choice for chronic insomnia, and its efficacy in
the cancer context is now well established. One

problem with CBT-I is its low accessibility. Selfadministered interventions have been developed
and have shown positive outcomes. Other nonpharmacological interventions have shown some
promise for improving cancer-related sleep disturbances, but comparative studies with CBT-I, for
instance, are lacking. In one of the few comparative studies, MBSR was found to produce significant sleep improvements, but these improvements
were considered statistically inferior as compared
to CBT-I at post-treatment. Some benefits have
also been found with physical exercise, but studies have generally included patients who do not fit
the criteria of clinical insomnia at baseline. Hence,
it is unknown whether physical activity programs
are potent enough to treat clinical levels of insomnia in cancer patients. Nonetheless, these alternative treatment options may be considered when
patients do not wish to receive CBT-I, do not have
access to CBT-I, or have a particular interest in
mindfulness-based approaches or exercise/yoga.
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