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I would like to dedicate this foreword to Dr
Leonid Kayumov who recently committed suicide. 
Dr Kayumov had made valuable contributions to
this field but in a situation of considerable stress
developed a psychosomatic illness and depression.
We (his colleagues) who knew his abilities mourn
his death.

A recent Australian study entitled ‘Factors Pre-
dicting Sleep Disruption in Type II Diabetes’1

opens with the statement ‘a rapidly growing body
of evidence suggests that sleep complaints are par-
ticularly common in patients with medical illness’
and cites a study I coauthored.2 This growing
awareness of the inter-relationship between sleep,
psychiatry and medical illnesses is at the core of
this book. The surge in interest in the relationship
between sleep and psychosomatic illness is attested
to by the number of articles in three key psycho -
somatic journals. In the last five years there have
been 77 publications in the Journal of Psychoso-
matic Medicine specifically referencing sleep in the
title. In Psychosomatics the number is 12, in the
same period in the Journal of Psychosomatic
Research (perhaps because of a favorable bias by
the editor) the number of sleep related papers has
been 175. Of course, the publication of articles
that report on the interface between sleep issues
and general medicine is not restricted to these

journals and probably the vast majority of papers
are either published in specialty journals or in gen-
eral sleep journals. An example of this would be
the subject of obesity, diabetes and the relationship
of these issues to sleep and sleep disruption are pre-
dominantly in the ‘diabetes literature’3–5 rather
than in the psychosomatic literature.

With the explosion of interest in sleep and the
rapid broadening of the scope of the discipline of
sleep, it would be almost impossible for a book
entitled ‘Sleep and Psychosomatic Medicine’ to be
comprehensive. However, this volume certainly
provides a broad sweep of many of the major 
topics that are relevant for the clinician and theo-
reticians dealing with the sleep–psychosomatic
interface. 

The timely and taut chapter on ‘Infection and
Sleep’ states in the conclusion ‘Infectious disease
and sleep appear to exert bi-directional influences
on each other via effect on the immune system’.
This observation by leaders in the field is notable
in that the first part of that statement could be
applied to many psychosomatic related issues. The
issue of obesity and sleep has received much atten-
tion lately and there is clearly a 
bi-directional impact. The notion that cardio-
vascular health might influence sleep and sleep
may influence cardio-vascular health is gaining

Foreword
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xiv FOREWORD

momentum6 and there are many other areas where
the same might be said to apply. For example,
Boethel7 states ‘it now appears that in addition to
causing daytime drowsiness, cardio-vascular disease,
mood and memory disturbances, impotence and
car wrecks, obstructive sleep apnea also promotes
insulin resistance’. This observation clearly marks a
broadening of the understanding of the role of
sleep in psychosomatic disorders. In a delightfully
worded introduction Rains et al with a multicen-
tered authored chapter entitled ‘Sleep and
Headache Disorders’ point to some early observa-
tions by Wright in 18718 that recognized the role
of sleep in ‘both provoking and relieving head -
aches’. They go on to point out that the mecha-
nisms are not well defined but that Paiva et al9 has
formulated the hypothetical associations that may
occur between sleep and headache. The two
important points that ‘headache may be a cause as
well as a consequence of sleep disorder or distur-
bance’ and that ‘the value of sleep regulation is a
key component of head pain management for a
substantial proportion of headache sufferers’ are
well worth noting.

The chapter on Stress and Sleep opens with
three references by authors from three conti-
nents.10–12 The personal relevance has been that I
have published with each of these authors and it
makes one appreciate that the theme of stress is cen-
tral to much of what is published in the psychoso-
matic field and that it is a very international pursuit.

Hirshkowitz and Sharafkhaneh in their chapter
on Sleep and Respiratory Disorders take a more
medical than psychosomatic perspective. They do
note the impact of nocturnal asthma in causing
decreased sleep efficiency, increased awakenings
during sleep, daytime tiredness and impaired cogni-
tive functioning. The sections on asthma and chro -
nic obstructive pulmonary disease are particularly
helpful but the psychosomatic dimension is only
cursorily mentioned. One of the intriguing aspects
of nocturnal asthma (sleep related asthma) is that
it was described in 1698 by Floyer13 who wrote: ‘I
have omitted to mention this, that my fits never
feize me but in the Night, and then awake me with

a heavinefs and fo grow worfe and worfe immedi-
ately. I am always moft eafy when I am Lac’d, and
my fit goes frequently off on a fudden, fo as to be
perfectly well in half an hours time’ and was effec-
tively rediscovered by Turner-Warwick in the mid
1970s14 and with further advances in this field
since.15 The learning point being that physicians
often deal with their patients during the day and
patients with nocturnal asthma were not examined
to allow their condition to be clearly identified.
There is a literature on the lack of dream recall or
awareness in patients with asthma 16,17 and the
possible role of REM sleep in triggering nocturnal
asthma attacks. The latter may lead to treatment
interventions which have not been systematically
explored.

The last comments are put into a context by
the detailed review by Kramer and Nuhic on
Dreaming in Psychiatric Patients which comes to
the minimalistic conclusion that ‘the mysteries of
psychosis have not been revealed through the study
of dreams’ but that particularly in relation to
depression and post traumatic stress there is a
‘greater body of scientifically credible information
about dreaming in a field that is fraught with lack
of scientific rigor’.

In the laudable wide ranging chapter on 
psychosocial socio-economic and public health
considerations in Narcolepsy, the authors provide
some practical management approaches stating
that along with medications prescribed by physi-
cians, the psychosocial management of the impact
of the clinical symptoms, diagnosis, and treatment
needs to be provided by special counselors. Many
psychiatrists and psychologists might view nar-
colepsy as a neurological disorder and at least twice
in this chapter the authors make that statement. I
in fact think that Narcolepsy is perhaps par excel-
lence a psychosomatic disorder. There clearly is a
genetic basis but in addition twin studies point to
an environmental contribution and the role of stress
as a triggering factor of narcolepsy is unfortunately
omitted from this chapter. A similar claim could
be made for Tourettes Syndrome which also 
has clear biological and psychological inputs but
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does not merit an independent chapter in this
monograph. 

The issue of alertness rather than sleepiness
could have been a greater focus in the description
of narcolepsy but there is perhaps still insufficient
information dealing with this facet of narcolepsy
in particular and in sleep related psychosomatic
disorders in general.18 The issue of driving which
has implications for alertness and sleepiness is 
discussed and one anticipates will be an area of
greater concern in the field of psychosomatic med-
icine in the future.19

The chapter on Sleep and Coronary Artery
Disease takes a more purely medical perspective
and no attempt at what might be viewed as the
softer science of dream implications which have
been documented in literature20,21 is attempted.
Unfortunately, a replication of the study by
Smith21 has not to the best of my knowledge been
attempted. The authors of this chapter do however
note the circadian variation in coronary deaths
with differences in patients with and without sleep
disorders.22,23 The implications of sleep being a
dangerous time24 as well as a restorative time25

needs to be grappled with both in the general 
medical sense and in the psychosomatic sense.

This seeming paradox is compounded by the
observation in the chapter ‘Sleep Deprivation as an
Antidepressant’ in which the phenomenon of sleep
restriction has had beneficial effects in terms of
change in mood whereas for most patients who are
not depressed, the loss of sleep clearly leads to an
increased likelihood of depression.

In focusing on the interrelationship between
sleep and gastrointestinal functioning Chen et al
very usefully provide the physiological changes in
sleep which have clinical consequences and practi-
cal treatment interventions that arise from this
knowledge. This chapter is peppered with useful
insights and references, for example to the obser-
vation that sedating drugs such as benzodiazepines
and alcohol prolong acid clearance during sleep26,27

and so one could intuit that something that might
be viewed as sleep promoting can in fact have an
impact on the bowel and create a secondary cause

for sleep disruption. The authors delve into the
more psychosomatic realm of Irritable Bowel Syn-
drome noting that many studies that observe sleep
disruption in this population but also noting the
contradictory nature of the findings. The insight-
ful synthesis that these authors come to is that
‘there are central nervous system alterations in
patients with functional bowel disorders and that
these alterations are perhaps uniquely identified
during sleep’. Our own research has shown that
patients with dyspepsia have more sleep difficulties
and greater daytime fatigue.28

The review on sleep and neurological disorders
unfortunately notes at the beginning that for rea-
sons of space it is limited to discussing three topics,
Parkinsons, stroke and traumatic brain injury but
there is nary a mention of the psychosomatic
aspects of these disorders. The topic is potentially
too broad to be comprehensively reviewed and
even in this limitation key papers of note e.g.29–31

are omitted. This notwithstanding the chapter
provides a useful introduction to these areas.

The chapter on ‘Sleep and Depression: A Func-
tional Neuroimaging Perspective’ by Nissen and
Nofzinger provides an exciting sweep through cur-
rent developments in Neuroimaging and how the
information in this area might inform our under-
standing of both sleep and mood and the inter -
action between the two. This research has built on
the studies in the 1970s and 1980s on regional
change in cerebral blood flow (e.g.32) and the neuro-
imaging studies especially in the 1990s (e.g.33).
The clarity of this chapter makes it accessible to all
psychiatrists, not only those interested in psycho-
somatics and one anticipates will be much quoted.
The breadth of the implications of the research
these authors describe is emphasized in their final
sentence, ‘Eventually this approach may help to
characterize brain processes and the clinical symp-
tomatology in depression on an individual level,
and may guide the development and individual
application of therapy including medications,
psychotherapy and other therapies’.

It is useful in a monograph such as this that
there are a couple of chapters specifically devoted
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to treatments. The chapter on medication effects
on sleep provides some useful tables although not
everyone would agree with all the specifics cited in
the tables and they are not referenced. It does how-
ever, give an overview. The content of the chapter
has some notable omissions. For example, most
would think that a small section on cataplexy
should not only mention a single less used agent.

By contrast the review on Behavioral Interven-
tions for Sleep Disorders by Yang is a tour-de-force
which will act as a ready primer for most clinicians
needing to get an overview of this area. The clear
documentation of the five categories of dysfunc-
tional cognitions about sleep into (a) misconcep-
tions regarding the causes, (b) misattributions or
amplifications of the consequences, (c) unrealistic
sleep expectations, (d) diminished perception of
control, and (e) predictability of sleep is helpful
and pivotal in the therapy.34

The potential for group therapy as a treatment
modality is underemphasized35 and the persevera-
tion of referring to ‘sleep restriction therapy’ when
reference to it being more accurately described as
‘bed restriction’ has been made in the literature36 is
somewhat frustrating. The recognition of the role
of behavioral interventions to facilitate compliance
with treatment is an important issue in many psy-
chosomatic disorders and this chapter gives due
emphasis to this facet. 

The chapter by Keshavan concerning sleep
alterations in schizophrenia provides a balanced view
of current knowledge and the potential of studies in
this area. It does not have a heavy psychosomatic
slant but is a useful complement to the chapter on
neuroimaging in depression mentioned above.

This slightly lengthy foreword has attempted to
give an overview of the unevenness of the informa-
tion contained in this book on psychosomatic
aspects of sleep. Clearly a field in its infancy and one
can anticipate that it will develop rapidly. Ten years
ago when a fellow of mine initiated a study on sleep
patterns in cancer there was only a single small study
in the literature. Currently there is an explosion of
interest for both clinical and fundamental research
reasons in this subject. The absence of a chapter

dealing with Nephrology or Obesity or Diabetes is
notable but perhaps an indication that as the field
develops and matures there will be a better synthe-
sis and understanding of what the psychosomatic
aspects of sleep disorders might reveal and the
treatments that might be useful specifically at this
interface between psychiatry, sleep and medicine.
The editors are to be complimented for producing
this first in the field.

Colin M Shapiro BSC(HON) MBBCH PHD MRCPSYCH

FRCP(C)

Professor of Psychiatry and Ophthalmology
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Preface

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 philoso-
phy of the editors that the aspects of psychoso-
matics should be well understood so as to produce
skilled sleep practitioners. Sleep and psychoso-
matic medicine is an intensely personal, inherently
interesting, and fascinating field of medical science.
Its subject matter touches all facets of our health
and well-being, particularly in the sleep field; it
overlaps with neuropharmacology, pharmacology,
psychiatry, 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 read-
able 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 
rese archers, general and neuropharmacologists,
psychiatrists, and physicians who evaluate and
treat sleep disorders. In addition, the volume will

be extremely useful for pharmacologists, pharma-
cists, 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 under-
stood manner. The book presents topics of current
interest, ranging from attachment disorders to
personality disorders and stress and 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 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.
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Sleep and gastrointestinal functioning

Chien-Lin Chen, William C Orr

INTRODUCTION

Interest in sleep and gastrointestinal (GI) func-
tioning has increased substantially over the past
several years. These discoveries have led to a
remarkable broadening of the focus and impor-
tance 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 the relationship to GI dis-
orders during sleep will be reviewed.

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 duo-
denal ulcer disease. Patients may also have awaken-
ings from sleep with symptoms that ostensibly are
not related to GI disorders. For example, individu-
als may complain of sleep disruption secondary to
awakening from sleep with chest pain, heartburn,
or regurgitation into the throat. Asthmatics may be
awoken from sleep by 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
noted primarily 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 discon-
certing dimension to the symptom include noctur-
nal diarrhea, fecal incontinence, chest pain, and
the respiratory disorders noted above. Although a
denial of symptoms thought to be related to GI
problems such as GER does not necessarily pre-
clude the occurrence of the sleep-related abnor-
malities, a positive symptom history would
enhance the probability of the existence of a noc-
turnal GI disorder, as may be the case in patients
with functional bowel disorders such as irritable
bowel syndrome (IBS) and functional dyspepsia.

Nocturnal acid secretion

Patients with duodenal ulcer disease maintain a cir-
cadian pattern of gastric acid secretion, and studies
have shown that the levels of secretion are
enhanced.2 The study by Feldman and Richardson2

showed 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, the study by Orr 
et al3 demonstrated a failure to inhibit acid during
the first 2 hours of sleep in patients with duodenal
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ulcer disease. Multicenter trials with bedtime
administration of histamine H2 receptor antago-
nists have documented the efficacy of healing duo-
denal ulcers through nocturnal acid suppression.4, 5

These studies uniformly documented that duo-
denal ulcer-healing rates were at least as good with
a once-a-day, bedtime dose of these potent acid-
suppressing compounds as with the more conven-
tional multiple daily dosing regimens. Howden et al6

reviewed the published data on nocturnal dosing of
H2 receptor antagonists in more than 12 000
patients with duodenal ulcer disease. They con-
cluded that nocturnal dosing showed a clear advan-
tage 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 duo-
denal ulcer suggest that nocturnal acid suppression
is not only sufficient but also necessary for duo-
denal ulcer healing. In a study by Gledhill et al,7 it
was demonstrated that a reduction in nocturnal
acid secretion through parietal cell vagotomy pro-
duced an enhanced healing rate in patients who
were unresponsive to conventional cimetidine
treatment. In a similar study by Galmiche et al,8 20
patients with duodenal ulcers who were resistant to
conventional cimetidine treatment received 150 mg
ranitidine twice daily for 6 weeks. They demon-
strated that the ulcer was healed in 8 patients,
whereas it remained unhealed in 12 patients.
Patients whose ulcer healed had a substantial sup-
pression of nocturnal acid secretion, whereas
patients whose ulcer again failed to heal maintained
a nocturnal peak in gastric acid secretion. A subse-
quent study found that in persons who had had a
parietal cell vagotomy, nocturnal acid secretion was
significantly greater in those who experienced ulcer
recurrence than in those who did not.9 Further sup-
port for the important role of nocturnal acid secre-
tion 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.10,11 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 pro-
ducing nocturnal acid suppression. A study actually
documenting effective nocturnal acid suppression
by 150 mg ranitidine at bedtime was reported by
Santana et al,12 who concluded that it might be
relevant to the pathogenesis of duodenal ulceration
that the short-lived decrease in nocturnal acidity
observed in their study was sufficient to prevent
relapse of ulceration in most patients.

Gastroesophageal reflux during sleep

GER, particularly with its familiar symptom of
heartburn, is recognized as a common pheno -
menon. Most normal people will experience occa-
sional bouts of heartburn. About 7% of the
normal population experiences heartburn nearly
every day.13 Furthermore, the majority of patients
with frequent heartburn complain of night-time
GER symptoms, and a substantial proportion
(�50%) of these patients report that their symp-
toms disrupt their sleep and affect their daytime
functioning.14,15 Many patients who present to a
physician with a complaint of heartburn can be
readily treated with 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.16 The
familiarity of this symptom and its rapid response
in most instances to relatively simple therapeutic
measures belie the severity and potential complica-
tions of the disease process. As will be reviewed
here, 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 GER disease, and rela-
tively infrequently in normal volunteers.17,18
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The majority of reflux events in both studies did
occur in association with polygraphically deter-
mined brief arousal responses.

Attention has been focused on the importance
of different patterns of GER associated with wak-
ing and sleeping.19 These patterns were docu-
mented in studies involving 24-hour monitoring of
the distal esophageal pH. GER is identified when
the pH falls below 4 for a period of more than 30
seconds, and the reflux episode is arbitrarily termi-
nated when the pH reaches 4 or 5. In this landmark
study, Johnson and DeMeester19 described two dif-
ferent patterns of reflux. Reflux in the upright posi-
tion occurs most often postprandially and usually
consists of two or three reflux episodes that are
rapidly cleared (2–3 minutes). 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 inter-
val was considered; that is, there was a greater
difference between patients and control subjects in
the supine position compared with the upright
position. The same group of 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 asso-
ciated with sleep appeared to result in greater dam-
age to the esophageal mucosa.20 In another study,
they attempted to correlate the relation between the
patterns of GER, as determined by 24-hour
esophageal pH monitoring, and the endoscopic
evaluation of the esophageal mucosa.21 They iden-
tified patients as primarily upright (waking) reflux-
ers, supine (sleep) refluxers, and those whose reflux
was evident throughout the 24-hour day, whom
they termed combined refluxers. 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 was defined when mucosal erosions were
noted; and grade 3 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-hour
esophageal pH monitoring in patients who had
either normal findings on endoscopy or erosive
esophagitis.22 The results of this study showed that
total acid exposure time and the number of reflux
episodes requiring longer than 5 minutes to clear
were found to most reliably discri minate these two
groups of patients. Furthermore, these authors
found that 50% of the patients with reflux symp-
toms had normal 24-hour 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 minutes to clear (to pH 4).
An extension of these findings comes from a study
by Orr et al23 in which 24-hour pH monitoring
was accomplished in a group of symptomatic
patients with heartburn and normal endoscopic
results and a group of patients with severe compli-
cations of GER, including erosive esophagitis,
stricture, and Barrett’s esophagus. The results
showed that the best discriminator among the two
groups was the number of episodes of prolonged
acid clearance (longer than 5 minutes) in the
supine position. These episodes appear to be more
likely to occur during sleep, and this finding cer-
tainly confirms the notion that prolonged acid
clearance is an important determinant in the devel-
opment of esophagitis. Other investigators have
not been as enthusiastic in their support of noc-
turnal GER as an important factor in the patho-
genesis of reflux esophagitis. De Caestecker et al24

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.

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,25

who described a two-factor theory of acid clearance.
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They proposed that acid clearance takes place in
two phases: an initial phase, termed volume clear-
ance, and a second phase, termed acid neutraliza-
tion. 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 esophageal pH is
returned to its normal level (5.5–6.5). A subse-
quent study confirmed these findings in that acid
clearance was found to be independent of the swal-
lowing rate but significantly altered by an anti-
cholinergic drug that inhibits salivation.26

Both swallowing frequency and salivation have
been shown to be markedly depressed during
sleep; as a result, one would hypothesize a prolon-
gation of acid clearance during sleep.27,28 Lichter
and Muir27 have shown that swallowing occurs
sporadically during sleep, and there are long peri-
ods (longer than 30 minutes) without swallowing.
Overall, the rate of swallowing during sleep is
approximately six swallows per hour, and the swal-
lows 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.27 Similarly, a study by Orr et al29 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 M 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 peri-
ods of documented sleep (REM versus non-REM
(NREM) sleep), and it allowed 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 com-
parison of acid clearance during sleep in normal
volunteers and patients with mild to moderate
esophagitis.29 The results revealed that sleep infu-
sions in both groups were associated with a statis-
tically significant prolongation of acid clearance
time. The absolute clearance time was nearly dou-
bled in both groups. However, there was no signi -
ficant 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 per-
sons rarely have reflux during sleep, whereas it is
somewhat more common in patients with
esophagitis. In addition, it was clear from the
polysomnographic observations that clearance was
invariably associated with an arousal from sleep,
and if this did not occur, there was a marked pro-
longation in acid clearance time. To evaluate this
notion more precisely, 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 function of the esophagus
during sleep and the associated arousals, a subse-
quent study was performed using a specially
designed esophageal probe to monitor not only dis-
tal esophageal pH but also esophageal peristalsis.30

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 dis-
tinguish acid from water in the esophagus. How-
ever, 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
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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 pre-
vious study of patients with esophagitis. This study
did not document any difference between peristaltic
parameters during sleep and during waking.

To more definitively test the hypothesis that
complications of GER are associated with pro-
longed acid clearance, a group of 13 patients with
Barrett’s esophagus was studied.31 Barrett’s esopha-
gus is a condition believed to be related to chronic,
severe GER, which results in the replacement of
normal esophageal squamous epithelium with gas-
tric columnar epithelium. The results of this study
proved to be quite surprising in that the patients
with Barrett’s esophagus were shown to have signi -
ficantly faster acid clearance during sleep and wak-
ing 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 fre-
quency of arousal responses and a shorter latency to
the first swallow than did the 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 function, such as the amplitude
of the peristaltic contraction or the esophageal
transit time. It is especially notable in this study
that there were 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 esopha-
gus is acquired through repeated episodes of spon-
taneous GER during sleep, which are associated
with prolongation of the acid clearance time (even
though 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

GER appears to be affected by sleeping position.
In a study by Khoury et al,32 it was determined
that sleeping in the left lateral position signifi-
cantly 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.22,23 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.33 Further evidence for
the importance of nocturnal GER comes from a
clinical study that documented individuals with
symptoms of nocturnal heartburn, as well as dys-
phagia and chest pain, were much more likely to
have demonstrable esophageal disease.34

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
app roach to GER. Johnson and DeMeester35

specifically tested this clinical axiom. Using intra -
esophageal pH monitoring during sleep, they
demonstrated that sleeping with the head of the
bed elevated produced a 67% improvement in
acid clearance time; however, the frequency of reflux
episodes remained unchanged. The use of a cholin-
ergic 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.36

They noted that reflux events during monitored
sleep were not increased by a late-evening provocative
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meal in patients with symptomatic GER disease.
However, they did note that an over-the-counter
(OTC) dose (75 mg) of ranitidine at bedtime was
effective in significantly reducing reflux events
during sleep.

The use of H2 receptor antagonists to suppress
gastric acid secretion has been shown to be effec-
tive in the relief of heartburn.37,38 One study using
24-hour ambulatory esophageal pH assessments in
patients with symptomatic heartburn and docu-
mented GER demonstrated that increasing doses
(40 mg at bedtime, 20 mg twice daily, and 40 mg
twice daily) of an H2 receptor antagonist (famoti-
dine) produced increasing reductions in daytime
and total acid–mucosa contact.39 The three dosing
regimens were equally effective in reducing noc-
turnal acid contact time. Thus, in contrast to duo-
denal ulcer disease, it does not appear that only
bedtime dosing is adequate to treat GER. How-
ever, these data suggest that GER can be ade-
quately controlled through effective gastric acid
suppression. A study by Cohen et al40 reported on
the effect of a Nissen fundoplication on sleep-
related GER and heartburn symptoms, as well 
as objective and subjective sleep measures. They
noted a significant decrease in both sleep-related
reflux events and symptoms after surgery. Subjec-
tive and objective sleep measures were improved
after surgery. More specifically, there was a very
small, but significant, increase (approximately 5%)
in non-REM sleep, while there were more robust
improvements in difficulty falling asleep, sleep qua -
lity, and daytime sleepiness. An interesting finding
was reported by Kerr et al,41 who showed that the
administration of nasal continuous positive airway
pressure (CPAP) to patients who are being treated
for obstructive sleep apnea (OSA) had the addi-
tional therapeutic benefit of reducing GER during
sleep and consequent esophageal acid contact
time. Similar improvement was reported in
patients with GER without apnea.42 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 OSA, and abnormal acid contact

time documented by 24-hour esophageal pH
monitoring.43 In this study, patients 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 OSA
is a study by Graf et al44 that determined that
patients with OSA have a high incidence of GER.
The authors further determined that there is no
relation between severity of OSA and GER, nor is
there any relation between OSA events and reflux
events. A similar conclusion was reached from a
study reported by Tardif et al.45 Similar results have
been reported by Ing et al,46 but they also reported
an overall increase in reflux events and acid clear-
ance time, in spite of the fact that there was no
clear relationship between OSA events and reflux
events. The question remains as to what is the
patho genesis of increased sleep-related GER in
patients with 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 rela-
tionship. Suganuma et al47 described an associa-
tion between obesity and symptoms of OSA, but
they found no relationship between obesity and
reflux symptoms. On the other hand, in another
questionnaire study, Green et al48 showed a signi -
ficant reduction in night-time heartburn symp-
toms after CPAP treatment, and those with higher
CPAP levels had a greater reduction in symptoms
of night-time heartburn. In another study that
evaluated reflux symptoms (i.e., heartburn and
acid regurgitation) in patients with a diagnosis of
OSA, Valipour et al49 found that there was no dif -
f erence in reflux symptoms between those with the
diagnosis of OSA and those designated as ‘simple
snorers’. Furthermore, they found no relationship
between the severity of OSA and reflux symptoms.
It should be noted that, in contrast to the study by
Green et al,48 this investigation did not specifically
address night-time GER symptoms. In addition,
Valipour et al49 noted in their discussion that the
incidence of reflux symptoms did not appear to be
greater than that noted in some general population
surveys. An interesting physiologic study addressed
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the issue of the relationship between GER and
OSA by identifying individuals with significant
OSA and GER, and treating them with acid sup-
pression with a proton pump inhibitor (PPI). In
this study, Senior et al50 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 treat-
ment (p � 0.06). On the basis of these data, it would
appear that the incidence of night-time heartburn is
elevated in patients with OSA. In the study by Green
et al,48 it was noted to be 62%, which is similar to
the rate noted above in patients with frequent heart-
burn complaints.14 Furthermore, the frequency shows
a very significant decline with CPAP treatment. This
coincides nicely with other physiologic studies, which
have clearly shown a significant decline in esophageal
acid contact time with CPAP treatment.41,42 The
mechanism by which CPAP reduces esophageal acid
contact time remains controversial, but an interest -
ing study from this same group has suggested that
some residual lower esophageal sphincter (LES) pres-
sure (�10 mmHg) may be necessary for nasal CPAP
to affect nocturnal reflux.51

Of considerable interest is the fact that studies
have documented that commonly consumed seda -
ting drugs such as benzodiazepines and alcohol
have been shown to prolong acid clearance during
sleep. A study by Vitale et al52 showed that alcohol
consumption approximately 3 hours before sleep
resulted in marked prolongation of the clearance of
spontaneous episodes of GER. In another investi-
gation of the effect of the administration of com-
monly used hypnotic drugs, a decrease was shown
in the arousal latency and a prolongation was
shown in the acid clearance time with triazolam.53

INTESTINAL MOTILITY AND IRRITABLE
BOWEL SYNDROME

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-hour ambulatory monitoring of small
intestinal motility in patients with IBS was carried
out by Kellow et al.54 Although nocturnal motor
patterns did not differentiate the patient group
from the control subjects, the notable lack of
motility activity during sleep led these investiga-
tors to suggest that the changes in motor function
noted were primarily the result of reactions to vari -
ous ‘stressful’ events occurring in the waking state.
However, in a subsequent study, Kumar et al55

noted a marked increase in REM sleep in patients
with IBS. These data were interpreted as lending
additional support to their speculation that this
syndrome has a central nervous system (CNS)
pathogenesis.

The observation by Kumar et al55 that REM
sleep was enhanced in patients with IBS has
prompted a number of investigations into sleep
and functional bowel disorders, including IBS and
functional dyspepsia. Using subjective reports of
sleep quality, Goldsmith and Levin56 showed a
strong correlation between the exacerbation of
IBS symptoms and poor sleep. The obvious prob -
lems of a subjective study without physiologic
measurement of sleep were noted by Wingate,57

one of the authors of the original study on IBS
and sleep. Wingate pointed out that the occur-
rence of waking symptomatology may unduly
influence the perception of the previous night’s
sleep, and, without polysomnographic documen-
tation of sleep, this influence cannot be dis-
counted. In a study in patients with non-ulcer
dyspepsia (characterized by epigastric postpran-
dial bloating, nausea, or early satiety), two-thirds
of 65 patients with non-ulcer dyspepsia com-
plained of general sleep disturbances suggestive of
non-restorative sleep (i.e., numerous wakenings
after sleep onset and morning awakenings without
feeling rested).58 These were significantly more
common than noted in control subjects, and 65%
of those complaining of sleep disturbance attri -
buted their sleep problem to their abdominal
symptoms. Ten patients were also studied for a
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24-hour period with intestinal manometric moni -
toring, and a change in the rhy thmicity and fre-
quency of intestinal contractions was found in the
functional dyspeptics during the nocturnal
recording interval. In a subsequent study, Fass 
et al59 documented a marked increase in sleep
complaints in patients with functional bowel dis-
orders (i.e., IBS and functional dyspepsia) compared
with normal controls. In addition, the dyspeptic
patients had more complaints of sleep distur-
bance, perhaps due to more intense abdominal
pain. Increased sleep complaints have also been
documented by studies by Heitkemper et al,60

Elsenbruch et al,61 and Rotem et al.62 In these
studies, full polysomnography (PSG) was con-
ducted. In the study by Elsenbruch et al,61 no dif-
ference was found in any of the sleep measures
reported between IBS subjects and normals. How-
ever, the study by Heitkemper et al60 did show a
significant prolongation of REM sleep. The study
by Rotem et al62 revealed sharply contrasting PSG
data: they noted a number of significant PSG dif-
ferences in the IBS subjects compared with con-
trol groups, including decreased slow-wave sleep,
increased arousal responses, and increased waking
after sleep onset. Further research with larger sam-
ple sizes and stratification by IBS diagnostic sub-
types may help elucidate and resolve these
discrepancies. The original study by Kumar et al55

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 intes-
tinal motility. With a small number of subjects
and no attempt to adapt individuals to the labora-
tory setting (even though a control group was
used), there is a high probability that these results
were spurious. Orr et al63 attempted to replicate
this study while at the same time non-invasively
monitoring a gastrointestinal 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 elec-
trical activity monitored by the surface electro -
gastrogram. 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.55 In addition, specific electrogastro-
graphic 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 3 cycle/min electrogastrogram 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
the possibility that other autonomic abnormalities
may be unmasked by further study of physiologic
functioning during sleep.

In a subsequent study by Thompson et al,64 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 abdomi-
nal cramping alone as part of their IBS sympto-
matology. In a series of subsequent studies by 
Orr and colleagues,62,64,65 none has replicated 
the finding of an increase in REM sleep in IBS
patients.

Collectively, these results from various sleep
investigations in patients with functional bowel
disorders suggest not only that there are sleep dis-
turbances 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 CNS alterations
in patients with functional bowel disorders and
that these alterations are perhaps uniquely identi-
fied during sleep. Future studies on sleep in
patients with functional bowel disorders will
undoubtedly provide additional understanding of
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the pathophysiology of the brain–gut axis and its
alterations during sleep.

COLONIC MOTILITY

Bassotti et al66 monitored colonic motility for 24
hours 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 constipa-
tion, 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 al67 monitored the
motor activity of the distal colon, rectum, and anal
canal over a 24-hour interval in patients with slow-
transit constipation. These patients were compared
with 10 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 concerning
alterations in anorectal functioning during sleep
concerns a study by Orkin et al68 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 minute-to-
minute variations in pressure during sleep
occurred in control subjects and in patients, and,
when particularly profound, led to nocturnal fecal
incontinence in some patients.

CONCLUSIONS

There appears to be an important relation between
sleep and the development of various acid peptic
diseases, such as duodenal ulcer disease and GER
disease. The pathogenesis and treatment of these
disorders rely on the control of acid secretion dur-
ing sleep. The suppression of nocturnal acid secre-
tion appears to be an essential element in the
healing of duodenal ulcers, and the occurrence of

nocturnal GER is an unquestionably important
aspect of the development of serious complications
of this disorder. Continuous monitoring of the dis-
tal esophageal pH to document nocturnal GER is
becoming an important and useful diagnostic tool.
In addition, prolonged monitoring of small- and
large-bowel motility appears to be a promising tool
in further understanding the pathogenesis of vari-
ous gastrointestinal diseases and how these diseases
may be altered by sleep. These sleep-related phe-
nomena are becoming important factors in the
practice of state-of-the-art gastroenterology, and
future research will undoubtedly further substanti-
ate the important role of sleep in the pathogenesis
of gastrointestinal disease.
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Sleep and respiratory disorders

Max Hirshkowitz, Amir Sharafkhaneh

INTRODUCTION

The respiratory system is designed to provide 
adequate oxygen (O2) to and remove carbon diox-
ide (CO2) from the circulation. In this manner, it
helps maintain a chemical milieu that remains con-
stant within a specified range. The system has two
basic control systems. One is under voluntary con-
trol, while the other is involuntary and is regulated
automatically. Autonomic regulation depends on
chemical control systems and occurs during both
sleep and wake. Although one does not have to
remember to breathe when awake, an individual
can override the automatic regulation and take a
breath at will. On occasion, a person might over-
compensate and hyperventilate, as can happen
during a panic attack. By contrast, ventilation is
solely under chemical control during sleep. Thus,
respiratory function may be compromised during
sleep when a primary respiratory disorder is present.
In this chapter, we will briefly review the physiology
of the respiratory system during transition from
wake to sleep and during various stages of sleep.
Then, we will review sleep disorders in various
primary respiratory diseases.

Disorders of respiratory systems can be divided
into disorders that primarily involve the airways
and disorders that impose restriction on the lungs.
The former include asthma, chronic obstructive
pulmonary disease (COPD), cystic fibrosis, and
bronchiectasis. The latter include fibrotic processes
of the lung parenchyma, pleural and chest wall

diseases, and respiratory pump disorders. Primary
disorders of the respiratory system result in impaired
ventilation and oxygenation.

RESPIRATION DURING THE TRANSITION
FROM WAKEFULNESS TO SLEEP AND
DURING SLEEP

Control of respiratory function

The major functions of the respiratory system are
to provide the body with the required oxygen and
remove carbon dioxide produced during metabo-
lism. Additionally, the respiratory system is involved
in acid–base regulation. Regulation of respiratory
systems function operates through a negative feed-
back loop. For example, an elevated carbon dioxide
level (hypercapnia) increases ventilation, while a low
level (hypocapnia) decreases ventilation. Chemore-
ceptors and non-chemoreceptor sensory elements are
involved in this regulation. The chemoreceptor com-
ponent consists of peripheral and central chemore-
ceptors. The peripheral chemoreceptors in humans
are located in the carotid body, and these receptors
respond to changes in the oxygen and carbon dioxide
levels in the blood. An estimated 30% of carbon
dioxide chemosensitivity and 90–95% of hypoxic
chemosensitivity are provided by the peripheral
chemoreceptors.1

The carbon dioxide level is mainly regulated by
central chemoreceptors that are located in the
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superficial layers of the ventral medulla.2 Informa-
tion from sensory receptors is relayed to the respi-
ratory control center located in the medulla. Finally,
the efferent arm of the feedback loop consists of
motor output to the upper airways (especially the
pharyngeal area), diaphragm, intercostals, and
abdominal muscles through phrenic and inter-
costal nerves. In summary, the respiratory system
under the control of the central respiratory control
in the medulla oblongata sustains ventilation and
maintains oxygen and carbon dioxide within a
normal range in the blood and tissue environment.
Automatic control of ventilation is maintained both
during sleep and wake. However, the respiratory
controller activity can be affected by behavioral and
voluntary input from higher areas of the brain, includ-
ing the cortex during the wakeful state and possibly
during rapid eye movement (REM) sleep. With transi-
tion from wake to non-REM (NREM) and REM
sleep, alveolar ventilation and consequently both
carbon dioxide and oxygen concentrations change.

Control of ventilation

Ventilation is under automatic control during sleep.
With initiation of sleep, minute ventilation falls
about 0.5–1.5 liters per minute.3,4 The minute venti-
lation change with sleep is due to reduced carbon
dioxide production and oxygen uptake, absence of
a wake stimulus, reduced chemosensitivity, and
increased upper-airway resistance. Ventilatory
response to hypercapnea diminishes as sleep deepens
during NREM sleep. Similar reduction in minute
ventilation is reported in REM sleep. Reduction of
minute ventilation results in a 2–8 mmHg eleva-
tion of partial pressure of carbon dioxide (PaCO2)
elevation, an up to 10 mmHg reduction in the partial
pressure of oxygen (PaO2), and a less than 2%
reduction in oxygen saturation (SaO2).4,5

Upper-airway function

During the transition from wake to NREM and
from NREM to REM sleep, upper-airway resistance
increases. This increase is mainly in the palatal or
hypopharyngeal areas,6,7 is greater in snorers and

obese subjects,8,9 is highest during REM sleep,10

and is induced by diminished upper-airway muscle
phasic activity and loss of upper-airway protective
reflexes.8,11 With transition to REM sleep, the
tonic activity of the upper-airway muscles dimi -
nishes further. Consequently, upper-airway occlusion
is usually more prominent in REM sleep.

Lower-airway function

Lower-airway resistance increases in a circadian
pattern, with the highest value in early morning
hours in normal individuals.12 Airways resistance
follows a similar pattern in asthmatics, but with a
higher amplitude.13 The major mechanism of this
change in airway caliber and increased resistance at
night is a sleep-synchronized circadian rhythm largely
due to changes in autonomic activity to the airways
with increased cholinergic bronchoconstrictor
tone and decreased non-adrenergic non-cholinergic
bronchodilator function in the early-morning
hours.14

Cough due to stimulation of airways is suppressed
with sleep, and cough only occurs with arousals.15

Thus, sleep may reduce mucociliary clearance.

Respiratory pump

Input to respiratory muscles is controlled by the
respiratory center in the brainstem through phrenic
and intercostal nerves. The phasic activity of the
respiratory pump is state-dependent, and therefore
diminishes with initiation of sleep. However, phasic
activity of the diaphragm is maintained. With pro-
gression of sleep into REM, the tonic component
of the respiratory muscle pump decreases. The
changes in muscle activity result in increased upper-
airway resistance and decreased minute ventilation.

Chemoreceptors

Hypoxic ventilatory response diminishes during
sleep.16 In NREM sleep, men show more reduction
from wakefulness than women.17 This difference is
mainly due to higher ventilatory drive during
wakefulness in men. With progression to REM
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Table 2.1 Risk factors and symptoms of OSA 

Risk factors Common symptoms

Obesity Sleepiness, tiredness, or exhaustion

Micrognathia or retrognathia Loud snoring with frequent awakenings

Large neck circumference Awakening with gasping and/or choking

Nasal allergies and stuffiness Awakening unrefreshed

Middle-age or older Nocturia

Being male Morning headache

Bed-partner or other witnessed sleep apnea Falls asleep while driving or at stop lights
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sleep, the hypoxic ventilatory drive falls further in
both men and women.14

Hypercapnic ventilatory response diminishes
about 50% with transition from wakefulness to
NREM sleep.5,14 In REM sleep, the ventilatory
response falls even further; therefore, the lowest
ventilatory response to hypercapnia occurs during
REM sleep.5

Overall, with transition from wakefulness to
NREM sleep, the wake stimulus and voluntary
control of ventilation are lost, leaving automatic
control to prevail. In addition, carbon dioxide pro-
duction and oxygen uptake diminish, upper-airway
resistance increases, chemoreceptor response to
hypercapnia and hypoxia falls, and operating lung
volume decreases. Subsequently, PaCO2 rises and
PaO2 falls. Combinations of these changes can pro-
duce respiratory instability and predispose to peri-
odic breathing and obstruction of the upper airway
during sleep. Loss of muscle tone with REM sleep
makes the upper airway more prone to obstruction.

OBSTRUCTIVE AIRWAYS DISORDERS

Obstructive airways disorders may involve the
upper or lower airways. Obstructive sleep apnea
(OSA) is an example of upper-airway obstruction.
Lower-airway obstructive disorders include
asthma, COPD, cystic fibrosis, and bronchiectasis.
Physiologically, obstructive disorders present with
expiratory or inspiratory flow limitation that results

in compromised ventilation and, in more severe
cases, compromised oxygenation. Clinically, lower-
airway obstructive disorders present as chronic
dyspnea, cough, and sputum production. Further,
episodes of rather acute worsening of symptoms or
‘exacerbations’ are frequently seen. Patients with
obstructive airways disorders are predisposed to
worsening in transition from wakefulness to sleep
due to the effect of sleep on the control of breathing.
Further, obstructive airways disorders are chronic
diseases, and the disease itself or its treatment may
result in disturbed sleep. In addition, exacerbations
of the disease can further compromise the sleep.

Obstructive sleep apnea

OSA is characterized by collapse of the upper airways
during sleep. The resultant cessations of breathing
are called apneas if their duration is 10 seconds or
longer in an adult. Increased inspiratory resistance
can also produce episodes of hypopnea in which the
airway narrows but does not fully collapse. These
hypopnea episodes are associated with decreased tidal
volume and increasing respiratory effort; however,
what makes them pathophysiologic is their association
with oxyhemoglobin desaturations and/or a respi-
ratory effort-related arousal. Repeated hypoxemia
or continual brief arousals fragmenting sleep produce
a host of other problems by interfering with the sleep
process and thereby undermining its functions.

Table 2.1 lists some of the major risk factors for
and some of the common symptoms of OSA.

Chap-02:Sleep  12/15/2006  12:44 PM  Page 15



Table 2.3 Cardiovascular and cerebrovascular comorbidities in obstructive sleep apnea18

Comorbidity Odds ratio 95% confidence interval

Hypertension 2.34 2.31–2.37

Diabetes 2.52 2.48–2.55

Heart failure 3.40 3.34–3.46

Cardiovascular disease 1.84 1.82–1.87

Cerebrovascular accident 1.57 1.52–1.61
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Most of these features are more sensitive than
specific; however, pretest probability for sleep
apnea is high when an excessively sleepy patient
snores loudly, awakens gasping or choking, has
witnessed cessation of breathing, and falls asleep
when driving or at stop lights.

Table 2.2 shows some of the consequences of
OSA. It is interesting to note that many conse-
quences of OSA are also common psychosomatic
symptoms. In this case, however, the etiology is
well documented and the problem diminishes or
disappears when the sleep-disordered breathing is
treated.

Table 2.3 shows the odds ratio for cardiovascular
and cerebrovascular disease based on our comparison

of the 98 735 patients diagnosed with sleep apnea
with the remaining 3 548 593 cases in the US
Department of Veteran Affairs Beneficiaries
Database.18

Positive airway pressure therapy is the first-line
treatment for most patients with OSA. Positive
airway pressure devices come in four varieties; the
most common is called continuous positive airway
pressure (CPAP). CPAP provides a constant airflow
that is used to ‘pneumatically splint’ the vulnerable
portions of the nasopharyngeal airway by having
air blown into the patient’s nose and/or mouth
using a nasal or full-face mask, nasal pillows, or nasal
prongs. A second type called bilevel positive airway
pressure (BPAP) provides two pressure levels – one
during inhalation and a lower one during exhala-
tion. The pressure drop during exhalation increases
comfort for patients with difficulty exhaling
against the incoming airflow. The third type of device
is called automatic self-adjusting positive airway
pressure (APAP). As the name suggests, APAP uses
computer-controlled flow variations to determine
and supply optimal pressure. Finally, non-invasive
positive-pressure ventilation (NIPPV) devices
represent a fourth type of positive pressure device.
These machines are much like BPAP; however, the
rate of oscillation between the two pressures is
specified. Thus, NIPPV is designed to provide
ventilatory assist.

CPAP for treating patients with OSA was 
initially described by Sullivan et al.19 In their
report, five patients with severe OSA were treated

Table 2.2 Clinical features associated with and
consequences of OSA

� Difficulty staying awake in non-stimulating
situations

� Attention deficit

� Cognitive deterioration

� Irritability and impaired coping mechanisms

� Depressed mood

� Anxiety

� Aches and pains

� Impaired eye–hand coordination

� Erectile dysfunction

� Diminished quality of life
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with CPAP applied through the nares. Low pressure
levels (ranging from 4.5–10 cmH2O) completely
prevented upper-airway occlusion, allowing 
uninterrupted sleep.

Overall, CPAP is extremely safe and very effective
in patients with OSA. Furthermore, the beneficial
effects of CPAP are well sustained over time. Patients
receiving CPAP and conservative therapy (sleep
hygiene and weight loss) compared with those
receiving only conservative therapy20 had decreased
sleepiness and improved quality-of-life measures.
Similarly, sleepiness and quality of life improved
in the active treatment group of a randomized,
double-blind, placebo-controlled study of CPAP
versus subtherapeutic CPAP. 21 However, negative
study results have also been reported.22

A cause-and-effect relationship has been sug-
gested between OSA and systemic hypertension.
In a pioneering study, Lavie et al23 observed a linear
increase in blood pressure and the number of patients
with hypertension as a function of severity of sleep
apnea (indexed by the apnea � hypopnea index).
Other studies also link CPAP therapy with a
reduction in blood pressure.24–26 However, not all
investigators have reported similar findings, and
some have argued that hypertension in OSA is more
closely linked to weight loss than to CPAP therapy.
Evidence for this contention can be derived from a
study of 60 hypertensive patients with OSA, in which
hypertension severity decreased in 40% of patients
in the combined nasal CPAP and weight-loss group,
in 58% of patients in the weight-loss-only group, in
29% of patients in the nasal-CPAP-only group, and
in 6% of the patients in the no-treatment group.27

Mortality studies are difficult to design, perform,
control, and validate. Nonetheless, in their landmark
study, He et al28 found greater mortality in patients
with an apnea index of 20 or more compared with
those with an apnea index less than 20 in a sample
of 385 cases in a longitudinal database. The apnea-
related mortality increase was reversed by treatment
with CPAP. These data underscore the serious,
potentially life-threatening nature of OSA and the
benefit of effective management with positive airway
pressure therapy.

Asthma

Asthma, an inflammatory disease of the airways,
affects at least 5% of the population.29 Clinically,
asthma presents with shortness of breath and
wheezing. Asthmatic patients may have worsening
symptoms and airflow limitations during sleep due
to circadian variations in airway caliber. The air-
flow may fall as much as 50% in some asthmatics,
who are called ‘morning dippers’.30 This morning
dipping may predict a subgroup of asthmatics with
higher mortality.31 Nocturnal asthma is associated
with poor quality of life and increased mortality.32

Up to 75% of asthmatics awaken weekly with
symptoms of their disease, and about half of these
awaken nightly.33 In fact, asthma symptoms at
night are used to rate the severity of asthma and to
guide management decisions.

Nocturnal worsening of airflow results in sleep
interruption and daytime tiredness, decreased
sleep efficiency and total sleep time, increased
awakening during sleep, and impaired cognitive
function. Hypoxemia associated with the noctur-
nal bronchoconstrictions in stable asthmatics is
not severe and is in the range of 85–90.34

Effective treatment of asthma with anti-
inflammatory agents and bronchodilators relieves
night-time symptoms and improves sleep efficiency.35

Inhaled corticosteroids are one of the main agents
used in treatment of asthma. They reduce awaken-
ing from sleep.36 Long-acting bronchodilators such
as salmeterol and formoterol also improve sleep in
patients with asthma.37

Chronic obstructive pulmonary disease
(COPD)

COPD is a major public health problem and is a
leading cause of morbidity and mortality all over
the world. It is currently the fourth leading cause
of death and among the top 10 leading causes of
disability in the USA. Recent statistics from the
Third National Health and Nutrition Examination
Survey reveal that COPD leads annually to 8 million
physician office and hospital outpatient visits,
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1.5 million emergency department visits, and
726 000 hospitalizations. It is often underdiagnosed
and undertreated. As with many other chronic dis-
eases, a multimodal approach to the management
of COPD has been advocated by recently published
evidence-based guidelines, including the position
paper on standards for the diagnosis and treatment
of patients with COPD from the American
Thoracic Society and European Respiratory
Society38 and the GOLD international guidelines.39

Clinically, COPD patients suffer from dyspnea,
cough, and sputum production. In the more
advanced form of the disease, patients suffer from
daytime, nocturnal, or exercise-induced hypoxia.
This hypoxia may result in right-side heart failure.
Pathologically, COPD is characterized by destruc-
tion of airspaces, fibrosis of small-airway walls,
and occlusion of small airways with inflammatory
mucus. Physiologically, COPD is characterized
by expiratory flow limitation that is not fully
reversible.

Sleep disorders such as insomnia, sleep apnea
with a greater severity of arterial oxygen desaturation,
restless leg syndrome, nightmares, and daytime
sleepiness are more common in patients with COPD,
with close to 50% reporting such problems.40,41

Polysomnography shows sleep fragmentation with
frequent arousals and diminished sleep-wave and
REM sleep.42

Insomnia

More than 50% of COPD patients complain of
insomnia and more than 25% report daytime
sleepiness.43 Sleep in COPD patients is characterized
by longer sleep-onset latency, frequent arousals and
awakenings, frequent sleep-stage shifts, and lower
sleep efficiency.44 Disturbed sleep in COPD
patients is associated with the severity of airflow
obstruction and decreased quality of life. Sleep
disturbances also relate to poor control of disease-
related symptoms and side-effects of some of the
medications used for the management of COPD.

Treatment options for the treatment of insomnia
in COPD patients need careful consideration.
Hypnotics may have adverse effects for patients with

moderate to severe COPD. Triazolam has no obvious
effect on respiration when used in single doses for
patients with an awake supine SaO2 � 90% and no
carbon dioxide retention (PaCO2 � 45 mmHg).
In contrast, zolpidem was tested in COPD patients
with more severe lung function abnormality.45 Thus,
if the patient has supine SaO2 � 90%, zolpidem is
clearly the first choice; and triazolam and other
benzodiazepines must be used with extreme caution.
Further, cognitive–behavioral therapy may be as
effective as sedatives, and should be tried as first-
line therapy in patients with compromised respiratory
function.46

Nocturnal desaturations

The prevalence of sleep apnea in COPD patients
does not differ from that in the non-COPD 
population.47 However, COPD patients with
sleep apnea have more profound oxygen desatura-
tion compared with patients with sleep apnea and
no COPD. Further, arterial oxygen desaturations
during sleep are reported in COPD patients
without sleep apnea. The nocturnal desaturation is
mainly due to the effect of sleep-related hypo -
ventilation. However, in many COPD patients,
PaO2 is already in the steep portion of the oxy -
hemoglobin dissociation curve, and sleep-induced
hypoventilation results in marked reduction of
arterial saturation.48,49 In addition, decreased func-
tional residual capacity with transition to sleep
may aggravate ventilation/perfusion mismatch and
result in greater oxygen desaturation. Nocturnal
hypoxia is associated with increased daytime and
nocturnal pulmonary artery pressure.50 Further,
nocturnal hypoxemia may increase mortality,
especially during acute exacerbations of
COPD.51,52

In COPD patients with isolated nocturnal
oxygen desaturations, nocturnal oxygen therapy is
recommended when complications of hypoxemia
such as polycythemia and cor pulmonale are pres-
ent.53 However, optimization of medical treatment
with theophylline and anticholinergic agents
such as ipratropium and tiotropium can improve
oxygenation.54–56
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SUMMARY

Sleep is clearly a stimulus for changes in the respira-
tory system. Acting through autonomic, homeo-
static, and circadian mechanisms, dysfunctions of
sleep, as well as abnormalities within the respira-
tory system, can lead to or exacerbate sleep distur-
bance. Manifestations of respiratory-related sleep
disturbances share many symptoms with a wide
variety of psychosomatic illnesses. While OSA is the
most common sleep disorder within this grouping,
nocturnal asthma and COPD are important and
widespread. More research is needed to better eluci-
date the mechanisms involved and how sleep con-
tributes to and is altered by respiratory disorders.
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Sleep and coronary artery disease

Neomi Shah, Vahid Mohsenin

INTRODUCTION

Coronary artery disease is highly prevalent and
claims many lives. Sleep is a part of everybody’s life,
and – contrary to what is often thought – it is actu-
ally an active, organized process. Sleep-related
breathing disorders have been linked to coronary
artery disease (CAD). In this chapter, we will see
how normal sleep affects the heart, specifically the
coronary circulation. We will also discuss the effects
of normal sleep and sleep-related breathing disor-
ders, specifically obstructive sleep apnea (OSA), on
the coronary circulation and cardiovascular system.
We will describe several mechanisms by which
sleep-related breathing disorders can cause athero-
sclerosis and contribute to CAD. Finally, the treat-
ment of sleep-related breathing disorders and its
impact on CAD-related morbidity and mortality
will be addressed.

CORONARY CIRCULATION

The energy requirements of the human heart are
greater than those of any other organ in the body.
The myocardium normally extracts approximately
75% of the delivered arterial oxygen, in contrast to
the 25% removed by most other organs, and is
largely flow-dependent for its oxygen supply.1

Unlike blood flow in other organs, arterial flow is
exclusively diastolic and venous outflow is systolic.

Coronary microvessels are surrounded by myocytes,
which contract and relax and exert periodic mec -
hanical influences on coronary vessels and flows.
Direct observation of deeper intramyocardial
microvessels in beating porcine or canine left ven-
tricles revealed compression of arterioles and
venules by 10–20% during systole, while the
subepicardial arteriolar diameter changed little.2,3

Coronary blood flow is a direct function of blood
pressure and is inversely related to small-vessel
resistance. Under physiologic conditions, decreases
in coronary vascular resistance and increases in
coronary flow and oxygen consumption are regu-
lated precisely to meet the metabolic demands of
the myocardium.4 In general, the amount of work
that the myocardium does determines the amount
of blood flow through it. The exact nature of the
link between work and flow is not known. It seems
to be a local mechanism, since it is still seen after
the heart is completely denervated. Mechanisms of
coronary flow regulation are based on the integra-
tion of many metabolic and neurohumoral factors:
adenosine triphosphate (ATP)-sensitive potassium
channels (KATP), endothelium-derived hyper po -
larizing factor (EDHF), nitric oxide (NO), carbon
dioxide, hydrogen ions, oxygen, norepinephrine
(nor adrenaline), and acetylcholine.5 Local tissue
hypoxia is the most important stimulus to increase
the coronary blood flow.6 It has also been sug-
gested that the release of adenosine (a potent coro-
nary vas odilator) from the breakdown of adenine
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nucleotides may represent the final pathway
through which coronary blood flow is regulated.5

When the oxygen content of the coronary arterial
blood is reduced, an acceleration in coronary blood
flow occurs. In animals, when the oxygen content
decreased from 18 to 4 vol%, coronary blood flow
increased fivefold without any great change in car-
diac work. In fact, Eckenhoff 7 showed that there is
an excellent correlation between myocardial oxygen
consumption and coronary blood flow, and based
on his animal studies, he concluded that the meta-
bolic demands of the heart, of which, that for
oxygen is the most important, is the regulating
determinant of coronary flow.

The coronary arterial system is densely inner-
vated with sympathetic and parasympathetic nerv-
ous systems and non-adrenergic/non-cholinergic
nerves. Neurotransmitters released from nervous
tissues and wide variety of humoral substances
significantly affect microvascular tone.5 If the

sympathetic nerves to the heart are stimulated, the
heart rate, strength of ventricular contractility, and
coronary blood flow increase. Similarly, the direct
effects of vagal stimulation and exogenous acetyl-
choline increase the coronary flow conductance.8

The imposition of these neurohumoral factors on
coronary microvascular tone, in addition to myo-
genic, flow-induced, and local metabolic controls,
participate in integrating the coronary vascular
resistance to determine the supply of oxygen and
nutrition to the myocardium (Figure 3.1).5

Cardiovascular responses differ significantly
between the state of wakefulness and that of sleep.
There are numerous studies that focus on the
effects of sleep on the overall cardiovascular sys-
tem; however, there are very limited data on the
consequences of sleep on the coronary circulation.
Kirby et al9 observed sizable episodic surges in heart
rate and coronary blood flow with corresponding
decreases in coronary vascular resistance during

Figure 3.1 Various factors influencing coronary microvascular tone. NPY, neuropeptide Y; CGRP, calcitonin gene-related peptide;
5-HT, 5-hydroxytryptamine (serotonin); ADP, adenosine diphosphate; TXA2, thromboxane A2; ET, endothelin; BK, bradykinin
(reprinted from Pharmacological Therapy, Vol 86, Komara T, Kanatsuka H, Shirato K, Coronary microcirculation: physiology and
pharmacology, pp 217–61, Copyright 2000, with permission from Elsevier)5
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rapid eye movement (REM) sleep in dogs. There
were no appreciable changes in mean arterial blood
pressure. In contrast, during slow-wave sleep, there
were moderate but significant reductions in heart
rate, 9% decreases in left coronary blood flow, and
increases in coronary vascular resistance. These
surges were eliminated by stellectomy, indicating
that they were mediated by the sympathetic nerv-
ous system. Similarly, decreases in mean arterial
pressure, total peripheral resistance, and coronary
vascular resistance in REM sleep were observed in
a chronically instrumented pig. The decreases were
eliminated by �-adrenergic blockade.10 The phasic
portion of REM sleep is associated with periods of
sinus tachycardia. During the transition from non-
REM (NREM) to REM sleep, increases in vagal
tone can lead to respiratory sinus arrhythmias and
observed sinus pauses in cardiac rhythm that are
subsequently followed by increases in coronary
blood flow.11

EFFECT OF SLEEP ON THE
CARDIOVASCULAR SYSTEM

Reliable data on blood pressure levels during
sleep have so far been documented in seven
species, including humans. A small reduction in
blood pressure is often described during synchro-
nized (slow-wave) sleep. During desynchronized
(REM) sleep, the blood pressure undergoes fre-
quent marked oscillations, sometimes falling
below the levels measured during synchronized
sleep and at other times rising to levels above
waking values. During REM sleep, blood pres-
sure can reach the lowest levels of the circadian
cycle, in adults and infants. The difference in the
blood pressure responses, particularly during
REM sleep, is probably a consequence of the rela -
tive amounts of tonic and phasic periods that
occur.12

It has been shown that the slow-wave stages of
NREM sleep are accompanied by hypotension,
bradycardia, and a reduction in cardiac output
and systemic vascular resistance. It has also been

shown that the bradycardia is due mainly to an
increase in vagal activation, whereas the hypoten-
sion is due to a reduction in sympathetic vaso-
motor tone, since surgical sympathectomy
markedly attenuates the drop in blood pressure.13

In addition, there is evidence suggesting that the
cardiovascular influence of sleep is more complex
than a generalized inhibition of the sympathetic
nervous system. The most striking example is
REM sleep, during which sympathetic drive
decreases in the splanchnic and renal circulation
but increases in skeletal muscle blood vessels.
Furthermore, an initial pronounced decrease in
blood pressure is interrupted by large transient
increases in blood pressure and heart rate, during
which sympathetic vasoconstriction in muscle
further increases.14

Somers et al15 confirmed that in humans slow-
wave sleep causes hypotension and bradycardia
and that both changes become more pronounced
as sleep progresses from its minimal to its maximal
slow-wave pattern (from stage 1 to stage 4 NREM).
They also confirmed that during REM sleep,
large transient increases in blood pressure reverse
the hypotension that characterizes the preceding
slow-wave stages and raise the mean blood pressure
to levels observed during wakefulness. Further, by
direct recording of sympathetic nerve traffic for
several hours, these investigators provided solid
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. These data strongly sug-
gest a primary role for the sympathetic nervous
system in the generation of both the inhibitory
and the excitatory cardiovascular phenomena of
sleep.6

Measurements of cardiac output during wake-
fulness and sleep have been performed in cats16

and humans,17 and both studies have shown a
reduction in cardiac output during sleep, although
the results have not been consistent.18 In humans,
the cardiac output decreased by approximately
10%, with a decrease of 745 ml/min in NREM
sleep from a mean cardiac output of 7639 ml/min.
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PREVALENCE OF CAD IN 
SLEEP-DISORDERED BREATHING

There is a high prevalence of sleep-related breath-
ing disorders in patients with CAD. This associa-
tion is supported by several case–control and
cross-sectional epidemiologic studies. Mooe
et al19,20 have shown that the prevalence of sleep-
related breathing disorders is high in both men and
women with known CAD. They examined 142
men with angina and angiographically verified
CAD for the occurrence of sleep apnea, and found
that men with CAD had a high occurrence of sleep-
related breathing disorders. Thirty seven percent
of the men in their study had an apnea–hypopnea
index (AHI, events/hour slept) �10. Similarly, in
a case–control study of women with CAD, they
found that 54% had AHI � 5 or more, and 30%
had AHI � 10. They also reported that sleep
apnea was a significant predictor of CAD after
adjustment for age, body mass index, hyper -
tension, smoking habits, and diabetes. Schafer et al21

also reported a high prevalence (31%) of OSA in
patients with angiographically proven CAD. How-
ever, limited data have been published on the rate
of CAD as a complication in patients with OSA.
Maekawa et al22 investigated the prevalence of
CAD (documented by cardiac stress test, radio -
nuclide myocardial scintigraphy, and/or coronary
angiography) in 386 subjects suspected of OSA
with heavy snoring. They defined OSA as an AHI �
10, and found the prevalence of CAD among these
patients with untreated OSA to be 23.8%. In a
prospective cohort study conducted in Sweden,
408 patients aged 70 years or younger with verified
CAD were followed for a median period of 5.1
years. Those with AHI � 10 had a risk ratio of
1.62 (95% confidence interval (CI) 1.09–2.41; 
p � 0.017) for composite endpoint of death, cerebro -
vascular events, and myocardial infarction compared
with the comparison group with AHI � 10.23 The
results of these studies show that sleep-related
breathing disorders in patients with CAD are asso-
ciated with worse long-term outcome. Interest-
ingly, there appears to be a circadian effect on

CAD-related mortality. Reports in the world liter-
ature going back as far as 1960 have described a
circadian periodicity in the onset of myocardial
infarction, and have documented a peak incidence
in the hours between 6 AM and noon24 and a nadir
from midnight to 6 AM. 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 AM to noon) than during
the other 6-hour intervals of the day.25 However,
patients with OSA have a significant alteration in
this well-established day–night pattern of sudden
death from cardiac causes evident in the general
population. In a study by Gami et al,26 a marked
nocturnal peak in sudden death from cardiac causes
was observed in OSA patients. In more than half of
OSA patients, sudden death from cardiac causes
occurred between 10 PM and 6 AM. In contrast, the
persons without OSA had a day–night pattern of
sudden death from cardiac causes very similar to
that in the general population, with a peak in sud-
den death from cardiac causes from 6 AM to noon.
The presumed mechanism is that the process
begins with the development of a vulnerable ather-
osclerotic plaque, which may become disrupted
during sleep and after rising, due to alterations in
blood pressure, as described previously, creating
shearing forces within the coronary blood vessels
and promoting a thrombogenic focus.27

EFFECT OF SLEEP APNEA ON
CORONARY BLOOD FLOW AND
CARDIOVASCULAR SYSTEM

The impact of sleep on the cardiovascular system is
significantly altered during OSA. Patients with
OSA are exposed to repetitive episodes of obstructed
breathing during sleep. While the pathophysiology
of the obstruction is not well delineated, the conse-
quences have been studied extensively. As a result
of obstructed breathing, patients with sleep apnea
experience repeated and prolonged episodes of
arterial oxygen desaturation and carbon dioxide
retention. During recurrent apneas, hypoxemia
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and retained carbon dioxide can stimulate chemore-
ceptors, leading to an increase in sympathetic tone.
The duration of apnea and the level of oxygen
desaturation are key determinants in sympathetic
activation. The sympathetic tone increases progres-
sively during the obstructive event, reaching its peak
after arousal. On release of the airway obstruction
and resumption of breathing, increased cardiac
output, together with the vasoconstricted periph-
eral vasculature, result in marked increases in blood
pressure. In a subject who is normotensive during
wakefulness, the blood pressure surge at the end of
the apneic event can reach levels as high as 250/
110 mmHg. Other factors, such as increased muscle
tone and arousal, may also contribute to the
increased blood pressure at the end of apnea.28,29

Oxyhemoglobin saturation decreases during apnea
and recovers only slowly after apnea 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 increased risk of cardiac ischemia. Thus, we
see that there are nocturnal variations in the sym-
pathetic activity during hypoxic states seen during
obstructive apneas. In addition to this nocturnal
sympathetic drive in OSA, there is also evidence of
persistence of this heightened sympathetic drive
during awake normoxic conditions in patients
with OSA.30

Norepinephrine (noradrenaline) is the primary
neurotransmitter for the postganglionic sympathetic
nervous system. Baylor et al31 analyzed plasma
samples from patients who were highly suspected
of sleep apnea by history, over a 5.5-hour sleeping
period, and found that as the oxygen desaturation
fell cyclically, the variability in plasma norepineph-
rine increased and that patients with the most severe
degree of cyclic desaturation had the greatest vari-
ability in plasma norepinephrine levels. The surges
in norepinephrine concentrations were greatest in
those with the greatest desaturations. It should also
be noted that changes in norepinephrine levels across
the night are related to the degree of cyclic oxygen
desaturation and not to the AHI. It has also been
suggested that plasma epinephrine (adrenaline) levels

play a minor role, if any, in this disease. It is possi-
ble that the increased cardiovascular morbidity and
mortality associated with sleep apnea are, in part,
related to these hormonal changes.32

In addition to blood gas changes and sympa-
thetic nervous system activation, swings in the
intrathoracic pressure as low as –80 cmH2O as a
result of inspiratory efforts during apneic events
(similar to the Müller maneuver) can impose sig-
nificant strain and stress on the cardiovascular sys-
tem.33,34 Virolainen et al35 showed that during a
sustained Müller maneuver, most of the intratho-
racic pressure drop is transmitted into the pericar-
dial cavity, increasing the left ventricular (LV)
transmural pressure gradient and LV afterload.
They also demonstrated that the LV relaxation rate
becomes impaired during this maneuver, which
further impedes LV filling and preload. 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 dis-
tending the right ventricle and causing the inter-
ventricular septum to shift to the left, resulting in
impaired LV compliance and LV diastolic filling.14

Myocardial hypertrophy may be associated with
compression of endocardial capillaries, impaired
myocardial perfusion, and ischemia.21 In a study by
Cloward et al,36 83% of the patients who were nor-
motensive and had underlying OSA were found to
have LV hypertrophy. Similarly, Hedner et al37

compared 61 men with OSA with 61 control sub-
jects, and reported that LV mass and LV mass index
(obtained by dividing the LV mass by the body sur-
face area) were significantly higher among the OSA
patients. The LV mass index was approximately
15% higher in the normotensive OSA patients
compared with normotensive control subjects.

ACCELERATED ATHEROSCLEROSIS IN
SLEEP APNEA

Recent years have witnessed progress in the under-
standing of the natural evolution of cardio- and
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cerebrovascular diseases. Atherosclerosis, the path -
o genetic mechanism underlying cardiovascular
and cerebrovascular events, is viewed as a dynamic
and progressive disease arising from the subclinical
condition of endothelial dysfunction.38 Likewise,
oxidative stress and inflammation are gaining
widespread attention as fundamental mechanisms
that participate in the initiation and progression of
atherosclerosis – both have been shown to be exag-
gerated in patients who have OSA.39–41 Oxygena-
tion–reoxygenation with production of reactive
oxygen species due to intermittent obstructive
apneas initiates an inflammatory cascade with

production of cytokines and adhesion molecules
promoting endothelial dysfunction and atheroscle-
rosis (Figure 3.2).42 It is, therefore, reasonable to
assume that alterations in these fundamental
mechanisms in the setting of OSA may promote
cardio- and cerebrovascular events.43

Endothelial NO is a key regulator of vascular
homeostasis; it induces vasorelaxation by generat-
ing cyclic guanosine monophosphate (cGMP) in
the underlying smooth muscle cells, and prevents
monocyte adhesion to the endothelium, platelet
activation, and smooth muscle cell proliferation.
Hence, impaired NO release from the injured

NADPH-oxidase   , xanthine oxidase   , Mitochondrial dysfunction ?, Homocysteine

OSA: intermittent hypoxemia
Hypoxia/reoxygenation

NO

NFκB, AP-1 Activation of transcription factors HIF-1

• VEGF

ROS

• Endothelin-1
• Erythropoietin
• HSP70
• Glycolytic enzymes

Endothelial cell activation
Lymphocyte activation

Adhesion molecules expression

CD15, CD11c Soluble: selectins, ICAM-1, VCAM-1

Direct injury

Lipoprotein oxidation

Foam cellsVascular disease

Endothelial dysfunction

Monocyte/lymphocyte–endothelial adhesion

O2  , H2O2
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FcγRI (CD64)

Systemic mediator release – proinflammatory cytokines

• –

Figure 3.2 Intermittent hypoxia due to OSA results in hypoxia–reoxygenation with generation of reactive oxygen species (ROS),
activation of proinflammatory cytokines, release of adhesion molecules, and inactivation of nitric oxide (NO), with subsequent
endothelial dysfunction and initiation of atherosclerotic process. NADPH, reduced form of nicotinamide adenine dinucleotide
phosphate; NF�B, nuclear factor �B; 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 Medical Reviews, Vol 7, Lavie L,
Obstructive sleep apnoea syndrome – an oxidative stress disorder, pp 35–51, Copyright 2003, with permission from Elsevier)42
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endothelial cells is regarded as an initiator and pro-
moter of arteriosclerosis. Endothelial nitric oxide
synthase (eNOS) is responsible for the production
of endothelial NO. eNOS is inhibited by endoge-
nous inhibitors such as asymmetric dimethylargi-
nine (ADMA). Increased concentrations of ADMA
are associated with coronary risk factors, i.e., hyper-
tension, hyperlipidemia, diabetes, etc. This suggests
that ADMA may be responsible for endothelial
dysfunction. Endothelium-dependent vasodilata-
tion is impaired in patients with OSA,44 which
improves after treatment with continuous positive
airway pressure (CPAP: see below), with a rise in
the plasma concentrations of NO and a reduction
in the level of ADMA, suggesting that patients with
OSA have enhanced endothelial dysfunction via
lack of NO-mediated vascular homeostasis.45

Studies have demonstrated that increased serum
levels of C-reactive protein (CRP), interleukin (IL)-
6, and tumor necrosis factor (TNF)-� are impor-
tant risk factors for atherosclerosis, stroke, and
cardiovascular diseases.46–48 It has been shown that
levels of CRP and IL-6 and spontaneous produc-
tion of IL-6 by monocytes are elevated in patients
with OSA.49 Spontaneous production of TNF-� by
monocytes and serum levels of TNF-� are also ele-
vated in patients with moderate to severe OSA, as
shown by Minoguchi et al.50 One of the initial
events in the development of atherosclerosis is the
adhesion of monocytes to endothelial cells, with
subsequent transmigration into the vascular
intima.51 Leukocyte and vascular cell adhesion
molecules, such as selectins, integrins, vascular cell
adhesion molecule 1 (VCAM-1), and intercellular
adhesion molecule 1 (ICAM-1), affect this process.
Although the origins, metabolism, and functional
importance of soluble cell adhesion molecules are
not fully understood, levels of these molecules may
serve as surrogate markers of the cellular expression
of cell adhesion molecules.52 For example, the risk
of myocardial infarction has been associated with
increased concentrations of soluble ICAM-1.53

Chin et al54 found that patients with OSA have ele-
vated levels of serum soluble ICAM-1. Fibrinogen,
which is an independent risk factor for coronary

heart disease and is elevated in OSA, mediates
leukocyte adhesion to the vascular endothelium
through an ICAM-1-dependent pathway, thereby
enhancing the atherosclerotic process.55,56 Hypoxia
is the major stimulus of vascular endothelial growth
factor (VEGF), which is a potent angiogenic
cytokine. Lavie et al57 described the results of their
experiments in which plasma concentrations of
VEGF were measured in patients with sleep apnea.
They found that AHI was found to be a significant
independent predictor of morning VEGF concen-
trations in 85 male subjects investigated in their
sleep laboratory, of whom 47 had AHI � 20. VEGF
concentrations measured hourly during the sleep
period were found to be significantly higher in a
group of five sleep apnea patients compared with
six age-similar snorers and six normal young adults
(129.1 	 43.4 pg/ml vs 74.6 	 11.5 pg/ml and
32.5 	 12.8 pg/ml, respectively; p � 0.007). Others
have also shown similar results indicating that
plasma levels of VEGF are increased in patients
with OSA.58

Non-invasive imaging techniques can be used
to directly identify and monitor preclinical athero-
sclerosis in human arteries. B-mode ultrasound
imaging can directly quantitate the atherosclerotic
burden. Measurement of carotid arterial wall
intima–media thickness (IMT) made with high-
resolution B-mode ultrasound imaging was first
presented as a means of assessing atherosclerotic
changes in the aorta in 1986. Studies of excised
aorta showed close correlation between ultrasoni-
cally measured IMT and the same thickness meas-
ured by light microscopy. Carotid IMT has been
recognized as a surrogate measure of atherosclero-
sis and a useful index of subclinical cardiovascular
disease. Epidemiologic studies have shown that
carotid IMT is a strong independent risk factor for
predicting future CAD and stroke, even after
adjusting for traditional risk factors.59–62 Silvestrini
et al63 found that the IMT of the common carotid
arteries of patients with OSA was significantly
greater than that of control subjects (1.429 	 0.34
vs 0.976 	 0.17 mm; p � 0.0001). Similarly, since
atherosclerosis (atheroma formation) of the
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extracranial carotid artery can be recognized on
panoramic radiographs, Friedlander et al64 con-
ducted a study comparing the prevalence of
atheromas in subjects with OSA and normal con-
trols, and found that 22% of the patients with
OSA showed atheromas on their radiographs, as
opposed to only 3.7% of the patients in the con-
trol group. It has been demonstrated that the
severity of OSA is independently related to ather-
osclerosis and that the severity of OSA-related
hypoxemia is more important than the frequency
of obstructive events.65 Based on the above studies,
it is evident that OSA is independently associated
with the progression of atherosclerosis.

This concept of accelerated atherosclerosis and
adverse cardiovascular outcomes in patients with
OSA has been investigated in a large observational
cohort study by Marin et al,66 where they compared
the incidence of fatal (death from myocardial infarc-
tion or stroke) and non-fatal (non-fatal myocardial
infarction, non-fatal stroke, coronary artery bypass
surgery, and percutaneous transluminal coronary
angiography) cardiovascular events in simple snor-
ers, patients with untreated OSA, patients with
treated OSA (with CPAP), and healthy men from
the general population. They showed that
untreated severe OSA significantly increased the
risk of fatal (odds ratio (OR) 2.87, 95% CI
1.17–7.51) and non-fatal (OR 3.17, 95% CI
1.12–7.51) cardiovascular events compared with
healthy participants. In a large prospective study
in males and females with no prior history of
stroke and cardiovascular events, the presence of
OSA increased the risk of stroke and death by
1.97-fold (95% CI 1.12–3.48), independently 
of other cardiovascular risk factors, including
hypertension.67

EFFECT OF THERAPY OF
OSA ON CAD OUTCOME

Positive airway pressure therapy is the treatment of
choice for most patients with OSA. The most
common type of positive airway pressure therapy

provides a constant pressure throughout the respi-
ratory cycle and is called continuous positive air-
way pressure (CPAP). Other treatment options for
OSA include oral appliances such as mandibular
advancement splints, surgical treatment options
such as uvulopalatopharyngoplasty, genioglossus
advancement, maxillomandibular advancement,
and tracheostomy. Of these, CPAP therapy is
effective and is the most widely used modality in
patients with moderate to severe disease.68

Hanly et al69 found that 30% of consecutively
enrolled patients with OSA and no history of CAD
had ST-segment depression during sleep indicating
myocardial ischemia. The CPAP treatment resulted
in a reduction in AHI, arousal index, and time
spent with oxygen saturation less than 90%, with a
shortening of the duration of ST-segment depres-
sion. Similarly, it has been shown that nocturnal
angina diminishes and the number of nocturnal
myocardial ischemic events also reduces during
treatment of sleep apnea by CPAP.70

CPAP therapy has been shown to decrease the
incidence of cardiovascular outcomes in patients
with concomitant OSA and CAD. Milleron et al71

conducted a long-term prospective study to evalu-
ate the effect of treating OSA on the rate of car-
diovascular events in CAD. They followed 54
patients with both CAD and OSA over a period of
86.5 	 39 months. OSA patients were treated
with CPAP (85%) and/or upper-airway surgery
(15%). Cardiovascular events as defined by cardio-
vascular death, acute coronary syndrome, hospital-
ization for heart failure, or need for coronary
revascularization occurred in 58% of untreated
patients with OSA, compared with 24% of the
patients who were treated. CPAP therapy has also
been shown to decrease the incidence of cardiovas-
cular outcomes in patients with OSA without con-
comitant CAD or other cardiovascular disease. In
a prospective observational study of 182 Swedish
men with no prior history of cardiovascular disease
or hypertension, the diagnosis of OSA increased
the risk of incident cardiovascular event by 4.9-
fold (95% CI 1.8–13.6). Cardiovascular events
occurred in 56.7% of incompletely treated OSA
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patients, compared with 6.7% of the optimally
treated group (p � 0.001).72 Doherty et al73 com-
pared the cardiovascular outcomes of OSA patients
who were intolerant of CPAP (untreated group)
with those continuing CPAP therapy. They noted
that there was a significant excess of cardiovascular
deaths in the untreated group (nine deaths,
14.8%), compared with two deaths (1.9%) in the
treated group ( p � 0.009). Furthermore, the total
number of cardiovascular events (death and new
cardiovascular disease combined) was significantly
greater in the untreated group compared with that
in the CPAP group (31% vs 18%; p � 0.05). In
another large prospective observational study con-
ducted in Spain, patients with severe untreated
OSA had a significantly higher risk of fatal and
non-fatal cardiovascular events than the CPAP-
treated group.66 These data show that patients with
sleep apnea are at risk of cardiovascular events and
death, and that the treatment of this condition
improves survival and cardiovascular outcome.

In summary, sleep-disordered breathing, espe-
cially if associated with hypoxemia, causes
endothelial dysfunction and vasculopathy through
oxygenation–reoxygenation mechanisms inducing
systemic inflammation and atherosclerosis with
high cardiovascular and cerebrovascular morbidity
and mortality. Effective treatment of sleep-
disordered breathing reverses the pathogenetic
mechanisms and improves survival. Patients with
established cardiovascular disease or those with risk
factors for vascular disease should be screened for
underlying sleep-related breathing disorders.
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Sleep and genitourinary systems

Max Hirshkowitz, Amir Sharafkhaneh

INTRODUCTION

Genitourinary symptoms and disorders intersect
sleep physiology in five important areas: the symp-
toms nocturia and enuresis, the conditions erectile
dysfunction (impotence) and sleep-related painful
erections, and sleep alterations associated with the
menstrual cycle. In this chapter, we will describe
these problems from a clinical sleep perspective,
review their etiology, describe the relevant patho-
physiology, and review current therapeutics, where
appropriate.

NOCTURIA

Definition and description

Nocturia is the need to void during sleep. It can
occur without disease, commonly resulting from
excessive evening fluid intake. However, nocturia
is often a non-specific symptom, and when it
occurs more than twice nightly, it can significantly
disturb sleep. Underlying causes range from pro-
statism (due to bladder neck obstruction) to renal,
liver, or heart failure.

Treatment

In the primary care setting, four-step management
has been proposed: (1) clinical evaluation, (2) sim-
ple investigations, (3) provisional diagnosis, and

(4) diagnosis-driven management.1 Bladder retrain-
ing, anticholinergic drug therapy, or both are recom-
mended in cases where the cause is an overactive
bladder. The use of sedative hypnotics is discour-
aged in older adults, for whom loop diuretics in the
afternoon should be considered. For younger
patients desmopressin is suggested, but this should
be used cautiously in older patients because of the
risk of hyponatremia. Finally, a recent study found
that the adrenoreceptor antagonist terazosin objec-
tively and subjectively reduced nocturia episode
frequency in some men with prostate-related lower
urinary tract symptoms.2

Special association with sleep

In sleep clinical settings, we frequently note noc-
turia as a symptom of sleep-related breathing 
disorders (SRBDs). Furthermore, treatment with
continuous positive airway pressure (CPAP) signif-
icantly reduces nocturia episodes.3 In one study, 97
patients (75 men and 22 women), mean age 55
years, with a mean respiratory disturbance index of
34 were tested. The mean number of awakenings
to urinate went from 2.5 times nightly at baseline
to 0.7 after 1–3 months following CPAP therapy
( p �0.001). In a retrospective analysis, Fitzgerald
et al4 found that age, diabetes, and SRBD severity
correlated with nocturia frequency. Moreover,
CPAP significantly reduced the frequency of
nocturia episodes.
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NOCTURNAL ENURESIS

Definition and description

Commonly called bedwetting, enuresis is normal
in children up to age 3 years. If it persists, it
becomes increasingly problematic. Sleep enuresis is
a disorder in which the individual urinates during
sleep while in bed long after the usual develop-
mental milestones have been passed or begins
again after the occurrence of some medical or
psychologic event. Bedwetting frequency ranges
from nightly to monthly. Psychologic conse-
quences range from mild embarrassment to severe
shame and guilt.5,6 Moreover, enuresis has two very
different forms: primary and secondary.

In children, primary sleep enuresis is the per-
sistence of bedwetting from infancy until after age
2 or 3 years. Usually, after toilet training, bed -
wetting spontaneously resolves before age 6 years.
Prevalence progressively declines from 30% at age
4, to 10% at age 6, to 5% at age 10, and to 3%
at age 12. If a parent had primary enuresis, this
increases the likelihood that the children will be
enuretic. A single recessive gene is suspected. It
may be associated with delayed lower urinary tract
neuromuscular maturation or disease. Diseases
include urethral infection, stenosis, posterior
urethral valve problems, and neurogenic bladder.

Secondary enuresis refers to relapse after toilet
training has been completed and there has been a
period during which the child remained dry.
Secondary enuresis in children may occur with the
birth of a sibling and represent a ‘cry for attention’.
Secondary enuresis can also be associated with
nocturnal seizures, sleep deprivation, and urologic
anomalies. In adults, sleep enuresis is occasionally
seen in patients with sleep-disordered breathing. In
most cases, embarrassment is the most serious con-
sequence. Nonetheless, if sleep enuresis is not
addressed, it may leave psychosocial scars.

Treatment

A variety of medications have also been used to treat
sleep enuresis, including imipramine, oxybutynin

chloride, and synthetic vasopressin. Behavioral
treatments – including bladder training, use of
conditioning devices (bell and pad), and fluid
restriction – reportedly have good success when
properly administered. Other treatments include
psychotherapy, motivational strategies, and hypno -
therapy. Glazener et al7 conducted an evidence-
based medicine review of 15 randomized and quasi-
randomized trials examining enuresis treatment in
children. They concluded that ‘there was weak evi-
dence to support the use of hypnosis, psychother-
apy, acupuncture and chiropractic but it was
provided in each case by single small trials, some of
dubious methodological rigour.’ In an earlier
review, Glazener et al8 examined six Cochrane
Reviews evaluating simple behavioral interven-
tions, complex behavioral or educational interven-
tions, alarms, and drugs (desmopressin, tricyclic
antidepressants, and other drugs). They found that
most evidence was of poor quality and that there
were few head-to-head comparisons between inter-
ventions. Nonetheless, alarms were ranked as the
most effective treatment for nocturnal enuresis in
children, with desmopressin as a good choice for
temporary relief. After reviewing all papers pub-
lished between 1980 and 2002 that sampled 10 or
more children (38 papers in total), Butler and
Gasson9 also concluded that the enuresis alarm
reduced or eliminated nocturnal enuresis. Effec-
tiveness varied, with there being important indi-
vidual factors related to its appropriateness for any
particular child. Finally, another review of ran-
domized controlled trials found that enuresis alarms
produced durable (3 months post-treatment) treat-
ment effect.10 Less durable, but acutely effective,
outcome was produced by desmopressin and 
tricyclic antidepressants (but the effect was not 
sustained after cessation of dosing).

Special association with sleep

Like nocturia, enuresis has a special relationship
with sleep-disordered breathing. A chart review
of 326 cases of child (age 2–18 years) tonsillectomy
or adenotonsillectomy found that 107 (33%) 
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were enuretic.11 All of these 107 were having the
surgery to treat SRBDs, and 53% agreed to partic-
ipate in the follow-up study. Postoperatively, 61%
had complete cessation of enuresis, 23% had a par-
tial reduction, and the remainder did not change.
Thus, enuresis is common in children with SRBDs,
and the vast majority improve after treatment of
the sleep-disordered breathing. Similarly, enuresis
can be a symptom of sleep apnea in adults.12 The
mechanism posited involves a negative intratho-
racic pressure-evoked release of atrial natriuretic
peptide resulting from cardiac distension. This pep-
tide increases sodium and water excretion while
inhibiting fluid volume regulation. As expected,
enuresis ceases or dramatically declines after treat-
ment of the sleep-related breathing problem.

ERECTILE DYSFUNCTION (IMPOTENCE)

Definition and description

Erectile dysfunction is the inability to attain 
or sustain an erection satisfactory for coitus. In the
USA, erectile dysfunction afflicts 10–20 million
men (males aged 18 years or greater). Prevalence
increases with age. Erectile failure may be due to
psychologic factors, organic factors, or both.
Psychologic factors include sexual guilt, fear of
intimacy, depression, and severe anxiety. Organic
factors include hormonal imbalances, vascular
disease, neurologic disorders, and iatrogenic side-
effects of medication. Hormonal problems include
diminished testosterone, elevated prolactin,
hypothyroidism and hyperthyroidism, and Cush-
ing syndrome. Relevant vascular disorders include
penile arterial atherosclerotic disease and venous
leaks. Diseases that accelerate atherosclerosis (e.g.,
diabetes, smoking, and hypertension) adversely
affect erectile function. Complementarily, vascular
tone regulation (e.g., nitric oxide, NO) provides a
potential treatment avenue. Neurologic disorders
include stroke, temporal lobe seizures, multiple
sclerosis, sensory and autonomic dysfunction,
and spinal cord injuries. Of men undergoing

transurethral resection of the prostate (TURP),
40% experience problems with erections. Drugs
are estimated as causing about 25% of erectile
dysfunction.

Treatment

A wide range of treatments are available to treat
erectile dysfunction. These include psychotherapy,
sexual counseling, vacuum devices, ‘cock-rings’ to
prevent venous leakage, androgen replacement
therapy, revascularization surgery, surgical implan-
tation of a penile prosthesis, vasodilator injection,
transurethral prostaglandin E1 (PGE1) administra-
tion, and the use of phosphodiesterase inhibitors
or other drugs that potentiate the vascular 
smooth muscle effects of NO. Many of the treat-
ments are specific to the etiology. In other words,
some treatments for psychogenic problems would
not be helpful for treating organic erectile dys-
function. Furthermore, very invasive treatments
for severe organic impairment (e.g., implantation
of a penile prosthesis) should not be used when the
main and nearly exclusive problem is largely psy-
chologic. Endocrine panels can reveal specific hor-
monal problems that can be treated with hormone
replacement therapies. Thus, currently there is an
array of treatments in our armamentarium; conse-
quently, reassurance that treatment is possible is
crucial. Finally, individuals have many misconcep-
tions concerning sexuality, and misinformation
must be dispelled as part of the treatment regimen.

Special association with sleep

Traditionally, there were no objective tests to 
differentiate organic and psychogenic influences.
When Brantley Scott developed the inflatable
prosthesis, he wanted, as a prerequisite for implan-
tation, to be reasonably certain that the patient did
not have psychogenic impotence. Part of the rea-
son was that the surgical procedure destroys any
existing mechanisms. Given the invasive nature of
the treatment intervention the availability of an
objective method would be highly desirable. 
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As fate would have it, Ismet Karacan was conduct-
ing research concerning sleep-related erections and
their diagnostic utility literally across the street at
Baylor College of Medicine. This was the begin-
ning of a long and fruitful collaboration.13

What are sleep-related erections (SREs)?

Sleep-related erections (SREs – also known as noc-
turnal penile tumescence, NPT) refer to the cycle
of penile erections that occur episodically in all
healthy, sexually potent men. These involuntary
erections can be objectively assessed and can be
used to differentiate psychogenic from organic
erectile dysfunction. A normal pattern of sleep 
erections occurs in patients with psychogenic
impotence, in contrast to the diminished erectile
response characteristic of men with neurologic,
endocrine, or vascular erectile dysfunction. Over
the past four decades, we have learned much about
SREs. Perhaps the pivotal finding is the great con-
sistency with which they occur. This consistency,
coupled with non-invasive recording techniques,
has provided researchers an unparalleled approach
for physiologically investigating erectile function.

Thus, SREs are naturally occurring and invol-
untary. They are closely associated with rapid eye
movement (REM) sleep. The discovery that
dreaming and REM sleep are concurrent posed
the question of whether sleep erections were
related to dream content. A case series by Fisher
and co-workers14,15 suggested that they were; how-
ever, more systematic work by Karacan16 failed to
find such a relationship. Subsequent research17,18

revealed that dream reports infrequently contain
overt sexual content, notwithstanding the expected
four to six REM sleep episodes occurring nightly.

Presleep sexual arousal evoked by presenting
videotapes depicting sexually explicit activity does
not alter the SRE profile.19 Twelve sexually potent
young adult males were presented erotic, dysphoric,
and neutral videotape segments on different nights
before laboratory SRE testing. No differences were
found for frequency, magnitude, duration, archi-
tecture, or coordination between REM sleep and
SREs between experimental nights. Using a similar

protocol, SRE patterns were not altered by sexual
abstinence or presleep sexual activity in young adult
potent volunteers.20,21

Age-related changes in SREs have been well
researched.22–25 SRE recordings in potent young
boys, young adults, middle-aged men, and the eld-
erly who were free from significant physical disease
revealed modest but statistically reliable declines in
SRE frequency, SRE duration, and the frequency of
REM sleep-related erections.22 Other researchers
confirmed small age-related decreases in SRE fre-
quency, and also found a lower percentage of REM
sleep associated with tumescence in older sub-
jects.23 However, no significant differences between
age groups were found for penile rigidity. In
another study, greater age-related declines were
reported among subjects aged 65–74 years when
samples included men with intermittent erectile
failure.24 Thus, SREs appear to persist throughout
the lifespan in healthy, sexually potent men.

By contrast, SRE alterations have been shown in
men complaining of erectile failure associated with
a variety of medical conditions, including dia-
betes,26,27 chronic obstructive pulmonary disease
(COPD),28 alcoholism,29 spinal lesions,30 end-stage
renal disease,31 and hypertension.32,33 Decreased
SREs are also reported in men suffering from major
depressive disorder.34 Men with longstanding
androgen deficiency have markedly diminished
SREs.35 Furthermore, hypogonadal men treated
with androgen replacement therapy who recover
potency have normalized SRE activity.36 Similar
SRE androgen dependence has been reported by
Carani et al;37 however, response to visual erotic
stimuli appeared to be androgen-independent.
Bancroft38 further posited the involvement of a
central noradrenergic mechanism in erectile activity,
citing that �2-adrenoceptor antagonists restore 
sexual behavior in castrated rats. He also noted
that SREs during REM sleep occur at a time 
when there is virtual cessation of peripheral sympa-
thetic activity. This provides the framework for a
model of psychogenic erectile dysfunction that
involves high-level central �2 tone diminishing 
central nervous system (CNS) arousal capability.
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Noradrenergic mechanisms likely play a role in
androgen-induced SRE changes; however, the rela-
tionship is likely complex.

How are SREs measured?

The most common approach to measuring SREs is
to continuously record penile circumference
throughout the night. This is usually accomplished
by placing strain gauges around the penis. As an
erection occurs and penile girth increases, the gauge
stretches. Stretching elongates and narrows the
gauge’s tubing, producing an increased electrical
resistance that can be transformed to direct-current
voltage by a bridge amplifier. This voltage can be
calibrated to accurately reflect penile expansion.
Laboratory sleep studies are expensive; therefore,
non-laboratory approaches have emerged.39–41

Non-laboratory tests are more prone to artifact and
erroneous outcome than laboratory testing.42–45

Standard laboratory technique

The traditional laboratory-based polysomno-
graphic approach for evaluating SREs grew out of
early research projects attempting to link erectile
activity, REM sleep, and dreaming. Penile circum-
ference increase was recorded concurrently with
electroencephalography (EEG), electro-oculography
(EOG), and electromyography (EMG) during
the night while subjects slept in the sleep labora-
tory. Modern practice includes EEG (central),
EOG (left and right eyes), EMG (submentalis and
anterior tibialis), electrocardiography (ECG), nasal
and oral airflow, respiratory effort (using abdomi-
nal and thoracic movement sensors), and pulse
oximetry. Bulbocavernosus–ischiocavernosus act -
ivity, penile blood flow, and snoring sounds are
sometimes recorded. Usually, two penile circum-
ference channels are recorded, with one gauge
being placed at the penile base and the other at the
coronal sulcus. Dual-channel SRE recording offers
several advantages compared with a single gauge
placed at mid shaft, including greater reliability
and improved sensitivity to erectile anomalies.

Airflow, respiratory effort, and pulse oximetry
are recorded in diagnostic practice because studies

find that men with erectile dysfunction often have
comorbid obstructive sleep apnea (OSA).46 In a
study of more than 1000 patients referred to our
laboratory for SRE testing,47 20% had moderate to
severe sleep apnea (�15 apneic events per hour of
sleep). Men complaining of erectile problems also
have a high prevalence of periodic limb movement
disorder (previously called nocturnal myoclonus);
therefore, leg movement activity should routinely
be recorded.48 Fifty-four percent of 768 patients
referred for SRE testing had 15 or more leg move-
ment events per hour of sleep. Breathing and leg
movement data channels provide information that
helps the clinician interpret SRE recordings. False-
positive and false-negative conclusions due to sleep
disorders and body movements can be avoided
when the full complement of polysomnographic
data channels are available for review. Further-
more, therapeutic intervention for diagnosed sleep
disorders can normalize sleep and permit SRE
interpretation.

Measures of penile circumference

SREs occur episodically, closely correlated with
REM sleep. Each episode can be characterized as
having a beginning, middle, and ending phase.
The three phases are referred to as Tup, Tmax, and
Tdown (the ‘T’ stands for ‘tumescence’). The begin-
ning phase is called Tup and is the time from the
initial increase in circumference above baseline 
(�2 mm) until the circumference reaches 75% of
the night’s overall maximum circumference increase
(MCI). In healthy potent young adult men, Tup

commences near the transition from non-REM
(NREM) to REM sleep. Penile circumference
increases rapidly, and penile pulsations (transient
small increases in circumference) can be observed.
During Tup, arterial inflow expands the penile
girth and increases the cavernosal pressure. The
point at which the increase in circumference first
exceeds 75% of MCI is sometimes called the Tmax

point. The interval between an episode’s initial
Tmax point and the last point before the circum-
ference drops below the Tmax point is called the
Tmax phase. Transient decreases below 75% of
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MCI during the Tmax phase are called fluctuations.
During the Tmax phase, the circumference remains
roughly at a maximum plateau. The arterial
inflow is thought to decline; however, the venous
outflow is considerably restricted. The cavernosal
pressure is increased, and in healthy potent men,
the penile rigidity (see below) will exceed 1000 g.
The Tmax phase normally continues until the end
of the REM sleep episode. Fluctuations can occur
spontaneously or secondary to brief arousals
from sleep. In cases where the penile circumfer-
ence during an SRE episode fails to reach 75% of
the overall nightly MCI, the Tmax phase duration
is scored as 1 minute centered around the
episode’s maximal circumference. The final phase
of a SRE episode is called Tdown. It is initiated by
increased venous outflow coincident with changes
in central and autonomic nervous system activity
associated with the termination of REM sleep.
Sympathetic activity increases, and the circumfer-
ence declines rapidly to baseline (the Tzero point).
The Tdown phase spans the time from the end of
the Tmax phase until the Tzero point is reached.
Detailed scoring rules are given in Ware and
Hirshkowitz.49

SREs can be represented numerically in terms
of frequency, magnitude, and duration. Frequency
is indexed by the number of episodes, magnitude
by the overall MCI and the mean MCI per
episode, and duration by total tumescence time
and the mean SRE episode duration. Also of inter-
est is the SRE pattern, quantified by calculating
the slope of the Tup phase, the slope of Tdown, and
the duration of Tmax. These measures may be
thought of as representing SRE architecture.
Abnormal SRE architecture can provide insight
into pathophysiology. For example, disparate
expansion at the penile base and coronal sulcus
should alert the clinician to probable vascular
abnormalities. Continual fluctuations during Tmax

suggest a vascular problem, possibly a venous leak.
Closer examination of erectile architecture is also
possible. Microarchitectural SRE features include
the rate of pulsation during the Tup and Tmax

phases and the number of fluctuations.

Coordination between SRE episodes and REM
sleep provides a rich source of data. Additionally,
basic dimensional measures (frequency, magni-
tude, and duration) can be normalized using sleep
parameters (e.g., total tumescence time as a per-
centage of REM sleep duration) to provide meas-
ures with less between-subject variability. These
sleep-normalized measures can be compared across
individuals and aid interpretation with respect to
normative values. SRE frequency, periodicity, and
duration largely depend upon REM sleep. Sleep-
stage information helps the clinician avoid mis-
interpreting as organic impotence SRE decreases
secondary to insufficient REM sleep. Fluctuations
that occur spontaneously are abnormal; however,
fluctuations associated with brief awakenings can
be normal (although the awakening may be patho-
logical). Frequent NREM erections should alert
the clinician to possible neurogenic problems.
Detumescence occurring long before the end of a
well-consolidated REM sleep episode suggests vas-
cular problems. Delay between the onset of REM
sleep and the beginning of the Tup phase, coupled
with a slowly developing Tup phase, points toward
an etiology involving impaired arterial inflow.

Measures of penile rigidity

Perhaps the most important procedure during SRE
evaluation involves measuring penile rigidity.
Penile buckling resistance indexes axial rigidity and
is defined as the minimum amount of force
applied to the glans capable of buckling the penile
shaft. Adequate resistance to buckling is critical to
the ability to achieve penetration. Circumference
increase, although correlated with rigidity under
normal circumstances, is not the crucial parameter.
Moreover, it is well documented that some patients
complaining of erectile dysfunction achieve erec-
tions with normal circumferential expansion but
the erection is not firm.50

Rigidity measurement involves awakening the
patient during a representative SRE and applying a
calibrated force to the tip of the penis, parallel to
the shaft. The applied force is increased rapidly up
to a maximum of 1000 g. The force at which the
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penile shaft is observed to buckle approximately
30� is recorded as the rigidity. If no buckling
occurs, the value 1000 g is assigned. Currently,
electronic and spring-loaded force meters are used
most often; however, the original measurement
instruments were pressure-based devices with a
range from 0 to 300 mmHg. Thus, pressure rigid-
ity values in the older literature must be converted
for comparison.

Over the years, procedures have evolved to
meet a variety of needs. Our surgical colleagues
requested that we photograph the penis in the
erect state to help document penile size and shape.
Therefore, we began photographing SREs imme-
diately following rigidity measurement. For
patients electing for penile prostheses, the photo-
graph was sometimes helpful for size selection.
Additionally, we found the photograph useful to
record abnormal penile curvature associated with
Peyronie’s disease, and to our surprise found that
some patients were completely unaware of its
presence. The photograph also served to validate
rigidity measures, and we decided to have the
technologist who measured buckling resistance
also rate the erection for its percentage of a full
erection. The technologist and patient estimates of
the percent-of-full erection present at the time of
rigidity measurement usually concord within a
20% range. However, sometimes a patient will
vastly underestimate erectile quality compared
with the technician and our judgment from exam-
ining the photograph. At first, we thought that this
was a confusion produced by the patient being
awakened from sleep; however, it later became
apparent that some patients have a peculiar type of
body dysmorphia. Even upon examining the pho-
tograph the next day, some men will judge a full
erection with 1000 g rigidity as less than 25% of
full. In cases such as these, therapeutic interven-
tion will clearly need to address the misperception.

In an intriguing study by Schwartz,51 the awak-
ening procedure with rigidity measurement and
patient self-estimate of erectile adequacy were
found to be critical for differential diagnosis. This
was particularly the case for patients who did not

have seriously diminished maximum circumfer-
ence increase. Of particular interest was a finding
among men with probable psychogenic impo-
tence. Apparently, patients being confronted by a
full erection during the awakening procedure had
some therapeutic benefit. According to the report,
‘Nine of these 12 patients reported that after their
NPT test they were able to have reproducibly 
satisfying erections during intercourse with their
wives.’ In contrast, among patients with symptoms
suggesting organic or drug-related impotence, no
changes were found after SRE testing.

Measuring penile rigidity objectively indexes
SRE quality. Patient and technician percentage-of-
full erection ratings estimate subjective erectile
quality.

Diagnostic use of sleep-related erections

Forty years ago, the differential diagnosis of impo-
tence relied mainly on self-report. Very few objec-
tive techniques were available to examine erectile
competency. In cases where there existed no history
of vascular, neurologic, or genitourinary disease,
and no obvious abnormality was found on physical
examination, diagnosis defaulted to psychogenic
impotence.52 The epidemiologic understanding of
the time derived from the work of Kinsey et al,53

who found approximately 2% of men by age 40,
6.7% of men aged 55, 18.4% of men aged 60, and
75% aged 80 years were impotent. Moreover, it was
axiomatic that 90% of erectile failure was psy-
chogenic.54 Current prevalence estimates for male
impotence are considerably higher than previously
thought. Our recognition of the role of organic
etiologies in erectile failure has improved, as our
assessment techniques have become more sophisti-
cated. Furthermore, the majority of etiologies are
now believed to be organic.

The development of SRE testing to differenti-
ate psychogenic from organic impotence was
fueled by the desire to establish an objective, reli-
able diagnostic technique. As surgical interven-
tions developed for treating erectile failure, the
need for a biologic marker to rule out psychogenic
impotence became crucial. In the past, one

Chap-04:Sleep  12/15/2006  3:31 PM  Page 41



42 SLEEP AND PSYCHOSOMATIC MEDICINE

approach that was used to objectively assess erectile
function involved having patients engage in sexual
fantasies or view sexually explicit videotapes. If
these activities produced an adequate erection,
physiologic capacity was established, and it was
concluded that the impotence was psychogenic in
origin. However, if fantasies or erotica failed to
produce an adequate erection, the etiology could
be either organic or psychogenic. Situational fac-
tors in the clinical setting can inhibit erection in
some men, especially those with performance
anxiety. Thus, when no erection occurs under such
testing circumstances, etiology remains unknown.

Once it had been determined that SREs are not
affected by daytime sexual behavior, are unaffected
by presleep sexual stimulation, and persist
throughout the lifespan, they became viable as a
possible biologic marker for erectile function. The
diminution of SREs in men with erectile dysfunc-
tion and medical comobidities strongly suspected
of causing impotence (e.g., diabetes) helped
validate SRE testing.

Just as with daytime fantasy or viewing erotica,
the presence of a normal-sized penile erection with
full rigidity during REM sleep establishes erectile
capability. To rule out specific and uncommon
organic etiologies, endocrine, genital neurovascular
examination, and nerve conduction studies may

be needed. These tests help rule out the four organic
conditions known to be associated with apparently
normal SREs – specifically pelvic steal syndrome,
Peyronie’s disease, somatic nerve lesion or neuro -
pathy, and acute androgen deficiency. In pelvic steal
syndrome, during sexual activity, movement (par-
ticularly of the lower limbs) shunts blood away
from the penis, thereby causing detumescence.
How ever, during sleep, a normal SRE can occur,
because of the lack of movements. Peyronie’s disease
is associated with abnormal penile curvature during
erection that may prevent penetration; however, a
normal increase in penile circumference may occur.
Figure 4.1 illustrates sleep stages and SREs recorded
from a patient with psychogenic impotence.

In contrast, below-normal SREs suggest organic
impotence; however, the clinician must first con-
sider integrity of sleep, drug effects, and patient
comorbidity factors. REM sleep of adequate dura-
tion and consolidation must be present to allow
accurate interpretation of diminished SREs. As
previously mentioned, this is an important issue,
because sleep apnea and periodic limb movement
disorder are common in men referred for evalua-
tion of impotence.47,48 Figure 4.2 illustrates sleep
stages and SREs in a man with organic impotence.

Many drugs adversely affect REM sleep; there-
fore, a complete medication inventory is essential.
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Figure 4.1 Sleep histogram and penile circumference increase (PCI) recorded at the coronal sulcus (CS) and penile base (PB)
in a man with psychogenic erectile dysfunction. This 43-year-old man had a normal pattern of sleep-related erections, with
rigidity measuring �1000 g buckling force
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Most antidepressant medications adversely affect
SREs. This change is sometimes secondary to
REM sleep suppression; however, it can also reflect
a direct influence on the mechanisms underlying
sexuality. Antidepressants with pronounced anti-
cholinergic properties are particularly problematic.
Selective serotonin reuptake inhibitors (SSRIs)
have also been associated with erectile dysfunction.
In one study of 152 men and 192 women, greater
erectile dysfunction and delayed orgasm were
found with paroxetine than fluvoxamine, fluoxe-
tine, or sertraline, and sexual dysfunction generally
correlated with dose.55 However, SRE changes
have not been systematically researched.

Many drugs reportedly cause impotence;56 anti-
hypertensives (especially �-blockers) can be partic -
ularly problematic. Other reputed impotence-causing
medications include antipsychotic medications
(notably haloperidol and chlorpromazine), anti -
androgens, cancer chemotherapeutic agents, cimeti-
dine, digoxin, disulfiram, and atropine.

Often the single most telling measure obtained
during SRE testing is penile rigidity. With respect
to diagnosis, this serves as a functional erectile
capacity index. The rationae for this derives directly
from studies. Female volunteers performing vaginal
insertions with variously sized lubricated Lucite

rods needed an average minimum force of 500 g
to achieve penetration.57 During the SRE rigidity
measurement procedure, men who were asked if
their erections were adequate for intercourse indi-
cated affirmatively when rigidity exceeded 500 g.
Finally, rigidities in potent men average well above
500 g.23 Thus, rigidities of 500–600 g are consid-
ered by many the cutting score below which organic
impotence is diagnosed, assuming other validity
conditions are met.

Advanced diagnostic practice – beyond
dichotomization

Psychologic features in organic
erectile dysfunction
An inability to volitionally attain a rigid erection
can stem from psychogenic, organic, or a combi-
nation of these two causes. Regardless of etiology,
the onset of erectile failure is usually distressing
and can produce marital (or partner-related) prob-
lems, performance anxiety, and changes in mood.
Psychometric indices may be elevated on these fac-
tors, even when the etiology is organic. In practice,
we frequently find significant psychopathology in
men whose impotence is clearly organic in origin.
Thus, a positive result on psychosexual question-
naires or psychometric tests does not rule 
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Figure 4.2 Sleep histogram and penile circumference increase (PCI) recorded at the coronal sulcus (CS) and penile base (PB)
in a man with organic erectile dysfunction. This 58-year-old man with diabetes and hypertension had an abnormal pattern of
sleep-related erections. The maximum rigidity measured on the final erection was only 300 g buckling force, which is considered
inadequate to achieve vaginal penetration
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out organicity. In contrast, it is incorrect to assume
that psychopathology will necessarily accompany
psychogenic impotence. For example, a patient
may not self-report accurately, and a completely
normal profile may result. Alternatively, erectile
failure arising from behavioral or relationship
problems will be missed by tests whose scope is
intra- rather than interpersonal.

For these and other reasons, initial successes
using the Minnesota Multiphasic Personality Pro-
file (MMPI) indices to differentiate psychogenic
from organic impotence were followed by less reli-
able results.58–60 More specific sex questionnaires
have been developed, and appear to be more 
useful.62–64 However, a positive finding for 
psychogenic impotence does not rule out possible
underlying organic contributions. The presence of
many comorbidities, the use of medications known
to adversely affect erectile function, and the
absence of dysfunction on a full range of 
psychogenic features (including behavioral, relation -
ship, constitutional, conditioning, and religious)
raise suspicion of impotence deriving from a 
biologic origin.

Subclinical organic contribution to
psychogenic impotence
Although a penile rigidity of 500–600 g is often
considered the cutting score for differentiating 
psychogenic from organic impotence, other factors
should be considered. In the original study,57 500 g
was the average minimum buckling resistance
needed to achieve penetration during vaginal self-
insertion under the best circumstances with lubri -
cation. There were, however, between-subject
differences. Therefore, partner-specific variables can
alter the adequacy of an erection with 600 g rigidity
for penetration. Furthermore, even though penile
rigidity objectively addresses the issue of obtaining
an erection, it does not address erectile mainte-
nance. Assessing the ability to maintain an erection
is better judged by examining the SRE profile and
the coordination between SREs and REM sleep.

The duration of a sustained maximal erection
(Tmax phase) should continue throughout an REM
sleep episode. When SRE episodes increase to

normal magnitude but then terminate prematurely
notwithstanding continued and uninterrupted
REM sleep, a problem exists. Another pattern that
we have noted is an increased number of fluctua-
tions during the Tmax phase that cannot be
accounted for by sleep disruptions. When patients
with such profiles complain primarily of problems
maintaining erections, the SRE pattern concords
with the symptom. Similarly, patients sometimes
complain of intermittent difficulty obtaining erec-
tions and SRE testing reveals prolonged Tup dura-
tion or very few pulsations during Tup. All other
SRE measures may be within normal limits,
including rigidity. These SRE test findings are not
sufficient by current standards to diagnose organic
impotence; however, they clearly reflect physio-
logic compromise (Figure 4.3). We sometimes
refer to this as evidence for creeping organicity. Spe-
cific pathophysiologies can sometimes be con-
firmed using invasive urologic techniques, but not
in all cases.

One common marker for these subclinical
changes is an increase in the variability of SREs and
a decline, but not loss of, coordination between
erections and REM sleep. Increased SRE variability
goes hand-in-hand with intermittent erectile failure
during sexual attempts. The SRE pattern seen in
healthy young adult men is incredibly consistent,
invariant, and robust. It varies as little as 10% per
night, with erections commencing with REM sleep
and continuing until REM sleep terminates. This
invariant pattern gives way to a regular but more
variable pattern where most erections meet normal
criteria but some do not. The variability in erectile
competence during sexual encounters may parallel
the SRE changes and include instances where erec-
tile failure occurs. However, the presence of even
intermittent erectile failure can trigger another
entire set of factors that lead to further deteriora-
tion of erectile function. Increased performance
anxiety, increased interpersonal tension, depressed
mood, and general concern may all be associated
with increased sympathetic activation when
attempting sexual activity. This may increase
vasoconstriction and peripheral resistance, which
can in turn interfere with the erectile process.
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The individual may also become avoidant, thereby
increasing stress in the relationship. In such a man-
ner, creeping organicity, while not the sole factor,
makes a significant contribution to the overall 
clinical condition. In our experience, the patient is
sometimes greatly relieved to find out that the
problem is ‘not entirely in his head’ and at the same
time is not ‘irreversible organic impotence’. At that
point, sex therapy can directly address taking 
maximum advantage of existing erectile capability,
minimizing intra- and interpersonal problems, and
adjusting expectations. SRE variability has also
been demonstrated in men with depression.65 It has
been theorized that affective experience during the
day accounts for some of the variability. In a study
of 45 men with depression and 43 controls, day-
time scores for affect intensity correlated with SRE
duration and rigidity in the depressed group, but
not in controls. REM sleep changes could account
for some, but not all, of this relationship.

Our understanding of erectile dysfunction has
greatly increased in the past 40 years. Public
understanding and acceptance of impotence as a
significant clinical problem that affects quality of
life has increased the demand for services. Individ-
uals who experience problems are more likely to
seek help, and seek it sooner. Thus, in many clin-
ics, the number of extreme and clear-cut cases of

either organic or psychogenic impotence has declined
in proportion to the total number of patients seek-
ing care. The mixed organic–psychogenic etiology
is more difficult to diagnose. Fortunately, a larger
array of therapies is available. The traditional 
limited choice between psychotherapy and surgery
is a thing of the past. SRE testing offers objective
and highly refined information concerning the
physiologic dynamics underlying a patient’s 
erectile failure. This information can help the cli-
nician and patient rationally formulate a realistic
treatment plan.

SLEEP-RELATED PAINFUL ERECTIONS

Definition and description

Sleep-related painful erections (also known as
penile pain syndrome) occurs when the normal,
naturally occurring penile erections that non-
volitionally occur during REM sleep in men are
associated with intense pain that awakens the indi-
vidual and disrupts sleep.66 Erections occurring in
sexual situations or at other times during the day
are normal and not painful.

Although the etiology is not known, several
theories have been proposed. Ferrini-Strambi et al67

hypothesized that penile pain syndrome was an
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Figure 4.3 Sleep histogram and penile circumference increase (PCI) recorded at the coronal sulcus (CS) and penile base (PB)
in a man with borderline erectile function. This 71-year-old man had a mixed pattern of sleep-related erections, with some
episodes seemingly normal while others were diminished. The maximum rigidity measured on the two best episodes was only
450 and 550 g buckling force, which is considered marginal
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autonomic nervous system disorder. Based on their
observation that vagal cardiac activity was reduced
and there was possible hyperactive �-adrenergic
activity during sleep, they tried �-blockers, which
sometimes provided relief. Alternatively, endothe-
lial dysfunction has been proposed, based on the
fact that painful erections are sometimes produced
by PGE1 injections. Other candidate explanations
have been suggested, including a bulbocavernosus–
ischiocavernosus disorder and possible involvement
of central dopamine agonists.68

Treatment

The sleep-related painful erection can be a very
difficult condition to treat. A wide assortment of
drug treatments has been used, with variable 
success. These include REM-suppressing anti -
depressants (e.g., tricyclics and monoamine oxi-
dase inhibitors), �-blockers, and the atypical
antipsychotic clozapine.69 In very severe cases in
which the patient will sacrifice potency for relief
from the painful erections, medroxyprogesterone
acetate and leuprolide acetate have been tried.
Nonetheless, amitriptyline remains the first-line
treatment and has the least side-effects.70

Special association with sleep

Sleep-related painful erection is classified as a para-
somnia occurring during REM sleep. This disorder
is mercifully very rare. In its severe form, a patient
may awaken with erectile pain from every REM
sleep episode, thereby producing profound REM
sleep deprivation, hypersomnia, and impaired
daytime function.

SLEEP AND THE MENSTRUAL CYCLE

Definition and description

Physiologic and in particular hormonal alterations
occur in women’s bodies in association with the
menstrual cycle. This cycle serves reproductive

functions and involves the production of an egg
(ovum), its release, and (if it is not fertilized) its
destruction and disposal. Individuals have varying
responses to this process, which is marked by large
swings in hormonal secretion. From the egg’s
viewpoint, the cycle timing is as follows.

Days 1–12 (before ovulation) is the time when
menstruation (bleeding) occurs – usually for about
5 days. After menstruation, a new egg ripens in the
ovary. Days 13–14 (egg release) is approximately
when the egg is released and if it is fertilized, preg-
nancy occurs. During days 15–18 (after ovula-
tion), if pregnancy has not occurred, the uterine
wall lining breaks down and is shed during men-
struation. The hormonal variations and the
changes that occur in association with the men-
strual cycle contribute to altered sleep quantity and
quality.71,72 Menstruation-associated sleep disorder
has two different profiles, depending upon where
in the cycle the problem occurs: premenstrual
insomnia and premenstrual hypersomnia.

Treatment

Studies have revealed disturbances in the timing
and coordination of sleep and other biologic
rhythms. These include alterations in melatonin,
temperature, cortisol, prolactin, and thyroid-
stimulating hormone (TSH). In individuals predis-
posed to depressive and dysthymic disorders, these
changes can provoke mood alterations.73 Correct-
ing the desynchronized rhythms is thought to serve
as a viable treatment strategy to improve mood.72

Symptomatic treatment can also be helpful.

Special association with sleep

Particular sleep problems are associated with each
phase of the menstrual cycle. Tenderness and bloat-
ing during menstruation provoke insomnia in 50%
of women according to the National Sleep Founda-
tion Women and Sleep Poll. Premenstrual insom-
nia is characterized by difficulty in initiating or
maintaining sleep, temporally associated with the
week before onset of menses.75–79 The sleeplessness
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difficulty is recurrent, and diagnostically it should
have occurred for at least three consecutive cycles.
Polysomnography shows decreased sleep efficiency,
frequent arousals, prolonged periods of wakeful-
ness, and, frequent sleep-stage transitions. In con-
trast, the premenstrual hypersomnia is marked by
sleepiness occurring in association with the men-
strual cycle, typically at days 19–21, when proges-
terone is at its peak level. Sleep studies have
demonstrated normal duration and quality of noc-
turnal sleep; however, multiple sleep latency testing
has objectively documented elevated physiologic
sleepiness.

Estrogen and progesterone generally increase
sleep (REM and NREM, respectively). When
progesterone increases following ovulation, sleepi-
ness or fatigue may ensue. When the bleeding
begins, however, sleep quality usually declines. The
deterioration in sleep coincides with the decrease
in progesterone at the end of the cycle, during days
22–28 when premenstrual symptoms often occur
(including bloating, headaches, cramps, and mood
alterations).
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Sleep and depression: A functional
neuroimaging perspective

Christoph Nissen, Eric A Nofzinger

INTRODUCTION

Mood disorders are a prevalent problem with
serious consequences for individual and public
health. Major depressive disorder itself causes func-
tional impairments and reductions in quality of
life similar to or greater than those for common
medical disorders, such as coronary heart disease
or diabetes mellitus.1 Sleep disturbances are among
the most common clinical symptoms in depres-
sion. Moreover, characteristic alterations of poly -
somnographic sleep patterns are among the most
consistently replicated biologic alterations in
depressed patients.2 Studying sleep – as a
window to the brain – may provide significant
insights into the pathophysiology of depressive
disorders, ultimately leading to better diagnosis
and treatment.

The present chapter will give a brief summary
of polysomnographic findings in depression, 
outline the idea and challenges of imaging the
sleeping brain, and summarize the functional
neuroanatomy of healthy sleep. This will provide
the empirical and conceptual background for the
subsequently described alterations measured by
brain imaging techniques during sleep in depres-
sion. At the end of the chapter, we will try to 
integrate these findings into a sleep-neuroscience
model of depression.

POLYSOMNOGRAPHIC STUDIES IN
DEPRESSION

Sleep in patients with depression in comparison
with healthy controls is mainly characterized by
disturbed sleep continuity, enhanced rapid eye
movement (REM) sleep, and reduced slow-wave
sleep measures.3 Figure 5.1 depicts these character-
istics. The transient therapeutic effect of sleep
deprivation in some patients4 and the predictive
value of sleep parameters for the response to anti-
depressant therapy5,6 corroborate the clinical interest
in the relationships between sleep and depression.
Despite these reliable observations, polysomno -
graphy, as surface electrophysiology, has been of
limited value in elucidating underlying changes in
brain function.

Note as conceptual background that the obser-
vation of quantifiable changes in brain function
during sleep in depression (e.g., in the form of
reduced REM sleep latency) supports the view that
brain-based activity represents a final pathway for
the clinical manifestation of depression. It is, how-
ever, as important to see that the electroencephalo-
graphic (EEG) sleep results, as well as the imaging
findings described below, are descriptive and
correlational in nature, and do not provide direct
information about causality in the complex 
development of depression.
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FUNCTIONAL NEUROIMAGING OF SLEEP

Recent advances in human brain imaging techniques
may provide significant information regarding
alternating brain activity during the sleep/wake
rhythm in depression that is not accessible to surface
electrophysiology. Various neuroimaging techniques
have been developed to quantify physiologic
processes of the brain, including blood flow
(e.g., functional magnetic resonance imaging
(fMRI) and H2

15O positron emission tomography

(PET), metabolism ([18F]2-fluoro-2-deoxy-D-glucose
([18F]FDG)-PET), and receptor binding (e.g.,
imaging of dopamine or acetylcholine receptors).
Imaging sleep is particularly challenging: Many
techniques, including fMRI and H2

15O-PET, require
that the subjects sleep in the scanner, with their
head immobilized. These techniques can, there-
fore, only be performed on select subjects, and often
only after a period of sleep deprivation to allow the
occurrence of sleep in this adverse environment.
Besides the burden on the subject, it is important

(a) Healthy 
      control

(b) Depressed 
      patient

(3) Sleep continuity disturbances

(1) Shortened REM sleep latency

(2) Reduced slow-wave sleep
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Figure 5.1 Polysomnograms showing the characteristics of healthy sleep (a) in comparison with sleep in a depressed patient
(b). (1) In depression, the period between sleep onset and the first occurrence of rapid eye movement (REM) sleep, shown in
red, is markedly reduced (reduced REM latency). (2) The depressed patient spends less time in sleep stages 3 and 4 (reduced
slow-wave sleep). (3) In depression, the number of awakenings and arousals is increased and the patient awakens early in the
morning (disturbed sleep continuity). The sleep stages (REM and sleep stages 1–4 (S1–S4)) are given across the time. BM,
body movement; EM, eye movement (See also color plate section.)
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to see that the physiologic integrity of sleep will be
markedly affected by techniques that require
sleeping in the scanner (for additional information,
see reference 7).

The [18F]FDG-PET method allows assessment
of glucose brain metabolism during periods of more
natural sleep.8 Participants sleep in a comfortable
sleep laboratory environment with polysomno-
graphic monitoring. The [18F]FDG tracer is adminis-
tered intravenously, marking brain glucose
metabolism during a 20-minute sleep period of
interest. Subjects are subsequently awakened and
transferred to the PET scanner unit. Due to the
dynamics of [18F]FDG uptake and metabolism,
the preceding pattern of glucose metabolism during
the sleep period can be quantified, without being
significantly affected by postsleep procedures.

Note that current imaging modalities provide
only limited information regarding small brain
structures, such as the ventrolateral preoptic area,
or faster neural events ultimately implicated in the
regulation of sleep/wake rhythms.

FUNCTIONAL NEUROANATOMY OF
HEALTHY SLEEP

In this section, brain processes that promote the
physiologic rhythm of wakefulness and sleep 
are described. These processes include the wake-
promoting function of the ascending arousal system,
the initiation of sleep onset, and the physiologic
changes during non-REM (NREM) and REM sleep.
The preclinical body of evidence will be related to
brain imaging findings in healthy humans. This will
provide a means to understand the alterations in
functional neuroanatomy during sleep in depression
that will be described in the subsequent section.

The ascending arousal system

After the Second World War, Moruzzi and
Magoun9 suggested that there is an ascending
arousal system originating from the brainstem that
keeps the brain awake. Studies in the 1970s and

1980s clarified the anatomic and chemical nature
of this pathway – known as the ascending reticular
activating system (ARAS). Figure 5.2 illustrates
the anatomic structures and cell types of the
arousal system comprising a thalamic loop and a
non-thalamic loop. The major input to the relevant
nuclei of the thalamus originates from cholinergic
cell groups in the pedunculopontine (PPT) and
laterodorsal tegmental (LDT) nuclei in the upper
pons. This cholinergic input is crucial to permit
transmission between the thalamus and the cortex,
which is important for the acquisition of informa-
tion and wakefulness. The non-thalamic loop of the
arousal system activates the cerebral cortex to facili-
tate the processing of inputs from the thalamus.
The major input to this pathway originates from
monoaminergic neurons in the upper brainstem
and hypothalamus. The activating inputs include
noradrenergic neurons from the locus ceruleus,
serotonergic cells from the dorsal raphe nucleus,
histaminergic projections from the tuberomam-
millary nucleus, orexinergic neurons from the lateral
hypothalamus, dopaminergic inputs from the A10
area of the periaqueductal gray matter, and neurons
in the basal forebrain that contain �-aminobutyric
acid (GABA) or acetylcholine. The combined high
activity of the cholinergic and aminergic cell groups
promotes the characteristics of wakefulness, includ-
ing cortical activation, externally generated percep-
tion, voluntary movement, and logical thinking.

Sleep onset

During the 1990s, investigators began to reveal the
crucial role of the ventrolateral preoptic nucleus
(VLPO) for the onset of sleep. For sleep to begin,
VLPO neurons containing galanin and GABA send
inhibitory outputs to all of the major cell groups in
the brainstem and hypothalamus that promote
arousal. In turn, the VLPO also receives inhibitory
afferents from each of the major cholinergic and
monoaminergic systems. This reciprocal inhibitory
circuit (‘flip flop switch’)10 is under the control of
orexinergic neurons that primarily reinforce the
monoaminergic tone and stabilize wakefulness.
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NREM sleep

During NREM sleep, the activity of the arousal-
mediating cholinergic and aminergic cell groups
diminishes to a minimum.11 In healthy subjects,
the transition from waking to NREM sleep is char-
acterized by a global decline in whole-brain blood
flow12 and metabolism.13 Brain activity decreases

with greater depth of NREM sleep as assessed by
glucose metabolism14 and blood flow.15 Glucose
utilization during NREM sleep in comparison
with waking is decreased by around 10% in
stage 216 to 40% in stages 3 and 4.17 However, the
changes in glucose or blood oxygen use relative to
waking are not equally distributed across the brain.

Figure 5.2 Key components of the ascending arousal system (ascending reticular activating system, ARAS). A major input to
the thalamus (yellow pathway) originates from cholinergic (ACh) cell groups in the pons: the pedunculopontine (PPT) and
laterodorsal tegmental (LDT) nuclei. These inputs facilitate thalamocortical transmission. A second, non-thalamic, pathway (red)
activates the cerebral cortex to facilitate the processing of inputs from the thalamus. This pathway comprises neurons in
monoaminergic cell groups, including the locus ceruleus (LC) containing norepinephrine (noradrenaline, NA), the raphe nucleus
containing serotonin (5-hydroxytryptamine, 5-HT), the tuberomammillary nucleus (TMN) containing histamine (His), and neurons
in the ventral periaqueductal gray matter (vPAG) containing dopamine (DA). This pathway also receives contributions from
neurons in the lateral hypothalamus (LHA) containing orexin (ORX) or melanin-concentrating hormone (MCH), and from basal
forebrain (BF) neurons containing �-aminobutyric acid (GABA) or ACh (reprinted, by permission from Macmillan Publishers Ltd:
Saper CB, Scammell TE, Lu J. Hypothalamic regulations of sleep and circadian rhythms. Nature 437:1257–63, Copyright 2005)20

(See also color plate section.)
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Regionally, greater reductions in glucose metabo-
lism occur in the thalamus and broad regions of the
frontal, parietal, temporal, and occipital cortex,13,18,19

reflecting the attenuating excitatory input from the
thalamic and non-thalamic loops of the ARAS to
the cortex (Figure 5.3). It is interesting to note that
the decline in activity from waking to NREM sleep
reliably includes the dorsolateral prefrontal cortex
(DLPFC), since this region will be of particular
interest for the alterations observed in depression.

In contrast, relative increases in glucose metabo-
lism during NREM sleep compared with waking
were found bilaterally in the anterior hypothalamus,
basal forebrain, and hippocampus.13 This pattern
of increased activity is consistent with preclinical
findings suggesting hypothalamic and basal fore-
brain participation in the generation of NREM
sleep.20 Interestingly, this pattern is also consistent
with the hypothesis of hippocampal–cortical reac-
tivation processes during NREM sleep that may be
implicated in the transition of initially unstable
memory traces in the hippocampus into long-term
memories in the cortex.21

REM sleep

Global cerebral energy metabolism during REM
sleep is equal to or greater than that which occurs
during waking and markedly greater than that
during NREM sleep.14,22 However, specific brain
regions show distinct patterns of activity changes.
Consistently, a high level of blood flow has been
found in human REM sleep in the pontine brain-
stem.12,23 This is consistent with the neurotrans-
mitter changes during REM sleep, characterized by
a maximally attenuated aminergic tone but – in
contrast to NREM sleep – a high cholinergic tone
arising from PPT and LDT activity in the brain-
stem. Imaging studies show, in addition to pontine
brainstem activation, preferential activation of
limbic and paralimbic regions of the forebrain in
comparison with waking. More specifically, the
REM sleep–associated activation comprises an
extensive confluent region along the midline,
including the lateral hypothalamic area, septal

area, ventral striatum and substantia innominata,
as well as the infralimbic, prelimbic, and orbitofrontal
cortex (Figure 5.4). Importantly, the activation during
REM sleep in comparison with waking in healthy
subjects also includes the amygdala and the anterior
cingulate cortex (ACC) – two regions that will be
of particular interest for the alterations in depression.

(b)

(a)

Figures 5.3 NREM sleep in healthy subjects. (a) Three-
dimensional rendering of regions demonstrating significantly
less relative metabolism during NREM sleep in relation to
waking in healthy subjects. (b) Sagittal section showing regions
of the thalamus demonstrating less relative metabolism
during NREM sleep in relation to during waking (reproduced
from Nofzinger EA et al. Brain 2002; 125:1105–15 by permission
of Oxford University Press)13 (See also color plate section.)
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Interestingly, the findings of specific brain
activity patterns during different brain states relate,
on a cognitive neuroscience level, to the subjective
experiences that are characteristic of each brain state,
with externally generated perception and logical
thinking during waking, a decline in sensation and
perception during deep NREM sleep, and a highly
emotional, internally driven sensation during
REM sleep. Note specifically that heteromodal
association areas in the frontal and parietal cortex

remain largely deactivated throughout REM 
and NREM sleep in comparison with waking.
This deactivation in frontal and parietal cortical
areas presumably relates to the lack of consciousness
as a common hallmark of sleep, since activation
in these areas is regarded as a necessary prerequi-
site for the emergence of conscious experience
with its two main components24 – wakefulness
(level of consciousness) and awareness (content of
consciousness).

X = 4

Y = 39 Y = 5

Z = −8

X = 31

Z = 42

Y = −3

Figure 5.4 REM sleep in healthy subjects: brain structures where relative metabolism is greater in REM sleep than in waking
in healthy subjects. This general pattern includes limbic and paralimbic structures, hippocampus, amygdala, ventral striatum,
basal ganglia, supplementary motor area, anterior cingulate cortex, and medial prefrontal cortex (reprinted from Sleep Medicine
Reviews, Vol 9, Nofzinger EA, Newimaging and sleep medicine, pp 157–72, Copyright © 2005, with permission from Elsevier)7

(See also color plate section.)
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The remarkable concordance of evidence
emerging from different brain imaging techniques
applied during healthy sleep indicates that the
brain undergoes profound and specific changes in
activity across the states of waking, NREM sleep,
and REM sleep, and argues strongly for the basic
validity of neuroimaging as a tool in sleep research.

FUNCTIONAL NEUROANATOMY OF 
SLEEP IN DEPRESSION

Recent neuroimaging studies show that the charac-
teristic changes in brain activity across the brain states
of waking, NREM sleep, and REM sleep differ
between subjects with and without depression.
These findings may help to understand the clinical
complaints of poor sleep and the alterations revealed
by polysomnography in depression on a level that
is closer to basic neural processes implicated in
the pathophysiology of depression. Functional
neuroimaging, therefore, represents a potential link
between cognitive, emotional, and behavioral symp-
toms in depression and neural processes, such as
synaptic plasticity or gene–environment interaction,
ultimately underlying the clinical symptomatology.

NREM sleep in depression

Like healthy controls, patients with depression show
a reduction in activity in the thalamus and in the
frontal, parietal, and temporal association cortex in
NREM sleep in comparison with waking.25 In spite
of a similar overall pattern, depressed patients show
less of a decline in activity than do healthy subjects
in some brain regions and a greater decline in other
regions.

Depressed patients show less of a decline in broad
regions of the frontal, parietal and temporal cortex.
Since this change is a relative measure referred to
waking, it is important to see that the findings may
reflect a change in brain function during either
wakefulness or sleep, or an interaction between the
two. Patients with depression reliably demonstrate
reduced brain activity in frontal areas during

waking (‘hypofrontality’) in the form of reduced
glucose metabolism26 or blood flow.27 The integration
of wake and sleep findings indicates that patients
with depression show a hypofrontality during
waking that does not further decline to the
expected extent in NREM sleep (Figure 5.5). Given
that prefrontal cortex function has repeatedly been
implicated in the implementation of cognitive
control, the hypofrontality observed in depressed
patients may relate to the difficulties in organizing
and guiding behavior toward the resolution of a
conflict in depression.

This disturbed sleep/wake activity pattern may
reflect disturbed NREM sleep processes, such as a lack
in the depletion of glycogen stores28 or an attenuated
downscaling of synaptic plasticity,29 resulting in wak-
ing hypofrontality. Alternatively, prefrontal cortex
functioning during waking may be fundamentally
attenuated in depression, resulting in less of a need
for restorative processes during NREM sleep, which
might explain the relative lack of deactivation in
prefrontal brain areas during NREM sleep in depres-
sion. Further studies may elucidate the contribu-
tions of waking and NREM sleep processes for the
alternated prefrontal activity pattern.

In addition, depressed patients show a greater
decline than healthy subjects in brain structures that
promote arousal and in ventral and posterior struc-
tures.25 Secondary analyses, however, reveal hyper-
metabolism in these areas during waking that – in
spite of a greater decline – persists during NREM
sleep in depression. These areas comprise the
arousal-promoting ARAS and the basal forebrain.
The hyperactivity in these areas may relate to
some typical clinical complaints, including increased
arousal during waking and a disturbed continuity
of sleep. The hypermetabolic areas also include the
amygdala and the ACC. Preclinical and functional
neuroimaging studies in humans have implicated
these regions in the initial experience of emotions
and in the automatic generation of emotional
responses.30 The amygdala and the ACC are closely
connected to more caudal areas that promote
arousal, including the brainstem and basal fore-
brain. Persistent hyperactivity in the amygdala
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and ACC throughout waking and NREM sleep
may represent an emotional component of hyper-
arousal in depression.

The findings of a persistent hypoactivity in frontal
areas implicated in the implementation of cognitive

control and a persistent hyperactivity in systems that
play a key role in the regulation of arousal and
emotions throughout the sleep/wake cycle in depres-
sion will be further elaborated in a sleep-neuroscience
model of depression at the end of this chapter.

(a) Healthy (b) Depressed

Whole
brain

Waking NREM Waking NREM

Figure 5.5 NREM sleep in depression, ‘Glass brain’ and 3-dimensional brain-rendering images showing regions with significant
declines in relative metabolism from waking to NREM sleep, including the prefrontal cortex, cuneus, precuneus, and the
temporoparietal cortex: (a) healthy subjects. (b) depressed subjects. Note that, despite a generally similar pattern of
metabolism, depressed patients showed less frontal activity during waking (‘hypofrontality’) in comparison with healthy subjects
and a relative lack of deactivation from waking to NREM sleep (reproduced from Nofzinger EA et al. Arch Ger Psychiatry 2005;
62:387–96. Copyright © 2005, American Medical Association. All rights reserved.)25 (See also color plate section.)
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REM sleep in depression

Depressed patients show different changes in brain
activity from waking to REM sleep than do healthy
controls. The main findings in depression can be
summarized as stronger increases from waking to
REM sleep in three brain areas: the brainstem
reticular formation, the limbic and anterior para -
limbic cortex, and parts of the executive cortex31

(Figure 5.6).
The stronger increase in glucose metabolism in

the brainstem reticular formation during REM sleep
in depression may be driven by enhanced activity of
cholinergic, REM sleep-generating neurons located
in the LDT and PPT in the brainstem. This is con-
sistent with the model of an elevated tone in cholin-
ergic neurotransmission and an attenuated tone in
monoaminergic neurotransmission that has been
implicated in the pathophysiology of depression.32

Limbic and paralimbic areas that have demon-
strated a more pronounced activity increase from
waking to REM sleep in depression include the
hippocampus, the basal forebrain/ventral pallidum,
the ACC, and the medial prefrontal cortex. Given
that these structures have the highest density of
cholinergic receptors in the brain33 and a high
density of inhibitory 5-HT1A serotonergic recep-
tors,34 the described activity pattern may reflect
the cholinergic/aminergic imbalance in limbic and
paralimbic areas, in addition to that seen in the
brainstem reticular formation. Cognitive neuro-
science studies have implicated these limbic and
paralimbic structures in the identification and pro-
duction of affective states.30 In depression, a high
activation in these areas may be related to affective
disturbances, including the experience of increased
anxiety and depressed mood.35

The stronger relative increase in metabolism in
the executive cortex, including the DLPFC, from
waking to REM sleep in depression may also be
driven by an unusually high cholinergic tone in
depression. Note that hypoactivity in frontal brain
areas and attenuated executive functions have been
found in depression during waking. From the 
neurotransmission perspective, depression-associated

reductions in aminergic neurotransmission may
account for reductions in frontal cortex activity
and executive function during waking. The specific
neurotransmitter constellation during REM sleep
in depression characterized by an unusually high
cholinergic tone in a brain state when the aminergic
tone is physiologically reduced to its minimum
would, in this view, drive the stronger increase in
activity in the executive cortex.

AFFECTIVE AND COGNITIVE
NEUROSCIENCE OF DEPRESSION

It is of particular interest that many of the brain
regions that undergo different changes in activity
across the brain stages of waking, NREM sleep,
and REM sleep in depressed patients in comparison
with non-depressed controls are regions that have
been implicated in the regulation of cognition and
emotion. From a cognitive neuroscience perspec-
tive, it is plausible to assume that alterations in
brain activity measured during the sleep/wake cycle
relate to fundamental emotional and cognitive
symptoms in depression. Note again that the plau-
sible association does not directly inform whether
the peculiarities in regional brain activity cause,
reflect, or are bidirectionally interrelated with the
clinical complaints in depression.

The following paragraphs provide an overview
of the findings of affective and cognitive neuroscience
studies on three brain regions and their interaction:
the ACC, the DLPFC, and the amygdala. They are
of particular interest since they demonstrate a dif-
ferent activity pattern across the sleep/wake cycle
in patients with depression in comparison with
healthy controls, and have been linked to cognitive
and affective symptoms in depression.

The ACC, on the medial surface of the frontal
lobe, is a highly differentiated structure. The caudal
part of the dorsal ACC has been associated with
conflict monitoring; for example, it is particularly
active during conditions when one must arbitrate
quickly between two likely responses.36,37 As depres-
sion is associated with increased levels of conflict,

Chap-05:Sleep  12/15/2006  4:33 PM  Page 59



60 SLEEP AND PSYCHOSOMATIC MEDICINE

Whole brain

(a) Healthy (b) Depressed (c) Interaction

Anterior paralimbic
x = 10

DLPFC
y = 36

Ventral pallidum/
basal forebrain
y = 16

Hippocampus
x = 34

Frontoparietal
x = −26

Sensorimotor/insula
x = −42

Reticular/SMA
x = −4

Ventral pallidum/
basal forebrain
x = −8

0 1 2 3 4 5 0 1 2 3 4 5 0 0.5 1 1.5 2 2.5 3 3.5

Figure 5.6 REM sleep in depression. Waking-to-REM sleep activations in healthy subjects (column a), depressed subjects
(column b), and interactions showing regions where the depressed subjects’ waking-to-REM activations are greater than those
of healthy subjects (column c). Brain regions of greater activation from waking to REM sleep in depressed patients in comparison
with healthy subjects include the brainstem reticular formation, the limbic and anterior paralimbic cortex, and parts of the
executive cortex. DLPFC, dorsolateral prefrontal cortex; SMA, supplementary motor area; x and y are the Talairach x- and y-
coordinates (reproduced from Nofzinger EA et al. Arch Ger Psychiatry 2004; 61:695–702. Copyright © 2005, American Medical
Association. All rights reserved.)31 (See also color plate section.)
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manifested, for example, by intrusive thoughts,
worry, self-doubt, and cognitive interference,38 this
region of the cingulate may be central to information
processing disruptions. The rostral part of the ACC
has been more strongly implicated in the evaluation
of emotional information,39 and the subgenual region
has been associated specifically with mood reactivity.40

Alterated activation has been reported in each
region of the ACC in depressed individuals. Some
authors have reported hypoactivation, others hyper-
activation in depression (for an overview, see 
reference 41). As the ACC is a highly differenti-
ated and one of the most frequently studied struc-
tures of the brain, a certain variability among
findings can be expected. However, it is plausible
that the supersensitive activation of the ACC in
depressed patients seen in the waking-to-REM sleep
neuroimaging probe corresponds to the abnormal
affective responsivity seen in the aforementioned
fMRI emotional and cognitive challenge studies.

In contrast to the ACC, which monitors per-
formance, the prefrontal cortex seems to implement
cognitive control – presumably as a second necessary
component in the regulation of cognition.42 Control
in this context reflects how the brain finally executes
higher functions, such as awareness, memory or
language. Specifically, the dorsolateral part of the
prefrontal cortex (the DLPFC) is active when
sequences of items have to be held in working
memory,43 when dual tasks are performed rather
than a single task,44 or when the relevant task
dimension switches.45 This led to the hypothesis
that DLPFC activation correlates with the relative
difficulty of task demands and plays an important
role in dealing with conflictual behavior and decision
making. Hypofrontality, specifically associated
with decreased DLPFC activity, has been repeatedly
documented in depression,26,27 and may underly
fundamental dysfunctions in organizing and guid-
ing behavior toward the resolution of a conflict in
depression.

From the results of previous studies, the amygdala
plays an important role in directing attention to
affectively salient stimuli and calling for further
processing.46 In depression, structural and functional

abnormalities have been reported in the form of an
enlargement of volume (in bipolar disorders47 and
temporal lobe epilepsy48) and increased functional
activation during waking49 and sleep.31,50 Whereas
the causal relations between these entities are still
unknown, the hyperactivation described in depres-
sion may bias evaluation of and response to incoming
information. Furthermore, the amygdala has been
reported to be significantly involved in emotional
learning,51 leading to the hypothesis that increased
amygdala activation during depressive episodes
may favor the emergence of rumination based on
an increased availability of emotionally negative
memories.52 For other important aspects of amyg-
dala function that are beyond the scope of the
present chapter see reference 41.

SLEEP-NEUROSCIENCE MODEL OF
DEPRESSION

In this section, we shall try to integrate the polysomno-
graphic, brain imaging, and cognitive/affective 
neuro science findings presented above into a sleep-
neuroscience model of depression.

Recent animal, human lesion, and functional
neuroimaging studies have suggested that emotion
perception – a process that includes the identifica-
tion of the emotional significance of a stimulus, the
generation of affective states, and the regulation of
affective states – may depend upon the functioning
of two neural systems: a ventral emotional system
and a dorsal executive system.30,35

Following this conceptualization, the ventral
system comprises the amygdala, insula, ventral stria-
tum, and ventral regions of the ACC and prefrontal
cortex. These brain regions are crucial for the initial
identification of the emotional significance of a
stimulus, the generation of affective states, and
the automatic regulation of emotional responses.
Hyperactivity of the ventral emotional system that
persists throughout the sleep/wake cycle in patients
with depression may be associated with affective
disturbances characteristic of the disorder, such as
increased anxiety and depressed mood. During sleep,
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the persistent hyperactivity of the ventral system
may be related to the enhancement of REM sleep
that has repeatedly been shown in patients with
depression (Figure 5.7).

Whereas the ventral system has been implicated
in the identification and early automatic processing
of emotional stimuli, the dorsal neural system seems
to be important for the performance of executive
functions, such as selective attention, planning, and
the effortful, non-automatic regulation of affective

states and subsequent behavior. The dorsal system
comprises the hippocampus, the dorsal ACC, and the
DLPFC. On a cognitive level, the hypoactivity in
these regions (‘hypofrontality’) that persists through-
out the sleep/wake rhythm in depression may be
related to the difficulties of depressed patients in
dealing with conflicting information and impair-
ments of decision making. Given that the deacti-
vation in frontal and prefrontal brain regions during
sleep is a crucial component for the emergence of

Ventral neural system

• Amygdala, ventral ACC

• REM sleep enhancement

• Anxiety, depressed mood

Arousal system

• Thalamus, brainstem

• Sleep continuity disturbances

• Hyperarousal during wakening

Dorsal neural system

• Dorsolateral prefrontal cortex

• Reduced slow-wave sleep

• Deficits in executive functions

−

−

+

+

Figure 5.7 Sleep-neuroscience model of depression. The model aims to integrate findings from brain imaging studies,
polysomnographic studies, and cognitive/affective neuroscience studies in depression. It proposes that three neural systems
(arousal system, ventral emotional system, and dorsal executive system) are critically implicated in the pathophysiology of
depression. The white arrows indicate the level of activity in each system in depressed patients in comparison with healthy
controls. This level of activity is linked to polysomnographic characteristics and cognitive or affective symptoms in depression.
The curved arrows reflect that the neural systems and their correlates on the polysomnographic and clinical levels are
anatomically and functionally closely connected (‘�’ indicates functional enhancement. ‘�’ indicates functional inhibition). REM,
rapid eye movement; ACC, anterior cingulate cortex (See also color plate section.)
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EEG slow-wave activity, alternated activity patterns
in the dorsal system may relate to an attenuated
generation of slow-wave sleep that has been found
in depression.

The third system in the proposed model is the
arousal system. As described above, the persistent
hyperactivity in this system throughout the
sleep/wake cycle in depression may be related to
the experience of increased arousal during waking
and disruptions of sleep continuity that include
difficulties falling asleep, difficulties staying asleep,
and early-morning awakenings.

The ventral emotional, dorsal executive, and
arousal systems are anatomically and functionally
closely connected. Evidence from studies examining
the ventral and dorsal systems suggests that there is a
reciprocal interaction between them.30 Furthermore,
the ventral emotional system is closely connected to
the brainstem arousal system. Whereas these anatomic
and functional relationships between the three neural
systems can be plausibly linked to the alternated
brain activity patterns, sleep peculiarities and clini-
cal experience in depression, the causal relation-
ships between the neural systems and the levels of
assessment remain to be further elucidated.

SUMMARY AND PERSPECTIVES

The integration of preclinical and clinical evidence,
including brain imaging studies throughout the
sleep/wake cycle in depression, suggest functional
neuroanatomic correlates for the characteristic
EEG sleep alterations in depression, and led us to
propose a sleep-neuroscience model of depression
with three components:

� Hyperactivity in the brainstem arousal system
persisting throughout the sleep/wake cycle is
implicated in the experience of hyperarousal
during waking and the disturbed continuity
during sleep.

� Persistent hyperactivity in the ventral emotional
system that includes the amygdala and the
ventral ACC is related to affective disturbances,

such as depressed mood, and to the characteristic
enhancement of REM sleep.

� Hypoactivity in the dorsal executive system
that includes the DLPFC is implicated in the
attenuation of executive functions and reduced
slow-wave sleep in depression.

Future studies may focus on the dynamic interac-
tions between the above-mentioned neural systems
(e.g., connectivity analyses) and try to link the
described alterations in depression to additional
levels of organization, such as genetics (e.g., polymor-
phisms in genes of interest). To assess causality, it
would be necessary to experimentally induce changes
in specific neural systems (e.g., the ventral system
in preclinical studies) or distinct clinical domains
(e.g., executive functions via cognitive training in
depressed patients) and measure the outcomes in the
remaining systems/domains. Eventually, this approach
may help to characterize brain processes and the
clinical symptomatology in depression on an indi-
vidual level, and may guide the development and
individual application of therapy, including med-
ications, psychotherapy, and other therapies.
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Sleep alterations in schizophrenia

Matcheri S Keshavan 

INTRODUCTION

Schizophrenia is one of the most disabling of all
mental illnesses. It is characterized by disordered
thinking, perceptual disturbances such as halluci-
nations, and delusional beliefs (positive symptoms),
as well as deficits in motivation, socializa tion, and
affect (negative symptoms). The illness 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 phe-
nomenologic similarity between hallucinations
and dreams have led to an increasing interest in
sleep studies in schizophrenia. A vast literature has
accumulated in regard to sleep abnormalities in
schizophrenic illness. Impairments are seen in sub-
jective quality of sleep,1 as well as objective meas-
ures of sleep architecture, as measured by sleep
polysomnographic studies. Notable findings
include reductions in total sleep, impaired sleep
continuity, rapid eye movement (REM) sleep
latency, and amounts of slow-wave sleep (SWS).
The amounts of REM sleep have been variably
reduced in schizophrenia. There are some data
suggesting alterations in the sleep–wake cycle as well.

Sleep disturbance is of considerable clinical
impor tance, since it is related to impaired coping
and perceived quality of life.2 Impaired sleep also
predicts symptomatic relapse with antipsy-
chotic discontinuation.3 The nature of such

polysomnographic abnormalities and their rela-
tionship to the neurobiologic underpinnings of
schizophrenia has remained poorly understood. In
this chapter, we will briefly review the nature of
SWS and REM sleep, the current state of knowl-
edge with regard to the alterations in sleep archi-
tecture, the relation between antipsychotic
medications and sleep, and the neurobiology of
such impairments in schizophrenia.

NATURE OF SWS AND REM SLEEP

In recent years, there has been an increasing under-
standing of the possible functions of SWS and REM
sleep. 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 a large-scale
spatiotemporal synchrony across the neocortex,
and are thought to be generated predominantly in
the prefrontal cortex.4,5 SWS has been considered to
reflect the overall synaptic density in the human cere-
bral cortex, in particular that of the prefrontal cortex.
Deficits in SWS have therefore been thought to reflect
parallel prefrontal cortical dysfunction. Sleep depriva-
tion in normal subjects appears to cause impairments
in sustained attention that closely resemble prefrontal
cortical dysfunction.5 SWS may be involved in a
restorative activity reversing the ‘wear and tear’ caused
during wakefulness; there is evidence for increased
protein synthesis during this sleep phase.6,7
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REM sleep is characterized by low-amplitude,
relatively fast EEG rhythms, saccadic eye move-
ments, and decreased muscle tone. In contrast to
SWS, REM sleep is associated with an increased
activity in phylogenetically old limbic and para -
limbic regions such as the amygdala, hippocam-
pus, cingulated, and entorhinal cortices.8 On the
other hand, the dorsolateral prefrontal and parietal
cortices, as well as the posterior cingulate cortex
and precuneus, are the least active brain regions
during REM sleep. These observations are signifi-
cant in view of the cognitive functions mediated
by the prefrontal and limbic brain regions, as will
be discussed later.

ALTERATIONS IN SLEEP ARCHITECTURE
IN SCHIZOPHRENIA

Alterations of REM sleep

Early sleep polysomnographic studies examined
the hypothesis that schizophrenia is 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.9 REM latency was found to
be decreased in several early studies;10 this may
result either from a deficit in SWS in the first non-
REM (NREM) period leading to a passive advance,
or from early onset of the first REM period or from
‘REM pressure’. Amounts of REM sleep have 
been reported to variably increase, decre ase, or
not change.10,11 Treatment-naive schizophrenia
patients show no increases in REM sleep:12,13 the
increases in REM sleep observed in previously
treated subjects may reflect effects of medication
withdrawal and/or changes related to the acute psy-
chotic state.13 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, phy -
siologic challenge for dynamic manipulation of sleep
processes, and can help clarify the primary nature

of sleep abnormalities. An intriguing reduction 
in REM rebound following REM sleep depriva-
tion has been described in several studies in acute
schizophrenia, but a normal or exaggerated REM
rebound has been found in remitted schizophrenic
patients.10 This rebound failure in acute schizo-
phrenia has been attributed to a possible ‘leakage’
of phasic REM events from REM sleep into
NREM sleep, although no systematic investigation
has supported this hypothesis.

Alterations of slow-wave sleep

SWS is of particular interest with regard to schizo-
phrenia because of the involvement of the pre-
frontal cortex in the generation of SWS as well as
the cognitive deficits.14,15 Several studies have
shown a reduction of SWS in schizophrenic pati -
ents; SWS deficits have been seen in acute and
chronic, as well as remitted states; and in never-
medicated and neuroleptic-treated, as well as
unmedicated patients.10 However, not all studies
show these deficits. Studies which failed to find
differences in SWS have generally used conven-
tional visual scoring. On the other hand, studies
that reported quantified sleep EEG parameters
revealed reductions in SWS. Ganguli et al12

observed no change in visually scored SWS, but
instead, a significant reduction in delta-wave
counts in drug-naive schizo phrenic patients, sug-
gesting that visually scored SWS may not be
sensitive enough, and automated counts may be
a better marker of SWS deficiency in schizo-
phrenia. Other groups have described similar
reductions in delta counts. SWS deficits have
been demonstrated in early-course schizo-
phrenia using sensitive approaches such as spectral
analysis.16

Reductions in low-frequency power may be
associated with alterations in high-frequency EEG
activity (HFA) (�20 Hz) as well. HFA is associ-
ated with feature binding and attention. Tekell 
et al17 reported that schizophrenic patients showed
significantly greater HFA than healthy controls 
in all sleep stages. Elevated HFA during sleep in
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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 homeosta-
tic disruption in sleep processes. There is evidence
that following total sleep deprivation recovery of
stage 4 sleep is diminished in schizophrenia.18 SWS
deprivation is known to consistently cause
impaired attention, prolonged reaction time, verbal
learning, and vigilance similar to what is seen in
frontal lobe dysfunction and schizophrenia.19 A
defect in SWS recovery might be consistent with
impairments in critical cognitive processes such as
psychomotor vigilance observed in schizophrenia.
Such a defect might also suggest impairment in
restorative processes in schizophrenia.

Circadian sleep abnormalities

In addition to alterations in sleep architecture,
some studies suggest that schizophrenia may be
associated with a disturbance in rest–activity tim-
ing.20 The question of whether these disturbances
are secondary to antipsychotic medications or
whether they are primary to the illness, however,
remains to be clarified.21 Circadian alterations
appear to be correlated with poor cognitive func-
tioning in schizophrenia.22

RELATION BETWEEN SLEEP
ABNORMALITIES AND CLINICAL
MEASURES IN SCHIZOPHRENIA

Research during the past two decades has focused
increasingly on the positive and negative syn -
dro mes, a conceptual distinction of particular
importance to the pathophysiology of schizo -
phrenia. Several studies have examined the associ-
ation between REM sleep parameters and clinical 
para meters. Tandon et al13 reported an inverse
association between REM latency and negative
symptoms. While no association has been seen

between sleep abnormalities and depressive symp-
toms,13 there is some evidence that increased
REM sleep may correlate with suicidal behavior in
schizophrenia.23,24

In order to elucidate the significance of sleep
abnormalities for pathophysiology, it is important
to understand their longitudinal nature in schizo-
phrenia: stage 4 sleep does not improve while other
sleep stages change following 3–4 weeks of con-
ventional antipsychotic treatment.25 In a longitu-
dinal polysomnographic study, SWS deficits
remained stable at 1 year, but the REM sleep
reductions appeared to improve. These observa-
tions suggest the possible trait-related nature of
SWS deficits in schizophrenia.26 Consistent with
this view, SWS abnormalities correlate with nega-
tive symptoms12 and with impaired outcome at 
1 and 2 years.27

Attentional impairment appears to correlate
with SWS deficits in early studies of schizophre-
nia.28 The thalamus, the main ‘switchboard’ for
information processing pathways in the brain,
plays a crucial role in attention and gating of infor-
mation because it is the major relay station recei -
ving input from the reticular activating system and
limbic and cortical association areas. A defect in
the thalamus therefore could explain alterations in
SWS and the psychopathology of schizophrenia.
In a recent study, impairments in visuospatial
memory were positively correlated with reduction
in the amount of SWS and in sleep efficiency.29

These results point to a functional interrelation-
ship between regulation of SWS and performance
in visuospatial memory in schizophrenia.

Schizophrenia patients have deficits mastering
procedural learning. Procedural learning seems to
be dependent on sleep. Manoach et al30 tested the
hypothesis that patients with schizophrenia have a
deficit in sleep-dependent procedural learning.
Patients failed to show overnight improvement
and differed significantly from control subjects,
who showed a significant 11% improvement. This
suggests that sleep abnormalities may contribute,
at least in part, to the cognitive impairments in
schizophrenia.
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RELATION BETWEEN SLEEP FINDINGS
AND NEUROBIOLOGY IN SCHIZOPHRENIA

Studies of the ontogeny of sleep during normal
adolescence are of significance to our understan -
ding 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 func-
tion: a marked decline in synaptic density in the
prefrontal cortex and pronounced reductions in
cortical gray matter volume and regional cerebral
metabolism have been seen during adolescence. In
parallel, polysomnographic studies show robust
SWS decreases across the age span from childhood
to late adolescence.31 The time courses for matura-
tional changes in SWS, cortical metabolic rate, and
synaptic density are strikingly similar. It has been
suggested that the maturational processes in sleep
EEG, cortical synaptic density and regional cere-
bral metabolism might reflect a common underly-
ing biologic change (i.e., a large-scale programmed
synaptic elimination).32

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 pathophysio-
logic 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 the thala-
mus.33 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 thala-
mus. SWS is inversely correlated with anterior
horn ratio, a measure of frontal lobe size,34 and
positively correlated with lateral ventricular size.35

These correlations may result from reductions
in subcortical structures such as the thalamus,
which forms a substantial part of the ventricular
boundaries.

Altered brain metabolism

SWS may result from several neurochemical
processes involved in neural inhibition, excitation,
and EEG synchrony. Activation of the cholinergic
system facilitates arousal and enhances REM sleep.
Cholinergic hyperfunction postulated to underlie
schizophrenia, therefore, could account for SWS
and REM latency reduction in schizophrenia
sleep.36 Interestingly, schizophrenia is associated
with supersensitive REM sleep induction with the
cholinergic agonist R5 86,37 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.38

Disturbances in catecholaminergic mechanisms
may also underlie SWS deficits in schizophrenia.
Serotonergic abnormalities may also be involved:
an inverse correlation is seen between serotonin
metabolites in the cerebrospinal fluid (CSF) and
SWS in schizophrenia.39 Noradrenergic and sero-
toninergic neurotransmission, which are presumed
to be abnormal in schizophrenia, are inhibitory to
REM; therefore, it is plausible that cholinergic 
and monoaminergic abnormalities mediate the
con stellation of reduced REM latency and SWS
deficit without increases in REM sleep amounts in
schizophrenia.36

Hormonal substances may also be related to
delta sleep alterations. Adenosine, an amino acid
neuromodulator, has attracted increasing interest
in recent years as a possible endogenous sleep-
promoting agent, as it tends to accumulate during
waking hours.40 Adenosine agonists such as dipyri-
damole, which increase delta sleep, have been sug-
gested as having possible therapeutic benefits in
schizophrenia.41
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Altered physiology

There is evidence for decreased frontal lobe metab-
olism (‘hypofrontality’) in schizophrenia from a
variety of physiologic imaging techniques. It may
be instructive to examine SWS deficits in the con-
text of such physiologic alterations. An association
has been demonstrated in schizophrenia between
SWS deficits and reduced frontal lobe membrane
phospholipid metabolism as examined by 31P mag-
netic resonance spectroscopy (MRS).42 It has been
suggested that membrane phospholipid alterations
are related to loss of synaptic neuropils (i.e.,
decreased synaptic density), postulated to underlie
schizophrenia. Conceivably, this could result in
reduced SWS by decreased 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,43 whereas delta waves
(1–4 Hz) arise primarily from activity of thalamo-
cortical neurons. A finer analysis of these oscilla-
tions may clarify the nature of pathophysiology in
schizophrenia. Preliminary analysis of this ques-
tion using period amplitude analyses suggested
more prominent deficits in the �1 Hz range in
schizophrenia, pointing to a thalamocortical dys-
function.16 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 conti-
nuity, as reflected by reduced sleep latencies,
improved sleep time, greater sleep efficiency, and
prolongation of REM latency;10 however, changes
in SWS have been less consistent. Studies that have
examined the sedative effect of conventional neu-
roleptics have reported either no effects or modest
increases in SWS.

Studies have begun to examine the effect of
atypical antipsychotics on sleep. One study
showed a robust increase in SWS with olanzapine
following acute administration.44 Olanzapine-
induced increases in delta sleep may predict better
treatment response.45 On the other hand, cloza -
pine increases stage 2 sleep, but may actually
decrease stage 4 sleep.46 In normal subjects, queti-
apine increases total sleep time, sleep efficiency,
percentage of stage 2 sleep, and subjective sleep
quality.47 These studies have frequently used small
sample sizes; few studies have examined sleep vari-
ables in relation to acute versus long-term treat-
ment with neuroleptics in a longitudinal design.

Attempts to examine polysomnographic cha -
racteristics of schizophrenia have to consider
potential effects of neuroleptic discontinuation on
sleep EEG. Neylan et al48 reported significant
worsening of REM and NREM sleep in a series of
schizophrenic patients undergoing controlled neu-
roleptic discontinuation. Patients experiencing
relapse have greater 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.49 These suggest it is important to control
for medication state in the investigation of EEG
sleep in schizophrenia.

CONCLUSIONS AND FUTURE DIRECTIONS

In summary, sleep disturbances are pervasive, and
cause substantial subjective distress as well as dis-
ability in schizophrenia. The emerging literature
pointing to the relation between sleep alterations
and neurobiologic changes in this illness suggest
that sleep abnormalities may represent a window
into the pathophysiology of schizophrenia. New
knowledge of brain mechanisms of sleep is likely to
open new avenues to explore such relationships.
First, functional brain imaging studies suggest dis-
tinct patterns of regional brain activation in SWS
and REM sleep; such studies can provide clues to
the pathophysiology of schizophrenia, especially

Chap-06:Sleep  12/15/2006  12:42 PM  Page 71



72 SLEEP AND PSYCHOSOMATIC MEDICINE

when used in conjunction with physiologic pertur-
bation paradigms such as sleep deprivation.50

Second, sleep architecture changes dramatically
during development; sleep studies during develop-
ment in health and disease can shed considerable
light on developmentally mediated neuropsychi-
atric disorders.51 Finally, sleep changes are often
the earliest signs of disturbance, and may even rep-
resent trait-related vulnerability markers for psy-
chiatric disorders; sleep studies of individuals at
risk for schizophrenia are likely to be fruitful.52
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Sleep and neurologic disorders

Sheldon Kapen, Jacob L Gordon

INTRODUCTION

Most neurologic diseases affecting the brain are
accompanied by sleep disruptions or specific sleep
disorders that contribute significantly to morbidity
and mortality. Although this is also true of many non-
neurologic conditions, their effects on sleep are usually
indirect, via pain, discomfort, or metabolic aberra-
tions (arthritis, respiratory diseases, congestive heart
failure, etc.), in contrast to central nervous system
(CNS) diseases, which directly impact mechanisms
and neuroanatomic structures that control the sleep–
wake cycle (brainstem, thalamus, and basal ganglia).
This chapter reviews the association of abnormal
sleep and pathologic sleepiness with neurologic
diseases. Because the effect of these conditions on
sleep is ubiquitous, it is necessary to prioritize the
discussion within the space available. This chapter
includes three major conditions that are most illus-
trative of the influence of sleep in CNS disorders:
Parkinson’s disease, stroke, and traumatic brain
injury. Other conditions are considered briefly at
the end of the chapter.

SLEEP IN PARKINSON’S DISEASE

Sleep problems in Parkinson’s disease (PD) patients
can be divided into three categories (Table 7.1):
sleep disruption and sleep disorders, parasomnias,
and excessive daytime sleepiness.

Sleep disruption and sleep disorders

In a national survey of 220 PD patients conducted
in England, Lees et al1 found that sleep complaints
were practically universal, with immobility and
nocturia being the most disturbing factors. Tandberg
et al2 carried out a community-based epidemiologic
study in Norway that included 245 patients with
PD who were compared with 100 patients with
diabetes and another 100 healthy elderly people.
Sixty percent of the PD subjects had sleep prob-
lems (considered moderate to severe in one-third),
compared with 46% and 33% of the diabetic and
healthy groups, respectively. Hypnotic medications
were used by approximately 40% of the PD group,
which is significantly higher than the other groups.
Sleep problems were correlated with symptoms of
depression and with the duration of L-dopa (levo -
dopa) treatment. Happe et al3 also highlighted the
importance of depression when they reported
higher ratings on the Zung Depression Scale for 56
PD patients compared with an age-matched control
group. Depression was correlated with the duration
of disease.

In an early polysomnographic study, Kales 
et al4 reported greater difficulties with sleep initiation
and with sleep maintenance in PD compared with
an elderly control group. Factor et al5 found that
sleep maintenance was the major problem: 72% of
PD patients who completed a questionnaire had
two or more awakenings per night compared with
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46.5% for an elderly control group. van Hilten et al6

used actigraphy to record 89 PD and 83 age-
matched control subjects, and reported a greater
degree of nocturnal activity (more disturbed sleep)
in PD. The degree of sleep disruption significantly
increased with the dose of dopaminergic medica-
tions. Significantly poor sleep was also reported by
Kumar et al7 and Pal et al.8 Most of these studies
were based on questionnaires and interviews, rather
than on electrophysiology.

Specific sleep disorders might contribute to
nocturnal sleep problems in PD patients. For
instance, the motor disability of PD might affect
various muscles of respiration, including those of
the upper airway. Conflicting conclusions regarding
the prevalence of obstructive sleep apnea (OSA) in
idiopathic PD make it unclear whether to ascribe a
major role to this disorder in the sleep disruption
of PD patients over and above that expected in
normal aging and obesity. An early study found no
evidence of sleep apnea in a group of idiopathic
PD patients compared with a control group unless
autonomic disturbances were present.9 A subsequent

letter reported a greater number of respiratory
events during sleep, particularly in more advanced
disease, although the severity was mild (a total of
48.5 events for the entire night in the latter group,
compared with 10 in the controls).10 More recently,
15 PD subjects and 15 controls were studied with
polysomnography, revealing that patients had a
greater apnea–hypopnea index (AHI) than controls
and more severe changes in oxygen saturation. Sixty
percent of the patients had OSA based on AHI � 5
and one patient had central sleep apnea.11 In a series
of 86 patients completing a sleep questionnaire
from Braga Neto et al,12 71.8% acknowledged
snoring, which was related significantly to exces-
sive daytime sleepiness (EDS). Finally, Diederich
et al13 reported polysomnographic data for 49
patients in a case–control study. Twenty-one
(43%) had an AHI � 5, one-third of whom had an
AHI � 30. The patients had less oxygen desatura-
tion during the night than controls who were
matched for AHI. The patients had mostly central
apneas, while events in controls were mainly
obstructive.

Restless legs syndrome (RLS) is present in about
20% of the PD population, as opposed to 5–10%
of non-PD individuals.14,15 RLS may interfere with
sleep onset and is often associated with periodic
limb movements of sleep (PLMS), which may
impair sleep maintenance.16 Four criteria for the
diagnosis of RLS have been identified by the Inter-
national Restless Legs Syndrome Study Group
(IRLSSG):16 (1) an urge to move the legs, often
accom panied by an unpleasant sensation; (2) relief
of the symptoms by moving the legs; (3) exacerba-
tion of the symptoms when lying down; and (4) a
peak of symptoms in the late evening as part of 
a diurnal rhythm.

The prevalence of RLS seems to be higher in
studies of PD than in non-PD controls, although
there are exceptions. In a movement disorders
clinic survey, Ondo et al17 found RLS in 20.8% of
PD patients. The incidence was lower in a study
reported from India, but still significantly greater
than matched controls (7.9% vs 0.8%).18 Notably,
Tan et al19 could find no difference between patients

Table 7.1 List of sleep-related conditions associated
with Parkinson’s disease

Sleep disorders

Insomnia

Obstructive sleep apnea

Central sleep apnea

Restless legs syndrome

Periodic leg movements of sleep

Dystonia

Bradykinesia

Parasomnias

REM behavior disorder

Somnambulism

Night terrors

Excessive daytime sleepiness

Hypersomnolence secondary to sleep disorder

Idiopathic hypersomnia?

Narcolepsy?
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and controls in Singapore (0.8% vs 0.6% in the
general population and 0.1% in a clinic sample).
RLS seems to be less common in Asia than in the
Western world. The association between RLS and
PD is strengthened by the finding of Banno et al20

that during a 5-year period, 17.5% of a cohort of
218 male patients with RLS developed movement
disorders, compared with only 0.2% of 872
matched controls; for female patients, the corre-
sponding figure was 23.5%. Periodic limb move-
ment disorder (PLMD) is also more frequent in
PD. One report found a PLM index of 68.3, com-
pared with 13.9 in matched controls.21 Hogl et al14

reported a mean PLM index of 34.9 in 15 PD
patients, which decreased to 6.7 during treatment
with cabergoline.

Parasomnias

Although parasomnias such as somnambulism and
night terrors have received passing mention in the
literature in relation to PD,22 rapid eye movement
(REM) behavior disorder (RBD) is by far the most
frequent associated parasomnia and has received
the most investigation. RBD is characterized by
excessive motor activity, usually in response to
imperatives of a REM sleep dream narrative that is
often threatening and leads to defensive maneuvers
(e.g., protecting oneself or one’s spouse from an
attacker).23 RBD is seen primarily in older men;
the etiology is felt to be the loss of REM-associated
muscle atonia due to an anatomic or functional
lesion of the motor control pathways in the upper
brainstem.23 Indeed, the appearance of excessive
phasic or tonic submental muscle discharge is
often a prodrome to development of the full syn-
drome years later.24 Periodic leg movements are
also commonly present for a long period of time
prior to the appearance of frank RBD.25

In a group of 33 PD patients, 33% had
polysomnographic criteria for RBD (increased
muscle tone during REM sleep and complex
motor activity).24 Fifty-eight percent had REM
sleep without atonia (RSWA) (defined as increased
tonic or phasic activity occupying at least 20% of

REM sleep time), while among 16 controls only 1
had this finding. A prevalence of 24% for RSWA
and 16% for RBD was reported in a survey of 45
PD patients, 15 of whom had never been treated
and another 10 of whom had undergone previous
treatment but were drug-free for 2 weeks.26 Those
with REM sleep abnormalities had a longer duration
of disease, a higher Hoehn–Yahr Score, and higher
doses of dopaminergic drugs (when treated).
Eisensehr et al27 studied 292 consecutive patients
with sleep disorders, of whom 19 had PD, and
found that 47% of the PD group had RBD, com-
pared with 1.8% of those without PD. Thus, RBD
is commonly seen in PD. Boeve et al28,29 presented
evidence that RBD is highly selective for synucle-
inopathies (PD, multiple system atrophy (MSA),
or diffuse Lewy body disease (DLBD)), as opposed
to tauopathies such as Alzheimer’s disease. (Synu-
clein is a marker for these diseases, since it is con-
tained in Lewy bodies.30) Conflicting evidence
exists on this point, since RBD has been reported
in patients with progressive supranuclear palsy
(PSP),31 a non-synucleinopathy, and in PD caused
by the Parkin mutation (in which there are few or
no Lewy bodies).32

Once the diagnosis of RBD has been made,
treatment with small to moderate doses of clonaze -
pam (0.5–1.0 mg prior to bedtime) is usually
effective.33 It is important to recognize and treat
RBD, because it frequently causes serious injuries
such as fractures and hematoma.34

Excessive daytime sleepiness

Excessive daytime sleepiness (EDS) is found in up
to 76% of PD patients, compared with 47% in
matched control subjects.35 The Canadian Move-
ment Disorders Group reported EDS in 51% of a
group of 638 parkinsonian subjects evaluated by
questionnaire.36 Excessive daytime sleepiness is
associated with nocturnal sleep disturbances but in
PD, correlation with obstructive sleep apnea is not
always found.9 Arnulf et al37 emphasized the 
similarity of sleepiness in PD to that of narcolepsy
because of such features as sleep-onset REM 
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periods (SOREMPs) during daytime naps and the
high incidence of hallucinatory phenomena in
sleepy PD patients. In their study of 54 treated
patients referred for evaluation of sleepiness, the
mean Epworth Sleepiness Scale (ESS)38 Score was
14 (�10 is considered significant – the maximum
is 24, and narcoleptics often have a score �18).
Thirty-nine percent of the patients had two or
more SOREMPs during the Multiple Sleep Latency
Test (MSLT), a finding typical of narcolepsy.39

Those with SOREMPs were objectively sleepier
than those without (mean sleep latency on the
MSLT 4.6 minutes vs 7.4 minutes). Arnulf et al37

concluded that the sleepiness was related to the
pathology of Parkinson’s disease. Rye and Jankovic40

emphasized the role of dopaminergic mechanisms
in the control of the sleep–wake cycle and as a
possible factor contributing to sleepiness in PD.

Drouot et al41 found hypocretin-1 levels in ven-
tricular cerebrospinal fluid (CSF) to be much
lower in advanced PD patients than in controls,
but another study found normal hypocretin-1 in
the CSF of three sleepy parkinsonians.42 (In nar-
coleptics, hypocretin-1 is almost universally low or
absent.43) Also, HLA-DR2 and -DQ1 alleles, seen
in over 90% of narcoleptics,44 are no more frequent
in PD patients with SOREMPs, hallucinations,
and RBD than in patients without these pheno -
mena.45 Thus, sleepiness in parkinsonism has sim-
ilarities to narcolepsy,37 but is not identical to it.

Frucht et al46 directed attention to a side-effect
of dopaminergic agents termed ‘sleep attacks’ and
defined as a sudden onset of sleep without warning
signs, particularly while driving. They emphasized
the newer D2–D3 dopaminergic agonists as the main
culprit in nine patients (eight taking pramipexole
and one taking ropinirole) who had automobile
crashes due to falling asleep at the wheel. Since then,
much data have been gathered about the phenom-
enon of ‘sleep attacks’ and have cast doubt on its
validity. Rather, the general impression is that most
patients taking dopami nergic agonists who fall
asleep have excessive daytime sleepiness and that,
with few exceptions, episodes of sudden sleep
onset are preceded by the same inability to resist

sleep as seen in sleep deprivation or nar-
colepsy35,36,47–71 (Table 7.2). The most predictive
factors are the ESS Score and the dose of levodopa/
carbidopa.35,53 Also, most investigators found no dif-
ference between levodopa/ carbidopa and dopaminergic
agonists, which seem similar in their sleepiness-
inducing qualities. The role of dopaminergic agents
in producing sleepiness or alertness is complex.
The effects may be dose-related: smaller doses may
stimulate presynaptic autoreceptors and reduce
alertness, whereas larger doses may stimulate post-
synaptic dopaminergic receptors.

PD patients must be questioned carefully about
their nocturnal sleep and the presence of daytime
sleepiness. If symptoms suggest the possibility of
sleep disorders such as RLS or OSA, polysomno -
graphy is indicated. Attention should be paid to
factors such as insufficient sleep, impaired sleep
hygiene, alcohol intake, etc., and corrective steps
should be taken as appropriate. Some patients may
respond to simple interventions such as a well-
timed cup of coffee or a strategically placed nap.
Others may require stimulant medication, with
modafinil being the most studied for PD.62,72–75

Adler et al72 reported a double-blind, placebo-
controlled, crossover study of 21 PD patients with
baseline ESS Score �10. Modafinil led to a decrease
in ESS Score (17.8 to 14.4) during a treatment
period of 3 weeks, whereas ESS Score did not
improve (16.0 to 17.0) with placebo administration.
Four other studies of modafinil in PD also reported
improvement in daytime sleepiness.62,73–75

SLEEP AND STROKE

The association of OSA with ischemic hemispheric
stroke was first described in 1990,76 and was con-
firmed in subsequent studies.77–80 Since OSA is
also a risk factor for hypertension,81 coronary heart
disease, and myocardial infarction,82 the association
with stroke is not surprising. Yet, the association is
stronger than that for heart disease,82,83 and perhaps
even hypertension, prompting special attention to
the effects of OSA on the cerebral circulation 
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and brain. In all studies so far, approximately 
75% of ischemic hemispheric stroke patients have
an AHI � 10,77–80 while 50% have an AHI � 20 (a
severity that correlates with cardiovascular morbi -
dity and mortality)84 (Figure 7.1). Following an
acute stroke, patients with OSA have longer hospi-
talizations and a worse functional outcome.85–87

Epidemiologic evidence from more recent longitu-
dinal studies indicates that OSA is an independent
risk factor for stroke. Arzt et al88 showed a correla-
tion between baseline AHI and incidence of
stroke, and other investigators confirmed this find-
ing even when controlling for obesity, age, hyper-
tension, smoking, alcohol intake, and other risk
factors.89 Even small changes in AHI increase the
odds ratio for future stroke.83

OSA is also related in a complex way to the
more well-known risk factors for stroke such as
hypertension, obesity, age, male gender, and meta-
bolic syndrome. Thickening of the carotid arterial
wall, a marker of atherosclerotic plaques, is more
severe in OSA patients than in controls.90,91 Har -
bison et al92 found more periventricular angiomato-
sis (also called leukoaraiosis, a condition known to
indicate white matter ischemia) in acute stroke
patients with higher AHI, although another report
revealed no significant difference for leukoaraiosis
between OSA and non-OSA patients without
stroke.93

Sleep apnea (or hypopnea) can be divided into
obstructive, with impaired air flow despite continued
ventilatory effort, and central, with decreased or

absent air flow due to decreased ventilatory effort.
Both types of apnea occur in cerebrovascular dis-
ease, but one study described a different time
course between central and obstructive events.80 In
the acute stage, both central and obstructive apneic
events were seen. After several months, central
events subsided, but obstructive events remained.80

This suggested that central apneas resulted from
direct effects of the stroke, while persistence of
obstructive events indicated that OSA was present
prior to the stroke and pointed to its importance
as a risk factor. Another form of central apnea 
is Cheyne–Stokes breathing, a not-infrequent
accompaniment of acute stroke.94 Naughton and
Bradley95 reported increased mortality in conges-
tive heart failure patients with Cheyne–Stokes
breathing, so a study of mortality in stroke patients
with this breathing pattern would be important.
Although the present discussion focuses on hemi-
spheric lesions, it should be emphasized that brain-
stem strokes are often associated with central sleep
apnea.96

The most effective treatment for OSA is con-
tinuous positive airway pressure (CPAP), which
acts as a splint for the upper airway, increases
lung volume, and decreases upper airway compli-
ance.97 CPAP reduces excessive daytime sleepi-
ness (the most common behavioral manifestation
of OSA), lowers blood pressure (particularly 
in patients with hypertension), and improves 
cardiac function.98 CPAP reduces the deleterious
consequences of OSA in stroke patients. After 18
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Figure 7.1 Percentage of 61
ischemic stroke patients (at various
times since the stroke) with
different values of apnea–hypopnea
index (AHI) (unpublished data)
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months’ follow-up, Martinez-Garcia et al99

reported less stroke recurrence with CPAP in
OSA (AHI � 20; n � 15) compared with patients
who did not tolerate CPAP (n � 36) (odds ratio
5.09). Marin et al100 divided 1651 subjects with-
out previous stroke into five groups: healthy con-
trols, simple snorers, untreated mild-to-moderate
OSA patients, untreated severe OSA patients,
and OSA patients treated with CPAP. Multivari-
ate analysis after a mean follow-up of 10.1 years
showed that the untreated severe OSA group had
odds ratios of 2.87 for fatal cardiac and cere-
brovascular events and 3.17 for non-fatal events
compared with healthy controls. Untreated severe
patients also had significantly worse results than the
remaining three patient groups. Finally, Doherty 
et al101 followed 168 patients with OSA for a
mean of 7.5 years and compared the treated
patients (n � 107) with those intolerant of CPAP,
finding a 14.8% incidence of fatal cardiovascular
disease (including stroke) in the untreated group
compared with 1.9% in the CPAP group. No sig -
nificant difference was reported for non-fatal car diac
or stroke events. Overall, the data strongly support
the role of OSA as a risk factor for stroke, and
underscore the necessity of diagnosing and treating
OSA patients to prevent a first or recurrent stroke.

Although OSA is the most important sleep dis-
order in stroke patients, sleep is rarely normal even
when OSA is absent.102 Insomnia is common and
is associated with low sleep efficiency, long sleep
latency, and elevated wake time after sleep onset.
One case of periodic leg movements in association
with stroke was reported103 and one case of rest-
less legs syndrome,104 but the true incidence of
these disorders after a stroke is unknown. Finally,
polysomnographic studies of recovering stroke
patients have shown reduced sleep spindles105 and
other sleep architectural changes.106–108

SLEEP AND TRAUMATIC BRAIN INJURY

Traumatic brain injury and disordered sleep are
linked reciprocally, although causation is not

always clear. The injury may have been caused by
a sleep disorder (such as OSA) that was present at
the time of the traumatic event.109 Conversely,
sleep disturbance commonly develops after brain
injury, involving three primary symptoms: hyper-
somnolence, insomnia, and disruption of sleep
timing and circadian rhythms.

Clinchot et al110 surveyed sleep disturbances 
in 86 patients with traumatic brain injury. Fifty
percent exhibited sleep difficulties: 64% reported
early awakening, 25% described sleeping more
than usual, and 45% described problems initiating
sleep. Sleep complaints correlated with the pres-
ence of fatigue. Patients with more severe injury (as
measured by the Glasgow Coma Scale) were less
likely to report sleep problems, due presumably to
decreased insight. Haboubi et al111 reported initial
sleeping problems in 300 of 639 minor head
injury patients: sleep problems persisted in 232
out of 300 at 2 weeks and 81 of 111 after 6 weeks.

Hypersomnolence after brain injury

The earliest observations of hypersomnolence after
brain injury were recorded before widespread
acceptance of standardized measures of sleepiness
such as the MSLT112 and the ESS.113 Using
polysomnography, Guilleminault et al114 reported
severity data on 20 patients with brain injury who
were referred for evaluation of EDS. Eighteen had
objective evidence of daytime somnolence and
eight had significant sleep apnea. In a subsequent
report of 184 patients,115 skull fracture, coma for
more than 24 hours, and immediate neurosurgical
intervention were more likely to involve higher
scores on quantitative sleepiness measures. Brain
injury patients who developed sleep apnea were
more likely to have concurrent neck injury. Masel
et al116 evaluated 71 consecutive brain injury inpa-
tient admissions, and found hypersomnolence in
33 patients (12 with and 21 without sleep apnea).
Twelve patients had elevated periodic limb move-
ment indices. Borgaro et al117 found that ability to
function without a daytime nap was the best indi-
cator of fatigue in 47 brain injury patients compared
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with controls, highlighting the difficulty of sepa-
rating sleepiness from other aspects of fatigue.
Thus, in all cases of post-traumatic hypersomno-
lence, it is important to identify risk factors (e.g.,
obesity) and aspects of the sleep history (e.g., snoring
and movement during sleep) that will yield a sleep
differential diagnosis and management plan.

Post-traumatic narcolepsy is a specific cause 
of hypersomnolence after brain injury.118–120

Lankford et al121 reported nine patients with EDS
and mild-to-moderate neuropsychologic impair-
ment: five had cataplexy, five had sleep paralysis,
and five had hallucinations. Three patients had all
four symptoms. All had SOREMPs and shortened
mean sleep latencies. HLA typing revealed three
patients with DR2 and one patient with DQw1,
suggesting that patients were genetically predis-
posed and that brain injury had unmasked their
narcolepsy. In a study of 44 consecutive traumatic
brain injury patients, Baumann et al122 found low
CSF hypocretin levels in 95% of those with 
moderate to severe injury, possibly reflecting hypo-
thalamic damage.123

Insomnia after brain injury

Insomnia has been examined in brain injury
patients with regard to demographics, injury char-
acteristics, coexisting conditions, and psychosocial
variables.124 Fichtenberg et al125 reported insomnia
in 30% of 50 consecutive brain injury patients. A
score of 14 or more on the Beck Depression Scale
and initial emergency room Glasgow Coma Score
were the most important components of a logistic
regression model that predicted insomnia (as
reflected by the Pittsburgh Sleep Quality Index) in
91 consecutive postacute brain injury patients –
self-report of pain and litigation status were also
important.126 Kemp et al127 reported preliminary evi-
dence for efficacy of melatonin and amitriptyline
in both initiation and maintenance insomnia after
brain injury. Beetar et al128 found significantly
more insomnia in traumatic brain injury patients
than in patients with non-traumatic neurologic
disorders. The presence of pain increased insomnia
twofold, and insomnia was more likely with mild

than with moderate or severe injury. Identification
of insomnia and related psychiatric and psychoso-
cial conditions should be a part of rehabilitation
care for brain injury patients in the post-acute
phase.

Circadian rhythm disorders 
after brain injury

Steele et al129 found no significant differences
between ten brain injury patients and controls in dim
light melatonin onset or morningness–eveningness.
Delayed sleep phase syndrome (DSPS) has been
reported after brain injury.130,131 Smits and 
Nagtegaal132 found moderate to large improvements
with melatonin administration in 16 patients with
DSPS and chronic whiplash syndrome. Dagan133

reported an irregular (‘disorganized’) sleep–wake
pattern after head trauma. Head injuries incurred
during car crashes or boxing were reported as etio-
logic possibilities in patients who developed episodic
hypersomnolence along with hyperphagia, behav-
ioral disturbance, and sexual disinhibition – the
Kleine–Levin syndrome.134,135

Effective treatment of traumatic brain injury
patients requires analysis of any identified specific
nighttime sleep disorders in the context of overall
daytime neuropsychologic functioning.136

SLEEP AND OTHER NEUROLOGIC
DISORDERS

Sleep and neuromuscular disorders

Impaired control of the airway during sleep is a
major mechanism for sleep disturbance in neuro-
muscular disease.137 Quera Salve et al138 studied 20
consecutive myasthenia gravis patients who were
assessed clinically to have intact daytime neuro-
muscular function and were on stable medication
doses. An overall Respiratory Disturbance Index
(RDI) � 5 events per hour was found in 11 patients,
and all of these had dramatic increases in RDI dur-
ing REM sleep. Breathing events during REM
sleep were associated with disturbed nocturnal
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sleep, a sensation of breathlessness, and daytime
somnolence, and were of the ‘diaphragmatic’
rather than obstructive type. Barber et al139 noted
the difficulty in distinguishing muscle weakness
from lack of central drive in patients with Duchenne
muscular dystrophy.140,141 Patients with myotonic
dystrophy had more objective sleepiness by MSLT,
longer sleep times, and more sleep fragmentation
than controls.142 Significant sleep apnea is not found
in myotonic dystrophy,143 and sleep abnormalities
may be related to associated cerebral abnormalities.

Ferguson et al144 compared 18 patients with
amyotrophic lateral sclerosis (ALS) with 10 age-
matched controls and found more arousals, shorter
sleep time, and more sleep-disordered breathing,
although breathing events showed a muscle weak-
ness pattern and were not obstructive. Kimura 
et al145 found significant sleep-disordered breathing
in 3 of 11 patients with bulbar involvement in 
ALS despite absence of breathing complaints or sub-
jective sleep disturbance symptoms. Monitoring of
apnea and hyperpnea events, especially during
REM sleep, may provide indicators for early inter-
vention in ALS.146 Nocturnal bilevel positive air-
way pressure is a standard component of care for
patients with ALS, but should be part of a com-
prehensive plan of care that incorporates end-of-
life decision making.147,148 Bourke et al149 found
improvements in survival and quality of life in ALS
patients randomized to non-invasive ventilation
rather than standard care.

Sleep and epilepsy

Sleep is one of the important physiologic states
modulating abnormal electrical brain activity and
seizures. Sleep facilitates seizures through activity
in thalamocortical circuits.150,151 In most epileptic
syndromes, interictal epileptiform discharges are
more likely seen during non-REM (NREM) sleep
than during REM sleep.

The differential diagnosis of behavioral and
motor disturbances during sleep152 includes seizure
as well as non-epileptic disorders such as RBD, 
primary disorders of arousal such as sleep terrors,
and psychogenic episodes. The stereotyped motor

attacks of nocturnal paroxysmal dystonia (NPD)
are responsive to carbamazepine and are probably
epileptic, despite a lack of EEG abnormali-
ties.153,154 Multiple generalized and partial epilep-
tic syndromes are associated with sleep.152 Frontal
lobe seizures are more common during sleep than
wakefulness, and frontal epilepsy can be nocturnal
and related to a genetic mutation.155 Sleep depri-
vation can worsen seizures and is used to provoke
epileptiform discharges in clinical EEG protocols.

Sleep and multiple sclerosis

Many patients with multiple sclerosis (MS) experi-
ence fatigue,156 and often report it as their most
disabling symptom.157 The relationship of MS
fatigue to intact or disordered sleep and to depres-
sion is complex and is possibly mediated by immuno-
pathologic and neurohormonal mechanisms158

and by axonal damage.159 Attarian et al160 studied
controls and MS patients with and without fatigue
using sleep logs, the ESS38,161 and acti graphy. Of
15 MS patients with fatigue, 12 had disordered sleep
(10 had sleep disruption and 2 had delayed sleep
phase), whereas 12 of 15 non-fatigued MS patients
had normal sleep cycles without disruption.

Sleep in pediatric neurologic disorders

Grigg-Damberger162 reviewed multiple central and
peripheral neurologic disorders with disordered
sleep as a significant manifestation. Brain-injured
children can have circadian rhythm disorders due
to deficits in biologic clock entrainment. Attention
deficit hyperactivity disorder in children can be
secondary to OSA or RLS. Anticonvulsants, stimu -
lants, and sympathomimetics can all produce sleep
disturbance in children.

SUMMARY AND FUTURE DIRECTIONS

Neurologic disorders produce disturbances of sleep
and wakefulness by direct negative influences on
brain structures, as well as indirect influences such
as pain and primary medical, psychologic, and
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social derangements. Recognition that specific
sleep disorders often accompany neurologic disease
should lead to more careful history-taking, inclu ding
attention to circadian patterns and sleep-related
behaviors. Appropriate use of sleep medicine tech-
niques such as quantification of sleepiness and sleep
quality, polysomnography, and actigraphy can
facilitate diagnosis of sleep disorders accompany-
ing neurologic disease and can lead to identifica-
tion of therapeutic interventions. Newer concepts,
such as the role of the hypocretin system,123,163–165

and newer imaging techniques,166 show promise
for better elucidation of the pathophysiologic
mechanisms of disordered sleep in neurologic dis-
ease. More complete insight into these mecha-
nisms will allow a better choice of pharmacologic
and other treatments.
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Behavioral intervention for sleep disorders

Chien-Ming Yang, Arthur J Spielman

INTRODUCTION

Sleep disturbance is one of the most common health
complaints in the general population. It is a symp-
tom of various conditions of different pathogenesis.
Some sleep disorders have clearly identified physio-
logic etiologies. Examples include breathing-related
sleep disorders, narcolepsy, and sleep-related move-
ment disorders.1 Others are primarily caused by
psychosocial or behavioral factors, such as stress-
related transient insomnia (adjustment insomnia) or
sleep disturbance associated with poor sleep hygiene.
Moreover, sleep complaints in some other cases are
associated with psychiatric or medical conditions. It
has been estimated that about 40% of patients with
insomnia and 47% of patients with hypersomnia
carry one or more comorbid psychiatric diagnoses,
with affective disorders, anxiety disorders, and sub-
stance abuse among the most prevalent.2 Also,
16–82% of patients with chronic medical condi-
tions, such as musculoskeletal and other painful dis-
orders, heart disease, airway disease, and diabetes,
have reported difficulty sleeping.3–9 The sleep com-
plaints in these cases are often assumed to be symp-
toms secondary to the primary conditions, or caused
by the discomforts associated with these conditions.
Ideally, the different aspects of sleep pathologies in
a patient should be differentiated and treatment
should be instituted acco r dingly. However, in clinical
practice, the pathogenesis is 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. Also, in sleep
disturbance associated with psychiatric disorders,
the sleep problems may reciprocally feedback to
aggravate, perpetuate, or predispose individuals to
relapse of the psychiatric conditions. Evidence has
shown that persistent insomnia may predispose to
the development of psychiatric disorders, especially
depression.2,10 Furthermore, the neurophysiologic
systems that regulate sleep and wake are impacted
by psychologic and behavioral factors. 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 inter vention is beneficial not
only in the treatment of sleep disorders of psychoso-
cial origin, but also in the management of physio-
logically based sleep problems.

Many behavioral and psychologic interventions
are effective in the treatment of sleep disorders,
especially in the management of chronic insom-
nia.11–13 Some of the behavioral techniques have
also been applied to insomnia associated with
medical or psychiatric disorders, with positive
results.11,14–17 In addition to improvements in
sleep, psychiatric symptoms decreased.18,19 Widely
applicable, behavioral interventions have been
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used to enhance compliance with medical treat-
ment in sleep-related breathing disorders.20,21

In this chapter, we will describe psychologic
and behavioral influences on sleep, and the neuro-
physiologic mechanisms of normal sleep regula-
tion. We will also 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 (CBT) for insom-
nia,22–24 this chapter will focus more on the 
conceptual rationales and practical aspects of  
cognitive–behavioral interventions. Lastly, we will
briefly review behavioral interventions for specific
sleep disorders other than insomnia.

PSYCHOSOCIAL AND BEHAVIORAL
FACTORS AFFECTING SLEEP
REGULATION

Sleep disturbances can be conceptualized as a dis-
ruption of the mechanisms that regulate normal
processes of sleep. Thus, understanding the mech-
anisms 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 three major systems: a homeo-
static system that regulates the optimal level of
sleep drive to maintain the internal balance
between sleep and wakefulness, a circadian process
that generates a biological rhythm of sleep and
wake tendency over a day, and an arousal system
that promotes wakefulness and opposes the sleep
drive.25,26

The classical two-process model proposed that
the propensity for sleep or wakefulness at a given
time is a consequence of the interactions between the
homeostatic and circadian processes.27 The homeo-
static 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. Empirical studies have documented that
exercise leads to increased slow-wave sleep or slow-
wave activity.28

The circadian system, on the other hand, gener-
ates a near 24-hour rhythm of sleep-and-wake ten-
dency 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. With the interactions
of the two systems, the sleep propensity and amount
of sleep obtained at a given time are determined by
the accumulated sleep debt and the circadian sleep
tendency at that time.

Studies with both animals and humans have
identified the genetic determinants of the circadian
sleep tendency.29,30 The setpoint of the homeostatic
regulation may also be genetically or biologically
based. Also, 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 humans is
slightly over 24 hours;31,32 therefore, there is a nat-
ural 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.33,34

Behavioral practices and environmental factors
can optimize or disrupt the operations of these sys-
tems. Maladaptive behavioral practices, such as
napping or sleeping late at 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 accu-
mulated by bedtime. Furthermore, sleeping-in will
prevent the morning light cue, which will permit a
delay in the individual’s endogenous circadian
sleep tendency, making it difficult to fall asleep at
night. Irregular sleep–wake habits may destabilize
the endogenous circadian rhythm and produce
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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 arousal system can be conceived of as
reciprocal to the sleep processes, and may counteract
sleep drive through the promotion of arousal and
wakefulness. This system can be boosted by stress,
and by emotional and environmental stimuli, lead-
ing to disruption of normal sleep processes. The
arousal system is adaptive as 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 etiologic mod-
els addressing the role of arousal as a cause of
insomnia have been proposed.35,36 Characteristics
of overactivation of the arousal system in insomniacs
from either psychosocial or physiologic perspec-
tives have been reported in previous research. Indi-
viduals with insomnia have been shown to have
elevated indices of autonomic activity, such as higher
metabolic rate, body temperature, heart rate, uri-
nary cortisol and epinephrine (adrenaline) excre-
tion, skin conduction, and muscle tension.37,38 In
addition, increased cognitive processing around sleep
onset or during sleep was reflected by disturbing
mental activity and faster electroencephalographic
(EEG) frequencies.39–41 The elevated high-frequency
EEG power-spectral findings have been shown to
be reduced after successful treatment with CBT for
insomnia, but still maintained at a level that is
higher than for good sleepers.42 These results imply
that the hyperarousal might in part be a predispos-
ing trait, and in part aggravated in the course of
chronic insomnia. One model proposed that the
arousal state in chronic insomniacs might be learned
through a process of classical conditioning.43 In this
model, transient sleep disturbance could be triggered
by acute stressors. With repeated nights of waking
and worrying in bed, the patient might soon asso-
ciate the bedtime cues with waking and anxiety. As
a result, the patient tends to become aroused when
exposed to sleep-related cues and the insomnia
becomes chronic even if the transient stressor that
had triggered the sleep problem has been resolved.

Similar to homeostatic and circadian regulation,
the arousal system is also highly susceptible to the
effects of behavioral practices and psychologic sta-
tus. Vigorous presleep activities and worries about
sleep (e.g., watching the clock, counting the num-
ber of hours left for sleep, and the consequences of
poor sleep), may activate the arousal system. Emo-
tional arousal, such as feeling depressed over a loss
or guilt, and anticipatory anxiety of challenges to
come also lead to overactivation of the arousal sys-
tem and further disrupt 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. As
discussed earlier, the consequent delayed wake-up
time may lead to decreased homeostatic sleep drive
at bedtime the next night and may delay the phase
of endogenous circadian rhythms. Also, the failure
to obtain 8 hours of sleep may lead to excessive
worry that further aggravates the individual’s sleep
condition. Therefore, sleep cognition plays a major
role in the pathogenesis of insomnia.44–47 Changes
in sleep cognition after treatment have also been
found to be associated with sleep improvement.45,48

Figure 8.1 shows the conceptual model of the inter-
actions among the psychologic/behavioral factors
and the neurophysiologic systems that regulate
sleep. With this model in mind, the clinician can
try to evaluate the patients’ sleep problems by
examining the functioning of the three neurophys-
iologic systems and the various factors that may
have an impact on these systems.

As discussed above, the factors contributing to
sleep disturbance in an individual are usually multi-
dimensional. Organizing these contributions along
the timeline of the development of the insomnia 
can be helpful in understanding the problem and
formulation of a treatment plan. The factors con-
tributing to insomnia can be classified into predis-
posing, precipitating, or perpetuating factors.49

Predisposing factors are the individual traits that set
the stage for the development of insomnia, but do
not necessarily lead to insomnia. Examples include
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arousal-prone personality styles, a hypersensitive
physiologic arousal system, a rigid circadian sys-
tem, and vulnerable sleep systems. The clinician
may need to assess the patient’s premorbid sleep
pattern, sleep history at a younger age, and general
personality style in order to identify these factors.
Understanding the risk factors can help in estab-
lishing a realistic expectation of the patient’s sleep
and help them avoid getting into situations that
may trigger a sleep problem. Precipitating factors
are usually readily identified as the event or condi-
tions that initiate the sleep disturbance. The most
common precipitating factor is a major life stres-
sor, 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, resolving the trig-
gering event is the only treatment needed to
address the sleeping problem. However, in many
cases, the insomnia persists and becomes chronic
over time. Common perpetuating factors include
the conditioned association between anxiety and

bedtime cues, maladaptive sleep–wake habits
intended to gain more sleep, strategies to minimize
daytime deficits, and excessive worries over sleep-
lessness. In these cases, the perpetuating factors
should then become the focus of the treatment.

To illustrate this model, take an individual with
a high anxiety trait as an example. Their anxiety
tendency predisposes them psychologically to
worry about trivial matters and physiologically to
be easily aroused. The trait alone may not ordinar-
ily be sufficient to produce a persistent sleep dis-
turbance, but may lead to occasional poor sleep.
However, a life stressor (e.g, a break-up in a rela-
tionship) may boost the arousal system and pre-
cipitate the onset of insomnia. The individual
starts tossing and turning in bed and ruminating
over the conflicts in the relationship. Stress man-
agement to help the patient 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 to the
insomnia, this individual may develop behavioral

Homeostatic
system

Circadian
system

Arousal
system

Emotion

Behavioral
practices

Sleep
cognition Sleep

Psychological/behavioral factors Neurophysiologic systems

Figure 8.1 Conceptual model showing that psychologic/behavioral factors influence sleep mediated by the neurophysiologic
systems for sleep regulation
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adaptations and thoughts that are counterproduc-
tive. For example, the patient may start to spend
too much time in bed to ‘get rest’ or to ‘make up
for lost sleep’. These behaviors may strengthen the
association between the bed and fretful tossing and
turning, and lead to a conditioned insomnia. The
patient may start to worry about not being able to
fall asleep or to worry about job performance the
next day. These worries further activate the arousal
system and exacerbate the sleep difficulties. At this
point in time, treatment should target the reduc-
tion of arousal, the changed view of sleep, and the
elimination of maladaptive sleep practices. With-
out proper treatment, the individual may start to
use hypnotic medication regularly and have diffi-
culty 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 strate-
gies to taper off medication, should be included as
part of the treatment. Although all components of
this model may not be present in a particular
patient, it does provide a framework for the clini-
cian to organize the multiple determinants and to
formulate a comprehensive treatment plan. Table
8.1 shows the common contributing factors asso-
ciated with the development of insomnia.

BEHAVIORAL INTERVENTIONS FOR
INSOMNIA

Various behavioral techniques have been applied
for the treatment of insomnia. Many of these tech-
niques are effectively combined as a multicompo-
nent approach that is usually referred to as CBT
for insomnia. CBT for insomnia can be conducted
in groups with a structured program or conducted
individually with techniques selected that are tai-
lored for an individual. Meta-analyses and review
articles on the efficacy of individual behavior tech-
niques as well as multicomponent CBT programs
have shown moderate to large effect sizes on the
major sleep parameters.11,12,50,51 Furthermore, the
treatment effects have been shown to be equal to

or better than pharmacologic treatments at the end
of treatment sessions and with long-term follow-
up of up to 2 years.13,22,52

Before the initiation of a cognitive and behav-
ioral intervention for insomnia, it is important to
conduct a thorough evaluation to identify the con-
tributing factors. Patients with sleep disturbances
are often puzzled by their condition. The feeling of
being out of control and the mystery 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 etio-
logic formulation, providing the rationale and
describing the treatment procedures comprise a
comprehensive first treatment session.

Furthermore, it is useful for patients to know
what to expect from treatment. For example, pro-
viding information that the behavioral techniques
require a few weeks to have significant impact may
prevent premature demoralization when improve-
ment is not immediate. The patient needs to
understand that reliably carrying out behavioral
practices is crucial for the treatment to be effective.
Change in sleep habits, daily life routines, and prac-
tice 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, the
whole program usually takes 4–8 weeks. Lately,
abbreviated, two-session CBT has also been repor -
ted to be effective in a primary care setting.53 The
following are the rationales and practical guidelines
of the major CBT techniques for insomnia.

Sleep hygiene education

Sleep hygiene refers to practices of everyday
living and sleep-related activities that promote
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Table 8.1 Common contributing factors associated with the development of insomnia

Predisposing factors

Homeostatic process

� Abnormality or weakness of the neurophysiologic 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 toward neuroticism and somatization lead to a
higher level of emotional and physiologic arousal

� Personality traits associated with sustained level of arousal, such as perfectionism and excessive need for control
� Heightened or more sensitive physiologic 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 starting a nightshift job

Arousal system

� Life stressors or events lead to emotional and physiologic 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 arousals and worries over sleep loss
� Conditioning between bedtime cues and arousal
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good-quality sleep or that make sleep more resist-
ant to disruption. The objectives of sleep hygiene
education are to improve basic knowledge about
sleep and to modify counterproductive sleep
practices.54 Sleep hygiene education usually inc -
ludes 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 circa-
dian rhythms on sleep, the influences of stress and
emotion on sleep, the variability in sleep from
night to night, developmental changes of sleep, the
effect of daily activities on sleep, and the effect of
sleep disturbances on daytime function. Under-
standing empowers the patient and eliminates
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unnecessary worry about the consequences of 
sleep loss. It also provides the rationale for sleep-
promoting behavioral practices. Secondly, good
sleep hygiene requires the patient to modify daily
living practices that are counterproductive for
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, to engage
in sleep-promoting behaviors. Common behav-
ioral practices that are incompatible with good
sleep are listed in Table 8.2.

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.50

Many patients are aware of sleep hygiene practices,
but do not believe that these will produce signifi-
cant changes in their sleep. It is important to con-
vey to such individuals that insomnia is the result
of the interaction of a number of factors, and that
an effective treatment should address multiple fac-
tors at the same time. Eliminating these habits may
not solve the problem. However, a successful treat-
ment result may be prevented or delayed due to
poor sleep hygiene practices. Also, patients with
chronic sleep problems may engage in counterpro-
ductive sleep practice, such as daytime napping,
going to bed earlier, or staying in bed in the morn-
ing to catch up on sleep, as a way of coping with
the consequences of their sleep problem. It is
important to convey to the patient that these cop-
ing strategies may help in the short run, but they
sacrifice robust sleep in the long term.

Cognitive therapy

Worrying about sleeplessness may promote arousal,
and becomes 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 symp-
toms of insomnia.45,47,48 Common dysfunctional

cognitions about sleep can be classified into five
categories: misconceptions of the causes of insom-
nia; misattributions or amplifications of its conse-
quences; unrealistic sleep expectations; diminished
perceptions of control; and predictability of
sleep.49 Changes of dysfunctional thoughts can
reduce the worries and therefore break the vicious
cycle that leads to arousal. The disruptive cogni-
tions about sleep may be corrected with sleep
hygiene education. Relaxation training can also be
helpful to distract patients from excessive worry
and reduce the physical arousal. Cognitive restruc-
turing, on the other hand, addresses the sleep-disturb-
ing cognitions directly, and replaces the thoughts
with more realistic thoughts and positive ideas.44,49

To institute cognitive restructuring, the clini-
cian should discuss with the patient their beliefs
regarding sleep in general and their sleep prob-
lems. Beliefs that lead to maladaptive behavioral
practices or enhance worries about sleep should
be identified. The clinician can provide correct
information about sleep and the consequences of
sleep loss to help the patient develop more positive
and less disruptive ideas about their sleep prob-
lems. The Dysfunctional Beliefs and Attitudes
Scale49 can be utilized to help with the evalua-
tion of patients’ sleep cognitions. Also, a cognitive–
behavioral strategy may be employed by enlisting
the patient as a co-investigator to gather data that
will address the validity of specific beliefs. For
example, a patient who reported that poor sleep
always make them perform poorly at work may
be asked to rate job performance on daily sleep
logs. In this way, data could be collected to dis-
confirm 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 unable to fall asleep and return
to bed when feeling ready to fall asleep. Over time,
the repeated association of bedroom cues with

Chap-08:Sleep  12/15/2006  12:50 PM  Page 99



Table 8.2 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, and dozing off during the day or evening
� In a trance, 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 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
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rapid sleep onset brings sleep under the stimulus
control of the bedroom environment.43 The spe-
cific instructions are as follows:

� Go to sleep only when feeling sleepy.

� Do not use the bed or bedroom for activities other
than sleep (sexual activity is the only exception).

� If you do not fall asleep within about 20 min-
utes, get up and go into another room to do
something relaxing.

� Go back to bed only when feeling sleepy again.

� Repeat the procedure of getting out of bed if
you still cannot fall asleep rapidly.
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� Get up at the same time each morning, regard-
less how much sleep you obtain.

These instructions are easy to understand but
hard for some patients to carry out regularly. Ini-
tially, patients will spend considerable time out of
bed and thus will suffer some sleep loss. It is
important to motivate patients by letting them
fully understand the rationale of this treatment
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 edu-
cated that short-term sacrifice will produce long-
term gains. Also, some patients may worry that
they do not know what to do when they are out of
the bed during the night. The clinician may need
to prescribe activities to perform during the night
that are not too taxing or activating.

Sleep-restriction therapy

Sleep-restriction therapy was developed on 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.55,56 The specific
procedures are as follows:

1. Patients complete a sleep log that records the
daily sleep pattern over a 2-week period.

2. The average total sleep time per night of this
2-week period is then prescribed as the time
in bed for the following week. The time of 
rising from bed is set to the time when the
patient is required to wake up or when the
patient generally awakens, and the time of
retiring is calculated accordingly. To avoid 
the effects of severe sleep deprivation, the

minimum time in bed 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 bed-
times and estimated total sleep time. Sleep
efficiency (estimated total sleep time/time in
bed � 100%) is evaluated every week.

4. The prescribed time in bed is adjusted by
three criteria: (a) when the mean sleep effi-
ciency is equal to or more than 90% (85% in
older individuals), the subject’s time in bed is
increased by 15 minutes by setting the retiring
time earlier; (b) if the mean sleep efficiency is
less than 85% (80% in seniors), then the time
in bed is decreased by 15 minutes; (c) when
the sleep efficiency is between 85% and 90%
(80% and 85% in seniors), the time in bed
remains the same.

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.57 Also, a sleep-compression
procedure has been utilized to gradually reduce
time in bed instead of curtailing it abruptly. As in
the original procedure, mean total sleep time and
time in bed are determined from the 2 weeks of
baseline sleep log. The difference between mean
total sleep time and mean time in bed is then
divided by 5, and the prescribed time in bed is
compressed by this amount weekly. By the end of
the fifth session, time in bed has been gradually
compressed to match the initial total sleep time.
Like the original procedure, time in bed is
increased by 15 minutes if the sleep efficiency sur-
passes 90%. This procedure has been found to be
helpful for elderly patients with insomnia.58

As with stimulus control instructions, patients
should be told to expect mild sleep loss and day-
time deficits at the initiation of the treatment. 
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It should be stressed that this temporary worsening
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 following 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 result-
ing in arousal may interfere with sleep. For the same
reasons, activities reducing arousal may facilitate
sleep. Various relaxation techniques have been
devel oped to assist in the reduction of tension and
anxiety. Examples include progressive muscle relax-
ation that reduces muscle tension by sequential
tensing and relaxing of the main muscle
groups,59,60 autogenic training that produces soma -
tic relaxation by inducing sensations of warmth
and heaviness of the body,60 and guided imagery
that aims to channel mental processes into a vivid
storyline.61 Biofeedback has also been utilized to
assist the mastering of relaxation techniques.62,63

The relaxation training starts with demonstration
of how it is done by the clinician. Patients are then
instructed to practice the technique at home
between sessions. The instructions for the relax-
ation procedures can be recorded during the ses-
sion for patients to practice at home. Commercial
relaxation training tapes are also available to facili-
tate the practice at home. The patient is asked to
practice the relaxation protocol once or twice a
day. The 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, is the
patient told to use it to facilitate falling asleep or
returning to sleep following a nocturnal awaken-
ing. At the start of training, patients are often 

distracted and deflected from the tasks, and find
themselves thinking and worrying about other
things. They should be told to anticipate that their
mind will wander and to avoid self-criticism. It is
crucial to help motivate patients to continue prac-
ticing the technique and to help them deal with
obstacles that they encounter.

BEHAVIORAL INTERVENTION FOR
ADJUSTMENTS OF CIRCADIAN RHYTHM

Sleep disturbances can result from a mismatch
between endogenous circadian phase and environ-
mental time. In these cases, patients’ sleep per se
may not be problematic when they are allowed to
choose their preferred sleep schedule. For example,
individuals with a delayed endogenous circadian
sleep–wake system tend to have difficulty falling
asleep in the evening as well as experiencing diffi-
culty 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 disrup-
tion. This condition is more frequently seen in
adolescents and young adults.64,65 In contrast,
patients with an advanced endogenous circadian
rhythm usually have no problem initiating sleep,
but complain of early-morning awakenings. This
sleep pattern is more commonly reported by eld-
erly individuals.66,67 In clinical cases, mild phase-
shifting of circadian rhythm may interact with
other sleep pathologies and make evaluation and
treatment more complicated.

Although the mechanisms responsible for circa-
dian rhythms have been shown to include a number
of genetic factors, particular neuroanatomic loci,
and environmental time cues, bright light has also
been shown to be quite effective in phase-shifting
human circadian rhythms.33,34 Light exposure can
be used to treat sleep disturbances related to phase
shifts of endogenous circadian rhythms. The
influence of light on the phase of circadian rhythms
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depends on the timing, wavelength, and intensity
of the light exposure. There is a relationship
between the timing of light exposure and the size
and direction of the phase shift induced. This rela-
tionship can be plotted as a phase response curve
(PRC). 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.34 Therefore, for patients
complaining of difficulty falling asleep in the
evening and getting up in the morning, indicating
possible delayed sleep phase, bright light adminis-
tration upon awakening in the morning can
advance their circadian rhythms to the desired
time.68 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.69,70 Since endoge-
nous circadian oscillators are advanced in time in
these individuals, bright light exposure in the
evening should be applied to delay their circadian
rhythms. Also, manipulation of light exposure
during work hours and avoiding light exposure
after work have also been shown to facilitate the
adjustment to shiftwork.71

To institute light therapy for phase-shifting,
patients complete a sleep log that records the daily
sleep pattern over a 1–2-week period, in order to
estimate their endogenous circadian phase. They
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 earlier for patients with a
delayed circadian phase; in contrast, the retiring
time is gradually shifted later for patients with an
advanced sleep phase. With the help of light expo-
sure, most patients can shift their circadian phase
for over an hour each week with little difficulty. In
terms of the light exposure, bright light exposure
should be administered in the morning as close to
the scheduled wake-up time as possible for patients

with delayed sleep–wake pattern, and adminis-
tered in the early evening for patients with
advanced sleep–wake pattern. The source of bright
light can be artificial or natural outdoor sunlight.
Illumination 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 an adequate
effect. Patients with eye pathology should consult
with an ophthalmologist before receiving light
therapy.

Another behavioral intervention used for the
treatment of delayed sleep phase is chronotherapy.
Since the sleep–wake cycle in humans has a period
length slightly greater than 24 hours,31,32 it tends
to be easier to delay the sleep–wake schedule than
to advance the phase. Based on this observation,
chronotherapy was devised as a treatment for indi-
viduals with delayed sleep phase by gradually
shifting the sleep–wake schedule later until it
reaches the desired schedule.72 Again, the conduct
of this procedure requires an estimate of baseline
circadian phase by sleep log, with the initial
sleep–wake schedule being set up accordingly. The
patient is then instructed to delay retiring time
and arising time by 2 or 3 hours each day until
these match the desired sleep schedule. Once the
desired schedule has been achieved, the patient
should be told to avoid sleeping late in order to
prevent relapse. The primary problem in carrying
out chronotherapy is that it requires the patients
to follow an unusual sleep–wake schedule for sev-
eral 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. The relapse rate for patients with
delayed sleep phase syndrome is as high as
91.5%.73 Therefore, clinicians need to emphasize
the importance of following a strict sleep–wake
schedule after patients have reached their desired
schedule. Morning exposure to bright light can 

Chap-08:Sleep  12/15/2006  12:50 PM  Page 103



104 SLEEP AND PSYCHOSOMATIC MEDICINE

be instituted to assist the maintenance of a stable
circadian phase.

BEHAVIORAL INTERVENTION FOR
OTHER SLEEP DISORDERS

Behavioral techniques have also been used to assist
in the treatment of other sleep disorders, although
evidence of effectiveness is still preliminary. The
behavioral intervention can be the primary treat-
ment or a supplementary treatment combined
with pharmacologic 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 psycho-
logic support, education regarding sleep-related
breathing disorders and the function of CPAP,
modeling of CPAP use, and systematic desensitiza-
tion 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 have shown a facilitation of
CPAP use,21,74,75 while others did not.76,77 Evi-
dence supporting the effects of systematic desensi-
tization is also limited. So far, there has only been
one case study reporting efficacy.20

Behavioral intervention has also been devel-
oped for the management of nightmares. The cli-
nician has 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. Dream rehearsal has been found to be
effective in reducing the frequency and intensity of
nightmares, and in improving the sense of control.
This technique has also been applied successfully
to patients with post-traumatic stress disorder
(PTSD). Patients showed improved sleep and
reduction in PTSD symptoms.19,78

In addition to these specific techniques, the basic
conceptual framework and behavioral intervention
developed for insomnia may also be applied to opti-
mize sleep in patients with other sleep disorders.
Although their sleep pathologies may disrupt the
normal process of sleep regulation, maximizing the
sleep drive at bedtime, maintaining stable circadian
rhythm, and reducing the interference from cogni-
tive and emotional arousals can strengthen sleep and
may make patients more resistant to the disruption
by the primary sleep pathology.

CONCLUSIONS

Classical Western medicine favors a single explana-
tion for a cluster of symptoms. However, in the
case of sleep disorders, the sleep symptom is often
a manifestation of an interaction among multiple
contributing factors. Frequently, both physiologic
and psychologic factors are involved in the pro-
duction of the sleep disturbance. Clinicians should
take a broad perspective and avoid viewing the
problem from a single aspect. A careful evaluation
of the patient’s overall condition is often the key to
successful treatment. The basic rationale of behav-
ioral intervention for sleep disorders is to make 
an individual’s lifestyle and sleep pattern more
compatible with the nature of the systems that 
regulate sleep. It often requires 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 problem79 and only one-third of
patients with sleep difficulties discuss their prob-
lems with a healthcare professional.80 Public edu-
cation is important to promote awareness of
treatment options and the wisdom in seeking help
at an early stage of the sleep problem. Also, inclusion
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of sleep medicine training is important to provide
physicians, psychologists, and other medical pro-
fessionals with sufficient knowledge and tech-
niques to help patients with sleep problems.
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Medication effects on sleep

JF Pagel

INTRODUCTION

Sleep is a global state that can be defined both
behaviorally and cognitively. The sleep state and its
spectrum of electrophysiologic correlates are
affected by almost all medications with behavioral
or cognitive effects and/or side-effects. Historically,
the effects that medications exert on sleep and alert -
ness have been considered global and non-specific.
In the last 20 years, however, the selective neuro-
transmitter effects of most sedative/hypnotic drugs
have been defined. The field of sleep disorder med-
icine has matured into an increasingly complex
field involved in the diagnosis and treatment of
more than 90 conditions; each of these has clear
diagnostic criteria, and many of them are treated
with specific pharmacologic therapies. An even larger
group of medical and psychiatric diseases produce
mental or physical discomfort that can adversely
affect sleep.

Sleep disorders can generally be divided into
three large groups: (1) those producing insomnia
(the complaint of difficulty falling asleep or staying
asleep or of non-restorative sleep); (2) those with a
primary complaint of daytime sleepiness; and
(3) those associated with disruptive behaviors dur-
ing sleep – the disorders of arousal.1,2 There is a
full range of medications used to treat these disor-
ders, each with particular benefits as well as potential

for harm. Medications used to treat sleep disorders
have a checkered history that includes limited
efficacy, 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 addic-
tion potential, and limited toxicity in overdose.

MEDICATIONS INDUCING 
DISORDERED SLEEP

Drug-induced sleepiness is perhaps the most com-
monly reported side-effect of pharmacologic
agents active on the central nervous system (CNS):
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 (OTC) preparations.3 Unfortunately the 
terminology describing daytime sleepiness, gener-
ally considered to be ‘the subjective state of sleep
need’, is poorly defined, interchangeably including
such contextual terminology as sleepiness, drowsi-
ness, languor, inertness, fatigue, and sluggishness.
The results of questionnaires and cognitive and
performance tests for daytime sleepiness correlate
only loosely with the actual effects of sleepiness on

This chapter is an updated, rewritten version of a paper entitled Medications and their effects on sleep. Primary Care: Clin Office
Pract 2005; 32: 491–509.
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complex performance tasks such as the operation
of a motor vehicle.4

Most medications affecting CNS functioning
can induce insomnia in some patients. The neuronal
systems modulating waking and sleep are contained
within the isodendritic core of the brain, extending
from the medulla though the brainstem and hypo-
thalamus up to the basal forebrain. Multiple factors
and systems are involved, with no single chemical
neurotransmitter identified as necessary or sufficient
for modulating sleep and wakefulness. Medications
affecting neurotransmitters such as norepinephrine
(noradrenaline), serotonin, acetylcholine, and
dopamine often induce insomnia and/or sleepiness.
Less commonly, agents such as antibiotics, anti -
hypertensives, oral contraceptives, and thyroid
replacements can induce insomnia in susceptible
individuals (Table 9.1).5 OTC medications may

induce insomnia, including decongestants (includ-
ing nose sprays), weight loss agents, ginseng prepa-
rations and high-dose vitamin B1 (niacin). Finally,
chronic and long-term sedative/hypnotic use to
induce sleep may cause tolerance to the sedative
effect, and can contribute to chronic insomnia.1,6

Diagnoses that lead to alternations in sleep and
alertness are quite common. Obstructive sleep apnea
(OSA), with its well described effect of daytime
somnolence, affects 5–10% of the population.
Some of these patients with OSA also have chronic
insomnia, yet treatment of these patients with
sedative/hypnotic medications can cause respiratory
depression, increased apnea, and worsened sleep.
Patients with narcolepsy often report improved
sleep with daytime amfetamine use. Periodic limb
movement disorder may respond positively to ben-
zodiazepine treatment yet increase in intensity with
the use of some antidepressants. Increased daytime
alertness typifies a spectrum of common diagnoses
including chronic insomnia, anxiety disorder, and
post-traumatic stress disorder (PTSD). 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

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

Chronic insomnia affects 15% of the population.1

In the 1990s in the USA, 2.6% of adults were using
prescription sedative/hypnotic medications and 3.1%
OTC sleep medications (primarily antihistamines).9

Historically, sedative/hypnotics have been some
of the most commonly prescribed drugs. Many
sedatives were initially utilized as anesthetics.

Table 9.1 Medication types known to cause insomnia

Adrenocorticotropin (ACTH) and cortisone

Antibiotics (quinolones)

Anticonvulsants

Antihypertensives (�-agonists, �-blockers, central-
acting agents)

Antidepressants (SSRIs)

Antineoplastic agents

Appetite suppressants

�-Agonists

Caffeine

Decongestants

Diuretics

Dopamine agonists

Ephedrine and pseudoephedrine

Ethanol

Ginseng

Lipid- and cholesterol-lowering agents

Niacin

Oral contraceptives

Psychostimulants and amfetamines

Sedative/hypnotics

Theophylline

Thyroid preparations

110 SLEEP AND PSYCHOSOMATIC MEDICINE
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Chloral hydrate was the original ‘Mickey Finn’
slipped into the drinks of unsuspecting marks for
the purposes of criminal activity. Unfortunately, the
LD50 (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 1960s, 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 Jimi Hendrix,
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
(Nodudar)) are still available, but are rarely used
because of their limited efficacy, cognitive effects,
potential for abuse, and lethal toxicity associated
with overdose.5,10

In the 1970s, benzodiazepines became available
for the treatment of insomnia. These drugs act at
�-aminobutyric acid (GABA) neuroreceptors, and
have far less overdose danger and abuse potential
than the barbiturate-like medications. The many
drugs in this class are best viewed therapeutically
based on their pharmacodynamics (Table 9.2). 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 eld-
erly has been associated with increased automobile
accidents and falls with hip fractures.11,12 With-
drawal from these long-acting agents can be diffi-
cult, 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
sleep rebound). REM sleep is known to have a role

in learning and memory consolidation. For short-
acting agents such as triazolem, 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.13,14 Temazepam (Restoril) and estazolam
(Prosom) have half-lives 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 disease and
tend to lose sleep-inducing efficacy with prolonged
use.14,15

Insomnia is commonly a symptom of nocturnal
discomfort, whether psychologic, physical, or envi-
ronmental. Medications, in general, can be safely
utilized on a short-term basis for the treatment of
transient insomnia. Chronic hypnotic medication
use has been associated with the development of
mood disorders (depression) and hypnotic-dependent
disorders of sleep.16 Therefore, the underlying
reasons and diseases resulting in chronic insomnia
should be addressed.

The newer hypnotics zolpidem (Ambien), zale-
plon (Sonata), eszopiclone (Lunesta), and indiplon
are benzodiazepine-like agents exerting effects at
the same GABA receptors. Benzodiazepine with-
drawal is not blocked by these agents. These agents
have excellent efficacy, with minimal side-effects.
Although any agent used to induce sleep can
result in a dependence on that agent to induce
sleep, the abuse potential of these agents is mini-
mal. 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
sleep rebound is not associated with these agents
(Table 9.2).10,13 Zolpidem and eszopiclone have
half-lives of 6–8 hours, while zaleplon is a shorter-
acting (3–4 hours). Clinical comparison of these
agents suggests that zolpidem and eszopiclone may
have greater sleep-inducing efficacy and zaleplon
fewer side-effects.
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Table 9.2 Sedative/hypnotics

Class Druga Sleep-stage effectsb Significant side-effects Indication

Benzodiazepines � Decreased amplitude in � Loss of effect  
stages 3 and 4 with chronic use

� Increased stage 2 � Dependence

Short onset, short Triazolem � Shortened sleep latency � Antegrade � Transient 
half-life (<4 h) [Halcion] � In-night REMS rebound amnesia insomnia

Short onset, Estazolam � Shortened sleep latency � Daytime � Transient
medium half-life [Prosom] � Decreased REMS sleepiness insomnia
(8.5 h) 

Short onset, Flurazepam � Shortened sleep latency � Daytime � Transient
long half-life [Dalmane] � Decreased REMS sleepiness insomnia
(50–110 h) � Withdrawal REMS � Chronic build-up � Anxiety

rebound (car accidents, 
hip fractures)

Medium onset, Temazepam � Decreased REMS � Daytime � Transient 
medium half-life [Restoril] sleepiness insomnia
(7–10 h) Clonazepam � Poor sleep � Anxiety

[Klonopin] induction (For others,
see text)

GABA receptor agents

Short onset, Zolpidem � Shortened sleep latency � Idiosyncratic � Transient
medium half-life [Ambien] insomnia

Short onset, short Zaleplon � Benzodiazepine-like � Daytime � Chronic
half-life [Sonata] effects with dose above sleepiness or insomnia

that normally perscribed antegrade
amnesia

Other agents

Chloral hydrate Chloral hydrate � Short sleep latency � Low lethal dose � Transient
� Decreased REMS � Loss of effect insomnia in
� Withdrawal REMS with chronic use controlled

rebound settings

Barbiturates and Phenobarbital � REMS supression � Addiction � No sleep
barbiturate-like etc., � Short sleep latency � Low lethal dose indication
agents methaqualone, � Decreased REMS � Loss of effect

glutethimide, � Withdrawal REMS with chronic use
ethchlorvynol, rebound
methyprylon

Sedating Diphenhydramine � Decreased sleep latency � Daytime � OTC
antihistamines in some patients sedation insomnia
(H1-blockers) � Anticholinergic

Melatonin Ramelteon � Shortened sleep latency � Neurohormonal � Sleep-onset
receptor agonists [Rozarem] interactions insomnia

aTrade names in square brackets.
bREMS, rapid eye movement sleep.
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Melatonin agonists

Melatonin is a neural hormone effective in resetting
circadian rhythms of sleep and body core temper-
ature through its actions on the suprachiasmatic
nucleus. For individuals with insomnia secondary
to disruptions in circadian rhythms, melatonin can
act as a hypnotic and is a useful adjunct to treatment
that often includes cognitive therapies, light expo-
sure and other hypnotics. Ramelteon (Rozarem) is a
melatonin receptor agonist indicated for the treat-
ment of transient and chronic sleep-onset insomnia.
The side-effect profiles of melatonin agonists are
neurohormonal. These differ significantly from the
side-effects associated with hypnotics affecting
GABA.

Hypnotics – overview

In the last 30 years, although the drugs for treatment
of insomnia have become safer, the number of
sedative/hypnotics prescribed in the USA has
declined. This decrease most likely reflects the public’s
and the medical community’s concern about the
side-effects, limitations, and cost of the available
hypnotic drugs. Most hypnotic medications, in
general, can be safely utilized on a short-term basis
for the treatment of transient insomnia. For per-
sistent 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 justi-
fied and is indicated if medication use leads to
improvement in waking performance.13,17 Eszopi-
clone has been approved by the Food and Drug
Administration (FDA) for extended use in patients
with chronic insomnia.18 For zolpidem in a sustained-
release preparation (Ambien-CR) and ramelteon,
long-term use is no longer contraindicated. These
newer hypnotic agents are less likely to have 
deleterious side-effects than most OTC treatments
for insomnia.19,20

Non-prescription sedating agents

Ethanol is probably the most widely used hypnotic
medication. In patients with chronic insomnia, 22%
of patients report using ethanol as a hypnotic.17,21

Unfortunately, chronic use 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 bar-
biturates, barbituate-like agents, benzodiazepines,
and opioids can induce fatal respiratory suppres-
sion at higher doses, particularly when abuse is
coupled with ethanol.

OTC sleeping pills contain sedating antihista-
mines, usually diphenhydramine. These agents are
varyingly effective, but may result in daytime sleepi-
ness, cognitive impairment, and anticholinergic
effects that persist into the day after use, affecting
driving performance.20,22 These agents are not 
recommended for use in the elderly.23 Seizure
thresholds can be lowered by their use in epileptic
patients. Both ethanol and sedating antihistamines
are associated with decreased performance on day-
time driving tests and an increase in automobile
accidents. Sedation is infrequent with H2 antagonists
(e.g., cimetidine, ranitidine, famotidine, and niza-
tidine), 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 sedating
antihistamines.22,24

In addition to OTC melatonin supplements
and the sedating antihistamines, a variety of non-
prescription and herbal agents are marketed as
hypnotics. Tryptophan has a history of known effi-
cacy 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, considered a drug of abuse in some
cultures, has been used for insomnia, but has shown
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potential for hepatic toxicity in some patients. The
best data supporting the sedative effect of a herbal
agent are for valerian.25 Evidence supporting the
hypnotic efficacy of other herbal agents, including
chamomile, passionflower, and skullcap, is limited.

Antidepressants

Sedating antidepressants are often used to treat
insomnia. A significant percentage of individuals
with chronic insomnia and/or daytime sleepiness
also have depressive symptoms. Chronic insomnia
itself can predispose patients to develop depression.26

Depression associated with insomnia is likely a dif-
ferent diagnostic entity than depression without
insomnia, and treatment of the former with non-
sedating antidepressants may produce no improve-
ment in sleep even when the underlying depression
resolves.26 Use of antidepressants is limited by side-
effects (anticholinergic effects, daytime hangover, etc.)
and danger with overdose (particularly the tricyclic
antidepressants (TCAs)).4,27,28 Sedating antidepres-
sants include the TCAs (amitryptyline, imipramine,
nortryptyline, etc.), Trazadone (Deseryl), and the
newer agents mirtazapine (Remeron) and nefazodone
(Serzone) (Table 9.3). The selective serotonin reup-
take inhibitors (SSRIs) have a tendency to induce
insomnia; however, in some patients, paroxetine
(Paxil) may induce mild sedation. Depression-related
insomnia responds to sedating antidepressants more
rapidly and with lower doses compared with other
symptoms of depression.29 In patients with insom-
nia and concomitant depression, antidepressants
are often used in combination with the newer
sedative/hypnotic medications.30 Use of sedating
antidepressants has been associated with declines
in daytime performance and driving test perform-
ance, and an increased potential for involvement in
motor vehicular accidents.31

DAYTIME SLEEPINESS

Excessive daytime sleepiness (EDS) is present in
5–15% of the population.1,8,21 Many patients with
EDS, particularly those who also complain of

snoring, will require overnight sleep evaluation
(polysomnography) because of the potential diag-
nosis 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 surgery and dental
mouthpieces. Symptoms of a mood disorder
(depression), which is also a common cause of day-
time sleepiness, can be difficult to distinguish from
the symptoms of OSA.21 Chronic sleep deprivation
as a basis for daytime sleepiness is particularly com-
mon in the adolescent and young adult population,
and in individuals involved in occupations requiring
nocturnal shiftwork.8 Less common causes of EDS
are neurologic diseases inducing sleepiness: narcolepsy
and idiopathic hypersomnolence. Daytime sleepi-
ness is probably the most common side-effect of
CNS active medications (Table 9.4). A major concern
in such sleepy patients is the potential danger to
self and others while working and/or driving motor
vehicles.31,32

ALERTING MEDICATIONS

Medications that are used in somnolent patients to
induce alertness include the amfetamines (dex-
troamfetamine (Dexedrine) and methylphenidate
(Ritalin)) and pemoline (Cylert). The tendency of
pemoline to cause acute hepatic failure has limited
its usefulness. The amfetamines are considered to
have high abuse potential and are Schedule II pre-
scription drugs. Side-effects of these drugs include
personality changes, tremor, hypertension (dextroam-
fetamine and methylphenidate), headaches, and
gastrointestinal reflux.9,32,33

The newer alerting agent modafinil (Provigil) is
pharmacologically distinct from the amfetamines
and has much lower potential for abuse (Schedule
IV). Modafinil is indicated for the treatment of
narcolepsy, as well as the persistent sleepiness associ-
ated with obstructive sleep apnea in patients already
being treated with CPAP. Modafanil is also indi-
cated for the treatment of fatigue and daytime
sleepiness in patients with shiftwork disorder.34
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Table 9.3 Antidepressants: sedating agents in bold; insomnia-inducing agents in italics

Classa Drug Sleep-stage effectsb Indications

Tricyclic Trimipramine � Increased REMS latency � Depression with insomnia
Nortriptyline � Decreased REMS (++), � REMS and SWS
Doxepin SWS latency, deep suppression
Amoxapine sleep, sleep latency � Chronic pain
Amitryptyline � Fibromyalgia
Imipramine � Enuresis
Amoxapine
Protriptylinec

Desipramine

Non-tricyclic Maprotiline � Increased REMS latency � Depression
sedating Mirtazapine � Decreased SWS latency, � Depression with insomnia

REMS (++), sleep latency � REMS suppression

MAOI Phenelzine � Increased stage 4 � Depression
Tranylcypromine � Decreased REMS latency, REMS (+++) � REMS suppression

SSRIs Fluoxetinec � Increased REMS latency, � Depression
Paroxetine sleep latency, stage 1 � PTSD
Sertraline � Decreased REMS � OCD
Fluvoxamine � Phobias
Citalopram � Cataplexy

� Others

SNRI + NARI Venlafaxine � Increased REMS latency � Depression
� Decreased sleep latency, REMS

Duloxetine � Increased REMS, sleep latency � Depression

DA/NERI Bupropion �     Increased REMS latency, � Depression
sleep latency � Nicotine withdrawal

5-HT1A agonist Buspirone � Increased REMS latency � Anxiety
�     Decreased REMS

Other Nefazodone � Increased REMS � Depression
�     Decreased sleep � Depression with insomnia 

latency and anxiety

aMAOI, monoamine oxidase inhibitor; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine
reuptake inhibitor; DA/NERI, dopamine and norepinephrine reuptake inhibitor; 5-HT1A, serotonin receptor type 1A.
bREMS, rapid eye movement sleep; SWS, slow-wave sleep; (+ …) indicates higher levels of effect.
cDocumented as a respiratory stimulant.

MEDICATION-INDUCED ALTERATIONS IN
SLEEP STAGES AND SLEEP EEG

Polysomnographic recordings using electro- 
oculography (EOG), electromyography (EMG),

and electroencephalography (EEG) can be used to
divide sleep into stages. In some ways, sleep stag-
ing is an artificial construct designed for analysis of
sleep based on the monitoring techniques that are
currently available. However, research has revealed
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Table 9.4 Medications reported in clinical trials and case reports to have sleepiness as a side-effect

Medication classa Neurochemical basis for sleepinessb Specific medicationsc

Antihistamines Histamine receptor blockade Azatadine [Optamine]
Chlorpheniramine 
[Chlor-Trimeton]

Dexbrompheniramine 
[Polaramine]

Clemastine [Tavist]
Cyproheptadine [Periactin]
Diphenhydramine [Benadryl]
Doxylamine [Unisom]
Promethazine [Phenergan]
Triprolidine [Actifed]

Antiparkinsonian agents Dopamine receptor agonism Benztropine [Cogentin]
Biperiden [Akineton]
Procyclidine [Kemadrin]
Trihexiphendyl [Artane]

Antimuscarinic/antispasmotic Varied effects Atropine
Belladona
Dicyclomine [Bentyl]
Glycopyrrolate [Robinul]
Hyoscyamine
Ipratropium bromide [Atrovent]
Mepenzolate bromide [Cantil]
Methscopolamine bromide 
[Pamine]
Scopolamine

Skeletal muscle relaxants Varied effects Baclofen [Lioresal]
Carisoprodol [Soma]
Chlorzoxazone [Parafon forte]
Cyclobenzaprine [Flexeril]
Dantrolene [Dantrium]
Metaxalone [Skelaxin]
Methocarbamol [Robaxin]
Orphenadrine [Norflex]

�-Adrenergic blocking agents �1-Adrenergic antagonism Doxazosin [Cardura]
Prazosin [Minipress]
Terazosin [Hytrin]

�-Adrenergic blocking agents  �-Adrenergic antagonism Acebutolol [Sectral]
Atenolol [Tenormin]
Betaxolol [Kerlone]

Continued...
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Table 9.4 Continued...

Medication classa Neurochemical basis for sleepinessb Specific medicationsc

Bisoprolol [Zobeta]
Carvedilol [Coreg]
Esmolol [Brevibloc]
Labetalol [Normodyne]
Metoprolol [Lopressor]
Nadolol [Corgard]
Pindolol [Visken]
Propranolol [Inderal]
Sotalol [Betapace]
Timolol [Blocadren]

Opiate agonists Opioid receptor agonism Codeine
(general CNS depression) Fentanyl [Sublimaze]

Hydrocodone
Hydromorphone [Dilaudid]
Levomethadyl [Orlamm]
Levorphanol [Levo-Dromoran]
Meperidine (pethidine) [Demerol]
Methadone
Morphine
Opium
Oxycodone
Oxymorphone [Numorphan]
Propoxyphene [Darvon]
Sufentanil [Sufenta]
Tramadol [Ultram]

Opiate partial agonists Opioid receptor agonism Buprenorphine [Buprenex]
(general CNS depression) Butorphanol [Stadol]

Nalbuphine [Stadol]
Pentazocine [Talwin]

Anticonvulsants

Barbiturates GABA receptor agonism Mephobarbital [Mebaral]
Phenobarbital [Luminal]
Primidone [Mysoline]

Benzodiazepines GABA receptor agonism Elonazepam [Klonopin]

Hydantoins General effects? Ethotoin [Peganone]
Phenytoin [Dilantin]
Fosphenytoin [Cerebyx]

Continued...
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Table 9.4 Continued...

Medication classa Neurochemical basis for sleepinessb Specific medicationsc

Succinimides General effects? Ethosuximide [Zarontin]
Methsuximide [Celontin]

Others Varied effects, including GABA Carbamazepine [Tegretol]
potentiation Felbamate [Felbatol]

Gabapentin [Neurontin]
Lamotrigine [Lamictal]
Levetiracetam [Keppra]
Oxcarbazepine [Trileptal]
Tigabine [Gabitril]
Topiramate [Topamax]
Valproic acid [Depakene]
Zonisamide [Zonegran]

Antidepressants

MAOIs Norepinephrine, serotonin, and Phenelzine [Nardil]
dopamine effects Tranylcypromine [Parnate]

Tricyclics Acetylcholine blockade; norepinephrine Amitriptyline [Elavil]
and serotonin uptake inhibition Clomipramine [Anafranil]

Desipramine [Norpramin]
Doxepin [Sinequan]
Imipramine [Tofranil]
Maprotiline [Ludiomil]
Nortriptyline [Pamelor]
Protriptyline [Vivactil]
Trimipramine [Surmontil]

SSRIs Serotonin uptake inhibition Citalopram [Celexa]
Escitalopram [Lexapro]
Fluoxetine [Prozac]
Fluvoxamine [Luvox]
Paroxetine [Paxil]
Sertraline [Zoloft]

Others Serotonin, dopamine, and Bupropion [Wellbutrin]
norepinephrine effects Mirtazapine [Remeron]

Nefazodone [Serazone]
Trazadone [Deseryl]
Venlafaxine [Effexor]

Antipsychotics Dopamine receptor blockade; Fluphenazine [Prolixin]
varied effects on histaminic, Mesoridazine [Serentil]
cholinergic and �-adrenergic receptors Perphenazine [Trilafon]

Continued...
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Table 9.4 Continued...

Medication classa Neurochemical basis for sleepinessb Specific medicationsc

Prochlorperazine 
[Compazine]

Thioridazine [Mellaril]
Trifluperazine [Stelazine]
Aripiprazole [Abilify]
Clozapine [Clozaril]
Haloperidol [Haldol]
Loxapine [Loxitane]
Molidone [Moban]
Olanzapine [Zyprexa]
Pimozide [Orap]
Quetiapine [Seroquel]
Risperidone [Risperdal]
Thiothixene [Navane]
Ziprasidone [Geodone]

Barbiturates GABA receptor agonism Amobarbital [Amytal]
Butabarbital [Butisol]
Mephobarbital [Mebaral]
Pentobarbital [Nembutal]
Phenobarbital [Luminal]
Secobarbital [Seconal]
Secobarbital/amobarbital 
[Tuinal]

Benzodiazepines GABA receptor agonism Alprazolam [Xanax]
Chlordiazepoxide [Librium]
Clorazepate [Tranxene]
Diazepam [Valium]
Estazolam [Prosom]
Flurazepam [Dalmane]
Lorazepam [Ativan]
Midazolam [Versed]
Oxazepam [Serax]
Quazepam [Doral]
Temazepam [Restoril]
Triazolam [Halcion]

Anxiolytics; miscellaneous GABA receptor agonism; Buspirone [Buspar]
sedatives and hypnotics varied effects Chloral hydrate

Dexmedetomidine 
[Precedex]
Droperidol [Inapsine]
Hydroxyzine [Vistaril, Atarax]

Continued...
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that these sleep stages have physiologic and behav-
ioral correlates that are clinically important.8,27

Sleep-state alteration is frequently seen with the use
of psychoactive medication. CNS-active medications
often alter the occurrence, latency, and EEG char-
acteristics 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 (ECT), can alter REM
and deep sleep.35 Medications that produce psy-
choactive effects alter the EEG. Typically, psychoac-
tive medications alter background EEG frequencies
and the occurrence, frequency, and latency of
the various sleep stages (Tables 9.2 and 9.3).36–38

In general, drug-induced EEG changes are associ-
ated with characteristic behavioral effects. This rela-
tionship has been utilized to suggest therapeutic
possibilities for medications producing characteristic
EEG effects.36,38

SLEEP-STATE-SPECIFIC DIAGNOSES 
AND SYMPTOMS

Parasomnias are sleep disorders occurring during
arousal, partial arousal, or sleep-state transition.39

The arousal disorders are associated with arousals
from deep sleep, usually during the first deep sleep

Table 9.4 Continued...

Medication classa Neurochemical basis for sleepinessb Specific medicationsc

Meprobamate [Equanil, Miltown]
Promethazine [Phenergan]
Zalepolon [Sonata]
Zolpidem [Ambien]
Eszopiclone [Estorra]

Antitussives General? Benzonatate [Tessalon]
Dextromethorphan [Robitussin]

Antidiarrhea agents Opioid, general? Diphenoxylate [Lomotil]
Loperamide [Imodium]

Antiemetics Antihistamine and varied effects Dimenhydrinate [Dramamine]
Diphenidol [Vontrol]
Meclizine [Antivert]
Prochlorperazine [Compazine]
Triethylperazine [Torecan]
Trimethobenzamide [Tigan]
Metoclopramide [Reglan]

Genitourinary smooth muscle General? Flavoxate [Urispas]
relaxants Oxybutynin [Ditropan]

Tolterodine [Detrol]

aMAOI, monoamine oxidase inhibitor; SSRI, selective serotonin reuptake inhibitor.
bCNS, central nervous system; GABA, �-aminobutyric acid.
cTradenames in square brackets.
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episode of the night (typically 1–3 AM). Arousal
disorders include sleep terrors, somnambulism
(sleepwalking), and confusional arousals. REM sleep
parasomnias include sleep paralysis, nightmare dis-
order, and REM behavior disorder. REM sleep
alters many physiologic processes, and therefore it
is not surprising that a variety of physical illnesses
become symptomatic during REM sleep. Respira-
tory muscle atonia associated with REM sleep can
result in increased sleep apnea, particularly in patients
with chronic obstructive pulmonary disease
(COPD). Reduced esophageal pressure, also char-
acteristic of REM sleep, can result in symptomatic
gastrointestinal reflux. Chronic diseases mani-
festing symptoms during REM sleep include angina,
migraine, and cluster headache.1 Nocturnal seizures,
asthma, and panic attacks are more likely to occur
in the non-REM (NREM) stages of sleep. The sleep
manifestations of PTSD include stereotypic fright-
ening dreams that occur either at sleep onset or during
REM sleep. Such disordered dreaming can result in
both sleep-onset and sleep-maintenance insomnia.40

MEDICATION EFFECTS ON SLEEP 
STAGES AND EEG

Medication-induced changes in sleep stages can
lead to an increase in symptoms occurring during
those specific sleep/dream states. For example, insomnia
and nightmares are associated with the REM sleep
rebound that occurs after discontinuation of REM-
suppressive drugs (i.e., ethanol, barbiturates, and
benzodiazepines). Medications such as lithium,
opiates, and �-hydroxybutyrate (GHB: sodium oxy -
bate) that can cause an increase in deep sleep can
induce arousal disorders such as somnambulism.5,41

The influence of psychoactive medications on
sleep states has a positive side as well. For example,
REM sleep-suppressive medications can be useful
adju ncts in the treatment of REM sleep parasomnias
and sleep-stage-specific symptoms. Both benzodi-
azepines and antidepressants can be used to decrease

REM sleep. Similarly, the arousal disorders can be
treated with medications affecting deep sleep (ben-
zodiazepines and others) (Tables 9.2 and 9.3).36,39,41

Clonazepam (Klonopin) is the medication most
commonly utilized in the treatment of parasomnias,
particularly in REM behavior disorder.

SLEEP-DIAGNOSIS-SPECIFIC 
MEDICATION EFFECTS

Respiratory effects

Most sedative medications depress respiratory drive
with increasing dosage. Benzodiazepines, barbitu-
rates, and opiates can exacerbate respiratory failure in
patients with COPD, central sleep apnea, or restric-
tive lung disease. These medications can also nega-
tively 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 depres-
sion. Methylprogesterone (Provera), protriptyline
(Vivactyl), and fluoxetine (Prozac) have been docu-
mented to have respiratory stimulant effects that
may be clinically useful in some patients.15

Enuresis

Enuresis, defined as persistent bedwetting more
than twice a month past the age of 5 years, is present
in 15% of 5-year-olds. Medication has been
shown to be symptomatically useful. TCAs 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, typically seen in these patients.
Symptoms can be controlled until neurophysio-
logic maturity occurs, with a resolution of 
nocturnal enuresis.42
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Restless leg syndrome and periodic 
limb movement disorder

Symptoms of restless leg syndrome (RLS) include
uncomfortable limb sensations at sleep onset, 
and motor restlessness relieved by exercise and
exacerbated by relaxation. Periodic limb move-
ment disorder (PLMD) is characterized by repeti-
tive, stereotypic, limb movements occurring in
15–40 cycles in NREM sleep and often leading to
recurrent arousals from sleep.43 These associated
disorders are quite common, occurring in up to
15% of the population, and increasing in fre-
quency with age.44 PLMD/RLS may develop dur-
ing pregnancy and in patients with OSA, renal
failure, or low serum ferritin levels, as well as 
in patients taking antidepressants (particularly
SSRIs).45

Historically, both PLMD and RLS have been
treated with benzodiazepines, particularly clon-
azepam (Klonopin).39,46 Low dosages of dopamine
precursors and dopamine receptor agonists at bed-
time have been demonstrated to be efficacious in these
disorders. Possible side-effects of these medications,
which include carbidopa/levodopa (Sinemet), per-
golide (Permax), pramipexole (Mirapex), ropinirole
(Reguip), and selegiline (Eldepryl), are nausea,
headache, tachyphylaxis, and augmentation of
symptoms. The tendency of carbidopa/levodopa to
induce tachyphylaxis and augmentation of symp-
toms of RLS/PLMD has limited its usefulness.46,47

Requip has recently received FDA approval for
treatment of restless leg syndrome.48

CIRCADIAN RHYTHM DISTURBANCE

A number of sleep disorders are linked to abnormally
timed sleep–wake cycles. These include delayed
and advanced sleep-phase syndromes (in which the
sleep period is markedly later or earlier than what is
socially accepted), jet lag, shiftwork, and certain sleep
abnormalities associated with aging. Melatonin is
the photoneuroendocrine transducer that conveys
information controlling sleep–wake cycles and 

circadian rhythms in the CNS. Low doses may be
useful in treating these disorders.49 Because it is
marketed as a dietary supplement, there are minimal
data on safety, side-effects, and drug interactions
for this compound.50 Ramelteon, a highly selective
melatonin receptor agonist available by prescrip-
tion has been shown to be useful in the treatment
of circadian and chronic insomnia.51 Jet lag and
shiftwork disorders can also be effectively treated
with bright-light therapy and the repetitive short-
term use of sedative/hypnotics.52

CATAPLEXY

The primary symptoms of narcolepsy are daytime
sleepiness and sleep attacks. A significant number
of narcolepsy patients, however, also have hypnagog-
nic hallucinations, sleep paralysis, and cataplexy –
 skeletal motor weakness associated with emotion
when awake. For a subgroup of narcolepsy patients,
cataplexy can be incapacitating. GHB (as sodium
oxybate) has shown excellent efficacy in the treat-
ment of cataplexy. Sodium oxybate, available in liq-
uid 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 pharmacologic distribution;
it is available as a class 3 agent for narcolepsy
patients.53

CONCLUSIONS

Many medications disturb sleep or exacerbate the
effect of chronic illnesses on sleep. Conversely,
medications may be used therapeutically for 
specific sleep disorders. The effects of most seda-
tive/hypnotic drugs on sedation and arousal is sec-
ondary to selective neurotransmitter effects rather
than through non-specific 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. Ben-
zodiazepines, antidepressants, and other agents are
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utilized for their sedative side-effects in anxious
and insomniac patients. Drugs known to induce
daytime sleepiness are associated with declines in
daytime performance and increased rates of auto-
mobile 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 addic-
tive potential, and limited toxicity in overdose.
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Sleep and personality disorders

Samuel J Huber, C Robert Cloninger

INTRODUCTION – CHALLENGES AND
LIMITATIONS

Contemporary research in sleep faces several 
significant methodologic and definitional chal-
lenges.1 Although research criteria in insomnia and
other sleep disorders have been developed, they
have yet to be widely accepted. Also, longitudinal
studies have not validated these criteria as identi-
fying a discrete subset of pathology with clinical,
prognostic, and etiologic correlates.2

Although difficulty with sleeping is a common
concern throughout medicine, it remains difficult
to distinguish between sleep as a symptom of another
illness (e.g., depression) and sleep as a distinct
category of function and dysfunction. As will be
discussed below, a third possibility arises in the
course of sleep research in psychosomatics, namely
that sleep disturbance may be a predictive factor or
vulnerability trait predicting future mental illness
or its severity.

In the absence of validated criteria, attempts
have been made to establish working definitions for
sleep disorders, particularly insomnia.2, 3 Perhaps some
of the variability of results can be accounted for by
this heterogeneity of definition or the heterogeneity
of the group identified for study. It is also important
in this research to identify and acknowledge the
impact of substance abuse and comorbid depres-
sive illness on sleep and sleep architecture.1,3

Recent literature will be discussed below, 
with attention being paid to both sides of the

sleep–personality relationship. A body of research
exists that attends to the personality configurations
of patients with sleep disorders, largely insomnia.
A separate literature examines the sleep features of
patients with personality disorders. We are unaware
of attempts to unify the two. Sleep research in
personality disorders to date has been limited by
a focus on categorical diagnoses rather than specific
personality traits or features of temperament and
character. 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

Difficulty with sleeping is a common complaint
among adults, and is associated with significant
utilization of healthcare resources in addition to
being the source of significant psychosocial dis-
tress. Whether as part of a syndrome of illness or as
a discrete primary disorder, insomnia is often
comorbid with depression, personality disorders,
and pulmonary, cardiovascular, or gastrointestinal
disorders.2 Given this high prevalence of comor-
bidity and general burden of illness and disability,
sleep disorders have been a tempting subject of
research to attempt to locate risk factors, vulnera-
bility traits, or etiologic causes of insomnia and other
sleep complaints. A number of general theories
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and hypotheses have been advanced to explain the
development of insomnia and individual response
to treatment.3 These include a multifactorial approach
that implicates high physiologic activation in addi-
tion to psychologic factors, particularly in perpet-
uating insomnia.4,5 These factors may include
anticipatory worry, anxiety, intrusive thoughts, or
daytime personal problems. As reviewed below,
some efforts have been made to investigate more
systematically the role of personality and related
factors in the development and persistence of sleep
disorders, including insomnia, chronic fatigue,
and sleep-disordered breathing.

Insomnia

A number of studies have sought to investigate a
relationship between primary insomnia and 
psychologic or personality components with the
intention of identifying either vulnerability 
factors for insomnia or hypothesizing a causal link.
The Minnesota Multiphasic Personality Inventory
(MMPI) is a research instrument that has been
employed in the study of personality and related
psychopathology for many years, and it has been a
useful tool in the area of insomnia research. Several
studies in the 1970s revealed pathologic deviations
on MMPI scales, including Hypochondriasis,
Hysteria, Depression, and Psychasthenia, leading
to a characterization of patients with chronic
insomnia as patients who tend to ‘repress, inhibit
and internalize stress and emotional conflicts’.6

Several studies have used the MMPI to study
internalization of distress in insomnia.4,7 Kales and
Vgontas7 also sought to link psychobehavioral
factors to the development of persistent insomnia.
Hauri and Fisher8 reported more sensation-avoiding
and guardedness among insomniacs versus dysthymic
patients. In an examination of 74 insomniacs versus
26 good-sleeping controls, Levin et al9 found ele-
vated scores for insomniacs on the Hypochondriasis,
Depression, Hysteria, Psychasthenia, and Psycho-
pathic Deviate scales of the MMPI. Although none
of the mean T-scores was clinically significant
(T �70), 53% of poor-sleeping subjects had at least

one scale in the T �70 range, the most common
being Depression versus 16% of controls. This study
did not assess for depression in poor-sleeping subjects.

In contrast to the homogeneous classification
proposed in the 1970s and implicit in subsequent
research, Edinger et al6 noted substantial hetero-
geneity among insomniacs and hypothesized from
the work of Kales and Vgontas7 that this variance
could be better explained through two separate sub-
types of patients with insomnia. Edinger et al6 applied
a cluster analysis to the MMPI profiles of 100 non-
depressed insomniacs and described approximately
90% of the variance in the sample, with significant
differences in sleep history as well as response to
treatment (Table 10.1). ‘Type 1’ insomniacs were
more aroused and activated, less defended and had
a greater history of childhood sleep problems than
did ‘type 2’, with significantly lower scores on the
Lying, Defensiveness, and Hypochondriasis scales,
and higher Mania scores, although virtually none
of these mean T-scales were in the pathologic range.
Type 1 subjects also had a less robust response to
treatment with a combination of sleep education,
stimulus-control therapy, and progressive muscle
relaxation. Type 2 patients had higher means on the
Hysteria, Defensiveness, and Hypochondriasis scales,
suggesting a more neurotic personality, as opposed
to a more internalized type 1 personality. While these
two subtypes may instead represent varying degrees
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Table 10.1 Insomnia subtypes by MMPI, history and
outcome variables

Type 1 Type 2

↑arousal ↓arousal/↑neuroticism

�childhood sleep later onset
problems

↓response to treatment ↑response to treatment

↑mania ↑hysteria

↑hypochondriasis ↑hypochondriasis

↓defensiveness ↑defensiveness

Adapted from: Edinger JD, Stout AL, Hoelscher TJ.
Psychosomatic Medicine 1988; 50: 77–87

Chap-10:Sleep  12/15/2006  12:49 PM  Page 126



SLEEP AND PERSONALITY DISORDERS 127

of severity of illness rather than underlying person-
ality pathology or vulnerability, this finding also
reiterates the idea that both physiologic arousal
factors and psychologic response-to-stress factors
play a role in insomnia.

In the contemporary setting, additional research
tools have been developed to investigate compo-
nents of personality, and these have been employed
in the study of insomnia and other sleep disorders.
The Temperament and Character Inventory
(TCI) is a well-validated instrument based on the
unified biosocial theory of personality developed
by Cloninger and co-workers.10,11 It is a true–false
questionnaire that measures four dimensions of tem-
perament – 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).12 There is evidence to suggest
that these features have neurochemical correlates in
brain and clinical correlates with regard to personality
disorders as well as a differential response to treat-
ment of depression and anxiety.12–14 de Saint Hilaire
et al4 have used the TCI to investigate personality
components in several sleep-related disorders. A
study of 32 non-depressed patients with primary
insomnia revealed significantly higher HA scores
and lower SD scores in insomniacs versus normal
controls. These were correlated with polysomno-
graphic sleep variables related to insomnia. Sleep
latency was positively correlated with HA. Harm
avoidance and anticipatory worry (a subset of the
HA scale) were 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: reward dependence,
novelty seeking or persistence (Table 10.2). Forty-
three percent 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 personality type (i.e., high on HA
and RD, and low on NS). Scores on the Hospital
Anxiety and Depression Scale (HADS) were elevated
for anxiety but not for depression. These findings are
consistent with Fisher’s hypothesis that insomnia
may be related to sensation-avoiding behavior, which
may be similar to TCI harm avoidance. In addition,
they suggest that HA may be a vulnerability factor
for insomnia. Furthermore, these findings are consis-
tent with a previous finding that high HA and high
RD combined with high persistence (P) are related
to complaints of ‘restless-sleep’ on the Center for
Epidemiologic Studies Depression Scale (CES-D).15

The de Saint Hilaire et al study raises anew the
complication of considering insomnia or sleep dis-
turbance as a symptom versus viewing insomnia
as a discrete category of illness (Figure 10.1). Perlis
et al16 have suggested the commonsense notion that
primary insomnia may be a prodromal symptom
of affective illness, and anxiety or fatigue described
by insomniacs may not be caused by their poor
sleep. Harm avoidance has been correlated with
serotonin 5-HT2 receptor sensitivity, which is also
thought to play a significant role in depression
and anxiety – or at least in the treatment of these
disorders with medications acting on serotonergic

Table 10.2 Temperament and character contributions to sleep-related disorders

Insomnia Sleep-disordered breathing Chronic fatigue syndrome

Harm avoidance ↑ – ↑
Reward dependence � – ↓
Persistence � – �

Self-directedness ↓ –
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neurons in the brain.17 Both HA and serotonin are
correlated with REM latency and non-REM
(NREM) sleep, raising the hypothesis that serotonin
is involved in insomnia and other sleep dysregula-
tion.4 It remains difficult to distinguish the role of
HA and serotonin in depression from their role in
sleep disorders or the possibility of HA as a vulnera-
bility factor for depression, anxiety, or insomnia.
Indeed, HA and SD may be vulnerability factors
for depression via their impact on vulnerability for
insomnia through a serotonin-mediated pathway.
A definitive prospective trial to investigate vulnera-
bility would follow non-depressed patients with
insomnia with both high and low HA over time to
assess for the development of depression or other
affective illness. To our knowledge, this study has yet
to be undertaken, but studies of siblings of depres-
sives and controls do confirm high HA and low SD
as vulnerability factors for major depression.18

Sleep-disordered breathing

Sleep-disordered breathing (SDB) is a general term
used to describe a wide variety of sleep-related 
pulmonary conditions, including simple snoring,
obstructive sleep apnea (OSA), sleep apnea syn-
drome (SAS), and other sequelae secondary to

nocturnal hypoxia. SDB often results in subjective
complaints of fatigue and reduced alertness, and
there has been recent academic interest in the
development of concomitant or comorbid psycho-
logic symptoms. Initial investigations suggested
higher rates of personality and affective disorders
in patients with SDB.19,20 Associations have been
suggested between SDB and hypochondriasis,
conversion–hysteria, and possibly psychosis; how-
ever, recent studies have not identified apnea den-
sity or SDB as risk factors for personality disorders
or affective illness.20–22 Pillar and Lavie23 studied
psychologic sequelae in over 2000 patients with
SDB, and failed to show a connection between the
severity or existence of SAS and the development
of depression or anxiety symptoms. In the same
study, SAS was not associated with scores of soma-
tization, obsession–compulsion, hostility, phobic
anxiety, or paranoid ideation.

To further elucidate a possible connection between
SDB and personality changes, Sforza et al20 adminis-
tered the TCI to 60 patients with reduced daytime
alertness and snoring who presented to clinic for
evaluation of possible OSA. Although there was a
slight trend toward an increase in NS in patients with
OSA, no relationship was found between apnea
density and TCI variables (Table 10.2). The authors

Insomnia Depression

↓SD ↑HA ↑RD ↑P

5HT-2
sensitivity

Restless
sleep

Figure 10.1 Summary of personality factors in insomnia and depression
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hypothesized that SDB and depression or person-
ality disorders may not be causally related except by
comorbid risk factors such as increased body mass
index (BMI)/obesity, alcohol intake, and smoking.
While these behaviors may be more likely in the
setting of increased NS, it is more likely that NS is
robustly related to the risk factors for OSA rather
than being instrumental in the development of
SDB. It is also possible that symptoms associated
with SDB, 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 SDB.20

Chronic fatigue

Chronic fatigue syndrome (CFS) is a loosely defined
constellation of symptoms without clear etiology,
natural history, or consistent biologic marker. The
central feature of the illness is persistent fatigue,
which may or may not be related to a sleep distur-
bance. Diagnostic criteria have been developed by
the US Centers for Disease Control and Prevention
(CDC).24 There are few systematic studies of the
role of personality in fatiguing disorders. Further-
more, a consideration of fatigue suffers from the
same methodologic difficulties as that of insomnia
or poor sleep; that is, fatigue may be a symptom of
affective illness or personality disorder or it may
function as a discrete category of illness.

Christodoulou et al25 hypothesized that a con-
sideration of chronic fatigue from the standpoint
of Cloninger’s biosocial theory of personality would
reveal common features of temperament or character
associated with CFS. Based on previous observa-
tions that HA was elevated in patients with subjective
chronic fatigue, Christodoulou et al25 hypothesized
that HA and P would also be elevated in patients
with CFS defined by CDC criteria. The Tridimen-
sional Personality Questionnaire (TPQ), a forerunner
to the TCI, was administered to 38 patients with
CFS as well as 40 patients with multiple sclerosis
(MS) and 40 healthy controls. The study was con-
trolled for depressive illness by clinical interview.

Both subjects with CFS and MS were found to
have higher HA and lower RD than controls, with
MS patients showing lower P than CFS subjects or
controls (Table 10.2). Furthermore, Henderson and
Tannock26 found an increased incidence of person-
ality disorders in 40 non-depressed CFS patients as
assessed by structured clinical interview, with cluster
C disorders being the most prominent. Notably,
cluster B personality disorders were more prevalent
in CFS patients with comorbid depression in the
same study.

Examination of personality factors in chronic
fatigue is complicated by a high level of overlap with
somatization disorder, and in fact many of the diag-
nostic criteria for the two disorders are similar.27,28

Patients with somatization disorder have been found
to frequently meet criteria for a personality disorder,
particularly the cluster B disorders, and the symptom
profiles of patients with a cluster B disorder are
often quite similar to those of patients with previ-
ously diagnosed somatization disorder.29 As such, a
specific link between chronic fatigue and a person-
ality disorder is likely to be difficult to elucidate,
independent of the risk for a personality disorder
imparted by comorbid somatization.

SLEEP FEATURES IN PATIENTS WITH
PERSONALITY DISORDERS

Human sleep can be characterized as having two
main components: REM sleep and NREM sleep.
The latter component is also referred to as slow-
wave sleep, delta sleep, or deep sleep, and is 
sometimes divided into stages 1–4.30 Polysomno -
graphy is a research tool used to identify these
basic aspects of sleep architecture. In addition,
observations may be made about the number of
awakenings in an evening (sleep efficiency), time
to onset of REM sleep (REM latency), and the
amount of REM sleep (REM density). Additional
variables have been identified for specialized
analysis by some investigators through techniques
such as spectral analysis (described, for example, by
Philipsen et al31).
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The current nosologic classification scheme of
the 4th edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) identifies
several personality disorders among three clusters via
behavioral criteria.32 The most frequently studied
of these disorders is borderline personality disorder
(BPD) – due at least in part to features of the illness,
including help-seeking and frequent psychosomatic
complaints, that lend themselves well to study. While,
overall, there is limited formal investigation of sleep
characteristics of patients with personality dis -
orders, the most investigated to date are BPD and
antisocial personality disorder (ASP).

Borderline personality disorder

Careful investigation of fatigue, sleep features, and
sleep architecture in patients with BPD can be
complicated. Patients with BPD may report fatigue
and other symptoms associated with major depres-
sive disorder (MDD), and are often described as
having comorbid depression. Efforts have been made
on several fronts to examine the relation between
BPD and MDD.33 Sleep complaints are more fre-
quent in BPD than in healthy controls.34 There is
a high prevalence of BPD among patients with
somatization disorder, increasing the number of
sleep complaints and somatoform complaints
overall.29 In general, BPD is associated with poor
health-related lifestyle choices, risk factors for
depression, and increased healthcare utilization.35

Furthermore, rates of substance abuse, including
alcoholism, are increased in patients with BPD,
which may confound sleep study data.36,37 Distin-
guishing a specific BPD-related signal in sleep
studies from known confounding factors of MDD
or subsyndromal depression has been a challenge
in recent study design (Table 10.3).

To our knowledge, there have been approxi-
mately ten sleep-electroencephalography (EEG)
studies in BPD.31,38 The majority of these studies
were not controlled for comorbid depressive illness,
and those that acknowledged depression in research
subjects did not often do so with standardized
instruments.39 The most common finding among

these studies was shortened REM latency,
increased REM density, and overall disturbance of
sleep continuity.40–43 Similar findings have been
reported in non-European and non-American popu-
lations, with similar methodologic shortcomings.34

More recently, several studies have controlled
for comorbid depressive illness with mixed results.
Akiskal et al44 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 con-
tributed to the hypothesis that affective disorders
and BPD may have a common biologic origin or
similar biologic pathways, or that at least a subset
of BPD patients may be at elevated risk for affective
illness.44 Battaglia et al45 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 increased REM density in the first period of
REM sleep to be related to risk for depressive illness
in patients with BPD.46 These authors have
advanced these data 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 al47,48 were unable to differ-
entiate between BPD, MDD, and normal controls
on the basis of REM latency. Philipsen et al31 studied
conventional polysomnographic parameters as well
as EEG spectral power analysis in 20 unmedicated,

Table 10.3 Challenges and limitations in investigation
of a personality disorders–sleep connection

� Sleep state misperception and interpretive
behavior of personality disorders

� Decreased self-awareness of subjects

� Comorbid depression

� Comorbid substance abuse

� Comorbid somatization disorder

� DSM and behavioral criteria for personality
disorder may result in inadequate or incomplete
groupings
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non-depressed female patients with 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 psychologic correlates and interpre-
tive behavior characteristic of BPD than to a primary
neurobiologic mechanism. Indeed, complaints of sub-
jectively poor sleep quality may be more consistent
with the constellation of somatoform and psychoform
symptoms seen in comorbid BPD and somatiza-
tion disorder, with sleep-state misperception being
part of a broader disturbance in self-awareness.

A second finding of the study by Philipsen et al31

was that delta power in NREM sleep appears to be
elevated in BPD. This is also consistent with find-
ings in patients with antisocial personality disorder
(ASP).30,49 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 sero-
tonergic and dopaminergic hypothesis of impulse
control, NREM sleep disturbance, and personality
disorder.31 It should be remembered that BPD and
ASP, are clinically similar; patients with BPD are
higher in HA than those with ASP, but are other-
wise the same with regard to other aspects of 
personality.50,51

Overall, the most common sleep architecture
change reported in polysomnographic evaluation
of patients with BPD is shortened REM latency.
This is an abnormality commonly seen in mood
disorders.39,52 It remains unclear whether these find-
ings are confounded by comorbid depression, rep-
resent a vulnerability factor for comorbid depression,
or predict response of BPD or sleep disturbance to
antidepressant therapy.

Antisocial personality disorder 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 drug-free

subjects with ASP, Lindberg et al30 found an increase
in slow-wave or deep sleep, with decreased sleep
efficiency in the form of more frequent awaken-
ings than controls. In contrast to other studies of
psychiatric disorders, this appears to be the only
instance of increased deep sleep among patients
with psychopathology, although this finding may
be consistent with observational findings in pread-
olescent boys with conduct disorder.49 In a similar
study, Lindberg et al30 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 habitu-
ally violent men with ASP, increases in amount and
delta power of deep sleep correlated with a retro-
spective measure of childhood ADHD.53 From
these findings, Lindberg et al hypothesized a shared
deficit related to sleep architecture among children
with ADHD and adults who develop ASP. In addi-
tion, Philipsen et al31 hypothesize a common path-
way 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 medica-
tions may have some benefit in sleep regulation, it
seems premature to declare a causal relationship.54

Complicating factors

As noted above, 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 making poor health-related lifestyle
choices.35 In addition to their primary illness, these
patients have elevated incidences of substance abuse
and may be at elevated risk for MDD or other mood
disorder.12,51,55 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
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study design. Substance abuse may be a significant
confounding factor in studies of personality dis -
orders 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.

Sleep features as a function of
temperament and character

As explored above, there has been limited progress
in investigation into the features of personality or
personality disorders and sleep architecture or sleep
disorders. This may be related in some part to the
inherent difficulty in defining sleep as its own cate-
gory of function and as separate from a symptom
of depression or other mood syndrome. Another
possibility is that the nosologic and phenomeno-
logic schemes currently used in the clinical identi-
fication of personality disorders are inadequate or
incomplete in a research setting, resulting in a
heterogeneous population of research subjects. To date,
sleep architecture, sleep disorders, or sleep quality
have not been specific foci of research from inves-
tigators exploring Cloninger’s unified biosocial
theory of personality. However, some findings may
add to the discussion of sleep and personality.

While it is reasonably well established that
personality dimensions may predict scores on depres-
sion scales, this relationship has been further char-
acterized by the finding that the qualitative
experience of depressive symptoms is related to the
personality structure of an individual.15 In a study
of personality and depressive symptoms, HA was
related to total score on an inventory of depressive
symptoms, including restless sleep. High RD com-
bined with high P were also associated with restless
sleep.15 Both high HA and low SD have been estab-
lished as risk factors for the development of depres-
sion.18 Low SD is thought to be correlated with a
significantly increased risk for personality disorder,
and the combination of low SD and low C are thought
to impart risk for mild personality disorder.50,56

By definition, P is an indicator of a tendency to
persevere despite frustration or fatigue, although this
dimension has not been specifically investigated
with regard to sleep quality.

As noted above, HA and SD have been corre-
lated with the development and persistence of sleep
disturbance in the form of insomnia. These dimen-
sions as measured by the TCI have also been asso-
ciated with platelet 5-HT2 receptor sensitivity.
While the impulsive personality disorders such as
BPD and ASP are thought to be more related to high
NS and low C, low SD also plays a role, and high
HA is associated with comorbid depressive illness.57

Although the findings reviewed above are individ-
ually limited, in total it is possible to suggest increased
support for a serotonergic hypothesis of sleep, HA
and SD, and vulnerability to comorbid depression.
It is also possible that, as seen with MDD, the degree
of HA or other personality dimensions may explain
some of the variability in response to treatment of
insomnia. Conversely, it is possible to surmise that
alteration of sleep architecture may influence the
severity of personality disturbance or offer a modality
of therapy wherein SD, C, or impulsive behavior
would be manipulated through changes in sleep.

SUMMARY

Progress, challenges, and limitations in investigation
of a relationship between sleep and personality fac-
tors have largely followed those of its two component
fields. Sleep research, in particular with regard to
insomnia, is continually faced with the challenges
of definition, validation, and confounding variables.
Personality research is often limited by its measure-
ment instruments and the heterogeneity of diag-
nostic schemes. Nevertheless, investigations from
both sides of a sleep–personality research perspec-
tive have yielded interesting results, which have
generated additional research questions and may
also have clinical utility.

As reviewed above, there appears to be a relation-
ship between HA, SD, serotonin, and vulnerability
to both sleep disturbance and depression. Surpri -
singly, this relationship does not appear to extend to
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SDB, while HA may yet play a role in CFS. HA
and SD may influence not only the development
of insomnia but also its perpetuation. It remains to
be seen whether HA and serotonin represent only
vulnerability factors for insomnia and depression,
or whether they play an etiologic role as well.

While research regarding sleep components of
personality disorders is complex and the recent
iterations of more carefully controlled sleep-EEG
studies have been largely equivocal with regard to
REM latency, current evidence suggests an NREM
sleep component to impulse-control-related per-
sonality disorders. These findings hold potential
for therapeutic modalities involving modulation of
sleep, impulsivity, and character components
through pharmacologic intervention, self-awareness
training, or alteration of sleep patterns.
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A review of dreaming by psychiatric
patients: An update

Milton Kramer, Zvjezdan Nuhic

INTRODUCTION

There has long been an assumption that there is an
intimate relationship between dreams and mental
disorders. Epigrammatic statements that ‘the mad-
man is a waking dreamer’,1 that ‘dreams [are] a
brief madness and madness a long dream’,2 that if
we ‘let the dreamer walk about and act like a per-
son 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 pro-
found emotional disturbance. This view enlivened
efforts to study dreaming to gain insights into the
problems of the mentally ill.

In the literature review that introduces The
Interpretation of Dreams, Freud5 has a section on
‘The relations between dreams and mental dis-
eases’. 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 psycho -
tic 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 psycho -
pathologic state 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 a literature, which
continues to pursue analogies between dreams and
psychosis. However, the vast majority of the work
that has been done on dreams and psychopatho-
logic states devotes itself to the ‘modifications to
which dream life is subject in cases of mental dis-
ease’ and will be the focus of this report. Freud was
of the opinion that as we better understand dreams,
it will enhance our understanding of psychosis.
Hartmann7 is of a similar opinion.

There is a potential confusion between a psycho -
pathology of dreams and dreams in a psychopatho-
logic 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 psycho pathologic 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 pathonomonically or statistically,
to that state. Strangers occurring more frequently 
in the dreams of schizo phrenics than in normals 
or depressed individuals is a statistical change in
dream content in a psychopathologic condition.8
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A psychologic examination of the dream is a
study of the manifest content of the dream. Jones9

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 Freud10 pointed
out ‘… that in some cases the façade of the dream
directly reveals the dream’s actual nucleus’. How-
ever, his almost exclusive focus on the latent dream
content and his dismissal of the reported manifest
dream retarded the study of dream reports. Calvin
Hall11 in the modern era has presented quantitative
methods to assess dream content and has encour-
aged a scientific approach to the examination of
the dream.

The study of the dream is an undertaking
fraught with many difficulties. The dream experi-
ence 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 direc -
ted 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 experi-
enced or is it a result of the verbal style of the
dreamer? An appropriate report of a waking expe-
rience becomes a necessary control if the study of
the form of the dream is undertaken. For example,
is the ‘apparently’ non-linear description of an
experience the same for a subject in describing a
waking experience as in describing a dream experi-
ence? If it is, then the finding of non-linearity 
cannot be considered a property of the dream experi -
ence, but rather it is an aspect of the dreamer’s 
verbal style.

There are those who see the dream as an ineffa-
ble experience whose essence is destroyed by scien-
tific study, by quantification.13 The present survey

is of quantitative reports. Quantification does not
have to damage the essence of the dream experience.

There are significant methodologic 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 night-time
awakenings or from morning reports. There are
seven collection factors that influence dream con-
tent: (1) the place in which the dream is experi-
enced 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 inter-
action, as they affect the results obtained.

Interest in the dream has been kept alive by the
depth psychologists15 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 move-
ment (REM) sleep,17,18 and this has opened the
possibility for manipulative (experimental) studies
of dreaming.

In 1953, Ramsey19 published a review of stud-
ies of dreaming. These were all from the pre-REM
literature. Overall, he cited some 121 articles and
books, of which 20 at most were studies of the
dreams of six patient groups. The amount of infor-
mation available from 20 publications would be
woefully inadequate to characterize the dreams of
psychopathologic groups. Ramsey concluded that
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the research was scientifically inadequate. Very few
of the studies were so designed and reported that
they could be replicated 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 charac-
teristics of the dreams; (5) treating the data statis-
tically; 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, covering the literature up
to 1975, having been published in 1979.23 That
review focused on 75 reports in 71 articles in six
patient groups, namely schizophrenia, depression,
disturbing dreams, alcoholism, chronic brain syn-
drome, and mental retardation. Seventy-one articles
were covered, four of which referred to more than
one diagnostic group of interest. The scientific ade-
quacy of the publications covered in that review 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 work23 and used as its database relevant
studies and cases reports found in Psychological
Abstracts from 1977 through 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 (Table 11.1). This list was then searched
for the six psychopathologic categories of interest,
namely schizophrenia, depression, post-traumatic
stress disorder (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 the appropriate articles available from 1966 on
were reviewed. Two of the publications had three
studies each and one had two studies. Each study
was reviewed as a separate article, giving a total of
98 studies (Table 11.2).

The studies utilized for this review were catego-
rized 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 descrip-
tion of the control sample; (4) the method of
dream content collection; (5) the method of scor-
ing the dream content; (6) the nature of the statis-
tical analysis; and (7) the dream content results
obtained. The review of the various parameters
established only the presence or absence of the 
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Table 11.1 Extent of periodical literature search for
dreams in psychiatric disorders

Number of citations

197523 2005

Citations found 2503 5484

Citations requested 1410 496a

Citations obtained 1359 493

Citations unavailable 51 3

Citations reviewed 71b 94c

Citations not reviewed 17 0

aLimited to Schizophrenia, Depression, Post-Traumatic
Stress Disorder, Eating Disorders, Organic Brain
Disorders, and Alcoholism and Drug Abuse
bTwo articles had three studies each
cTwo articles had three studies each and one had two
studies
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category, not its adequacy, with the exception of
the statistical category.

RESULTS

The current update (1976–2005) yielded 94 arti-
cles covering 98 studies in six psychiatric condi-
tions of concern (Table 11.2). There were 8 articles
about schizophrenia, 18 articles with 20 studies
about depression, 44 articles with 46 studies about
PTSD, 11 articles on eating disorders, 6 articles on
organic brain disorder, and 7 articles on alcoholism
and drug abuse. In the earlier review, there had
been 30 studies on schizophrenia, 14 on depres-
sion, 17 on disturbing dreams (PTSD and night-
mares), 5 on organic brain disorder, and 5 on
alcoholism. The findings from the 98 studies are
presented under six content headings and are com-
pared with the findings from the earlier review.23

Type, nature, and site of studies 
(Table 11.3)

In the current update (1976–2005), 67% of the
reports on the six conditions are of studies. This is
encouraging, as single case reports are less likely to

provide leads about fundamental aspects of the
dream life of a particular patient group. Interestingly,
there is a 10% increase in case reports compared
with our 1975 review, which showed 23% case

Table 11.3 Type, nature, and site of studies

Percentage of studies

197523 2005

Type of report

Study 77 67

Case report 23 33

Nature of report

Descriptive 37 69

Separate groups 51 27

Repeated measures 12 4

Site of data collection

Sleep laboratory 32 27

Non-laboratory 68 73

Subject–control in separate groups

Sick–sick 53 46

Sick–well 29 29

Both 18 25
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Table 11.2 Psychiatric disorder studies with dream content reported

Number of studies

197523 2005 Refs (2005)

Schizophrenia 30 8 35–42

Depression 14 20a 45–65

Post-traumatic stress 17b 46a 66–129
disorder (PTSD)

Eating disorders 0 11 130–140

Organic brain disorder 5 6 141–146

Alcoholism and drug abuse 5 7 149–155

Total 71 98

aReferences 55 and 67 each included three studies
bIncluded nightmares and anxiety dreams
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reports and 77% studies. The increase in the number
of 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 literature22 – for example the
effects of physical illness, medication, or residence.

The trend toward increased description is under -
lined in that currently 69% of the reports were
des cri ptive in nature, compared with 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 review,23 about the neglect of
appropriate research designs to build a scientifi-
cally 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 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 compar-
ing the index group with another ill group or with
both an ill and a well (normal) group has been
maintained. In both reviews, 71% of studies had at
least a sick–sick comparison.

It is unfortunate that available designs have not
been systematically applied. It had been suggested,
based on the earlier review,23 that a content or
theme generated from a descriptive report, case
study, or literature review be appropriately com-
pared in a separate group study with an ill and well
(normal) group and then be studied in a repeated

measure design to establish if the finding was lim-
ited to the illness (state) or was linked to a predis-
position to the condition (trait). Our knowledge of
the dream life of psychopathologic groups will
remain limited without more systematic study.

Adequacy of description of patient
sample (Table 11.4)

Sample size

The overall sample sizes for both sleep laboratory
and non-laboratory studies appear to be adequate.
The mean laboratory sample size has almost dou-
bled from 12 to 22, comparing the earlier review
with the current one. The mean number of sub-
jects in the non-laboratory studies, although still
adequate, has decreased from 246 to 97.

Patient selection

Greater attention has been 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% provided this
information. This information is essential to
understand 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 pro-
viding 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 was
delusional or because he met some criteria such as
those in DSM-IV?27

Specificity of diagnosis

The problem of categorizing the patient as to ‘sub-
type’ has been considerably less well attended to in
the current than in the earlier review. Only 23% of
studies provided the operational basis for subtyping
of the patient (e.g., major depressive disorder or
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Table 11.4 Description of patient sample

Patient sample size

Total Original

197523 2005 197523 2005

Number of studies

Laboratory 24 27 17 22

Non-laboratory 51 71 46 69

Total number of subjects

Laboratory 297 594 234 496

Non-laboratory 12 528 6693 5966 5034

Mean number of subjects per study

Laboratory 12 22 14 22

Non-laboratory 246 97 130 73

Percentage of studies

197523 2005

Yes No Yes No

A.   Basis of selection 31 69 56 44

B.   Basis of diagnosis 45 55 48 52

C.   Specificity of diagnosis 48 52 23 77

D.   Drugs or physical treatment 24 76 36 64

E.   Demography:

1.   Sex 85 15 88 12

2.   Age 69 31 67 33

3.   Race 27 73 26 74

4.   Education 29 71 22 78

5.   Marital status 29 71 30 70

6.   Socioeconomic class 25 75 12 88

F.    General health 5 95 29 71

G.  Original sample 81 19 89 11

H.  Site of patient residence:

1.   In hospital 57 28

2.   Out of hospital 28 62

3.   Both 11 10

4.   Not given 4 0
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dysthymia), while 48% included this information
in the earlier review.23

Drugs or physical treatment

In slightly over one-third of the patient studies
(36%), mention is 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 effect 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 
psychopathologic state, the treatment, or an inter-
action between the two.

Demography

There is an awareness in both the current and pre-
vious23 reviews that the gender and age of subjects
are parameters that do indeed influence the con-
tent of the dreams. Gender is reported in 88% of
the current studies and age is reported in 67%,
compared with 85% and 69%, respectively, in the
earlier review.23 The other demographic variables –
race, education, marital status, and social class –
are reported less often (12% vs 30%), and, indeed,
they have less influence on dream content.28

General health

There has been a significant increase in reporting
the general health status of the patient population:
from 5% in the previous review23 to 29% of 
studies in the current review. The physical health
status of a patient group is a potentially confound-
ing 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.23

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 hos-
pital (62%). This may reflect the current practice
of treating patients outside the hospital. Setting
impacts the contents of the dream29 and is univer-
sally reported (96% in the 1975 review and 100%
in the present review).

Adequacy of description of control
sample (separate group studies) 
(Table 11.5)

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.23 To illustrate, 56% of the current
overall sample reported the basis for selecting their
target group. Thirty-seven percent 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 15
descriptors (A through I in Table 11.5), the studies
in the current review presented more complete
data for 8 (A, B, C, D, E-1, E-3, F, G) of 12
parameters compared with what was reported in
the previous review.23

Method of dream content collection
(Table 11.6)

The major interest in dream content studies,
whether of psychopathologic or normal individu-
als, is what is contained in the dream report. How
the report is obtained, scored or categorized,
counted, and statistically analyzed is basic to estab-
lishing what the subject is dreaming about.

The nature and extent of the sampling of the
dream life of a psychopathologic population is
reflected in the number of nights (in laboratory stud-
ies) or days (in non-laboratory studies) of dream col-
lection that were 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
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Table 11.5 Description of control sample (separate groups only)

Patient sample size

Total Original

197523 2005 197523 2005

Number of studies

Laboratory 10 10 8 9

Non-laboratory 28 17 23 17

Total number of subjects

Laboratory 166 167 143 127

Non-laboratory 1843 1007 1703 1007

Mean number of subjects per study

Laboratory 17 17 18 14

Non-laboratory 66 72 74 72

Percentage of studies

197523 2005

Yes No Yes No

A. Basis of selection 37 63 83 17

B. Basis of diagnosis 26 74 71 29

C. Specificity of diagnosis 24 76 50 50

D. Drugs or physical treatment 5 76 54 46

E. Demography:

1. Sex 76 24 92 8

2. Age 68 32 62 38

3. Race 18 82 25 75

4. Education 33 67 21 79

5. Marital status 24 76 12 88

6. Socioeconomic class 26 74 12 88

F. General health 11 89 33 67

G. Original sample 80 20 88 12

H. Site of patient residence:

1. In hospital 42 25

2. Out of hospital 34 75

3. Both 24 0
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of collection or to the percentage recall than in the
earlier studies. The number of days or nights was
reported in 52% of the previous studies, versus 38%
in the current studies, while the percentage dream
recall was reported in 35% versus 22%.

The interpersonal setting30 and the mode of
dream inquiry13 may influence the nature of any
content obtained. In the previous review, 67% of
the articles reported who and 55% reported when
the dreams were collected, compared with 46%
and 51%, respectively, in the current review. There
has been a decrease in reporting both variables –
more significantly in who collected the dream –
indicating a failure to appreciate the effect of the
interpersonal situations on what is reported.

Although 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 is
reported in one-third or less of the current reports.

Unfortunately, the major methodologic 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 to protect against interviewer bias is
of great concern. Moreover, the low rate of report-
ing the mode of awakening in laboratory studies
(22%) also contributes to the problems in charac-
terizing the dream life of patient groups. The neg-
lect 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.

Method of scoring dream content 
(Table 11.7)

Little or no attention was 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%). In 33% of the
studies, only one rater did the rating, The type of

Table 11.6 Dream content collection variables

Percentage of studies

197523 2005

Yes No Yes No

A.   Number of days or nights 52 48 38 62

B.   Number of dreams 57 43 58 42

C.   Percent dream recall 35 65 22 78

D.   Who collected dreams 67 33 46 54

E.   When dreams collected 55 45 51 49

F.    Mode of awakeninga 38 62 22 78

G.   Protocol for obtaining dreams 15 85 19 81

H.   Mode of recording dreams 87 13 27 73

I.   Associations obtained 37 63 34 66

aOnly applicable to laboratory studies
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scale and source of the scale was given in only 38%
of the studies. These issues were reported at a lower
frequency than in the earlier review, where they
were also given inadequate attention. The failure
to use more than one ‘blind’ rater whose reliability
has been established 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 previous review) under-
lines a core problem in the field of dream research.
Failure to describe the basic elements in the mani-
fest dream report with a standard device, and then
to build special or inferential scoring from these iden -
tifiable parameters, severely limits the development
of a body of knowledge in which one study builds

on another and in which any given study is poten-
tially relatable to another.32

Nature of statistical analysis (Table 11.8)

The percentage of studies in which any statistical
analysis was reported is only 33% currently, com-
pared with 41% in the previous survey.23 In the 30
studies reporting statistical results, the number of
tests was reported in almost all studies (90%), the
statistic was by and large appropriate to the design
and the data (80%), and the comparisons were
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.

Table 11.7 Dream content scoring variables

Percentage of studies

197523 2005

Yes No Yes No

A.   Protocol preparation 28 72 6 94

B.   ‘Blind’ raters 28 72 18 82

C.   Reliability reported 27 73 11 89

D.   Number of scorers used:

1. 68 33

2. 27 6

3. 5 0

4.   Not given 0 61

E.   Type of scale:

1.   Item 20a 32

2.   Thematic 77a 6

3.   Not given 3a 62

F.  Scale source:

1.   Standard 22a 18

2.   Ad hoc 78a 20

3.   Not given 0a 62

aModified
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This limits the core data pool to 30 of the 90 stud-
ies. The non-statistical articles, either case reports
or studies, provide leads for further more system-
atic study. However, only a small group of studies
remains to characterize a large area of interest.

DREAM CONTENT RESULTS

In 1976, Frosch6 wrote a critical review entitled
‘The psychoanalytic contributions to the relation-
ship between dreams and psychosis’, which pro-
vided some partial answers to Freud’s questions
about the relationship. Frosch concluded that 
(1) ‘although there are many apparent similarities
between dreams and psychosis, they do differ in
some basic respects; certainly in so far as the factors
are concerned which play a role in their produc-
tion’, (2) ‘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 differen-
tiating the dream from reality, and the persistence
of dream like 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

Schizophrenics are less interested in their dreams
and their dreams are more primitive (i.e., less com-
plex, more direct, and more sexual, anxious, and
hostile), and showed evidence of their thought dis-
order in being more bizarre and implausible.23 In a
mixed patient population, which included schizo-
phrenics, Lesse33 reported that mounting anxiety
could increase or decrease dream reporting. With
increasing anxiety, motion and affect in the mani-
fest dream are increased. And, a decrease in affect
in the manifest dream is the first change seen during
successful phenothiazine therapy.

Table 11.8 Nature of the statistical analysis

Percentage of studies

197523 2005

Yes No Yes No

A.   Are statistical tests reported? 41 59 33 67

B.   Are the number of tests reported?a 81 19 90 10

C.   Are the statistics appropriate?a

1.   To the design? 81 19 80 20

2.   To the data? 55 45 80 20

D.   What is the nature of the comparison?a

1.   Preplanned 48 77

2.   Post hoc 52 23

E.   Significant resultsa 81 73

aThese studies reported statistical tests
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Strangers were the most frequent dream char-
acters in schizoprenics. Hallucinations and dream
content were relatable, and the degree of paranoia
(awake and in dreaming) was similar, contrary to
Freud’s34 compensatory view of waking and
dreaming in paranoia. 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

Depressed patients were found to dream as fre-
quently as non-depressed, but the dreams were
shorter and had a paucity of traumatic or depres-
sive content even after depression had lifted.23

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.
Depressed patients had in their dreams more frien -
dly and fewer aggressive interactions than schizo-
phrenics, 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 dreams of death themes in
depressed suicidal patients and in bipolars before
becoming manic.45,52 There may also be an
increase in family roles in the dreams of the
depressed.46,51,55

Masochism in the dreams of the depressed
appears more clearly in women than in men, and
is more likely a trait than a state characteris-
tic.32,53,54,57–59 It is evident that a past focus is not
universal in the dreams of the depressed, nor is it
unique to the depressed state.49–53,56,58 Affects such

as anxiety and hostility are 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

A most striking implication of these findings
about dreaming in the depressed is that the affec-
tive state of the dreamer covaries with the content
of the dream.45,46,48,50,55–57 Changes in dreams
across the night may contribute to the dreamer’s
coping capacity,56,57,60,63,65 as has been 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
the next day. Mood-regulation processes may have
an implication for the treatment of depression.
Untreated depressed subjects reporting more nega-
tive dreams at the beginning of the night than at the
end of the night are more likely to be in remission
after 1 year.63 In contrast, a failure to self-regulate
mood is associated with a suicidal tendency.65

Post-traumatic stress disorder

A widespread interest in PTSD has developed
since the Vietnam war, including the dreams of
such patients.66–129 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.66,81,89

In a review article, Ross et al68 attempt to demon -
strate that sleep disturbance is the hallmark of
PTSD. They based their hypothesis upon the men-
tation difference between REM and non-REM
(NREM) sleep. They characterized the dreams of
PTSD patients as vivid, affect-laden, disturbing,
outside the realm of current waking experience
(although representative of an earlier life experi-
ence), repetitive, stereotyped, and easy to recall. They
proposed that the dream disturbance is relatively
specific for the disorder69,112 and that PTSD may
fundamentally be a disorder of the REM sleep mech-
anism. However, as the nightmare in REM sleep
occurs early in the night, when there is less REM
and is associated with gross body movements, they
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acknowledged that abnormal non-REM sleep
mechanisms may also be involved, and speculated
that the neural circuitry involved in PTSD may be
similar to that in accentuated startle behavior.68

Ross et al70 took exception to Reynold’s69 sugges-
tion that the dream in PTSD is the same as that
occurring in traumatized depressives, and pointed
out that the dreams of traumatized depressives are
not dreamlike and do not incorporate the
trauma.56,107 According to Ross et al68 the dream in
PTSD is repetitive and, more importantly, 
stereotyped.

In contrast, Kramer71 viewed the disturbing
dream as the hallmark of PTSD rather than the
sleep disturbance. Green et al72 have suggested that
the unique aspect of PTSD is indeed the intrusive
symptoms, including intrusive images and recur-
rent dreams and nightmares. They pointed 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 et al72

was based on the suggestion by Brett and Ostroff,73

who pointed out that there has been a neglect of
post-traumatic imagery, which they postulated to
be the core of PTSD. They lamented the lack of
research into the range, content, and patterning of
the imagery.102 Interestingly, Fisher et al74,105

pointed out that trauma sufferers may have dis-
turbing arousals that can come out of both REM
and NREM (stages 4 and 2) sleep. This view was
confirmed by Schlosburg and Benjamin,75 Kramer
and Kinney,76 and Dagan et al.124 Questions arise
whether the sleep disturbance in PTSD involves
more than REM sleep mechanisms and whether
the imagery and dreams, reported by PTSD
patients are stereotyped and REM-bound,94 as
Ross et al68 postulate.

There has been a relative lack of attention with
regard to the range, content, and patterning of the
nightmares in PTSD. It was found that there can
be different types of nightmares,78,84,85,88 that
themes may be unrelated to the trauma67,90,128

(with one study finding a strong association
between recalled dream content and a war experi-
ence127), and that the traumatic dream can 
change across time.100,101,103,111,115 The traumatic

nightmare is seen to reflect classical Freudian
dreamwork mechanisms77,79,80,84–86 and is not a
meaningless reenactment of the trauma.

An adequate characterization of the phenome-
nology of the disturbing dream in PTSD remains
to be done.96,97,110 The dream experience is disturbing,
but this may be more a reaction to the dream than
the dream itself.120 The affect-laden nature of the
disturbing dream cannot be confirmed, and expec-
tations may influence the perception of what the
dream should be like in PTSD.129 The content of
the disturbing dream may be outside the realm of
current waking experience, but it is linked to ear-
lier childhood experiences,77,79,80,85–87,99,109,116 and
can be reactivated later in life.82–84,88,91–93 The
vividness of 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 normals, but higher than
that of well-adjusted former PTSD patients.113

A consensus has begun to emerge from the
PTSD dream literature, suggesting that the hall-
mark of PTSD is a disturbance in psychologic
dreaming and possibly of NREM sleep early in the
night.95 Disturbed dreaming covaries with combat
exposure117 and the experience of torture,118 – not
with the complaint of a sleep disturbance. The dis-
turbing dream tends to occur early during sleep,108

as do increases in movement,67,119 spontaneous
awakenings,120,121 autonomic discharge,122 ele-
vated 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 NREM sleep.74–76 Stereotypical dream content
is not the sine qua non of the dream in PTSD.
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 such dreams may be 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 dis-
order patients – higher in bulimics then anorexics.
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Aggressive dreams are less common in eating
disorder patients then normals.

Brain damage

The previous review23 found five articles on brain-
damaged patients. These studies reported that there
was a decrease in dream reporting with age and
dementia. More recent studies141–148 of brain-
injured patients have reported the value of dream
exploration in psychotherapy. 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 brain-damaged patients
was not REM-bound. Focal brain damage studies
suggest the anatomic substrate for dream formation.
The dream content of right-hemispherectomized
patients was similar to the content of the control
subjects, which suggests that the left hemisphere
plays 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
dreams, was more often the object of aggression,
and had fewer sexual interactions. Those detoxifying
alcoholics who dreamed about drinking main-
tained sobriety for a longer period. The implica-
tion of dreaming about drinking or drug use as a
predictor of abstinence remains unclear.149–155

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.155

CONCLUSIONS

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 condi-
tions. However, in some areas, such as depression
and PTSD, we do know more about dreaming
than we did previously.

Detailed phenomenologic descriptions are
needed of the dream experience in normals and in
the various psychiatric illnesses, in and out of the
laboratory, utilizing quantitative techniques to cap -
ture various aspects of the experience. These results
can then be compared statistically in between-
group and repeated-measure experiments, as was
recommended in the previous review.23 Further,
study of the dream construction process, of the dream
as a dependent measure, applying the manipulations
suggested by Tart156 and the analytic techniques
described by Kramer et al,157 Montangero,158 and
Cipolli,159 would enhance our under standing 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.57,62,113,114,152,153,160 Manipulating the
dream by controlled incorporation of characters or
events into the dream161 and assessing the daytime
consequences would treat the dream as an inde-
pendent variable and contribute to our under-
standing of the functional significance of
dreaming.
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INTRODUCTION

The association between sleep and headache disor-
ders was recognized well over a century ago. Early
observations described the influence of sleep in
both provoking and relieving headaches.1,2 For
example, in 1871, Wright1 in his headache text-
book observed that, among other headache trig-
gers, ‘The causes that predispose to the occurrence
of sick headache [include] insufficient sleep’ (p 32)
and ‘waking from a deep sleep’ (p 94). Wright also
identified headache as a likely consequence of
obstructive sleep apnea or obesity hypoventilation
syndrome in his description of the ‘predisposition
to suffer from headaches’ related to ‘The habit of
the body, age of the patient, with insufficient exer-
cise, over-indulgence in sleep’ (pp 71–72). Such
early clinical observations foretold later research
concerning sleep-related headache precipitants and
headache secondary to sleep-disordered breathing.

Systematic research into sleep-related headache
has lagged far behind clinical and anecdotal obser-
vations. It has only been within the last quarter-
century that an empirical literature has emerged,
chiefly comprising descriptive studies, parallel
group comparisons, and single-group treatment
outcome studies. Unfortunately, widely varying
research methods, measures, and samples have
yielded some inconsistencies in outcome and inter-
pretation across studies. Reviewers agree that the
specific nature, magnitude and underlying mecha-
nisms of the relationship are not well defined.3–12

Paiva et al7 proposed several hypothetical associa-
tions to account for the relationships between sleep
and headache; Dodick et al4 succinctly summa-
rized these potential relationships (Table 12.1).
Headache may be a cause as well as a consequence
of sleep disorder or disturbance, and both may
occur secondary to underlying medical illness or
other pathologic conditions.

It is likely that the sources of sleep-related
headache are multifactorial, and cases supporting
each association may be found. The collective lit-
erature as discussed in this chapter reveals specific
headache patterns potentially indicative of sleep
disorders, suggests common anatomic structures
and neurochemical processes involved in sleep and
headache, and suggests the value of sleep regula-
tion as a key component of head pain management
for a substantial portion of headache sufferers.

12

Sleep and headache disorders

Jeanetta C Rains, David M Biondi, Donald B Penzien, J Steven Poceta

157

Table 12.1 Potential relationship between headache
and sleepa

� Headache is a symptom of a primary sleep
disturbance

� Sleep disturbance is a symptom of a primary
headache disorder

� Sleep disturbance and headache are symptoms of
an unrelated medical disorder

� Sleep disturbance and headache are both manife s -
tations of a similar underlying pathogenesis

aReproduced from Dodick DW, et al. Headache 2003;
43: 282–924

Chap-12:Sleep  12/15/2006  12:48 PM  Page 157



158 SLEEP AND PSYCHOSOMATIC MEDICINE

This chapter reviews the diagnosis and classifica-
tion of sleep-related headache, the prevalence of
the disorders, headache diagnosis-specific sleep
parameters identified in research, potential physio-
logic mechanisms, and treatment implications,
and discusses the limitations of existing research.

DIAGNOSIS AND CLASSIFICATION

International Classification of Headache
Disorders, 2nd edition (ICHD-II)

The International Headache Society’s ICHD-II13

nosology includes two specific diagnoses for sleep-
related headaches – ‘Sleep apnea headache’ and
‘Hypnic headache’ – and lists sleep disturbance
among symptoms of anxiety disorders that may be
associated with headache. Sleep apnea headache

(ICHD-II Code 10.1.3: Table 12.2) is coded as a
subclassification of ‘10.1 Headache attributed to
hypoxia or hypercapnia’ under the major code
heading ‘10. Headache attributed to disorders of
homeostasis’. Although the category ‘sleep apnea
headache’ was included in the original ICHD, the
label was listed without diagnostic criteria. To our
knowledge, these newly published diagnostic crite-
ria have not been empirically validated and have
rarely been applied in studies of sleep apnea head -
ache. Although it appears that they may not have
employed a strict application of the ICHD-II diag-
nostic criteria for sleep apnea headache diagnosis,
Alberti et al14 described a small sample of apneic
patients with awakening headache, of whom only
7 of 19 patients fulfilled ICHD-II criterion A 
for sleep apnea headache (pressing quality, bilat -
eral location, resolution �30 minutes, and no

Table 12.2 ICHD-II diagnostic criteria for sleep apnea headachea

10.1.3 Sleep apnea headache

A. Recurrent headache with at least one of the following characteristics and fulfilling criteria C and D:

1. Occurs on >15 days per month
2. Bilateral, pressing quality and not accompanied by nausea, photophobia or phonophobia
3. Each headache resolves within 30 minutes

B. Sleep apnea (respiratory disturbance index � 5) demonstrated by overnight polysomnography

C. Headache is present upon awakening

D. Headache ceases within 72 hours, and does not recur, after effective treatment of sleep apnea

4.5 Hypnic headache

Attacks of dull headache that always awaken the patient from sleep.

A. Dull headache fulfilling criteria B–D

B. Develops only during sleep and awakens patient

C. At least two of the following characteristics:

1. Occurs �15 times per month
2. Lasts �15 minutes after waking
3. First occurs after age of 50 years

D. No autonomic symptoms and no more than one of nausea, photophobia, or phonophobia

E. Not attributed to another disorder

aReproduced from International Headache Society. Cephalalgia 2004; 24(Suppl 1): 1–151
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accompanying symptoms). The remaining patients
met criteria for migraine (n � 1), frequent episodic 
(n � 8), or chronic (n � 3) tension-type headache.
Headache reportedly resolved in under 1 hour in
only 26% of cases with headache on awakening,
while meeting criterion A, #3 requires that
headaches resolve within 30 minutes. Whether
headaches resolved with treatment of sleep apnea
(which is necessary to fulfill criterion D) was not
reported as part of the study.

In the ICHD-II, ‘Hypnic Headache’ (ICHD-II
Code 4.5: Table 12.2) is coded under the category
of ‘4. Other primary headaches’. Hypnic headache
occurs only during sleep and awakens the patient,
is not associated with autonomic symptoms, and
involves no more than one of the following: nausea,
photophobia, or phonophobia. Hypnic headache
diagnosis requires two of the following features:
occurs at least 15 times per month; lasts more than
15 minutes (but usually less than 180); headache
onset after age 50. This diagnosis was not included
in the original ICHD, and although a series of case
reports of patients meeting ICHD-II criteria for
hypnic headache have now been published, the
new criteria have yet to be empirically validated.

International Classification of Sleep
Disorders, 2nd edition (ICSD-II)

The American Academy of Sleep Medicine’s 
ICSD-II15 categorizes ‘Sleep-related headaches’ among
‘Sleep disorder associated with conditions classifiable
elsewhere’. This denotes a small list of specific med-
ical conditions that are not considered primary sleep
disorders but are frequently a reason for referral to
sleep specialists or encountered in the differential
diagnosis of sleep disorders. The criteria for sleep-
related headaches state: ‘The patient complains of head -
ache during sleep or upon awakening from sleep’, and
would include a variety of primary headache diagnoses
such as migraine, cluster, chronic paroxysmal hemi-
crania, and hypnic headache, as well as headache asso-
ciated with other medical and sleep disorders. Within
ICSD-II, headache is also listed among associated

symptoms for sleep-related bruxism and physical symp -
toms occurring in response to sleep loss with insom-
nia. ‘Morning headache’ is listed among symptoms for
sleep-related hypoventilation or hypoxemic syn-
dromes and obstructive sleep apnea (pediatric).

‘Exploding head syndrome’ is classified under
parasomnias by ICSD-II. Criteria for this diagno-
sis include waking from sleep or the wake–sleep
transition with a sense of noise or explosion that is
usually frightening to the patient, and is notable
for the absence of pain. The syndrome is not
included in ICHD-II headache diagnoses, but,
despite the absence of pain, it is often described
among rare or short-lived headache disorders, and
may present to headache or sleep specialists.16,17

Comparing and contrasting
ICHD-II and ICSD-II

The respective diagnostic nosologies for headache
and sleep disorders both recognize and offer at
least some provision for classification of sleep-
related headaches. Both ICHD-II and ICSD-II
recognize a potential association between head -
ache and sleep-related breathing disorders. The
terminology ‘morning headache’ (also known as
awakening headache and nocturnal headache) is
commonly employed in the sleep literature to
refer to any headache temporally related to sleep,
but it is a rarely found nomenclature in headache
journals and other literature. Morning headache is
not well defined with respect to headache features
other than timing of the headache – this repres ents
a challenge in equating headache diagnoses across
the sleep and headache literatures. Future research
and clinical management would benefit from further
study and refinement of diagnostic provisions for
this presentation of headache. ICSD-II accounts
for the potential that primary headaches can be
tempo rally related to sleep; under a categorization
of ‘sleep disorders associated with conditions classi-
fiable elsewhere’, ICSD-II would presumably lead
the diagnostician to headache nosologies for 
specific headache diagnoses. Greater diagnostic
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precision is needed to better understand the asso-
ciation of sleep and various headaches in research
and to direct clinicians to appropriate treatments
in clinical practice.

PREVALENCE

Headache patient populations

A high prevalence of sleep disorders and sleep-
related complaints has been observed in studies of
headache patients. This evidence is derived from
descriptive studies (with and without comparison
groups as controls), and (although rarely) studies
utilizing polysomnography to assess sleep. The
largest clinical study published to date reported the
prevalence of sleep complaints obtained from 1283
migraineurs presenting for headache treatment.18

Within this migraine population, sleep distur-
bance and oversleeping were recognized as
headache precipitants (i.e., headache triggers) by
50% and 37% of patients, respectively, while 85%
reported sleeping as a means to relieve headache.
Many patients reported difficulty initiating sleep
(53%) and maintaining sleep (61%), at least occa-
sionally. Morning headaches were reported by
71% of migraineurs. Although insomnia was not
systematically assessed, chronically shortened sleep
patterns similar to those characteristics of insom-
nia were observed in 38% of migraineurs (sleeping
on average 6 hours or less per night). Shortened
sleep patterns were associated with more frequent
and more severe migraine.

In a clinical sample of 289 headache patients,
Maizels and Burchette19 observed a high preva-
lence of insomnia (60%) and fatigue (73%), and
observed insomnia to be more common among
patients with chronic versus episodic headache.
Paiva et al20 described sleep-related headache in 28
of 50 consecutive headache patients, with the large
majority of patients reporting difficulty initiating
(82.1%) and maintaining sleep (92.9%). The ave -
rage nightly sleep duration for the entire sample
was only 5.6 hours.

Relative to an age- and gender-matched com-
parison group (less than one headache per month),
Spierings et al21 found that headache patients pre-
senting for specialty treatment slept significantly
shorter durations (6.7 hours vs 7.0 hours),
reported more difficulty initiating sleep (31.4 min-
utes vs 21.1 minutes), and took longer to fall back
asleep after awakenings during the night (28.5
minutes vs 14.6 minutes). The study also observed
that, as a group, only women with headache expe-
rienced fatigue of greater intensity than gender-
matched controls, whereas men with headache
reported more difficulty initiating sleep and falling
back asleep after awakenings than controls.
Although much less is known about pediatric than
adult sleep-related headache, one study observed a
significantly higher prevalence of insomnia, nar-
colepsy, and excessive daytime sleepiness among
children with headache in a pediatric neurology
clinic than in age- and sex-matched non-headache
controls within the clinic.22 Contradicting previ-
ous literature, however, Luc et al22 did not observe
a higher prevalence of sleep apnea, restlessness, and
parasomnias among pediatric headache sufferers.

Paiva et al7 reported results of polysomnogra-
phy from 25 headache clinic patients complaining
of morning headache. Sleep disorders were diag-
nosed in 13 of 25 patients, including obstructive
sleep apnea (OSA), periodic limb movements and
fibrositis. Paiva et al23 extended this line of research
and reported that 17% of headache clinic patients
(49 of 288 patients) reported that headaches were
sleep-related in at least 75% of headache episodes.
Polysomnography revealed the presence of a pri-
mary sleep disorder (OSA, periodic limb move-
ments, fibrositis, or psychophysiologic insomnia)
in 53% of the 49 patients with sleep-related
headache, in contrast with only 9% of the total
sample. With the exception of the cases with peri-
odic limb movements (n �8), treatment of the 
primary sleep disorder resolved headache.

Collectively, these clinical studies of headache
patients suggest that sleep complaints are common
in this population. Although the full spectrum of
sleep complaints has not generally been assessed,
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these studies tend to emphasize and report a high
prevalence of insomnia among headache sufferers.

Sleep-disordered patient populations

This review identified only a single published
study that examined the prevalence of headache in
sleep-disordered patients representing the full
range of sleep disorders. Goder et al24 examined
morning headaches in 432 sleep clinic patients
who underwent polysomnography and 30 healthy
controls. Polysomnographic recordings from
nights before morning headache were compared
with nights without subsequent headache. Patients
with sleep disorders reported significantly more
headaches than healthy controls (34% vs 7%). The
study specifically examined the occurrence of ten-
sion-type headache the morning after polysomno-
graphic recordings. Patients with migraine and
other headaches that occurred during the night
were not included, because the authors wished to
exclude the direct adverse influence of pain on
sleep architecture. Twenty-five percent (108/432)
of sleep-disordered patients reported morning 
tension-type headache within 30 minutes of wak-
ing, compared with only 3% of controls. Any
headache versus the specific description of ‘morn-
ing headache after polysomnography’, respectively,
occurred in 27% versus 22% of patients with sleep
breathing disorders, 28% versus 26% of patients
with insomnia, 22% versus 19% of patients with
restless legs, 50% versus 38% of patients with hyper -
somnia, 22% versus 15% of patients with para-
somnias, and finally 46% versus 16% of patients
with other sleep disorders. The occurrence of
morning headache in the sleep laboratory was asso-
ciated with decreases in total sleep time, sleep effi-
ciency, and amount of rapid eye movement (REM)
sleep and with an increase in the wake time during
the preceding night, leading the authors to con-
clude that morning headaches in patients with
sleep disorders might be associated with particular
disturbances of the preceding night’s sleep.

Headache has not commonly been described
among sleep-disordered patients except specifically

in relation to sleep-disordered breathing. Head -
ache (not otherwise specified) in relation to OSA
has been examined in a number of studies, with
the occurrence of headache within this population
varying widely from 15% to 60%.25–28 Morning
headache, although common among sleep disor-
ders, appears most strongly associated with sleep
apnea. Headache of any diurnal pattern was
reported by 49% of apneics and 48% of insomni-
acs in the sleep clinic patient population, while
‘morning headaches’ were significantly more com-
mon among apneics (74%) than among insomni-
acs (40%).14

Epidemiologic studies

Several epidemiologic studies assessing sleep in
relation to headache were identified. Ohayon29

reported the findings of a European study of 
18 980 telephone interviews estimating the preva-
lence of ‘chronic morning headache’ to be 7.6%
(with chronic morning headache characterized as
occurring ‘daily’, ‘often’, or ‘sometimes’). Prevalence
rates were higher in women than in men (8.4% vs
6.7%). More individuals with morning headache
than individuals without headache reported sleep
complaints; specific complaints included insomnia
(odds ratio, OR, 2.1), circadian rhythm disorder
(OR 1.97), loud snoring (OR 1.42), sleep-related
breathing disorder (OR 1.51), nightmares (OR
1.39), and other dyssomnia (OR 2.30). Odds ratios
were greater for all sleep disorders except insomnia,
when the data were reanalyzed in a model that
only used information obtained from individuals
with ‘daily’ morning headache. Significant comor-
bidities were identified between headache and
major depression alone (OR 2.70), anxiety alone
(OR 1.98), and the combination of both ‘depres-
sion and anxiety disorders’ (OR 3.51). Not sur-
prisingly, heavy alcohol use was also associated
with morning headache (OR 1.83). In contrast,
morning headaches were not associated with caf-
feine use, as those who did not drink coffee exhib-
ited greater morning headache than those who
drank at least one cup per day; this argues against
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the hypothesis that morning headache was attrib-
utable to caffeine withdrawal among this large
sample.

In a large cross-sectional epidemiologic study
of headache disorders, Rasmussen30 examined the
prevalence of sleep complaints among persons
with migraine and tension-type headache relative
to the general population. Sleep complaints were
more common among tension-type than migraine
headache sufferers and the population at large.
Non-refreshing sleep was associated with migraine
for both males and females, and with tension-type
headache among females. Snoring was associated
with migraine in women only. Onset of headache
usually occurred during sleep or upon awakening
for 24% of migraineurs and 12% of tension
headache, with morning headache occurring more
commonly among individuals having migraine
than tension headache.

In establishing the diagnosis of sleep-disordered
breathing, snoring is considered a sensitive though
not specific indicator for sleep apnea in epidemio-
logic research. A large cross-sectional study of 
Danish middle-aged and elderly males identified a
strong statistical relationship between snoring and
non-specific headache (i.e., having any form of
headache).31,32 Considering both females and
males, a Swedish study combining epidemiologic
and sleep clinic data reported that headache occur -
red more commonly among patients with heavy
snoring and sleep apnea than among the general
population.33 Morning headache, in particular, was
reported by 18% of snorers and apneics versus only
5% of controls. In a case–control epidemiologic
survey conducted within the USA, Scher et al34

compared the prevalence of snoring in a group of
chronic daily headache sufferers (n � 206) with a
group of episodic headache sufferers (n � 507).
Habitual snoring was more common among
chronic daily than among episodic headache suffer-
ers (24% vs 14%, respectively), leading the authors
to speculate that sleep disorders may provide a tar-
get for intervention for some patients with chronic
daily headache. Conversely, in Australia, Olson
et al35 found that morning headaches were not

related to apneics (based on questionnaire and res-
piratory home monitoring) compared with snorers
(OR 0.2) or non-snorers (OR 0.1).

These data are correlative in nature and do not
address causality. However, the findings are consis-
tent with a hypothesis that headache, particularly
morning headache and chronic headache, is a
potential consequence of sleep-disordered breath-
ing or of another related and covarying function.

MEASUREMENT OF SLEEP

Polysomnography

The gold standard of objective sleep measurement
is polysomnography, with its full overnight assess-
ment of multiple physiologic parameters, includ-
ing sleep, breathing, cardiac, movement, etc.36

Testing is usually attended, laboratory-based, under
continuous visual surveillance via closed-circuit
television, and videotaped. Daytime sleepiness
under similar controls is quantified by the Multi-
ple Sleep Latency Test (MSLT), while the ability to
remain awake may be assessed with the Mainte-
nance of Wakefulness Test (MWT).37 All are well-
validated objective measures of sleep and
wakefulness under standardized conditions with
available normative data for a variety of sleep-
disordered populations and normal controls. Typi-
cally, polysomnography is necessary to document
the extent and severity of sleep-disordered breath-
ing and parasomnias. Movement disorders such as
restless legs syndrome and periodic limb move-
ment disorder sometimes require polysomnogra-
phy to ascertain impact on sleep and to guide
therapy. Narcolepsy is typically diagnosed after
polysomnography and MSLT. MWT is most often
used to formally assess alertness after treatment of
a sleep disorder that may impair alertness. When
headache is evaluated in relation to sleep, poly -
somnography can indicate the timing, specific
sleep stage, and antecedent events of the headache.
Limited-channel EEG cassette recordings may be
used to assess sleep parameters only.38
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Actigraphy

This activity monitor or motion detector has been
used to infer sleep and waking states based on acti -
vity level.39 The patient wears a small wristwatch-
like 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. Acti -
graphy 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 1 night of polysomnography
varied by the sleep variable of interest, such as time
in bed (r � 0.99), total sleep time (r � 0.68), sleep
onset (r � 0.87), wake after sleep onset (r � 0.69),
total wake time (r � 0.74), and sleep efficiency 
(r � 0.67).40 Actigraphy has been employed in
migraine research,41,42 although rarely.

Questionnaires

A wide variety of questionnaires are available to
assess sleep disorders, sleep quality, daytime sleepi-
ness, sleep-related psychosocial functioning, impair -
ment, and quality of life. Questionnaires vary in
level of psychometric development, and are
reviewed elsewhere.43,44 Interestingly, validated
questionnaires have rarely been utilized in studies
of sleep-related headaches.

Sleep diary

Paper and pencil and electronic sleep diaries are
probably the most commonly used systematic self-
report tools for sleep assessment. With once-a-day
monitoring, subjective estimates can be obtained
over time in 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 (com-
bined headache/sleep diary). Interestingly, sleep
diaries are seldom employed in headache research,
although headache diaries are commonly used and
familiar tools for headache research.

HEADACHE DIAGNOSIS – SPECIFIC
REVIEW

Migraine

Migraine, to some degree, has been examined in
relation to sleep stage, circadian patterns, and
sleep-related precipitants. Early studies using
polysomnography associated migraine (and cluster
headache) with REM sleep.45,46 Dexter47 later exa -
mined polysomnography in five patients with
migraine reporting sleep as a precipitant of head -
ache. An association was found between migraine
and REM sleep as well as slow-wave sleep (sleep
stages 3 and 4, delta sleep). More recently, using 
4-channel EEG recordings, Drake et al38 observed
minimal sleep disturbance between patients with
episodic migraine between attacks, with only mod-
estly increased REM latencies and proportions. In
contrast, they observed patients with tension
headaches had significant sleep disturbances (i.e.,
reduced sleep time and sleep efficiency, decreased
sleep latency but frequent awakenings, increased
nocturnal movements, and marked reduction in
slow-wave sleep) without change in REM sleep or
latency. Patients with chronic headache with
mixed features of migraine and tension headache
likewise had significant sleep disturbance (i.e.,
reduced sleep time, increased awakenings, and
diminished slow-wave sleep), but with REM sleep
that was decreased in amount and reduced in
latency. Drake et al38 speculated that the chronic
forms of headache may be worsened by chronically
poor sleep. It is unclear why they chose not to
speculate about the converse (i.e., that chronically
poor sleep may be a consequence of chronic
headache).
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A prospective longitudinal study examined
migraine chronobiology over a 3-year period in
1698 migraineurs (3582 migraine attacks).48

Nearly half of all migraine attacks occurred
between the hours of 4 AM and 9 AM. Interestingly,
this period of time would typically encompass the
later stages of the sleep cycle, where the longest and
most dense REM sleep would normally dominate,
and the early waking hours of the day. Migraine
has been observed to have a greater than expected
prevalence in some individuals having specific
sleep disorders. Narcolepsy, a disorder of REM
sleep, has been linked to migraine.49,50 In a study
of 100 confirmed narcoleptics, the prevalence of
migraine was two- to fourfold greater in narcolep-
tics than would be expected based on migraine
prevalence in the general population.

Headache may be precipitated, or ‘triggered’,
by dysregulation of sleep patterns. Among patients
with migraine (and tension-type headache),
changes in sleep patterns (e.g., sleep disturbance,
sleep loss, and oversleeping) are routinely listed
among the most commonly observed precipitants
of headache.18–20,51–56 A polysomnographic study
demonstrated that sleep on nights preceding
migraine attacks was characterized by findings of
decreased cortical activation during sleep (i.e.,
fewer arousals, decreased REM density, decreased
beta power in slow-wave sleep, and decreased alpha
in the first REM period).57 A study of pediatric
migraine using actigraphy found decreased motor
activity on nights preceding migraine relative to
controls and nights not followed by migraine.41

In addition to acting as a potential precipitant
to headache, sleep has been demonstrated to be a
palliative treatment for migraine headache. Mig -
raine attacks are often relieved by overnight
sleep or a daytime nap,18,47,57,58 particularly in
children.59,60

Tension-type headache

Relative to migraine, tension-type headache has
only been rarely assessed with respect to sleep. In
the EEG study by Drake et al38 referred to above,

the investigators examined the recordings of
patients with episodic and chronic tension head -
ache as well as migraine. Notably, subjects with
tension headache did not exhibit the changes in
REM sleep or latency that were noted in mig -
raineurs, but did exhibit reduced sleep time and
sleep efficiency, decreased sleep latency, frequent
awakenings, increased nocturnal movements, and
marked reduction in slow-wave sleep.

Similar to a pattern that is well established in
migraine, sleep dysregulation may precipitate ten-
sion headache. Houle et al55 observed in a time-
series fashion that both short (�6 hours) and long
sleep periods (�8.5 hours) were associated with
more occurrences of tension headache. Other stu -
dies have similarly related sleep disturbance to ten-
sion headache.20,21,56,61

Cluster headache

Cluster headache has an estimated prevalence 
of less than 1% of the population.62 Seventy-five 
percent of cluster headache episodes were found 
to occur between the hours of 9 PM and 10 AM.63

Cluster headache has been specifically associated
with REM sleep and sleep-disordered breathing. A
study of 37 cluster headache patients who under-
went polysomnography identified an 8.4-fold
increase in the incidence of obstructive sleep apnea
relative to age and gender-matched controls (58%
vs 14%, respectively) and this risk increased over
24-fold among patients with a body mass index
(BMI) �25.64 Another uncontrolled study of 31
cluster headache patients who underwent poly -
somnography observed OSA in 80% (25/31).65

A marked increase in the incidence of sleep-
disordered breathing had been noted in earlier
research,66,67 and treatment of sleep apnea had
been observed to improve cluster headache con-
trol.66,68 Cluster headache attacks that have
occurred during polysomnographic recordings
have been linked to REM sleep, at least in cases of
episodic cluster,47 although perhaps not for
patients having the chronic form69 of cluster
headache. Available evidence indicates a marked
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increased incidence of sleep-disordered breathing
among cluster patients,66,67 and that treatment of
the apnea can improve this form of headache.66,68

Chronic paroxysmal hemicrania

Chronic paroxysmal hemicrania (CPH)13 is a vari-
ant of cluster headache, but with female prepon-
derance, more frequent headache attacks, and
attacks of shorter duration. CPH is characterized
by disproportionately nocturnal attacks.70 Like
cluster headache, CPH can have predictable noc-
turnal patterns and has been associated with REM
sleep; because of this pattern, it is sometimes ref -
erred to as an ‘REM-locked’ headache disorder.71,72

Hypnic headache

This form of headache is relatively rare and is, by
definition, confined to sleep. Its true prevalence in
the population is not known, but it is estimated to
occur in only 0.07–0.1% of patients seen in a 
specialty headache clinic setting.73,74 Hypnic
headaches tend to occur in the middle or later 
portion of the night, with patients being abruptly
awakened with pain. A meta-analysis pooled data
from the 71 cases of hypnic headache found pub-
lished in medical literature.74 The average duration
of hypnic headache was 67 � 44 minutes (range
15–180 minutes), and the frequency of attacks was
1.2 � 0.9 per 24 hours. The majority (77%)
reported the onset of headache between 120 and
480 minutes after sleep onset. Polysomnography
was available for seven of the published cases.
There were only four occurrences of headache dur-
ing polysomnography; among these four cases,
three episodes emerged from REM sleep and one
from slow-wave sleep. Manni et al75 observed
polysomnography in 10 hypnic headache sufferers;
for the five patients (6 headache episodes) in
whom headache occurred during polysomnogra-
phy, two episodes occurred in REM and four in
non-REM (NREM) sleep stages (two during stage
2 and two during stage 3 headache). A few cases
have reported an association between hypnic

headaches and sleep disorders such as decreased
sleep efficiency, restless legs, snoring, and sleep
apnea.74

Morning headache

Although not a formal diagnosis, morning
headache is probably the most common form of
headache studied in relation to sleep and usually in
relation to sleep-disordered breathing. As noted
above, between 15% and 60% of sleep apneics
report morning headaches.7,14,23,25–28,67,76,77 The
pathogenic basis of morning headache was initially
presumed to be a consequence of abnormal respi-
ration (e.g., hypoxemia or hypercapnia). This
hypothesis would be supported by polysomno-
graphic research yielding a dose–response relation-
ship between the severity of sleep apnea (e.g.,
number of apneic events and severity of nocturnal
oxygen desaturation) and severity of morning
headache;14,28 resolution or improvement in
headache following treatment of sleep apnea with
non-invasive positive pressure ventilation treat-
ment or surgical modification of the upper airway
to improve breathing;23,27,66,68,78,79 and a higher
incidence of morning headache in apneics than in
similarly sleep-disturbed insomniacs.14

Although evidence associating headache with
sleep-disordered breathing via respiratory dysfunc-
tion appears compelling, contradicting studies dis-
pute this hypothesis.80–82 In some cases, morning
headache was observed to be more common
among patients with non-respiratory sleep disor-
ders such as periodic limb movements.26 A study
evaluated 432 patients with various sleep disorders
by using data obtained from two nights of poly -
somnography, and compared these results with
data obtained from 30 healthy controls.83 Indivi -
duals with sleep apnea exhibited a higher occurrence
of morning headache than did controls. However,
patients with sleep disorders other than apnea had
higher occurrence of morning headache, and the
apneics with headache in this study generally had
milder headache conditions. Analysis of the sleep
parameters for nights associated with morning
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headache compared with nights not associated
with morning headache indicated that morning
headache was directly associated with decreased
total sleep time, lower sleep efficiency, and lower
amounts of REM.

In summary, although clinical observations and
a meager body of clinical research have established
a relationship between sleep-disordered breathing
and headache, the pathophysiologic mechanisms of
this relationship are still generally unknown. It is
not clear if the pathogenic basis of this association
is related to a specific respiratory mechanism, a non-
specific consequence of the sleep disorder (i.e., auto-
nomic arousal, sleep dysregulation/deprivation,
intracranial cerebrospinal fluid pressure changes, 
or cervical/cranial muscle tension), or a complex
combination of these factors (Table 12.3).

Exploding head syndrome

Considered rare and benign84 and probably a sleep
rather than a headache disorder, exploding head
syndrome has been seldom studied. 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 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.85

MECHANISMS

The convergence of sleep and headache disorders is
generally believed to have its basis in neuro -
anatomic connections and neurophysiologic
mechanisms, involving especially the hypothala-
mus, serotonin, and perhaps melatonin.4 Wakeful-
ness depends principally on the functioning of the
reticular activating system in the brainstem, main-
tained by influences of cortical neurotransmitters
such as norepinephrine (noradrenaline), dopa -
mine, and acetylcholine. NREM sleep is primarily
controlled by influences from the basal forebrain,
with NREM sleep functions maintained by 
�-aminobutyric acid (GABA) from basal forebrain
neurons. REM sleep-generating processes have
been localized within the dorsolateral pontine
tegmentum. REM sleep is initiated by release of
acetylcholine, which activates pontine neurons.
Serotonin is abundant in the dorsal raphe nuclei
and has a well-established but incompletely delin-
eated role in acute migraine. The trigeminal
nucleus caudalis in the pons and midbrain has
been considered to be a potential ‘migraine gener-
ator’ by some researchers, since there appears to be
activation of vascular structures supplied by this
nucleus during migraine attacks.86,87 However,
many migraine symptoms, especially those associ-
ated with prodrome and aura, are more likely to be
the result of hypothalamic or cerebral cortical
activity, and include clinical features such as yawn-
ing, 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
(periaquaductal gray matter). The hypothalamus
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Table 12.3 Potential mechanisms for morning
headache in sleep-disordered breathing

� Hypoxemia and hypercapnic vasodilatation
� Autonomic surges and blood pressure

dysregulation associated with resuscitative
arousals

� Sleep dysregulation (sleep fragmentation, 
sleep-stage alteration, sleep deprivation) 
from resuscitative arousals

� Increased intracranial pressure during apneas
� Daytime sleepiness and fatigue
� Changes in head and neck position, with altered

muscle tension and afferent activity
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Table 12.4 Obstructive sleep apnea: signs and symptoms

Clinical symptoms Risk factors

� Habitual snoring � Obesity (increased body mass index, neck, chest, waist, hips)
� Wake gasping � Male gender (male preponderance less in elderly)
� Witnessed apnea � Age (positive correlation)
� Morning headache � Family history
� Hypersomnia or insomnia � Craniofacial morphology and oral anatomy
� Night sweats � Neuromuscular disorders
� Nocturia � Substances (e.g., tobacco, alcohol, sedatives)

SLEEP AND HEADACHE DISORDERS 167

has exhibited specific activation during cluster
headache attacks.88 Melatonin is well established as
a factor in circadian rhythmicity, and might have
therapeutic efficacy in cluster headache.89,90 Fur-
ther study of headache syndromes that exhibit
chronobiologic patterns, such as cluster headache,
have the most potential to provide a clearer under-
standing of the anatomic and physiologic links
between headache and sleep.

CLINICAL IMPLICATIONS

While there are no empirically established algo-
rithms to guide clinical practice, there are now at
least a few empirically supported tenets. The
review provided in this chapter suggests the 
following:

� Morning headache is a particular although
non-specific indicator for sleep disorders.

� The identification and management of a pri-
mary sleep disorder in the presence of headache
may improve or resolve the headache (headache
secondary to primary sleep disorder).

� Headache patients exhibit a high incidence of
sleep disturbance, which might trigger or exa -
cerbate headache.

� Headache may improve with regulation of sleep.

� Sleep efficiency might improve with effective
headache control.

For headache practitioners, several sources3,7,8,11

have emphasized the merits of a thorough clinical
interview examining the headache pattern and his-
tory in relation to the sleep/wake cycle. When
headache frequently occurs during or after sleep
onset or upon awakening, it is prudent to screen
for presence of significant sleep disorder or distur-
bance. The identification of obstructive sleep
apnea or other sleep-related breathing abnormali-
ties is particularly important because of the poten-
tial for headache to improve with treatment of the
apnea23,27,28,66,68,78,79 as well as to avert the signifi-
cant morbidity and mortality associated with sleep
apnea.91 Clinical symptoms92 and risk factors93,94

for OSA are presented in Table 12.4. An over-
weight headache sufferer, such as those with a BMI
� 25, awakening with headache should particu-
larly be questioned about snoring and other symp-
toms of sleep apnea.64 Adding to the conundrum
are observations that obesity might also be a risk
factor for the transformation of episodic headache
to chronic headache forms, thereby creating a
potentially adverse influence on sleep efficiency
and a vicious cycle of headache and sleep distur-
bance.95
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The probable presence of OSA, hypersomnia,
and other sleep disorders warrants referrals for poly-
somnographic confirmation of the diagnosis and
initiation of appropriate treatment. Identification
and management of primary sleep disorders can be
crucial not only for optimal head pain manage-
ment but also for managing the often substantial
medical consequences of the sleep disorders them-
selves. Reevaluation of the headache 1 month fol-
lowing the initiation of treatment for the sleep
disorders is recommended. Notably, morning
headache related to sleep apnea might present as
tension-type, migraine, cluster, or other non-
specific headaches.14

Sleep disturbances may trigger or exacerbate
headache, and therefore identification of sleep-
related triggers may facilitate management of pri-
mary headache disorders.18–21,51–53,55,56 Headache
triggers are probably most accurately identified by
prospective self-monitoring, because patients are
often unaware of behavioral and psychosocial pre-
cipitants. Headache diaries can be highly informa-
tive for patients and clinicians to identify
previously unrecognized headache patterns and
precipitants. Figure 12.1 shows a headache diary
structured to identify sleep patterns and distur-
bance as well as a wide range of other common
headache triggers (see the Appendix for patient
instructions). The diary yields information con-
cerning regularity of the sleep/wake cycle, disorders
of sleep onset and maintenance, total sleep time
and efficiency, napping, etc. Sleep disturbance can
be treated with behavioral sleep management and
pharmacologic therapy, with outcomes being 
monitored in the headache diary over time. Sleep
patterns may impact the choice of prophylactic
headache treatments, with more sedating agents
being preferred in cases of insomnia and more alert-
ing or neutral agents for hypersomnolent headache
patients.3,8,11 Behavioral and psychosocial factors
that can trigger or exacerbate both headache and
sleep disorders (e.g., stress, caffeine use, and
lifestyle) also warrant careful assessment, and may
prove important targets for treatment for patients
with sleep-related headaches.

LIMITATIONS OF THE RESEARCH
LITERATURE

The evidence base concerning sleep and headache
is characterized by significant methodologic limi-
tations that probably account, at least in part, for
inconsistent results identified in the literature
described above. These limitations are wide-ranging
and encompass such concerns as lack of standard
criteria to determine headache and sleep disorder
diagnoses, inappropriate research design, inade-
quate sampling methods, lack of objective out-
come measures, and inconsistencies in data
reporting. Historically, the nosologies to diagnose
sleep-related headaches have provided little gui -
dance. Although improved over earlier versions,
even the revised editions of ICHD-II and ICSD-II
have not been empirically validated and continue
to be imprecise in their provisions for sleep-related
headache and not particularly consistent with each
other. Many studies have reported no formal
headache diagnosis so as to allow a comparison of
symptoms and outcomes across studies. The popu -
lar terminology ‘morning headache’ likely includes
many different forms of headache with varying
pathophysiologies, and introduces substantial vari-
ance into the research equation.

Research methods have varied widely across
studies, and sampling methods and study popula-
tions are often not well described. Earlier studies,
in particular, employed very small and selected
diagnostic groups rather than larger unselected
samples of headache patients or the general popu-
lation. A small number of subjects might be
unavoidable in some circumstances because of the
rarity of certain disorders (e.g., hypnic headache
and chronic paroxysmal hemicrania). However, it
is a more common circumstance that a clinical
study was designed to employ samples of conveni -
ence, which are unlikely to adequately represent
the population and phenomenon of interest. Many
studies report single-group outcomes, and few
have employed rigorous controls.

Many of the available studies have relied on
unsystematically collected and subjective data. 
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The studies that did use objective polysomno-
graphic data to quantify measures of sleep have
tended to include small numbers of subjects. In
other studies that did include a larger number of
subjects, the polysomnographic data were often
collected for other clinical purposes and not specif-
ically in a study that was prospectively designed to
evaluate the associations of sleep and headache. 
No doubt, this limitation is an unfortunate con-
sequence of the substantial costs and labor
involved in conducting polysomnography. While
there are cost-competitive tools available, such as
actigraphy and EEG cassette recordings, these
have rarely been employed. Even very low-cost
tools, such as standardized questionnaires and dia -
ries, have been rarely utilized in this field of study.
Finally, reporting of results, as in many areas of
research, has been highly variable. A research base
with commonly inconsistent diagnoses, low statis-
tical power, skewed populations, multiple sources
of variance, limited controls, and often lacking
objective measurement and inconsistent reporting,
is likely to yield the contradictory outcomes and
interpretations observed in the review provided by
this chapter.

CONCLUSIONS

The association between headache and sleep has
been long recognized in the medical literature, but
is still not well understood. Although few clini-
cians would dispute the substantial 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 methodologic limitations
among 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 neuroanatomic structures and neuro-
physiologic processes. With rapid scientific advan -
ces and the growth in knowledge regarding the
complex interrelationships of functional ana -
tomic, neurologic, and molecular processes occur-
ring over the last decade, there is great promise
that future research specifically designed to exam-
ine and better understand the associations of
headache and sleep disorders is close at hand.
Regardless, there are now at least a few empirically
supported tenets to guide clinicians in identifying
headache that is a consequence of primary sleep
disorders, identifying sleep variables that may
impact headache threshold, and thereby provi -
ding a means by which to improve headache
management.
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APPENDIX*

Instructions for Daily Headache Self-Monitoring Form

Self-Management Training Program for Chronic Headache

These forms are designed to help you keep a careful record of your: daily headache intensity levels, stress,
disability, medication use, meal pattern, sleep (pattern, quality, amount), basal temperature (women only),
and menses (women only). Each page contains seven grids – one for each day of the week. You may want
to fold the sheet so you can carry it with you in your pocket or purse. Each grid has several spaces running
horizontally that correspond with times of the day (12 AM to 11 PM) for each day of the week. These boxes
will be used to keep track of headache intensity, disability, stress, sleep, and meals. On top of the page are
rating scales for headache intensity, disability, stress, sleep amount, and sleep quality. There is a large box
at the top of the front page for listing medications that you take weekly. There are also boxes for keeping
track of daily medications that are not used regularly. And finally, there is space available for making daily
comments on any day of the week.

We would like you to rate each day’s headache intensity, disability, and stress at least four times each
day. Most people find it easiest to make ratings at the same times each day. People also find it helpful to
pair the act of recording with some other daily event to help them remember to record. For example, you
might record (1) at breakfast or when you first get up, (2) at lunch time or when you hear noon church
bells, (3) at supper time or when you first get home from work or school, and (4) at bedtime or when
your favorite evening TV show begins. If you should happen to forget to make a recording at your usual
time, please fill in the grid just as soon as you remember. In addition, whenever you take medication for
a headache, please indicate the amount and type of medication in the space provided for that day.

Each time you update the grid put the ratings in the boxes that correspond to the time of day that
you are rating. For example, if you are making ratings for 6 AM Monday, then indicate the level of your
headache, disability, and stress in the boxes of the column for 6 AM Monday. Put the number in the box
that best describes how you are feeling at that time. For headache intensity you will put a number from
0 (NO HEADACHE) to 10 (EXTREMELY PAINFUL HEADACHE), for disability level you will put a
number from 0 (NO IMPAIRMENT) to 10 (COMPLETELY IMPAIRED), and for stress you will put a
number from 0 (NO STRESS) to 10 (EXTREMELY STRESSED). Don’t be overly concerned with the
exact rating level you select; your first impression is probably the best estimate. If you have a day with no
headache, please be sure to complete the grid anyway. To indicate your sleeping pattern, you will place
an ‘X’ in the boxes that correspond with times that you were asleep. If you slept for only half of the hour,
then place a ‘/’ in the box. For indicating meals and snacks, place an ‘X’ in the hourly boxes that corres -
pond with times of the day that you ate a meal or a snack.

Also, once a day you will rate your sleep amount and your sleep quality in the single boxes to the right
of each day’s grid. When you rate your sleep amount, you will place the number corresponding to how
much you think you slept from 0 (TOO LITTLE) to 10 (TOO MUCH). When you make this rating, we
want you to tell us what you feel about your sleep amount, not how much experts tell you you should
have. For example, some people might sleep 8 hours, but still feel like it was too little. On the other hand,
other people might sleep 8 hours and think it was too much. Additionally, you will rate your sleep 

*Reproduced from Rhudy JL, Penzien DB, Rains JC. Self-Management Training Program for Chronic Headache: Therapist
Manual, 2006, with permission of the authors.
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qua lity by placing the number corresponding to your experience ranging from 0 (VERY POOR) to 10
(EXCELLENT).

EXAMPLE FORM

[The following notes refer to an example form not shown in this book.] You can see that on Monday,
Marcy reported NO HEADACHE (intensity 0) at 6:00 AM when she got up. At noon, she had a
SLIGHTLY PAINFUL (intensity 2) headache, by supper time (6:00 PM) she reported a PAINFUL (inten-
sity 6) headache, and just before bed (10:30 PM) it had decreased to SLIGHTLY PAINFUL (intensity 2).
Her level of disability was the same throughout the day, MINIMALLY IMPAIRED (2) at 6:00 AM, 12:00 PM,
6:00 PM, and 10:30 PM. But, Marcy has a stressful job, so her stress level decreased after she came home
from work. It started out as VERY STRESSED (8) when she awoke (9:00 AM) and remained high at
noon. Her stressed dropped by supper (6:00 PM) to SLIGHTLY (2) and she experienced NO STRESS
(0) as she went to sleep (10:30 PM).

To indicate that she awoke at 6:00 AM, she marked an ‘X’ in the boxes corresponding to 12AM, 1AM,
2AM, 3AM, 4AM, and 5AM. She took a 30 min nap at 7:30 PM, so she put a ‘/’ mark in the sleep box cor-
responding to 7:00 PM. She fell asleep at 10:30, so she put a ‘/’ mark in the sleep box for 10:00 PM, and
an ‘X’ in the sleep box corresponding to 11 PM. She ate breakfast at 7:00 AM, lunch at 12:00 PM, a snack
at 3:00 PM, and supper at 6:00 PM. Therefore, she placed ‘X’s in the meal/snack boxes for 7 AM, 12 PM,
3 PM, and 6 PM.

Upon waking, Marcy took her body temperature and found that it was 98.6
, so she indicated this in
the box marked ‘TEMP’. Since she was not menstruating on Monday, she circled the ‘N’. Marcy also made
a subjective rating of her sleep amount by putting a 3 in that box, indicating it was somewhat too little.
She thought the sleep that she did get was FAIR, so she placed a ‘4’ in the box for ‘SLEEP QUALITY’.

Marcy took 2 aspirin and 1 butalbital (50 mg) for her headache on Monday. She also noted in the
comments box that her nap seemed to help reduce her headache intensity.

When filling out each grid, please be sure to write your name and the dates of the week on each page.
If you have any questions about these recording procedures, feel free to call and ask for advice.
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Sleep and infection

Linda A Toth, Ming Ding, Rita A Trammell

SLEEP AND HEALTH

Sleepiness and sleep quality broadly influence
measures of general health, particularly impacting
perceptions about energy and fatigue. Obtaining
adequate amounts of sleep is generally viewed as
important for promoting clear thinking and feel-
ings of general well-being and for reducing acci-
dents and related injuries. For example, studies of
medical interns and residents indicate that fatigue
related to loss of sleep increases numbers of motor
vehicle accidents and medical errors and could
decrease the quality of patient care.1,2 In another
study, healthy young adults exposed to one night
of sleep loss had slower and more variable reaction
times, more errors of commission and omission,
and impaired error correction.3 Such studies indi-
cate that in these general ways, sleep promotes 
performance.

Some epidemiologic studies of human popula-
tions support a relationship between unusually
short night-time sleep durations and decreased life
expectancy, although others do not.4–10 In Drosophila,
a point mutation in the Shaker gene results in a
short-sleep phenotype and reduced lifespan.11 This
finding indicates that even a single gene can pro-
foundly affect both sleep and survival. Sleep may be
as important as proper nutrition for general health
and well-being and has been called ‘nutrition for
the brain’.12 Adequate amounts of sleep may pro-
mote resistance to infectious disease, and sleep loss

may temporarily impair immune responses and
increase susceptibility to infection.13,14

DOES SLEEP INFLUENCE THE
IMMUNE RESPONSE?

The immune system functions at both local and sys-
temic levels to generate complex coordinated and
highly regulated host defense responses that affect the
entire organism. Sleep, like an immune response, is
characterized by a complex and highly regulated alter-
ation of endocrine and autonomic and central nervous
system (CNS) processes. The complexity, multifaceted
nature, and systemic scope of these two physiologic
processes suggest the likelihood of interactions. Thus,
physiologic differences between the states of sleep
and wakefulness could differentially modulate
immune responses.15 For example, early nocturnal
sleep, which is dominated by slow-wave sleep (SWS),
is associated with a shift in the Th1/Th2 cytokine bal-
ance toward increased Th1 activity, with an increase in
the ratio of interferon-� to interleukin-4 (IFN-� to
IL-4)-producing T helper cells; in contrast, during late
nocturnal sleep, in which rapid eye movement sleep
(REMS) is dominant, the Th1/Th2 balance shifts
toward Th2 dominance.16 However, an important
issue in the evaluation of sleep-related alterations in
immune function is the determination of whether
small but statistically significant changes in immune
indices reflect biologic or clinical significance.17,18
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Some data suggest that sleep patterns reflect the
progression of disease processes, the prognosis, or
the clinical outcome. For example, in rabbits inocu-
lated with E. coli, S. aureus or C. albicans, a pro-
longed phase of enhanced sleep after microbial
challenge is associated with a more favorable prog-
nosis and less severe clinical signs than in a short
period of enhanced sleep.19,20 Rabbits that eventu-
ally die exhibit significantly less sleep than rabbits
that survive the infection, whereas animals with
the greatest increases in SWS have the lowest mor-
tality rates.20 Associations between absent or
diminished sleep, reduced electroencephalogram
(EEG) amplitude, and imminent death also occur
in aged mice prior to spontaneous death,21 in mice
with fatal experimental rabies infections,22,23 and
in rats that die subsequent to chronic sleep depri-
vation and septicemia.24–26 The total amount of
sleep and the EEG amplitude during sleep also
gradually decline in rabbits that are chronically
infected with trypanosomes.27 These observations
suggest a prognostic value for sleep during infec-
tious disease, but also imply that sleep may pro-
mote recuperation, potentially via facilitation of
immune efficacy.

DOES SLEEP LOSS INFLUENCE THE
IMMUNE RESPONSE?

The impact of sleep loss on immune competence
is difficult to assess experimentally. Because stress
influences the immune response, effects caused by
loss of sleep must be differentiated from those
associated with non-specific stress generated by
the procedure used to induce sleep loss. Some
approaches to inducing sleep loss in animals elicit
relatively few of the classic physiologic signs of
non-specific stress (e.g. the so-called disk-over-water
method),28 whereas others (e.g. the ‘flower pot’
method of causing REMs deprivation) cause res -
ponses traditionally thought to reflect stress (e.g.,
elevated catecholamines or glucocorticoids).29,30

Increased catecholamines or glucocorticoids are gen-
erally not present in humans undergoing sleep

deprivation,31–35 perhaps because humans can volun-
tarily choose to go without sleep. However, the
sleep loss that humans experience as a ‘normal’
facet of life may frequently be associated with
stressful situations that necessitate or otherwise
contribute to loss of sleep (e.g., examinations, bereav -
ement, shift work, or depression).

Several human studies have quantified various
measures of immune function after varying peri-
ods of partial or total sleep deprivation. These
studies typically use small numbers of subjects and
vary substantially in terms of the parameters
mea sured, the environment of the subjects, the
degree of sleep loss, and other factors. Some
studies report that sleep deprivation alters parti -
cular immune parameters,31,33,35,36 whereas others
do not find significant changes.18,37 For example,
in studies evaluating natural killer (NK) cell
numbers or activity, some groups report increases
in sleep-deprived subjects,31 whereas others report
decreases.33,38 Some studies report altered responses
to antigens or mitogens.31,33,35,36 For example,
volunteers who underwent influenza vaccination
in association with chronic partial sleep restriction
generated less than half the antibody titer of
participants who were permitted normal sleep.39

Similarly, one group reported that mice that were
immunized against influenza virus in association
with sleep deprivation failed to clear the virus from
the lung upon subsequent challenge, whereas
rested mice completely cleared the virus, but others
have failed to replicate this finding.40 A comparison
of immune function in persons with chronic insom-
nia or good sleep implies that chronic insomnia is
associated with lower numbers of cells in various
lymphocyte subpopulations and perhaps with an
associated impairment of cellular immune compe-
tence.41 Monocytes collected from persons who
have undergone sleep loss show greater ability to
produce tumor necrosis factor � (TNF-�) and IL-
1�42 when stimulated with endotoxin.44 Sleep loss
also leads to enhanced nocturnal plasma IL-1-like
and IL-2-like activity.33 An increased infection rate
has been reported in some studies of sleep-
deprived subjects,43 but not in others.31
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Most reports evaluating the impact of sleep loss
on the immune system have studied animals or
people that are overtly healthy and that are not
experiencing a substantive immunologic challenge
coincident with sleep loss. However, fragmented
sleep, non-restorative sleep, and inadequate
amounts of sleep could severely impact elderly or
patient populations despite few significant adverse
immune consequences in young, healthy individu-
als. Furthermore, stress- or illness-induced activa-
tion of the glucocorticoid system could act
synergistically with sleep loss to impair host defense
responses such as antibody production or micro-
bial clearance.44 For example, chronic stress that is
associated with sleep loss impairs immune
responses to influenza vaccination in elderly
humans.45 Sleep disruption can be profound in
hospitalized patients and nursing home resi-
dents.46,47 For example, SWS occupies less than
1% of the night during the 5–8 days after open-
heart surgery.46,48 A better understanding of such
interactions could have important health implica-
tions for hospitalized patients and nursing home
residents, who commonly experience severe dis-
ruptions in normal patterns of sleep.

The contention that sleep loss impairs immune
competence is most strongly supported by observa-
tions that chronic sleep deprivation of rats results in
intestinal bacterial proliferation, microbial penetra-
tion into lymph nodes, septicemia, and eventually
death.24–26,28,49–51 Bacterial penetration into nor-
mally sterile tissues during prolonged sleep depriva-
tion implies the development of immune
insufficiency and abnormal host defense, and sug-
gests that long-term sleep loss increase susceptibil-
ity to infectious disease. Rats subjected to chronic
sleep deprivation did not show changes in spleno-
cyte responses to mitogens, although circulating
lymphocyte numbers were reduced.52 More exten-
sive characterization revealed that as sleep depriva-
tion progresses, rats develop neutrophilia and
monocytosis, an evolving pro-inflammatory state,
as reflected by serum cytokine levels, and increases
in multiple serum immunoglobulin classes.53

However, despite these indications of immune

activation, these animals do not clear bacteria
and toxins,53 suggesting the development of compe-
ting anti-inflammatory processes or interference
with immune effector functions during sleep
deprivation.

Other studies also suggest that sleep-deprived
rodents undergoing antigenic challenge develop
functionally significant immune perturbations. For
example, secondary antibody responses to antigenic
challenge are impaired in sleep-deprived mice and
rats.40,54 Sleep loss is also reported to retard both
viral clearance and the development of a protective
antibody response in influenza-infected mice,54 but
others have not confirmed this finding.55,56 Loss of
sleep may also modulate other physiologic respon -
ses related to immune or acute-phase responses. For
example, sleep deprivation exacerbates fever in 
E. coli-inoculated rabbits,57 non-pyrogenic doses of
sheep red blood cells elicit fever when administered
to sleep-deprived rats,17 and intracerebroventricular
administration of saline or immunoglobulins
induces fever in sleep-deprived but not in rested
rats.58 Sleep deprivation is also reported to exacer-
bate anticoagulant-induced anemia59 and to retard
tumor growth in rats.51 Sleep deprivation was
recently reported to cause death in cyc01 mutant
Drosophila in association with reduced expression
of heat-shock genes after sleep loss.60

Taken together, the data that are accruing from
both animal and human studies suggest that
short-term sleep loss may be accompanied by
enhanced non-specific host defense mechanisms,
whereas chronic or prolonged sleep loss may result
in immune impairment.61,62 Similar arguments
have been posed for the relationship between
immune function and stress, particularly as
reflected by elevations in circulating glucocorti-
coid levels.63

DOES INFECTIOUS DISEASE
CHANGE SLEEP?

The quantitative and temporal changes that
develop in sleep throughout the course of an 
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infectious disease have been characterized in ani-
mals infected with various bacteria, viruses, and
parasites. The precise characteristics of infection-
related changes in sleep vary with the specific
microorganism, the route of infection, the genetic
background of the host, and differences in the
disease process. For example, rabbits made sep-
ticemic by intravenous inoculation with Pasteurella
multocida exhibit a different pattern of sleep responses
than do rabbits that are infected intranasally, which
causes pneumonia.64 In general, rabbits with bac-
terial infections develop an initial increase and a
subsequent decrease in the amount of time spent
in SWS, whereas REMS is consistently reduced.65

Infected rabbits also typically develop fevers. How-
ever, the fevers generally persist beyond the period
of enhanced sleep. Thus, the temporal patterns of
changes in sleep and temperature differ. The
administration of killed bacteria and isolated bacte-
rial components can elicit increased SWS, and treat-
ment of animals with bacteriocidal antibiotics
attenuates but does not eliminate the development
of microbially induced changes in sleep.19 Thus,
viable bacteria and bacterial replication are not
necessary to induce alterations in sleep.

The sleep patterns of rabbits infected with the
fungal organism C. albicans are similar to those of
rabbits with bacterial infections.66 However, mice
infected with C. albicans show qualitative and
quantitative variation in both sleep and tempera-
ture, depending on the background strain of the
infected mouse (Toth, LA, unpublished work).
Mice also show strain variation in the sleep
responses that develop during influenza infec-
tion.67 The different sleep patterns that emerge
during infection probably reflect activation of host
defense systems.15 Sleep–wake behavior may be
more sensitive to the activation of host defense
mechanisms than are the thermo regulatory or
endocrine systems.68

The human condition known as fatal familial
insomnia is associated with prion-related neuronal
degeneration in the thalamus.69 Animal studies also
indicate that prions can influence sleep. Mice that
genetically lack the prion protein gene demonstrate

alterations in both sleep and circadian rhythms.70,71

Rats inoculated with brain homogenate from scrapie-
infected animals and cats inocu lated with brain
homogenate from a human with Creutzfeldt–Jakob
disease gradually develop apparent drowsiness,
increased SWS time, reduced wakefulness, and
abnormal EEG and REMS patterns.72–74

Some studies have reported the effects of infec-
tion on sleep in humans. For example, volunteers
who were inoculated with influenza virus or rhino -
virus slept more during the symptomatic period,
but their sleep quality was lower during the incu-
bation period.75 Children with HIV infection had
significantly lower sleep efficiency than the control
group.76 Initial polysomnographic studies of
asymptomatic adult men infected with HIV
revealed a significant increase in the percentage of
time spent in SWS during the second half of the
night; frequent night-time awakenings and abnor-
mal REMs architecture were also comon.77–79

How ever, recent analyses suggest that pain and
psychologic and psychosocial co-morbidity are
major determinants of disturbed sleep in HIV
infection.80–82 Nonetheless, regardless of the proxi -
mal cause, sleep complaints are a common prob-
lem in HIV-infected populations.83 Persons with
trypanosomiasis (‘sleeping sickness’) develop frag-
mented nocturnal sleep and increased daytime
sleep.84 In rabbits, subcutaneous inoculation with
Trypanosoma brucei brucei increases sleep after a
latency of several days, coincident with the onset
of fever and other clinical signs of illness.27

Somnolence continued to occur in association
with the episodic recrudescence of parasitemia.27

In addition to such episodes of hypersomnolence,
loss of the normal circadian organization of sleep
also develops during chronic trypanosomiasis in
rabbits, rats, and humans.27,84–86 The qualitative and
temporal variation in sleep patterns after micro bial
infection may explain the apparently inconsistent
changes in sleep reported in some studies of
humans with spontaneous infections.83–88 Adminis-
tration of bacterial endo toxin affects sleep in both
people and animals. In rats, endotoxin administration
promotes non-REMS (NREMS) during the active
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(dark) phase and decreases REMS during both the
rest and active (i.e., light and dark) phases of
the diur nal cycle.87–89 Endotoxin also suppresses
REMS and prolongs REMS latency in
humans,90,91 but its effects on NREMS depend on
the dose and time of administration.91 Increases in
the amount and intensity of nocturnal NREMS
consistently develop only after the administration
of subpyrogenic doses of endotoxin given shortly
before the normal evening onset of sleep.90,92

Administration of a mildly pyrogenic dose in the
evening increases NREMS during the night;93

however, administration of the same dose in the
morning does not alter daytime NREMS.90

Higher pyrogenic doses of endotoxin disrupt sleep
and suppress NREMS.91

MEDIATORS OF SLEEP CHANGES IN
RESPONSE TO IMMUNE CHALLENGE

As reviewed above, a substantial literature
describes specific alterations in sleep amount and
architecture during infections with a variety of
pathogens. A compelling hypothesis is that the
host response associated with microbial infections
alters the expression of immune-modulatory sub-
stances that also regulate sleep. Various microbial
components both trigger immune responses and
elicit alterations in sleep during bacterial and viral
infection (e.g., muramyl peptides and lipopoly -
saccharide in bacterial infections, and double-
stranded (ds)RNA and envelope glycoproteins
during viral infections). Research that began in the
1970s demonstrates that one class of immune
effectors, cytokines, are powerful modulators of
sleep–wake behavior. Observations that cytokine
expression and protein levels change in response to
microbial infection and that cytokines and their
receptors are synthesized in the brain support a
role for cytokines as mediators of infection-
induced alterations in sleep. Most reports have
focused on IL-1� and TNF-�.

Abundant evidence implicates IL-1 in the 
regulation of sleep. In general, substances or

manipulations that induce IL-1 synthesis or release
increase SWS, whereas substances that inhibit
the synthesis or actions of IL-1 reduce SWS
(reviewed in references 94 and 95). IL-1 receptors
are widely distributed throughout the CNS,
including important sleep-regulatory regions such
as the hypothalamus.96 IL-1 mRNA also occurs in
many brain regions, and in rat brain varies diur-
nally, with its highest expression during the sleep
phase of the diurnal cycle.97 In humans, plasma
IL-1 levels peak at sleep onset,98 and measurable
levels are detected more frequently in plasma sam-
ples collected during sleep rather than waking.99

Prolonged wakefulness is associated with increased 
IL-1 mRNA,100 and IL-1 protein is detected in
plasma more frequently after sleep deprivation
than during spontaneous sleep.58 Anti-IL-1 treat-
ments attenuate or prevent the rebound sleep that
typically develops after sleep loss.58,101,102 Collec-
tively, these data provide strong evidence that IL-1
is involved in the regulation of sleep under normal
conditions.

Evidence supporting a role for TNF in sleep
regulation is similar to that for IL-1. TNF
mRNA103 and TNF protein concentrations104 vary
diurnally in rat brain, with peaks occurring during
the sleep phase. In humans, peak plasma concen-
trations of TNF protein occur during sleep,99 and
plasma TNF-� concentrations correlate with
EEG slow-wave activity.105 Administration of
TNF increases SWS time and EEG slow-wave
amplitudes in a variety of species.106–109 Direct
disruption of the TNF system with antibodies,
binding proteins, soluble receptors, or receptor
fragments reduces normal spontaneous SWS,110

the enhanced SWS that occurs after sleep loss,111

and the sleep response to increased ambient tem-
perature.112 Mice that lack the 55 kDa TNF recep-
tor sleep less than control mice.106 Collectively,
these data support a role for TNF in the regulation 
of sleep.

Accumulating evidence suggests that the
cytokine IL-6 also modulates sleep, particularly
during conditions of immune challenge. IL-6 is
elevated in persons with conditions associated with
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excessive daytime sleepiness (e.g., narcolepsy and
obstructive sleep apnea).113 IL-6 concentrations
vary in phase with sleep–wake behavior in
humans114,115 and in rats,116 and prolonged wake-
fulness increased IL-6 concentrations in plasma of
healthy humans117,118 and in the brain and serum
of rats.116,119 In human volunteers, administration
of IL-6 increased SWS during the latter half of the
night.120 Although initial studies of central or
peripheral administration of human recombinant
IL-6 in rabbits did not reveal changes in sleep,121

a subsequent study in which rat IL-6 was admin -
istered centrally to rats revealed an initial increase
and subsequent reduction in NREMS.122 Central
administration of anti-rat IL-6 did not alter
sleep–wake behavior of normal rats.122 However,
IL-6 knockout mice respond to sleep loss with a
delayed but quantitatively normal recovery of
NREMS time123 and show significantly less
NREMS in response to lipopolysaccharide (LPS)
administration than does the control strain.124

Taken together, these data suggest that IL-6 may
not be involved in the regulation of NREMS
under normal conditions, but that elevated levels
of IL-6 may alter sleep patterns during certain
pathologic conditions or after immune challenge.

Type I (antiviral, or �/�) and type II (immuno-
cyte, or �) interferons (IFNs) are also sleep-
modulatory cytokines. Type I IFNs have well-known
antiviral properties and may be particularly impor-
tant with respect to virally induced alterations in
sleep. Almost all nucleated cells can produce type I
IFNs in response to viral infection, and IFN-�
receptors are present in the brain.125 Viral compo-
nents that induce IFN-�/� (e.g., dsRNA) also
increase sleep.126 IFN receptor I (IFN-RI) knock-
out mice spend less time in REMS than the control
strain, with relatively minor changes in NREMS.127

They also demonstrate a reduced sleep response to
intratracheal challenge with a combination of syn-
thetic dsRNA and IFN-�.128 Patients undergoing
IFN� therapy report excessive sleepiness,129,130

although their sleep may be disrupted rather than
enhanced.131 The administration of human recom-
binant IFN-�/� synchronizes the cortical EEG in

rats,132 increases SWS in rabbits,133,134 and reduces
latency to REMS in monkeys.135

The degree to which sleep patterns change dur-
ing viral infection may depend on the ability of the
organism to mount a type I IFN response. In mice,
IFN-�/� production is regulated in part by the 
If1 gene. C57BL/6 mice produce relatively high
levels of IFN-�/� in response to various chal-
lenges136 and exhibit increased SWS in response to
influenza infection.137 In contrast, BALB/c mice
produce lower levels in response to similar chal-
lenges136 and do not show influenza-related sleep
enhancement.138 B6.C-H28 mice, which have the
BALB/c allele for low IFN-�/� production on the
C57BL/6 genetic background, show C57BL/6-like
sleep responses after challenge with influenza virus
but BALB/c-like responses after challenge with
Newcastle disease virus.138 Thus, the critical factor
mediating alterations in sleep can vary, depending
on the challenge organism. However, because the
Ifl allele also influences the expression of TNF-�
and IL-6, as well as IFN-�/�,139 the precise medi-
ator of these effects on sleep remain uncertain.

PROPOSED MECHANISMS FOR
TRANSMISSION OF PERIPHERAL
IMMUNE SIGNALS TO THE BRAIN

The mechanisms by which proinflammatory
cytokines produced by activated immune cells in
the periphery signal the brain to elicit centrally
mediated acute-phase responses is an important
and unresolved question. Cytokines are large,
hydrophilic proteins that would normally be
unable to cross the blood–brain barrier. Several
non-exclusive mechanisms have been proposed for
cytokine-mediated immune-to-brain communica-
tion: 1. These are saturable transport systems;140–142

2. entry through sensory circumventricular organs
that lack a functional blood–brain barrier;143

3. transduction by afferent sensory nerves, particu-
larly the vagus;144,145 and 4. transduction by
perivascular cells and/or endothelial cells at the
blood–brain interface.146
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Studies evaluating immune–brain communica-
tion with respect to sleep have focused on trans-
mission of cytokine signals via activation of the
vagus nerve.147–154 Several studies suggest that
gastrointestinal peptides released after eating and
cytokines released during an immune response
may activate vagal afferents that then promote
NREMS. Rats maintained on so-called ‘cafeteria’
diets develop increased NREMS155 and increased
IL-1� mRNA in liver and brain,156 and subdia -
phragmatic vagotomy prevents the change in
NREMS.148 that develops under this condition.146

The increase in NREMS that occurs in rats after
intraperitoneal administration of TNF-�152 and
LPS151 is also attenuated by vagotomy. Similarly,
vagotomy prevents the NREMS-promoting action
of a low intraperitoneal dose of IL-1�, attenuates
the effects of an intermediate dose, and does not
alter the effects of a high dose.149 Vagotomy also
blocks the induction of IL-1� mRNA in the 
hippocampus and brainstem produced by IL-1
administration in rats and significantly attenuates
the effect in the hypothalamus.157 The presence of
IL-1 receptor mRNA and IL-1-binding sites on
glomus cells in the vagus nerve and increased affer-
ent activity of the vagus after intraportal injection
of IL-1 is consistent with a role for the vagus in
generating the sleep changes that develop after
peripheral administration of IL-1.145,158,159 The
finding that vagotomy attenuates but does not pre-
vent the NREMS-promoting activity of IL-1 and
TNF indicates that other mechanisms also relay
peripheral cytokine signals to the brain.

SUMMARY AND CONCLUSIONS

The impact of peripheral immune signals on sleep
undoubtedly depends on a wide variety of factors,
including the route of administration of peripher-
ally administered cytokines or infectious organisms,
the anatomic location and nature of the immune
response generated during various types of infec-
tious disease, and host factors (e.g., stress, diet, and
genetic background). Infectious disease and sleep

appear to exert bidirectional influences on each
other via effects on the immune system. Infection
induces immune responses, which then impact
sleep. Conversely, appropriate sleep promotes
immune competence and perhaps promotes disease
resistance. Sleep disorders that result in sleep loss
and increased daytime sleepiness may be a risk
factor for medical health problems.
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Narcolepsy: Psychosocial, socioeconomic,
and public health considerations

M Goswami, SR Pandi-Perumal

SYMPTOMS OF NARCOLEPSY

The earliest reported description of narcolepsy
appears to be that 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 18805

who ascribed the term narcolepsie to describe a
condition characterized by brief episodes of irre-
sistible sleep and by falls (astasias) associated with
emotional stimuli.

Narcolepsy is a chronic debilitating neurologic
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 intrusion of
rapid eye movement (REM) sleep into wakefulness.
Characteristically, patients report relief of discom-
fort from episodes of sleep attacks upon taking
short naps. Cataplectic attacks, another form of
REM intrusion, are usually evoked by a strong or
deeply felt outburst of intense emotional expression
such as laughter, joy, anger or fright, surprise, amuse-
ment, or excitement.7,8 Yoss and Daly9 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 halluci-
nations (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 com-
binations and degrees of severity.8

Cataplexy is characterized by a sudden bilateral
loss of postural muscle tone – weakness with loss
of deep tendon reflex 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 para lysis, and auto-
matic behaviors (the performance of routine tasks
without awareness e.g., talking, driving, or writing)
are auxiliary symptoms; fatigue, cognitive impair-
ment, 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
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

Chap-14:Sleep  12/15/2006  12:47 PM  Page 191



192 SLEEP AND PSYCHOSOMATIC MEDICINE

DIAGNOSIS

If narcolepsy is suspected, polysomnography
(PSG) and a Multiple Sleep Latency Test (MSLT)
are often used to establish the diagnosis.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 rapid eye move-
ment (REM) sleep in two or more of five daytime
nap periods (MSLT) is abnormal and confirms the
clinical laboratory diagnosis of narcolepsy. Accor -
ding to Stores,8 a combination of EDS and definite
cataplexy can be considered pathognomonic of
narcolepsy.

PATHOPHYSIOLOGY

Narcolepsy is a neurologic 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
(SOREM) sleep,16 which led to a school of thought
that cataplexy, hypnagogic hallucinations, and
sleep paralysis might be due to alterations in REM
sleep regulatory mechanisms.17,18 In 1976, the dys-
function of REM sleep in narcolepsy was empha-
sized.19 However, others supported the idea that
narcolepsy is characterized by abnormalities of
REM and non-REM (NREM) sleep activity.20–22

The pathophysiology of narcolepsy appears to be
related to abnormal expression and manifesta-
tions 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 African–American population. Later,
it was discovered that HLA-DQ6 occur more fre-
quently in persons with narcolepsy with cataplexy
than in those without cataplexy, and subjects were
also found to be DQA1*0102-positive. Also, there
is a positive correlation between DQB1*0602 pos-
itivity and the severity of cataplexy.33,34 This gene
appears to confer susceptibility to narcolepsy; how-
ever, 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 symp-
toms. Experiments carried out on mono zygotic 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 behind narcolepsy.36–38

The role of the neuropeptide hypocretin/orexin in
the pathophysiology is a recent discovery. This neu-
ropeptide was deficient in some cases of narcolepsy,39

and the brains of persons with narcolepsy have
shown an 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 per-
sons 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 people are estimated to have narcolepsy in
the USA.43,44 Epidemiologic studies suggest that
narcolepsy occurs in approximately 1 in 2000 indi-
viduals.8,45,46 It is not as rare as was noted in the
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earlier literature, and may in fact affect as many
people in the USA as multiple sclerosis.47 Similar
prevalence rates have been observed in Europe.48

Sex 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
USA. However, a low prevalence rate (0.0002%)
has been observed in Israel, probably because of a
concurrent low rate of the HLA-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 years.51–53

TREATMENT: NON-PHARMACOLOGIC AND
PHARMACOLOGIC

Presently, there is no cure for this condition; however,
the symptoms of EDS and cataplexy can be amelio-
rated with medications. A comprehensive treatment
plan must be adopted, to help allay the clinical symp-
toms as well as improve health-related quality of life
(HRQOL) of affected individuals. Individual needs
of patients and their reactions to medications play an
important role in the treatment strategy. Non-medical
management includes modifying sleep–wake sched-
ules, 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 will be
seen in the ensuing discussion, to cope with the
effects of narcolepsy on the lives of patients.

The pharmacologic management of narcolepsy
entails the use of stimulants for EDS, tricyclic anti-
depressants for the secondary symptoms, and ben-
zodiazapines to consolidate disturbed nocturnal
sleep.54,55 Other sleep disorders, if present, must
also be treated. Stimulants such as amfetamines,
methylphenidate, mazindol, and wakefulness-
promoting medications such as modafinil are pres -
cribed for EDS. Commonly reported side-effects
of these medications include tremors, irritability,
sweating, gastrointestinal symptoms, headache, nau-
sea, and, in rare cases, dyskinesia, hypertension,
tachycardia, and psychosis. Tricyclic antidepres-
sants such as imipramine, clomipramine, and pro-
triptyline are prescribed for cataplexy. Side-effects
include anticholinergic effects, weight gain, sexual
dysfunction, orthostatic hypotension, and antihis-
taminic symptoms. Selective serotonin reuptake
inhibitors (SSRIs) such as fluoxetine and venlafaxine
are effective in reducing cataplexy and have fewer
side-effects than tricyclics.42

It has been shown that �-hydroxybutyrate
(GHB), an endogenous hypnotic chemical, consoli-
dates night-time sleep and improves sleep disruption,
cataplexy, daytime sleepiness, and other secondary
symptoms of narcolepsy. It is reported to promote
both REM sleep and slow-wave sleep.56 A multi-
center study was conducted on 136 narcolepsy
patients who experienced 3–249 (median 21) 
cataplexy attacks weekly. Three doses of GHB
(as sodium oxybate 3, 6, or 9 g) or placebo were
taken by the subjects in equally divided doses at
bedtime. Compared with placebo, a dose-related
response was observed in the occurrence of cata-
plexy, sleep attacks, and naps. Weekly cataplexy
attacks were reduced at the 6 g dose and signifi-
cantly at the 9 g dose (p �0.0008). The results of
the Epworth Sleepiness Scale (ESS) showed a
reduction at all doses, which was significant at the
9 g dose (p�0.0001). The Clinical Global Impres-
sion of Change (CGI-c) 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
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nausea, headache, dizziness, and enuresis.57 Another
study on 25 patients with narcolepsy–cataplexy
demonstrated dose-related decrease in nocturnal
awakenings and increase in daytime SOL. There
was an increase in slow-wave sleep (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 inves-
tigators is that, in many cases, even with medica-
tions, the symptoms of EDS cannot be 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 psychologic aspects
of narcolepsy. There is a lack of knowledge about
narcolepsy among professionals and lay people.
Narcolepsy may be misdiagnosed as depression or
hypothyroidism; 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 inception of symp-
toms. During this time, the affected individual
may drop out of school or become unemployed
because of the inability to keep 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
role transition from well to impaired state, thereby
precipitating personal and interaction problems
for the individual with family and friends.

The socioeconomic effect impinging on the lives
of patients has been reported.61 International studies,

which included Canada, Japan, and Czechoslovakia,
have shown that work (performance, income, and
job loss), education, driving (accidents or 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 the adverse reaction of medica-
tions (e.g., loss of libido and impotence). Based on
the clinical presentation and the natural history of
narcolepsy, it is suggested that the effects were not
influenced by ethnic, cultural, or genetic factors,
but were disease-attributed. 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 with continuous positive airway
pressure (CPAP)-treated and untreated obstruc-
tive sleep apnea/hypopnea syndrome (OSAHS)
patients.60 The compound effects of narcolepsy
were noted in one study in New York City. 
Unemployment and divorce rates were high in
narcolepsy in comparison with the US national
rates.64

A study in Germany65 has documented the
economic burden of narcolepsy on 75 patients
diagnosed with narcolepsy. Information on the
symptoms of narcolepsy and their economic impact
was obtained through a standardized telephone
interview. A mailed questionnaire was utilized to
assess HRQOL (SF-36 and EQ-5D). The study
measured direct and indirect costs in 2002 Euros.
All values were converted from Euros to 2002 US
dollars (1 US$ � 0.96 Euros) and are presented in
US dollars. Direct medical costs covered medica-
tions, inpatient care (hospital), outpatient care
(doctor visits), and diagnostic testing. Direct
non-medical costs included treatment such as
physiotherapy and home equipment. Nursing and
sickness benefits were included in this category. In
Germany, employees receive sickness 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.
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Direct costs amounted to $3310. Drug costs
were $1060, more than 50% of which were attri -
buted 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 that of diseases such as
Parkinson’s disease, Alzheimer’s disease, epilepsy,
and stroke.65 (Annual direct costs ($3310) plus
indirect costs ($11 860) equals $15 170.)

If we examine this issue of impact from a public
health perspective, it is pertinent to note that,
according to public health reports, automobile acci-
dents are the third leading cause of death and injury
in the USA.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 acci-
dents showed that the proportion of individuals with
sleep-related accidents was 1.5–4 times greater in the
hypersomnolent patient group than in the control
group. Patients with sleep apnea and narcolepsy
accounted for 71% of all sleep-related accidents.
The proportion of patents with sleep-related acci-
dents 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 one or more accident. Among respon-
dents who reported four or more 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 sig-
nificantly higher prevalence (35%; p � 0.002) for
drivers who had been involved in three or more
accidents. Thus, sleepiness was strongly associated
with a greater risk of automobile accidents.74 Early
diagnosis and education about the impact of sleepi-
ness could reduce automobile accidents; however,
most physicians receive little education in the dia -
gnosis and management of sleep disorders.75

Other psychosocial areas of investigation are
described in a comparison study with epilepsy. 

It showed that narcolepsy patients were more affected
at work, had poorer driving records, higher accident
rates from smoking, and greater problems in planning
recreation. Epilepsy patients showed greater prob-
lems 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 with 2406
disabled individuals in order to gain information
for rehabilitation planning. This scale is designed
to measure physiologic (health), emotional, family,
social needs, economic security, economic self-esteem,
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%), physiologic 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 feasi-
bility of employment of persons with narcolepsy is
high; however, the psychologic aspects of narcolepsy
require treatment. Thus, the wide 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 psychologic
and mental health. Difficulty with concentration,
memory, and depression; high anxiety levels; and
apathetic demeanor are described by several
investigators.62,64,79,80 Sours49 described problems
of adjustment in overall functioning in narcolepsy.
Krishnan et al81 reviewed the charts of 24 ambu-
latory 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,
or personality disorder. There were no psychotic
diagnoses in the group. Although the sample is
highly selected, the devastating impact of narcolepsy
is obvious.
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In 1982, Kales et al82 found obsessive–
compulsiveness, depression and anxiety, a tendency to
internalize and control feelings, feelings of frustration
in emotional fulfillment, and impaired interpersonal
relationships among 50 patients with narcolepsy.

In 1986, Baker et al83 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.84

Another devastating effect of narcolepsy is the
complaint of decreased libido or impotence or both
among male patients with narcolepsy.62,81,85 It has
been reported that impotence is a well-documented
side reaction of the tricyclic antidepressants that are
prescribed for cataplexy.85 Depression in narcolepsy
may be another factor accounting for sexual dysfunc-
tion. Cataplexy or sleep attacks during sex are
likely to impair the sexual relationship of partners.

The problem of untoward side-effects of medica-
tions 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.
Amfetamines may cause irritability, mood changes,
headaches, palpitations, sweating, and tremors,86

paranoia, or psychosis with visual hallucinations
and paranoid delusions.87–90 Dyskinesias may also
result from prolonged use of amfetamines.91 Thus,
patients may cease treatment because of the nega-
tive effects of medications on the quality of their per-
sonal and social lives.92 Cessation of treatment may
in turn render the person totally incapacitated, and
unable to work or to participate in meaningful
social activities.

The frequency of alcohol abuse or dependence
was reported in 1989.93 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 (SAAST) showed that 26.8% in the narcolepsy
group scored greater than 7%, which indicates

possible or probable alcoholism, compared with
13.2% of the entire DOES group or 5.4% of the
controls. The cause of this dependence on alcohol
is not known, and may be correlated with person-
ality type or frustrations in coping with the negative
life effects of narcolepsy. Management must include
careful screening, treatment, and support by
appropriate professionals.

Despite the well-known and long-recognized
impact of narcolepsy on psychosocial functioning
and health in general,94,95 only a limited number of
studies have addressed the HRQOL issues.96 The
first clinical trial in narcolepsy to include HRQOL
was conducted to study the effects of modafinil
(Provigil).97 Data were collected in two similar 
9-week double-blind studies. A total of 558 sub-
jects 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 comprising the 36-item Short
Form Survey (SF-36) and supplemental narcolepsy-
specific scales was administered to assess quality-
of-life changes with treatment. These instruments
were pretested on narcolepsy patients in two sleep
centers.98

Compared with the general population, subjects
with narcolepsy were more affected in vitality, social
functioning, and ability to perform usual activities
due to physical and emotional problems. People
with narcolepsy experienced HRQOL effects 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 improve-
ment over placebo in 10 of the 17 HRQOL scales.
When compared with 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,
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self-esteem, and overall health perceptions com-
pared with 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 per-
formance in young people are significantly com-
promised when sleepiness results in sleep attacks
during task performance. Attention, memory, motor,
and cognitive skills are affected by sleepiness.99,100

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 cat-
aplexy are especially embarrassing. These children
benefit by meeting others with the same sleep dis-
order. 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 frustra-
tions, self-doubt, and lack of self-confidence often
experienced by those who are afflicted with this
impairment.

NEEDS OF PERSONS WITH NARCOLEPSY

Although an estimated 250 000 people in the USA
have narcolepsy, 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
by 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 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 manage-
ment of disease, the non-medical aspects of care are
a needed component of treatment. The beneficial
effects of social support in stressful life events have
been examined by several authors;101–103 its buffer-
ing effect has been demonstrated in pregnancy,104

mental health,105,106 and unemployment.107,108

In view of this demand by patients for supple-
mental/alternative care in addition to the medications
prescribed by physicians, it was felt that a survey to
assess the perceived needs of narcolepsy patients
would yield useful information for program deve -
lopment 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 change of address),
68 completed responses were received, eliciting a
response rate of 57%. When respondents and
non-respondents 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%); assis-
tance in making career transitions (50%); trans-
portation (34%); homemaker services (25%);
and homecare services (18%).
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With regard to employment status, 16% were
unemployed and seeking work – a rate higher than
the US average of 7.5%.109

In personal interviews, respondents expressed
fear of traveling alone or in the dark, embarrass-
ment about symptoms of daytime sleepiness and
automatic behavior, and fear of being mistaken for
drug addicts, 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 trans-
portation 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 differ-
ence between a disability and impairment? Accor -
ding to the American Medical Association (AMA)
Guide to the Evaluation of Permanent Impairment,
(page x of Foreword)110 permanent medical impair -
ment is related to the health status of the individ-
ual, whereas disability may be determined within
the context of the personal, social, or occupational
demands or the statutory or regulatory require-
ments that the individual is unable to meet as a
result of the impairment. Again (p 215),110

‘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 voca-
tional 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’.

The laws and regulations that protect people
with disabilities and specifically narcolepsy are
described in detail by Sundram and Johnson.111

Here, we briefly present these laws. The Rehabili-
tation Act of 1973 prohibits discrimination on the
basis of disability under any program or activity
receiving federal financial assistance112 and defines an
‘individual with handicaps’ as a person who has:113

(a) a physical or mental impairment that sub-
stantially limits one or more of the major life
activities of such individuals

(b) a record of such impairments, or

(c) has been regarded as having such an impairment

Narcolepsy, being a neurologic disorder, falls
within this definition. The Americans with Disabili-
ties Act of 1990 (ADA) uses the same definition of
disability as individuals with handicaps under the
Rehabilitation Act, which includes narcolepsy.111

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, which
bars discrimination against the handicapped.
Thus, individuals with narcolepsy are eligible for
services through the state developmental disabili-
ties 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 Retar-
dation 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:

(a) (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 
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mental retardation because such con-
dition 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)

(b) originates before such person attains age 22 year

(c) has continued or can be expected to continue
indefinitely, and

(d) constitutes a substantial handicap to such a
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 deter-
mined from the findings of assessment by using a
nationally normed and validated, comprehensive,
and individual measure of adaptive behavior adminis-
tered by a qualified practitioner. Some patients with
narcolepsy qualify for services and benefits follow-
ing this definition of a developmental disability.

IMPLICATIONS FOR PATIENTS, FAMILY,
AND COMMUNITY

The consequences of narcolepsy on the life of the
patient are several 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 enriching
activities. Anticipation of such attacks is likely to
lead to high levels of anxiety. Depression may
result from dysfunctional relationships and frustra-
tions in achieving life’s 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, quite destitute, and lonely.

At a global level, an undiagnosed case of nar-
colepsy is a loss to the community, since most
individuals with narcolepsy, when proper treat-
ment is instituted, can function normally within
the framework of the family and the work environ-
ment. Lack of awareness of the impact and man-
agement of narcolepsy can result in ineffective
utilization of human resources with a subsequent
drain on the national economy.

RECOMMENDATIONS

Management of narcolepsy

Once a diagnosis has been established, efforts
should be directed toward secondary preventive
measures. This would entail medical and non-
medical strategies for slowing the disease process and
reducing its negative impact. It is clear that, along
with the medications prescribed by physicians, the
psychosocial management of the impact of the
clinical symptoms, diagnosis, and treatment needs
to be provided by special counselors. For example,
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the psychologic effects, problems in interpersonal
relations, education, and employment need the
skills of a professional who has a background in the
social sciences. Moreover, medical professionals must
consider very seriously the problem of iatrogenesis.
Ideal management of the patient should integrate
the medical and non-medical aspects of care to treat
the whole person and not just the disease. This com-
prehensive approach to patient care would improve
the quality of health services, increase patient and
provider satisfaction, and improve health outcomes.

Counseling and support services provided by
professionals must encompass emotional and social
support to enhance coping skills of affected indi-
viduals as well as advocacy to get timely referrals,
diagnosis, treatment, and, when applicable, disability
benefits. Additionally, support that is more instru-
mental in nature (financial benefits for disability
status, homecare services, homemaker services, and
transportation) is an expressed need of narcolepsy
patients.

A sociomedical model of healthcare delivery
that would integrate the medical and psychosocial
basis of care is recommended. In this model, the
medical and social science professionals are envi-
sioned as working in a synergistic relationship toward
the twin goals of ameliorating the impact of a dis-
ability and increasing patient satisfaction – an impor-
tant component of quality of healthcare services.

The importance of self-help groups led by
patients must not be underestimated. These groups,
however, must include diagnosed cases of narcolepsy
and not suspected or questionable cases. Self-help
groups, as well as support groups led by profession-
als, must be incorporated into the existing healthcare
delivery system to provide feedback from patients
and to avoid fragmentation of services – another cru-
cial component of quality of healthcare services.

Public health measures

Narcolepsy is a lifelong illness that calls for com-
prehensive yet sustained care. In light of our obser-
vation that there are delays in seeking professional
help for sleepiness, problems of misdiagnosis, and

lack of awareness about the psychosocial ramifica-
tions of having narcolepsy, we infer that diffusion of
knowledge about narcolepsy has not occurred at the
community level. It is therefore recommended that
public health measures for prevention be adopted.
Information about sleep, alertness, and narcolepsy
must be disseminated to employers, parent groups,
schools, and healthcare professionals. Screening
devices that are simple and inexpensive need to be
developed for use in schools and colleges. Appro-
priate diagnosis and treatment instituted early in
the life cycle of the condition can save the youngster
and the family much frustration. Physicians have
an important role in educating their patients about
the risks of accidents due to EDS. They must have
the tools for diagnosis and management of sleep
disorders and be familiar with the laws and regula-
tions governing driving conditions. Educational
programs for the public, physicians, and drivers are
needed. The AMA has recommended continued
research on devices and technologies to detect EDS
and prevent the deterioration of driver alertness
and performance.114

Education of professionals

Information about sleep, alertness, and narcolepsy
must be provided in medical schools, as well as to
primary care physicians, so that accurate diagnosis
and referral to sleep disorder specialists can be made.
Medical board examinations could include questions
on sleep. This recommendation is based on the
observation that many cases are undiagnosed or mis-
diagnosed by primary care physicians. Difficulties in
getting medications from pharmacists, expressed
by many patients, may be alleviated by directing an
educational campaign toward pharmacists and invol -
ving them in symposia and conferences on sleep.

A sociomedical model of healthcare delivery
would call for the training of a professional with a
background in public health medicine, genetics,
and the social sciences. This professional must also
have excellent communication skills and coordi-
nate patient management strategies with medical
professionals involved in the treatment process.

Chap-14:Sleep  12/15/2006  12:47 PM  Page 200



NARCOLEPSY: PSYCHOSOCIAL, SOCIOECONOMIC, AND PUBLIC HEALTH CONSIDERATIONS 201

Furthermore, awareness of the laws and regulations
governing the rights of patients with narcolepsy will
enable professionals to make appropriate referrals
and become effective advocates.

Finally, professionals must be cognizant of the
menacing effects of such seemingly benign symp-
toms as hypnagogic hallucinations, sleep paralysis,
and automatic behaviors. These symptoms may
cause severe psychologic distress and interpersonal
difficulties. Accidents may result due to automatic
behavior. With awareness of these factors, appro-
priate therapy can be instituted to improve the
quality of life of narcolepsy patients.

Employment

Work lends structure, discipline, personal satisfaction,
and dignity to life. It is also more cost-effective to
support the disabled to engage in work or to volun-
teer their talents rather than live solely on disability
benefits. The course of action to be taken will
depend on the level of severity of the disability. In
view of the American values of independence and
self-help, health policy must recommend the pro-
motion of functioning in society rather than merely
treating a disorder. Individuals may be transitioned
from a disability status into a functional status by
the support of healthcare workers. Incentives may
be offered to the disabled, such as a training pro-
gram or an adjusted job with pay, so that financial
rewards are available during the training period or
a part-time job experience while still on disability
benefits.

Advocacy in the work environment is needed
so that structural changes may be instituted in the
form of flexible work hours, work sharing, part-time
jobs, napping periods at work, and the opportunity
to have a home-based office.

Research priorities

Our review of existing literature reveals several
drawbacks in research. Investigations are based on
selected diagnosed cases of narcolepsy, often with-
out comparison groups. A major selection bias is

introduced, since only the insured or those who
can afford the high costs of diagnosis are included
in studies. The lower socioeconomic groups, the
unemployed, and minority groups may be under-
represented in estimates of prevalence rates and
unmet needs. The small numbers available for
research tend to reduce the statistical power of the
study. Often the diagnostic categories are not clearly
defined; for instance, cases without a PSG and MSLT
evaluation may be included in the study. Hetero-
geneity within diagnostic categories (e.g., sleep apnea
cases) is likely to suppress the relationship between
variables. Moreover, the symptom categories of
narcolepsy are often not clearly defined. Lastly, the
confounding effects of medications on memory,
depression, and hypnagogic hallucinations need
consideration.

An enactment of a national plan to pool resources
for research in a manner that is integrative and
beneficial to all participants is needed. More studies
with comparison groups and clearly defined diag-
nostic categories must be encouraged. Operational
definitions of symptoms of narcolepsy must be devel-
oped to standardize measures and make meaningful
comparisons between studies. Population surveys
using statistical sampling techniques would yield
more accurate prevalence and incidence rates.
Operational definitions of disability status and levels
of severity specific for narcolepsy would provide
fair and objective methods of determining disabi -
lity benefits and eligibility for work incentives. An
international study of correlations between diet,
climate, napping habits, coping mechanisms, and
narcolepsy may reveal useful data in understand-
ing the precipitating factors and cultural differ-
ences in coping techniques in narcolepsy. Finally,
the following research questions need to be
addressed:

� What are the predictors of narcolepsy?

� What role would one ascribe to the environ-
ment in the pathophysiology of narcolepsy?

� What are the predictors of the levels of severity
in narcolepsy?
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� What is the impact of support in narcolepsy?

� By what mechanism do support groups provide
benefits to patients?

� What kind of work environment and occupa-
tions are ideal for those who have disorders of
EDS or narcolepsy?

Until researchers can discover the cause and cure for
narcolepsy, optimum management strategy should
focus on the integration of the biologic, psychologic,
social, and spiritual dimensions of health. This
laudable task can only be accomplished by medical
and social science professionals working in a sym-
biotic relationship in the delivery of healthcare and
public health research.

More reliable state and national policy initiatives
need to be developed, and they in turn must focus
on the strategies for financing and structuring the
delivery of evidence-based services to the patient
population.
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Stress and sleep

Vadim Rotenberg

The restricted space available here does not allow
coverage of all of the important aspects of such
a broad and polydimensional topic as the relation -
ship between stress and sleep (animal models of
stress outcome on sleep are discussed in
Chapter 17). Thus, the present chapter deals only
with data collected in humans, and will concen-
trate on contradictions among the data, proposing
an integral theoretical approach to the problem.

SLEEP: A VICTIM OF STRESS OR
COPING MODERATOR?

Alteration of sleep structure under stressful condi-
tions may reflect a number of different and even
opposite processes. On the one hand, brain mecha-
nisms of sleep, like any other physiologic system,
may be damaged by stress. In such cases, sleep dis-
turbances not only represent a negative outcome of
stress, they also contribute to this outcome. On the
other hand, alterations of sleep may represent an
attempt to compensate for the negative outcome of
stress on the psychophysiologic state of the subject,
contributing to the coping mechanisms that pro-
tect health. In both cases, sleep structure became
different from that typical of the normal healthy
subject under non-stressful conditions, and it may
be difficult for researchers to discriminate these
two types of sleep alteration despite their opposing
tendencies. At the same time, if different subjects
in the same otherwise similar group display these

opposite reactions during an investigation, this can
mask differences in the sleep outcome of stress and
make the average sleep structure undistinguishable
from normal sleep structure. This may be why
some investigators have failed to show any sub-
stantial changes in sleep structure, particularly in
rapid eye movement (REM) sleep variables after
definitely stressful events such as examinations1

and skydiving.2

Individual differences in stress reactions that
neutralize and mask the specific features of sleep
alteration were elucidated in an investigation of
healthy young students on a post-examination
night compared with a post-holiday night in a rest-
ful condition without stress.3 In order to check
whether the examination was really stressful for stu-
dents and how stable was their physiologic reaction,
heart rate, arterial blood pressure, and bioelectrical
activity (electromyogram, EMG) of mimic muscles
were registered 30 minutes before and 30 minutes
after the examination. Control data on the same
indices were collected under restful conditions after
holiday at the same time of day. Before sleep and
after awakening on the post-examination and 
control nights students were asked to solve some
logical tasks (in a modification of the Raven test).
The time spent on the solution of these tasks as well
as the number of mistakes were evaluated. In addi-
tion, a Cattell test was carried out before the sleep
investigation in the restful (control) condition.

When the averaged data on sleep structure were
compared under experimental and control conditions
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Table 15.1 Dynamics of autonomic variables and electromyography (EMG) of mimic muscles and sleep variables before
and after examination and in a control state in students of groups I and II

Group I Group II

Heart rate, EMG
Control Examination Control Examination

and sleep stages Before After Before After

Heart rate (beats/min) 73 82 70 75 85 89

EMG amplitude (µV) 9.5 20.9 12.8 10.3 28.0 36.0

SWS (%) 27.3 � 1.6 — 30.9 � 2.6 22.2 � 1.8 — 21.7 � 3.2

REM (%) 20.8 � 2.1 — 19.8 � 1.6 19.5 � 1.6 — 25.2 � 1.8

SWS, slow-wave sleep; REM, rapid eye movement sleep

208 SLEEP AND PSYCHOSOMATIC MEDICINE

for both groups of students, no significant differ-
ences between the two conditions were found,
seemingly confirming the above-mentioned inves-
tigations.1 However, the sleep structure after stress,
in contrast to that after holidays, demonstrated a
high variability: students exhibited different alter-
ations in sleep structure that neutralized each
other. At the same time, they displayed two opposite
patterns in the dynamic of EMG and autonomic
variables from pre- to post-examination state
(Table 15.1). In some students (group 1), heart
rate, blood pressure, and muscle tone significantly
decreased just after the examination, while in others
(group 2), the level of these variables had no ten-
dency to decrease and even demonstrated a small
tendency to increase after the examination, when
the stressful situation had already passed. Interest-
ingly, the two groups showed no differences in
either the objective marks of the examination or
the subjective evaluation of these results. These
two groups also displayed a different style in the
solution of logical tasks (however, only before the
night sleep after the examination). Group II,
which contained students with persistent emo-
tional tension, were faster and less accurate in solv-
ing the tasks in comparison with group I and in
comparison with their own results after morning
awakening as well as in comparison with the control
investigations after the restful period. It appears
that the solution of the tasks by the group II 

students in the evening after examination was
determined by the state of irritation, and this state
diminished after sleep.

The night sleep just after the examination was
different in these two groups. While the sleep of
the group I students was similar after examination
and after rest (there was only a non-significant ten-
dency for slow-wave sleep (SWS) to increase after
examination), the students of group II displayed
an increase in REM sleep percentage after exami-
nation (from 19.5% on the control night to
25.2%; p � 0.01). In group II, the REM sleep 
percentage after examination was also higher than
the REM sleep percentage of both nights in group I,
while in the control investigation, the REM sleep
percentage was similar to that in group I. In group
II, the SWS percentage in both nights was lower
than in group I, and for the night after examina-
tion, this difference was significant (21.7% vs
30.9%; p � 0.05). Only the subjects of group II
displayed on the post-examination night a high
(0.74) positive correlation between the total dura-
tion of sleep and the REM sleep percentage and a
negative correlation (�0.6) between SWS and
REM sleep duration. The heart rate on the post-
examination night was higher in REM sleep in
subjects of group II in comparison with subjects of
group I, whereas the control night investigation
revealed no differences between the two groups.
The activation shifts that followed spontaneous
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Table 15.2 REM sleep percentage in sportsmen in a game situation

(A) Before game (B) After a loss with frustration (C) After a loss with disinterest (D) After a win

19.3 37.2 20.3 19.4

STRESS AND SLEEP 209

body movements were more prominent in the
subjects of group II at all stages of sleep on the
post-examination night.

The main differences between the two groups
were concentrated in the first two sleep cycles after
the examination. In the first cycle, subjects of
group I displayed a significantly higher amount of
SWS in comparison with subjects of group II,
while subjects of group II displayed a higher
amount of REM sleep. In the subsequent sleep
cycles, the difference between the groups dimi -
nished, although subjects of group I, in contrast to
those of group II, displayed a tendency for SWS to
appear in the last cycles.

What is the implication of the difference
between the groups in their reaction to stress? We
have suggested that emotional tension before the
examination, although represented by similar
alterations in EMG and autonomic variables, is
qualitatively different in these groups:4

(1) Subjects of group I exhibited a normal, adap-
tive  emotional tension that ensured physio-
logic and psychologic mobilization for
coping and active overcoming of the stressful
situation. This emotional tension is task-
oriented and for this reason diminishes after
the achievement of the goal when the examina-
tion has been passed. This emotional tension
is functional and has no roots in the sub-
jects’ previous psychological problems, and
for this reason does not need any special
additional mechanisms for its reduction.

(2) The emotional tension of the subjects of
group II is different in nature. It is a neurotic-
like anxiety that does not mobilize, and even

suppresses personal resources and construc-
tive efforts. It is very possible that this emo-
tional tension before examination reflects the
subjects’ fearful imaginations of failure dur-
ing examination and its negative conse-
quences, and presumably is based on the
restoration in memory, on a conscious or
unconscious level, of some previous traumatic
failures. This causes frustration and predis-
poses the subject to a ‘giving-up’ reaction.
The self-esteem of the subject is reduced,
resulting in the inner conflict and a disor-
dered self-image. In this condition, the solu-
tion of a real task (such as passing an
examination) does not help to reduce the
emotional tension produced by the psycho-
dynamic problem. This problem requires the
activation of defense mechanisms, and REM
sleep is an important component of these
mechanisms. Investigations by Cartwright
and co-workers5,6 and Greenberg’s Boston
group7–10 have shown that REM sleep and
dreams are involved in defense mechanisms,
and the effect of REM deprivation is 
very much related to the removal of these
mechanisms.

Another investigation was performed in sportsmen
in a game situation (Table 15.2). Polysomnogra-
phy was registered in a group of sportsmen a few
days before the collective game and after the end of
the game. Column (A) represents the average data
of REM sleep before the game; (B) represents
REM sleep percentage after a loss in those sports-
men who have been troubled with the loss; 
(C) represents REM sleep percentage in sportsmen
who did not take the loss close to heart; and 
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(D) represents REM sleep in a group who won.
The difference between groups is in the same
direction as that between students: REM sleep
percentage increased after the traumatic loss.

Although maladaptive emotional tension
requires sleep, and particularly REM sleep, for its
compensation (and in healthy subjects such as
group II students, REM sleep increases in stressful
conditions), if this emotional tension exceeds nor-
mal limits and the functional efficiency of REM
sleep is not high enough, this tension disturbs
sleep, including REM sleep, thus producing a
vicious circle.11 However, usually in such cases,
SWS is even more suppressed than REM sleep.
Therefore, we have suggested a special indicator in
sleep for characterizing the quality of stress-related
presleep emotional tension, namely the ratio of the
duration of REM sleep to that of delta sleep in the
first two cycles, where in healthy subjects under
normal conditions, delta sleep is usually most
prominent and REM sleep is relatively low in
comparison with subsequent cycles (REM/SWS).4

This method has the advantage of minimizing the
significance of the absolute duration of the delta
sleep (SWS) and REM sleep: even if maladaptive
anxiety reduces REM sleep (due to frequent awak -
enings and disorganization of night sleep), it usually
reduces SWS still further, and the resulting
REM/SWS ratio increases anyway. In patients with
neurotic (maladaptive) anxiety, the REM/SWS ratio
was 0.8; in depressed patients, it was 1.9; in healthy
subjects, it was 0.54; and in group I students after
examination, it was 0.41, while in group II students,
it was 0.72.

It can be suggested that the maladaptive emo-
tional tension that characterizes group II corres -
ponds to emotion-focused coping.12,13 Sadeh et al14

have shown that in young undergraduate students
in the high-stress period of their life (in compari-
son with low-stress periods), high emotion-focused
coping scores were associated with reduced sleep
time, while high problem-focused coping scores
(the most adaptive way of coping) were associated
with longer sleep periods. Participants with low
emotion-focused coping scores increased their true

sleep time on average by more than half an hour
on moving from a low- to a high-stress period,
whereas the true sleep time of participants with
high emotion-focused coping scores decreased by
23 minutes. Individuals with high emotion-focused
coping reported decreased perceived sleep quality
during the high-stress period in comparison with
the low-stress period, whereas the opposite was
true with low emotion-focused coping.

This confirms data on shortened sleep and
insomnia in subjects with high emotion-focused
coping.15,16 It may be a sign of disturbed adapta-
tion under a high emotional load due to ineffective
coping. This conclusion corresponds with data
suggesting that emotion-focused coping is ineffec-
tive in stressful situations.17 It is worth emphasizing
that insomnia accompanied by many complaints
during wakefulness (regarding sleepiness, emo-
tional tension, decreased attention, etc.) has noth-
ing in common with normal short sleeping that is
not accompanied with any subjective complaints
and usually characterizes well-defended subjects
with high behavioral activity.18

High emotion-focused coping predicted
increased anxiety during examination, associated
with a poor adaptation to stress.19 Morin et al16

also confirmed that increased reported anxiety and
arousal level are linked to emotion-focused coping
and insomnia.

‘General anxiety’ (factor F1 of the Cattell test)
is a stable characteristic of personality, and, accord-
ing to our investigation, it is not similar to mal-
adaptive anxiety. One-third of students in the
above-mentioned investigation3 displayed a low or
moderate level of factor F1 (group A), while 
other students displayed a high level of this factor
(group B). In terms of group membership, groups
A and B did not correspond to groups I and II.
The sleep variables of groups A and B are pre-
sented in Table 15.3. In subjects with prominent
general anxiety, REM sleep percentage without
stress was significantly lower than in subjects with
a moderate level of this variable, while after the
examination the former subjects displayed an
increase in REM sleep percentage in comparison
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Table 15.3 Sleep stages in students with a low level of general anxiety (A) and in students with a high level of anxiety (B)
in a quiet state and after examination

Group A Group B

Sleep stages% Control Examination Control Examination

SWS 27.4 � 1.4 20.5 � 3.3 22.7 � 2.6 29.6 � 3.0

REM 23.6 � 1.7 22.6 � 1.6 16.6 � 1.7 21.5 � 2.4

SWS, slow-wave sleep; REM, rapid eye movement sleep
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to the restful period. However, in group B, the
REM sleep percentage after examination did not
exceed the level of group A after examination and
did not achieve the level in group II with stable
emotional tension after examination. According to
these data, it is possible to assume that Cattell fac-
tor F1 reflects high sensitivity and that in persons
with increased sensitivity, the functional REM
sleep system is flexible and can produce an increase
or decrease in REM sleep, depending on the reac-
tion to stressful conditions. In particular, subjects
with high sensitivity may display a prominent first-
night effect (FNE) which is exactly what happened
in group B in restful conditions after holiday. The
FNE is a normal reaction of the healthy subject in
the unfamiliar sleep environment of the sleep lab-
oratory, which produces stress. Compared with
subsequent nights, sleep on the first night is char-
acterized by decreased sleep efficiency, increased
sleep onset latency (SOL) and REM sleep latency,
decreased REM sleep percentage or at least a mod-
erate REM sleep reduction in the first part of the
night,20 SWS reduction (not universal), and an
increased number of sleep-stage shifts and awaken-
ings.21 FNE presumably reflects the natural
increase in the subject’s state of vigilance in an
unfamiliar sleeping environment as part of the
adaptive orientation in the new (stressful) situation.
Healthy subjects sleeping at home, in a familiar
environment, showed no FNE and no habituation
of sleep structure from the first to subsequent
nights of sleep investigation. FNE is a normal reac-
tion of healthy subjects, while depressed patients

often do not show evidence of FNE.22,23 This
absence of FNE is presumably related to the
decreased adaptability of depressed patients, and
reflects the lack of an orienting reaction in the new
environment. According to our data,24,25 depressed
patients who do not display FNE (according to
REM sleep variables) present more mood-congruent
psychotic features in their clinical picture, are
resistant to antidepressive medication, and require
electroconvulsive therapy (ECT) for a positive
treatment outcome. Thus, according to REM sleep
alterations, FNE represents a reaction to stress
quite opposite to that of group II students after
examination, especially taking into consideration
that the night after examination was the first night
in the sleep laboratory. It is worth emphasizing
that the stress of the first night, as well as the reac-
tion to the stress of examination, is characterized
by an increased alertness that displays itself in an
increased number of sleep-stage shifts and awaken-
ings, and sometimes in SWS reduction. This means
that the adaptive emotional tension not only does
not require activation of the REM sleep system
(group I students), but even causes a decrease in
REM sleep requirement if this emotional tension
arises during sleep investigation. We suggest that
this can explain the data26 on the influence of
acute social stress on sleep structure. The experi-
mental group in this investigation was instructed
to give public speeches in the morning, with the
evaluation of the subjects’ performance. Stress rat-
ing and mean arterial blood pressure were higher
in this group after task notification compared with
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baseline, and REM count in the sleep before the
speeches displayed a tendency to be lower from
cycle to cycle in comparison with the control
group. This difference became significant in the
last REM sleep period.

All of the above-mentioned data are related to
sleep alteration under acute stress. Data on alter-
ations of sleep under chronic stress represented by
post-traumatic stress disorders (PTSDs) are also
very ambiguous and contradictory. Sleep architec-
ture in PTSD patients in their chronic state is
characterized on average by a subtle increase in
alertness, and differs only mildly from normal
(sleep latency is longer, sleep efficiency is lower,
and awake time is longer27). SWS varied from
extremely decreased to extremely increased, with the
latter being in contradiction with the symptoms of
depression and anxiety typical of these patients.
However, this corresponds to the sleepwalking and
night terrors that usually accompany SWS, as well
as to an elevated awakening threshold.27–30

In comparison with healthy control subjects,
REM latency in PTSD patients has been reported
to be either shortened or lengthened,27,31–34 and
REM sleep is either increased35 or decreased.32

Kaminer and Lavie36 have shown that less-adjusted
Holocaust survivors with PTSD had more anxiety
dreams than well-adjusted survivors or normal con-
trols. At the same time, artificial awakenings from
REM sleep resulted in a lower dream recall than in
controls. This confirms data of Kramer et al37 that
PTSD patients who complain of bad dreams recall
only about half as many dreams after REM awak-
enings as control subjects do, although REM sleep
in PTSD is characterized by an increased number
of REMs. According to REM sleep variables (espe-
cially REM latency), PTSD inpatients are bidirec-
tionally sensitive to the degree of familiarity they
associate with the sleep laboratory conditions. In
comparison with healthy controls, inpatients famil-
iar with the laboratory environment demonstrate a
reduced FNE while patients unfamiliar with this
environment demonstrate enhanced FNE.38

The difference in sleep structure in PTSD is
presumably related to the different clinical features

of this disease, in a way similar to acute stress. The
clinical picture of PTSD includes, on the one
hand, a persistent reexperiencing of past traumatic
events (images, thoughts, perceptions, nightmares,
illusions, and hallucinations), accompanied by
increased physiologic reactivity on exposure to inter-
nal and external cues that symbolize or resemble
the traumatic event as well as persistent symptoms
of increased arousal (irritability, hypervigilance,
exaggerated startle reaction, prominent orienting
reaction, FNE, and difficulty falling and staying
asleep). On the other hand, these patients display
persistent avoidance of stimuli associated with the
trauma (avoidance and repression of thoughts,
feelings, and memories associated with the trauma;
apathy and diminished activity; and hopelessness).

Recently, we have attempted to integrate these
different symptoms into a holistic framework.39

The central point of the clinical picture is the feel-
ing of helplessness caused by traumatic events. It is
possible to consider a persistent reexperiencing of
traumatic events and increased arousal as an
unsuccessful attempt to cope with this helplessness
by trying to win back this traumatic event. Because
the event has already passed, this goal cannot be
achieved, no matter how active is the subject, and
as a result symptoms of avoidance and helplessness
return. The continuous oscillations between
unsuccessful attempts to cope and giving up can
explain the complicated picture of sleep in PTSD.

SHIFTWORK STRESS AND SLEEP

The biologic clock of our body is adapted to the
circadian rhythm related to the regular 24-hour
shifts of the light and dark periods. Autonomic
and endocrine functions correspond to this
rhythm, and when a person changes the schedule
of their activity by working during the night and
resting during the day, the routine biologic
rhythms do not usually follow the new schedule.
As a result, the person makes efforts to be active in
periods that are naturally predisposed for sleep and
rest and to rest in periods predisposed for the most
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Table 15.4 Sleep structure in dispatchers with different adaptations to shiftwork stress: 1, sleep during the day after the
nightshift; 2, sleep on the first night after the nightshift; 3, sleep on the second night after the nightshift; 4, sleep after the
dayshift

Adapted subjects Maladapted subjects Intermediate group

Sleep variables 1 2 3 4 1 2 3 4 1 2 3 4

Sleep duration 162 410 379 401 97 391 358 396 93 366 380 386
(min)

Sleep latency 10 4 4 4 4 6 11 8 15 5 16 12
(min)

Latency to stage 2 5 4 7 5 8 6 8 5 4 7 6 5

REM latency (min) 66 64 66 66 59 72 61 53 67 72 77 72

Number of REM 2 5 4 5 2 4 4 5 1 3 4 7
sleep episodes

REM sleep (min) 20 83 89 91 16 90 76 90 10 82 80 95

Stage 1 (min) 14 23 28 30 11 30 80 24 16 26 45 40

Stage 2 (min) 63 199 173 182 45 240 223 233 37 206 193 188

Stage 3 (min) 13 32 24 31 10 20 20 24 8 30 21 20

Stage 4 (min) 52 73 65 68 15 11 9 16 21 22 40 43

No. of awakenings 1 1 1 0.5 1 1 1 1 0.5 0.2 1 1

Wakefulness (min) 56 8 1 6 7 10 7 10 10 1 11 18

REM, rapid eye movement
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productive activity. This dissociation causes stress.
For the biologic clock, it is especially difficult to
adapt to the regularly rotating unstable shifts. Even
after several years on such a job, the temporal pro-
file of cortisol shows only partial adaptation to the
work schedule.40 Work during the ‘wrong’ phase of
the circadian rhythm increases the risk of stress-
related psychosomatic diseases: ischemic heart 
disease, gastrointestinal disorders, and reduced
immune function.41–43

In this chapter, the discussion of this topic will
be restricted to the possibility of estimating the
level of adaptation to the stress of shiftwork on the
basis of sleep structure.

In our investigation,44,45 polysomnography was
performed in 30 train dispatchers during daytime
sleep after nightwork (8 PM–8 AM), the subsequent
night sleep, the night sleep after the day of rest,
and the night sleep after the day shift. The level of

subjective adaptation to shiftwork was estimated
based on general satisfaction with job and sleep,
the presence/absence of neurotic and somatic com-
plaints, the average level of mood, and the level of
social activity during rest. A special questionnaire
estimated the quality of wakefulness that preceded
sleep (the degree of fatigue and sleepiness, the
number of naps, and the level of emotional tension
during the shift), and another questionnaire was
presented just after the polysomnography in order
to estimate the quality of sleep. See Table 15.4.

A positive rank correlation was found between
the subjective estimation of sleep quality and SWS
duration in night sleep. The correlation increased
when fatigue and sleepiness in the previous wake-
fulness was high. Subjects estimated their sleep as
excellent (point 5) only when SWS exceeded 70
minutes and stage 4 exceeded 40 minutes per
night. All subjects who exhibited more than 
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70 minutes of SWS every night (group 1) were
adapted to shiftwork according to the above-
mentioned markers, while most subjects who
exhibited an SWS deficit every night (group 2)
were maladapted to shiftwork. In group 1, SWS
reached its maximum (105 minutes) in the first
night after the nightshift, and was reduced to a
minimum (85 minutes) in the night after the day
of rest. In group 2, SWS reached its peak (37 min-
utes) after the dayshift. In most of the group 1 sub-
jects, REM sleep reached its peak on the second
night after the nightshift, and when it reached its
peak on the first night in parallel, SWS increased
prominently. Conversely, in more than half of the
subjects in group 2, REM sleep was more promi-
nent on the first night after the nightshift, when
the SWS amount was low. In group 2, the sum of
REM sleep amount during day sleep and in the first
night after the nightshift in some subjects was twice
the amount of REM sleep after the day of rest.

In group 2, there was a negative correlation
between SWS and REM sleep in the first night
and a positive correlation between REM sleep and
total sleep duration in the night after the dayshift.
SWS increased and REM sleep reduced in day
sleep in group 1 in comparison with group 2. Sub-
jects in group 2 more often perceived their emo-
tional tension as being high.

Thus, in group 1 subjects who adapted to the
shiftwork without signs of distress, the change in
sleep structure from night to night is similar to the
rebound effect after single sleep deprivation in
healthy subjects with a normal rest–work schedule:
namely an initial rebound of SWS and a secondary
rebound of REM sleep. In maladapted subjects,
REM sleep exceeded SWS in day sleep as well as in
the first recovery night sleep after the nightshift,
and was most prominent on the first recovery
night. This means that maladapted subjects after
the nightshift display competition between the
increased SWS requirement (which is common for
all subjects irrespective of their adaptation to shift-
work) and an increased REM sleep requirement
that presumably characterized only these subjects.
This competition is resolved in favor of REM sleep.

In healthy well-adapted and non-sensitive subjects,
the competition between the relatively moderate
REM sleep requirement and the high SWS
requirement that are normal after sleep deprivation
is easily resolved in favor of SWS,46 and the REM
sleep requirement is satisfied with a delay in the
subsequent night sleep. Short sleepers are charac-
terized by a low REM sleep requirement,18 and
they were found to be the most adapted to shift-
work stress.47 On the contrary, persons with low
ego strength who need REM sleep for its restora-
tion are especially sensitive to sleep deprivation.48

We are coming to the conclusion that the main
cause of the maladaptation to the stress of shiftwork
is a strong psychologically determined requirement
for REM sleep, and this requirement is regularly
frustrated by shiftwork. This is the same require-
ment that characterized those students who demons-
trated a stable maladaptive emotional tension under
examination stress or sportsmen who failed and
were frustrated by failing, and PTSD patients who
display giving up.

THEORETICAL INTEGRATION OF DATA

We believe that the search activity (SA) concept49–51

provides an explanation of all these data. SA is
activity that is oriented to changing a situation (or
at least a subject’s attitude to it) in the absence of a
precise prediction of the outcome of such activity
but taking into consideration the results at each
stage of the activity. SA is a component of many
different forms of behavior: self-stimulation in ani-
mals and creative behavior in humans, as well as
exploratory and active defense (fight/flight) behav-
ior in all species. The opposite of search activity is
renunciation of search, which encompasses depres-
sion and neurotic anxiety in humans, freezing in
animals, and learned helplessness in both species.
Panic and stereotyped activity are also different
from SA: a subject in a state of panic does not con-
sider the real outcome of activity, and stereotyped
behavior is based on precise prediction of the out-
come. The difference between adaptive emotional
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tension, which mobilizes all psychologic and phys-
iologic resources in the face of stress, and maladap-
tive, unproductive emotional tension, which
hampers successful and relevant activity, is deter-
mined by the presence or absence of SA.52

All forms of behavior that include SA increase
body resistance, while the absence of search
decreases body resistance and predisposes a person
to mental and psychosomatic disorders.53–55 It is a
process of SA in itself, independent of the prag-
matic results of such activity, that prevents somatic
disorders. SA is an important mechanism of devel-
opment and evolution, stimulating subjects and
populations in the search for novel approaches and
at the same time restoring physiologic resources for
this risky and potentially exhausting behavior.

If search activity is so important for survival
and development, and renunciation of search is
so destructive and dangerous for health, it would
be reasonable to assume a natural and fundamen-
tal biologic mechanism that can restore search
activity after temporary renunciation of search.
There is much evidence that dreams in REM
sleep compensate for the renunciation of search
in previous wakefulness and restore SA in sub -
sequent wakefulness. Dreams provide a good
opportunity for SA after giving up. The subject is
separated from reality while sleeping, including
those stressful circumstances that caused renunci-
ation of search, and is free to start searching from
the beginning. In addition, within his or her
dream, the dreamer can make attempts to solve
the current or any other problem by means of
very flexible imagary, since the final aim of the
dreamwork is only restoration of the SA process.
However, it is necessary to take into considera-
tion that REM sleep may be efficient or ineffi-
cient with respect to this function, and the
difference between these two states can determine
whether sleep will be a stress moderator or a vic-
tim of stress.

If the functional load on the REM sleep system
exceeds its resources, the emotional tension,
accompanied by increased alertness, disturbs the
whole sleep structure, including REM sleep.

We have investigated sleep structure in parallel
with psychologic examination (MMPI) in 132
healthy subjects and patients with neurotic anxiety
and anxious depression.56 Neurotic MMPI scales –
hypochondria (Hs), anxiety/depression (D), and
hysteria (Hy) – were divided into the following
groups according to their level: (1) �65 T-points
(low); (2) 65–74 T-points (moderate); (3) �74 
T-points (high). The lowest REM sleep percentage
(�15%) occurred least often in subjects with the
leading D-score in group 3. The highest REM
sleep percentage (�25%) was found in all subjects
with the leading D-score in group 2 (65–74 
T-points). However, when the absolute value of
the leading D-score exceeded 75 T-points, the
highest REM sleep percentage occurred relatively
seldom (in 17% of such cases). This is a direct sign
of the nonlinear relation between the level of the
pathologic emotional tension and REM sleep 
percentage.

If the function of REM sleep is to compensate
(reduce) maladaptive emotional tension, then the
increase in REM sleep in subjects with a moderate
level of anxiety/depression is not only an effect of
this state, but also a cause of the prevention of its
further increase – until REM sleep function is suf-
ficient. Incidentally, 65–74 T-points on scale D
reflects increased sensitivity, which is inherent in
individuals known as healthy long sleepers, and
they are characterized by a high REM sleep per-
centage.18 Like our group II students, they regu-
larly go to sleep in a state of emotional tension,
and sleep with a high proportion of REM sleep
helps them to release this tension. However, it fol-
lows from this that the excessive increase in emo-
tional disturbances under longlasting stressful
conditions is a consequence of a functional insuf-
ficiency of REM sleep.

This functional insufficiency displays itself ini-
tially by an alteration of its qualitative characteris-
tics and only secondarily by its reduction. Moreover,
in some cases, REM sleep percentage may even be
increased; however, this does not help to compen-
sate for the maladaptive emotional tension if the
REM sleep quality is deficient. The latter manifests
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itself first of all as a reduction in dream recall after
awakening in REM sleep. For instance, in insom-
nia (which is a very common outcome of emo-
tional stress57), dream recall occurred in less than
60% of all awakenings from REM stage,58 while
in healthy highly sensitive subjects, dream recalls
occurred even more often than in healthy non-
sensitive subjects – in more than 85% of all awak-
enings. Both according to the author’s observation
and according to data in the literature, in healthy
subjects, mental activity in dreams grows simulta-
neously with increasing sensitivity to life events
estimated as stressful. Dreams of highly sensitive
persons contain more images and are more vivid
in comparison with those of less sensitive persons,
dream recalls are longer, and dreams show a
greater number of active actions. Thus, in healthy
subjects, the increase in emotional sensitivity up
to a certain limit is accompanied by an intensifi-
cation of dream activity that prevents further
increase and stabilization of the maladaptive 
emotional tension (distress). Patients with emo-
tional disturbances are usually more sensitive than
even the most sensitive healthy test subjects; how-
ever, they display a drop of mental activity in
dreams that we are considering as a sign of func-
tional inefficiency of REM sleep.11,59 Only in
healthy subjects does the intensity of the REMs
in REM sleep correlate with the degree of the 
subject’s active participation in dream actions –
while in patients, it correlates with negative 
emotionality.59

According to some investigations of sleep
alteration under stressful events,60 the dynamic is
as follows: the first step is an intensification of
REM sleep mental activity, sometimes in parallel
with an increase of REM duration; in the second
step, the intensification of dream activity achieves
its maximum and REM sleep duration grows fur-
ther; in the third step, the first signs of disturbed
compensation appear, with the dream content
becoming impoverished while the REM sleep
percentage is still high; finally, emotional tension,
not being compensated, disturbs all sleep and
causes a reduction in REM sleep. This is a state of

insomnia that is such a typical outcome of stress.
According to Drake et al,61 individuals with
higher scores on the Ford Insomnia Response-to-
Stress Test (which measures stress-related vulner-
ability to sleep disturbances) had lower sleep
efficiency, increased latency to stage 1 sleep, and
increased arousal on the Multiple Sleep Latency
Test (MSLT). Neuroticism and internalization of
stressful events may predispose to insomnia.
Fuller et al62 have shown that high-anxiety sub-
jects of different natures (PTSD, panic disorders,
and general anxiety disorders) display decreased
sleep efficiency and disrupted sleep continuity,
they take longer to fall asleep, they have lower
SWS percentages and greater stage 1 percentages,
and they show more arousals during the first half
of the sleep period. The relationship of insomnia
to stressful events was established by Healey 
et al.57 In this investigation, it was shown that
although usually sleep problems developed
slowly, 74% of poor sleepers reported that a
major life event was related to the onset of their
sleep problem. The difference between poor and
good sleepers in Life Change Unit Scores was sig-
nificant only for the year of onset of insomnia.
This investigation also showed that there are
some predispositions to such a maladaptive reac-
tion to stress. Poor sleepers recalled more fre-
quent nightmares and problems with sleep in
childhood, and they were more emotionally upset
and had less contact with their parents. In 
adulthood before insomnia, they had a feeling of
inferiority, low affiliation. They considered them-
selves to be more passive and had more health
complaints than good sleepers. The authors sug-
gested that poor sleepers internalize their reaction
to stressful life events rather than externalizing
their response through overt behavior. In our
terms, this means that they do not display search
activity under stressful conditions, and this may
relate to the lack of emotional support in child-
hood. A long-lasting load on REM sleep defense
mechanisms from childhood makes these subjects
vulnerable to the development of maladaptive
emotional tension.
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Sleep and attachment disorders in children

Karl Heinz Brisch

INTRODUCTION

An infant’s quiet night of sleep is a source of hap-
piness and empowerment for parents. In prenatal
classes, many parents worry that their baby might
develop a sleep disorder and that night-time could
become an intense scene of crying and responses.
Indeed, quite a percentage of infants and children
develop sleep disorders, and nocturnal wakings
and bed sharing are quite common during early
childhood. During infancy, the frequency of night-
wakings increases with maturation of locomotion.1

Nocturnal awakings have been reported in
20–30% of 1- to 3-year-olds.2,3 These findings
appear despite the fact that methodologic prob-
lems exist in assessing sleep problems in infants,
and it is well documented that maternal reports do
not objectively reflect the sleep pattern of their
infants.4 Although a sleep disorder does not neces-
sarily lead to an attachment disorder, an infant’s
crying through the night can be the start of a dis-
turbed 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 sleep
problems. If a sleep disorder and an attachment 
disorder are a baby’s predominant symptoms, then
the parent–infant and, later, parent–child relation-
ship will be stressful and in the worst case can
progress to a vicious circle of crying and physical
abuse. Therefore, it is necessary to understand more
about the association of sleep and attachment and

their disorders in children, and to strategize pre-
vention measures that can help parents and infants
establish sleep patterns and regulate sleep rhythms
from the beginning.5–12

ATTACHMENT THEORY AND DISORDERS

Attachment is a fundamental human motivation
that helps the infant to survive. During the first
year, an infant develops a specific, exclusive attach-
ment relationship to an attachment figure that serves
as a secure base for the infant and provides protec-
tion. Once the baby’s attachment system starts to
develop, which can be observed from 12 weeks
onward, the infant reacts on separation with attach-
ment behavior, such as crying to protest against
separation from the attachment figure followed by
seeking physical contact and reunion.13 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 inse-
curely 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
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contact with the attachment figure. Only if the pri -
mary attachment figure, for example the mother, is
not present, does the infant allow a second ary
attachment figure, such as the father, to soothe
him or her.14–18

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 emo-
tional 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.18,19

On a behavioral level, attachment disorders may
emerge as strange patterns. Two forms of attach-
ment disorders are included in the International
Classification of Diseases (ICD-10)20 and the Diag-
nostic and Statistical Manual of Mental Disorders,
4th edition (DSM-IV).21 One pattern involves non-
selective, undifferentiated attachment behavior.
Children possessing this pattern exhibit promiscu-
ous 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 charac-
terized by inhibited attachment behavior: these
children, although anxious, do not show their attach -
ment behavior, instead suppressing their attachment
activities, which results in a continuous state of high
arousal. Additional types of attachment disorders
have been classified, including attachment disorders
with psychosomatic symptoms (e.g., sleep prob-
lems).18 Further types of attachment disorders (such
as non-attachment behavior in an attachment-relevant
situation, aggressive behavior, role reversal, and a
hyperactivation of attachment behavior) also show
pathologic behavior patterns in attachment-relevant
situations.22

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 disorders 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 dis -
orders may manifest through hyperactivity of their
attachment system, or the children may have diffi-
culty 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 lat-
ter children may thus think 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 stomach aches or headaches,
vomit, or develop an elevated temperature. If attach -
ment 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 undifferenti-
ated 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 will 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 con-
tact from various people, there is no decrease in the
level of arousal.

Infants or children with hyperactivation of
their attachment system 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 separat-
ing, 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 has been associated
with self-reported sleep difficulties in men and
women; even with depressed affect being included
as a control variable, the effect of attachment
anxiety remained significant.23 If a mother has an
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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
more likely had ambivalent attached infants and
used high levels of active physical comforting, and
their infants developed high initial levels of sleep
problems that continued in infant sleep distur-
bances over time.25 Benoit et al26 have shown that
a mother’s own insecure status of attachment is
strongly correlated with attachment and sleep dis-
turbances in her infant: every insecurely attached
mother in their study had a child or children with
sleep disturbances. Therefore, at the start of treat-
ment, 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
the therapy of the sleep-disordered child will not
be successful. The importance of focusing on par-
ents’ 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, then inconsistent care -
giving or unresponsiveness to attachment signals at
night will not necessarily lead to a complete attach-
ment disorder but perhaps only to subtle irrita-
tions in the attachment system. It may be that
infants with insensitive night-time care become
more clingy or ambivalent in their daytime attach-
ments, which makes separation for sleep more dif-
ficult and may result in long-lasting behavioral
problems.27,28

The presence of parents when an infant sepa-
rates for sleep and sleeps during the night may sup-
port 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 with-
out their parents available at night developed
attachment relationships with their metapelet
(caregiver in the kibbutzim).29–32

ATTACHMENT, SEPARATION, AND SLEEP

Looking at attachment behavior from an evolu-
tionary 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.33

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 par-
ents 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 evolution-
ary development. In former times, when human
beings were nomads, survival required that an
infant remained in close physical contact with the
attachment figure, usually the biologic mother,
during the daytime and even more so during night-
time. Since an infant is dependent on the attach-
ment 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 experiening 
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.3 Through the lens of attachment, it
is not surprising that once arrived and snuggling
up to their parents, the children can fall asleep
within seconds.
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Considered in the context of evolution, then, it
is quite natural that an infant reacts to nightly sep-
aration 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 esca-
late to hyperarousal in the autonomous nervous
system, leading to an increase in bowel move-
ments, as with colicky infants, or to vomiting
when the gastrointestinal tract reacts. Therefore,
night-time crying, seeking physical contact with
the attachment figure, and protesting against
separation from the attachment figure are correct
evolutionarily based behavior.34–36

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, attachment-
oriented experience. Whenever the infant starts
crying energetically and increasingly loudly, the
parent should return to the room and try to con-
sole 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 fre-
quency 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 not to spoil the baby – the child
will cry for longer periods in the future.36 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 discov-
ery: 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 night-time separation, implying security
and safety despite separation from the parents.37

THERAPY OF ATTACHMENT-RELATED
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 psychothera-
pist, who can quickly treat the dyad with an eye
toward assessing the attachment and trauma expe-
riences of the mother and father in addition to the
interactional irritability of the infant.18,38,39 The
aim of attachment-related therapy for sleep disor-
ders in infants is to enable these children to separate
from the 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 separa-
tion 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 attachment,40 a therapist must
become a secure base for parents – a framework
for trust and a springboard for change.14,18 Highly
interactive therapeutic sensitivity – in which the
therapist comes to recognize family signals 
(especially the parents’), interprets these signals
correctly, and reacts conscientiously and promptly –
will lead to the development of such a thera-
peutic bond, which will become a model for the
parent–child relationship. The therapist fosters the

Chap-16:Sleep  12/15/2006  12:47 PM  Page 222



SLEEP AND ATTACHMENT DISORDERS IN CHILDREN 223

development of a secure therapeutic bonding with
the parents, and, as a result, parents can become a
safe haven for their infants.41

The therapist can then help the parents to
understand the night-time needs of their infants,
be sensitive about a child’s anxiety, and react appro -
priately by going into the infant’s bedroom and
trying to soothe him or her. If the baby is in an ele-
vated state of arousal, the parents should take 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 avoidant attached
infants, but securely attached infants will have
longer sleep durations than avoidant attached
infants.34 Some parents may allow a child to sleep
briefly with them to calm 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 night-time 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, where-
upon 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 min-
istrations, the baby continued to cry. This interac-
tion went on 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 hus-
band threatened to leave the family. The couple’s
first child, now 6 years old, had also cried at night
for 2 years, but the parents had decided to have
another child despite their first ‘catastrophic’ expe-
rience. 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 babies. Things
were worst at night, but similar difficult sleeping
interactions took place during Baby S.’s morning
and afternoon sleep. Several pediatric examinations
had established a normal developmental pattern
for her, with no indications of somatic disease to
explain the symptom of sleep disturbance. There-
fore, the sleep problem seemed to be a psychoso-
matic sleep disturbance.

A video diagnostic session of the mother chang-
ing 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 inter-
action. But in between were switches in behavior
and affect attunement: suddenly the mother would
stop, avert her gaze, and anxiously and sadly exam-
ine the child’s feet. Her affect became simultane-
ously shut down, depressed, and highly aroused.
This lasted about 20 seconds, after which she again
attended to the infant, interacting vocally and visu-
ally, 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 pre -
occupied with the infant’s feet, the child’s gaze also
shifted.

When we watched the video recording with the
mother and tried to understand what we saw and
how to interpret this, she told us she was not aware
of these switches but remarked that she was check-
ing the child’s feet for signs of disability. T. related
that, because of her age, she had undergone amnio-
centesis to check for possible fetal abnormalities.
The first result of amniocentesis indicated an abnor-
mal set of chromosomes and a handicapped child. T.
and her husband were deeply shocked, and the gyne-
cologist took another blood sample from the umbil-
ical cord that revea led a normal set of chromosomes
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and a normal child. Of course, this double diagno-
sis of contrary results led to extreme arousal and
stress for the parents. The mother was highly ambiva-
lent about attaching prenatally to the child or
holding back in case the baby was born disabled.
After birth, externally and physically, baby S.
appeared normal, so the mother declined a third,
postnatal, chromosome test. Nevertheless, she began
constantly to check the child for signs of abnor-
mality, such as the special foot or hand folds found
in children with Down 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 crying and
wondered whether S.’s crying at night was the spe-
cial 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 the mother,
alarming her and leading her to worry that the symp-
tom was part of a disability as yet undiagnosed.

During the process of diagnostics, we routinely
perform an Adult Attachment Interview (AAI)42 or
an Adult Attachment Projective test (AAP),43 as
well as a Caregiving Interview (CGI)44 for any
mother presenting an infant with early inter -
actional problems. These three interviews give us a
lot of information about parents’ own attachment
representations and perhaps unresolved trauma
experiences. During the AAI, the mother was
asked when she was first separated from her own
parents. She remembered quite vividly that at the
age of 3 year, she was admitted to a hospital for a
tonsillectomy. Her mother sent both baby S.’s
mother and her 8-year-old brother for tonsillec-
tomies, with the idea that the brother might calm
her down when feelings of being lost and separated
at night-time would come up. Baby S.’s mother 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 anxi-
ety 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 little S. cried at
night, and she took the baby out of her bed and
started walking about the apartment. The mother
of baby S. had also experienced a second separa-
tion shortly after her discharge from the hospital,
when her mother gave birth to another child and
all the children left home to stay with a grand-
mother. 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 excur-
sions failed because she became sick and her par-
ents had to pick her up during the night.

Attachment dynamics of the
sleeping disorder

Within the context of attachment-oriented psy-
chodynamic theory, the mother’s history and Baby
S.’s sleep problem become more understandable.
When the mother and her husband were con-
fronted with the possibility of expecting a disabled
child, triggers of anxiety and preoccupation
emerged. The mother 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 status of
arousal, which did not help to bring the child into
a relaxed state and help her fall asleep. Baby S.
might have sensed the mother’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 her mother. Furthermore, the AAI revealed
that the mother retained her own separation prob-
lems from childhood and had a high psychoso-
matic 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, the mother
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could not be a secure attachment base for her own
infant. S.’s crying at night had triggered the mother’s
own separation experience from the past and brought
the mother into a helpless state. Parents who become
triggered by their infant’s night-time 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 avail-
able to their infants.

Treatment

Using an attachment-oriented approach, the fol-
lowing treatment procedure was arranged. During
the daytime just before putting little S. to sleep,
the mother telephoned me, and we talked about
her feelings of anxiety and feeling lost. This thera-
peutic phone contact helped her to feel reassured
and secure and to separate more easily from the
child. During the night-time, 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 sit-
uation. When the mother 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 the mother’s hand and helped her separate
from the infant, providing a secure base and
becoming an attachment figure for her. While the
mother became calmer, little 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 the
acute situation with Baby S. eased, the mother came
for further therapeutic sessions to work on her unre-
solved 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. Further-
more, she was able, without hyperarousal and anxiety,
to cross bridges and drive through tunnels, loca-
tions previously to be 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 remem-
bered that 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, hindering
his autonomy and individuation.

DISCUSSION

Sleep problems of infants and even older children
can be highly related to attachment problems.
Children and adults with attachment disorders
may have problems at night falling asleep, staying
in their bed in darkness, or going back to sleep
after waking from anxiety or nightmares. Depend-
ing on the attachment disorder, they long for phys-
ical 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 chil-
dren do not have an inner representation of secu-
rity, and if they have to separate and sleep in the
dark apart from any person, anxiety arises and acti-
vates the attachment system. Depending on the

*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 has shown how asthma attacks and
separation problems are associated.45
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type of attachment disorder, they will 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 avail-
ability, 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 tempera-
ture 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 wak-
ing from nightmares, as the space between their
attachment figures seems to provide the most secu-
rity and reassurance.

PREVENTION

Many parents in Western countries themselves did
not have the stressful experience of initially sleep-
ing apart from their own parents, and so started

co-sleeping with their infants, as most parents and
children throughout the world still do.46 Insuffi-
cient research is currently available that examines
how parental status of attachment, correlated with
co-sleeping and bedding-in, influences the emo-
tional 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
pattern in terms of depth and alertness. When the
child became uneasy and 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 during the night. In con-
trast, if the infant slept in a bed next to the
mother’s, 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 (parenthetically, this is one
reason why admittance of parents with their
infants in children’s hospitals should be the norm).
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 sub-
jecting the child to a behavior that is contrary to
evolution. If parents want children to sleep on
their own, then the separation in the evening hours
and calming down at night have to be done deli-
cately and with the awareness that the evening and
night separations are the most sensitive phases for
attachment needs. Parents have to reassure chil-
dren again and again that they are physically and

*Coincidentally, bedding-in during the weeks after delivery seems to protect against postpartum depression, as the incidence of postpartum depres-
sion is much lower in Asian countries, where bedding-in is the traditional form of caring. Some researchers recommend that bedding-in after deliv-
ery should be practiced everywhere as a preventive method against maternal postpartum depression.49,50 In addition, we hypothesize that if mothers
and children do not co-sleep or bed-in, then perhaps mothers become depressed because they cannot see their infants and worry about whether
the children are still breathing and alive. Co-sleeping promotes breastfeeding, and might (consciously or unconsciously) reassure a mother during
the night that her baby is breathing, 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.51,52
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emotionally available and help make the separa-
tion tolerable. Here, significant teaching and train-
ing 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 co-sleeper, he or
she might ‘stay 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 these subjects are part of our new preven-
tion program SAFE® (Secure Attachment Forma-
tion for Educators). Parents participate in this
preventive program of four prenatal and six post-
natal full-day workshops from the 20th week of
gestation until the end of the child’s first year. In
addition to receiving many instructions and hav-
ing personal experiences, all parents are given the
AAI. Parents with unresolved traumas receive sup-
portive psychotherapy before birth and trauma-
centered therapy after birth. The goals of this
prevention program are to uncover parental unre-
solved 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.

CONCLUSIONS

Sleep problems in infants and children can be dif-
ficult psychologic problems that always need early
attention and treatment. Diagnosis should focus
on the whole family – i.e., psychosocial and part-
nership problems, individual attachment problems
and traumatic experiences of the mother and
father, and the infant’s own experiences of attach-
ment or trauma. Children with attachment dis -
orders 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 fami-
lies, education about attachment theory, attachment
figures, and attachment relationships holds the poten -
tial to effect dramatic social change. Such informa-
tion can be obviously and directly useful to parents
of infants with 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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Animal models of insomnia

Paula A Tiba, Sergio Tufik, Deborah Suchecki

INTRODUCTION

The influence of stress on sleep has been recognized
for millennia. Hippocrates stated that sleeplessness
is a sign of pain and suffering that may lead to
mental illness, whereas excessive daytime sleepiness
is an indication of illness. The philosopher also
emphasized the importance of sleep as a remedy
for psychologic and physical stress.1

The most referred to stress-related sleep disorder
is insomnia. Several epidemiologic studies have
pointed to stress as a triggering factor in the develop-
ment of insomnia, although individual vulnerability
has a major influence. Numerous reports indicate
that stress profoundly influences sleep. Although it
is common listening to people complaining of a bad
night of sleep under stressful situations, insomnia
results from the individual vulnerability to these
events. Cartwright and Wood2 showed that subjects
undergoing the process of divorce exhibit less time
in delta sleep. After completion of the divorce process,
sleep is normalized; however, those individuals for
whom the process was prolonged showed a depression-
type sleep pattern, including augmented percentage
of rapid eye movement (REM) sleep.

Insomniacs frequently exhibit symptoms of
anxiety, which are exacerbated at bedtime. In 
addition, these patients also present dysregulation
of the hypothalamic–pituitary–adrenocortical
(HPA) axis – so much so, that adrenocorticotropic
hormone (ACTH) and cortisol levels are higher
than those of healthy volunteers during the 

cortisol-quiescent period.3 However, it has not yet
been established whether the hyperactivity of the
HPA axis is a preexistent condition or a conse-
quence of the poor sleep quality. So far, the latter
may be a stronger possibility, since numerous stud-
ies in both animals and humans have shown that
sleep deprivation or sleep restriction result in changes
of HPA-axis activity, resulting in increased secretion
of ACTH and corticosterone (or cortisol in humans)
after prolonged paradoxical sleep deprivation.4,5

Sleep restriction in rats induces a daily elevation of
ACTH and corticosterone, but at the end of 8 days
of sleep restriction, restrained stress-induced
ACTH secretion is attenuated, suggesting either a
reduced hypothalamic stimulation of and/or an
increased negative feedback at the pituitary level.6 In
humans, 24-hour sleep deprivation leads to increased
cortisol levels on the evening following the manip-
ulation,7 and prolonged sleep restriction results in
augmented cortisol levels and sympathetic activity.8

EFFECTS OF STRESS HORMONES 
ON SLEEP

Stress as much as sleep is a phenomenon that involves
the whole central nervous system (CNS). Many
neurotransmitters participate in the regulation of
both sleep and stress response. For instance, norepi -
nephrine (noradrenaline), serotonin, and acetyl-
choline stimulate the paraventricular nucleus of the
hypothalamus, the site of corticotropin-releasing
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factor (CRF) synthesis, whereas �-aminobutyric
acid (GABA) inhibits it.9 These neurotransmitters
work in concert to regulate sleep such that norepi-
nephrine is involved in waking and GABA induces
sleep; acetylcholine in specific areas of the CNS
stimulates REM sleep, and serotonin is involved
with the generation of slow-wave sleep (SWS).10

Therefore, the interaction between sleep and stress
is a complex one and cannot be considered a direct
or straightforward relationship.

Since it is a global phenomenon, it is only natural
to believe that stress alters numerous neurotrans-
mitter and hormonal systems in and out of the
CNS. The major hormones that participate in the
stress response are those of the HPA axis, the locus
ceruleus (LC)–adrenal medulla system, and other
hypophysiary hormones such as prolactin (PRL).
A close relationship between these hormones and
sleep has been determined, especially in humans,
who exhibit a monophasic pattern of sleep. Major
pulses of growth hormone secretion occur during
delta sleep, when the lowest levels of HPA and 
epinephrine (adrenaline) activity are observed.
Therefore, a negative relationship between cortisol,
epinephrine, and delta sleep has been established.11

Of particular interest is stress-induced PRL secre-
tion and its relationship with REM sleep. It has
been well established in human beings that a rise in
PRL levels is observed after sleep onset and that
maximal values occur in the early morning hours.12

The REM sleep-promoting effects of PRL have been
demonstrated in cats, rats, and rabbits, although
they seem to be period-dependent, in as much as
REM sleep is induced only when PRL is adminis-
tered in the light period (the resting period for
these species), whereas injection during the dark
period inhibits REM sleep.13 More recently, intracere-
broventricular (i.c.v.) administration of low doses
of PRL-releasing peptide was shown to increase
PRL levels and to induce REM sleep.14 Moreover,
intact rats exposed to ether stress exhibit 
increased levels of PRL and of REM sleep, but 
animals previously hypophysectomized do not,
suggesting that PRL may be involved in the 
augmented REM.15

The hormones of the HPA axis are involved
with waking. This is not difficult to understand –
because who could feel asleep in face of a stressful
stimulus? Release of CRF, ACTH, glucocorticoids
and norepinephrine increases stimulus-driven atten-
tion, cognition and the metabolic machinery nec-
essary for the fight-or-flight response (Figure 17.1).16

Accumulating evidence has shown that CRF is
one of the mediators of wakefulness. The i.c.v.
administration of CRF in rats decreases slow-wave
sleep (SWS) and results in a waking-like electroen-
cephalograph (EEG) pattern.17 Moreover, blockade
of CRF receptors also reduces waking and increases
SWS. These effects seem to be mediated, at least in

Prefrontal cortex Hippocampus

Hypothalamus

CRH

↑ Waking
↓ SWS
- Fear
- Anxiety-related
   behavior

Metabolic effects:
- Gliconeogenesis
- Lipolysis
- Proteolysis
- Insulin resistance
- ↓ Inflammatory process

Pituitary

ACTH

Glucocorticoids
Cortisol/Corticosterone

Adrenal

Figure 17.1 Schematic representation of the hypothalamic–
pituitary–adrenocortical (HPA) axis and the main effects of
corticotropin-releasing factor (CRF) and glucocorticoids.
Filled arrows represent stimulation and dashed arrows
represent inhibition. The main sites of glucocorticoid
negative feedback are the prefrontal cortex, hippocampus,
hypothalamus, and pituitary (adapted from Arborelius L et al.
J Endocrinol 1999; 160: 1–1216)
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part, by interleukin-1 (IL-1), since administration
of a CRF antagonist inhibits corticosterone secre-
tion and increases mRNA for IL-1� and IL-1�.18

Exogenous administration of IL-1 during the ani-
mal’s active phase results in increased time in SWS
and reduced waking time.19 In humans, adminis-
tration of metyrapone results in a significant
reduction of the time spent in delta sleep.20 This
effect can be explained by the fact that as a cortisol
synthesis inhibitor, metyrapone suppresses the
negative-feedback system, leading to increased
ACTH plasma levels, which reflects an increase in
CRF secretion.

Administration of corticosterone to rats increases
the time of waking and reduces the time of deep
SWS.21 However, it is worth mentioning that the
doses used in this study result in plasma levels far
higher than physiologic stress levels. Adrenalec-
tomized rats exhibit shorter sleep episodes, with
less SWS and longer waking periods during the light
phase, whereas the opposite is observed during the
dark phase. When corticosterone replacement
results in basal plasma levels (5 �g/dl), normal
sleep pattern is restored, but when replacement
results in higher than basal levels (approximately
10 �g/dl), SWS is inhibited.22

These finely tuned glucocorticoid effects on
sleep are likely mediated by the balance between the
two well-known glucocorticoid receptors: mineralo-
corticoid and glucocorticoid (MRs and GRs,
respectively). MRs exhibit high affinity for the
natural ligands (corticosterone/cortisol and aldo -
sterone) and are located predominantly on the
limbic system. From 80% to 90% of MRs are
occupied throughout the day, including the nadir
of the circadian rhythm. GRs, in contrast, show a
much lower affinity for the natural ligand (one-tenth
of the MR affinity), but a high affinity for syn-
thetic corticosteroids. They are widely distributed
in the brain and periphery, and are only occupied
during the bursts of corticoid secretion, i.e., during
the peak of circadian rhythm and stress response.
Therefore, MRs are involved with the control of
circadian activities of the glucocorticoids, and GRs
restore the disruption of homeostasis resulting

from exposure to stressful situations, although both
receptors work in a concerted manner to maintain
appropriate balance of body functions.23

ANIMAL MODELS FOR THE STUDY OF
STRESS-INDUCED SLEEP CHANGES

The use of experimental models of human diseases
is advantageous insofar as many of the mechanisms
involved in the installation of the disease can be
disclosed, not to mention potential therapeutic
agents and preventive actions. Nonetheless, there is
special difficulty in modeling human psychopatholo -
gies, because these involve higher cognitive func-
tions that cannot yet be tested in animals. Still,
these models are extremely useful to unveil the
neurobiology and, in some cases, even conditions
that may trigger or prevent the development of
such pathologies.

Insomnia results from the interaction between
environmental conditions (stressful situations) and
individual vulnerability.3,24 Therefore, it is not
only the stimulus but also how it is processed by
the subject that determines how much and for how
long neurotransmitters and hormones will be
released in response to the challenge. In addition,
as has been already mentioned, it is not possible, as
yet, to determine whether increased ACTH and
cortisol levels observed in patients are a cause or
consequence of insomnia. The use of animal models
is a suitable strategy to try to answer these questions.

Changes in sleep pattern induced by stressful
events result from an integration of genetic, neu-
roendocrine, and neurophysiologic mechanisms.
Therefore, the initial behavioral responses that
animals exhibit when confronted with stressors may
determine the subsequent sleep response to a given
event. For didactic purposes, we will consider two
main strategies for the study of stress-induced sleep
alterations: environmental influences, which influence
the effects of stressors that may or may not represent
an ethologic situation, and genetic influences, which
influence how the sleep of animals with different
genetic backgrounds respond to stress.
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Environmental influences

In rodents, it is generally accepted that sleep is
increased after an acute stressful event, and this
increase is believed to function as a coping strategy
and an aid for recovery. However, there seems to be
a clear temporal pattern for this effect; i.e., during
stress exposure, both SWS and REM sleep are
inhibited and this inhibition does not seem to
habituate, because it is virtually the same whether
the rat is submitted to 1 or 4 hours of immobiliza-
tion.25 Sleep remains inhibited for some time after
the end of the stimulus,26 when it begins to rise,
reaching the highest levels during the dark phase of
the cycle.26–29

The length of the stimulus also influences sleep
rebound. For instance, rats submitted to a 2-hour
immobilization stress exhibit a 32% rebound of
paradoxical sleep (PS) and no changes in SWS.30

The effect on REM sleep is further increased when
immobilization is reduced to 1 hour, when REM
rebound goes up to 63% and SWS rebound increases
to 16% during the dark period.31 However, when
the length of immobilization is increased to 4 hours,
the sleep rebound is no longer observed and corti-
costerone levels are increased by 92% (against 71%
observed after 1 hour of immobilization), suggest-
ing that prolonged elevations of corticosterone
may inhibit the expression of stress-induced
sleep rebound.25

Although stress-induced sleep rebound has been
reported by several authors, this is not a universal
effect, since different types of stress lead to different
outcomes. Acute cold stress has been shown to induce
SWS, whereas acute footshock induces sustained
waking during the subsequent 6 hours of record-
ing.32 In addition, footshock results in prolonged
latency to sleep and to REM sleep; nonetheless,
rebound is not expressed in the dark period, as
should be expected.33

In mice, the association of tone with shock
(conditioned fear), either in single or multiple train-
ing schedules, produces a reduction of SWS and
REM sleep. For mice submitted to the multiple
training schedule, sleep reduction is still evident on
the day after training. Presentation of the tone to

this same group up to 27 days after training elicits
reduction of REM sleep, indicating that the
strength of the conditioning is capable of interfering
with sleep for almost 1 month after the tone–shock
pairing.34 Assessment of freezing behavior elicited
by situational reminders of traumatic events may
serve as a model of post-traumatic stress disorder
(PTSD). With this idea in mind, Pawlyk et al35

studied the sleep pattern of rats submitted to situ-
ational reminders from a series of five shocks.
When sleeping in the same context where the
shock was delivered, rats exhibit longer latencies to
sleep and to REM sleep and reduced percentage of
REM sleep; however, when sleeping in a neutral
context, they displayed SWS and REM sleep
rebound, thus being able to distinguish between
neutral and aversive contexts, confirming the
occurrence of aversive conditioning.

In human beings, the most powerful stressors
are those involving a social context, such as social
hierarchy, familiar problems, and interpersonal rela-
tionships. In rodents, one example of social mani -
pulation is the social defeat paradigm, obtained in
the laboratory via the resident–intruder paradigm.
This method is based on the establishment of a ter-
ritory by a male and its defense against unfamiliar
male intruders. The experimental male (the ‘intruder’)
is introduced into the home cage of an aggressive
male (the ‘resident’), the former being attacked and
submitted by the latter.36 Social defeat by a conspe-
cific male induces not only strong neuroendocrine
responses in plasma catecholamines, corticosterone,
prolactin, and testosterone, but also acute responses
in heart rate, blood pressure, and body tempera-
ture.37 Studies of social defeat-induced sleep rebound
show increased slow-wave activity (SWA), but not
of the time spent in SWS, reflecting augmented
intensity but not quantity of sleep. Moreover, SWA
is believed to take place in order to restore the
internal balance after a traumatic event.38,39

Genetic influences

The genetic background is a major variable for
determination of behavioral expression. Therefore,
the same stimulus may lead to different outcomes,
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depending on how the animals react to it. Animal
models that attempt to represent human individual
differences employ two main strategies: (1) selec-
tion of high and low responders to a given stimulus
in genetically heterogeneous outbred strains; (2) com-
parison of inbred strains, which are genetically
identical within strain but vary genetically and
phenotypically across strains.

In regard to the first strategy, selection of Wistar
rats, which intensely explore the open arms of the
elevated plus maze (and are thus considered low
anxiety-related behavior or LAB rats) or intensely
avoid them (and are thus considered high anxiety-
related behavior or HAB rats), has provided neuro -
endocrine and behavioral phenotypes that reflect
different coping strategies and fearful behaviors to
novel situations.40,41 HAB rats display less baseline
pre-REM sleep and greater stress-induced sleep
impairment, reflected by augmented wakefulness,
and reduced SWS and pre-REM sleep, than LAB
animals. Interestingly, blockade of CRF1 receptors
results in more SWS in HAB animals,42 confirming,
by means of a different approach, that hyperactivity
of the CRF system in ‘anxious’ rats is most likely
involved with stress-induced sleep impairment.

Using locomotor activity as the behavioral end-
point for selection of animals, Bouye et al43 reported
on the sleep pattern of high responders (HRs: high
novelty-induced locomotor activity) and low
responders (LRs: low novelty-induced locomotor
activity) exposed to immobilization stress. Initially,
there is a positive correlation between novelty-induced
locomotor activity and corticosterone plasma levels.
Peak corticosterone levels are similar between LRs
and HRs, but the latter exhibit an impaired nega-
tive feedback. Compared with LRs, the amount of
wakefulness is greater in HRs, at the expense of
SWS, whereas REM sleep is similar. In response to
acute immobilization, both LRs and HRs increase
their time spent in REM sleep; however, for LRs,
there is a reduction in the time spent in SWS, whereas
for HRs, the reduction takes place in the time spent
in wakefulness, which means that stress-induced
sleep rebound is evident only in HRs.

The second approach consists of comparing
different strains, which basically differ in their

behavioral and neuroendocrine responsiveness to
stress. For instance, Lewis (LEW) rats, which are
deficient in CRF production, exhibit less wakeful-
ness and more SWS than Fisher 344 (F344) and
Sprague–Dawley (Sp-D) rats.44 When compared with
Sp-D or to outbred Wistar strains, F344 rats show
adrenocortical and prolactin hyper-responsiveness
to footshock stress and display more anxiety-related
behavior in the open field and elevated plus maze.
In their home cages, F344 and Wistar rats are
more active during the dark period, and baseline
sleep indicates that these two strains also sleep less
than LEW and Sp-D rats. The smaller sleep time is
due to reduction of both SWS and REM sleep, but,
interestingly, the proportion of REM with regard 
to total sleep time is similar for all strains.45 In
response to a conditioning fear paradigm, per-
formed in 2 days, LEW rats exhibit the greatest
sleep loss during the daytime period and the least
recovery during the night-time period, compared
with F344 and Wistar rats. Curiously, F344 and
LEW exhibit similar levels of freezing behavior,
which are higher than those exhibited by Wistar rats,
indicating that the reaction to an aversive stimulus
does not predict the sleep alteration. Therefore,
mechanisms other than activation of the HPA axis
may underlie stress-induced sleep changes.46

In mice strains that differ in reactivity to noxious
stimuli such as footshock and contextual fear con-
ditioning, a clear and persistent loss of SWS and
REM sleep is observed in the more ‘anxious’ BALB/cJ
mice, whereas the less ‘anxious’ C57BL/6J mice
only show a loss of REM sleep within the hour that
follows shock presentation.47,48 A similar pattern of
sleep reactivity is also seen in response to non-noxious
manipulations, such as exposure to an open-field49

or restraint stress:50 C57BL/6J mice display the
characteristic stress-induced sleep rebound, whereas
the BALB/cJ strain displays sleep impairment.

MECHANISMS AND MEDIATORS OF
STRESS-INDUCED SLEEP CHANGES

The first hypothesis put forward to explain how
stress induces sleep rebound involves the 
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serotoninergic system. Evidence has linked sero-
tonin with sleep, in as much as blockade of its 
synthesis or a lesion of the raphe nuclei causes insom-
nia.51 Voltametry studies have shown a differen-
tial pattern of serotonin release depending on the
phase of the sleep–wake cycle: (1) from the nerve
terminal (axonal) during waking; and (2) from
the dendrites during sleep. Axonal release during
waking may be involved in the preparation for
sleep, by triggering the synthesis of hypnogenic
substances in target structures, such as the arcuate
nucleus. Therefore, according to the serotonergic
hypothesis, at the beginning of immobilization stress,
there is augmented secretion of 5-hydroxyindoles,
especially in the arcuate nucleus, with subsequent
reduction throughout the stress session induced by
corticosterone. Thus, waking is induced during
stress and sleep rebound is observed later on.52

Increased serotonergic transmission induces the
synthesis of pro-opiomelanocortin (POMC) mRNA
in the arcuate nucleus, which can, in turn, increase
the synthesis of POMC derivatives such as
ACTH1–39, �-melanocyte stimulating hormone
(�-MSH) and corticotropin-like intermediate lobe
peptide (CLIP or ACTH18–39). Although ACTH is
well known to induce waking, �-MSH and CLIP
increase sleep time.53 The content of CLIP and its
phosphorylated form is augmented in the nucleus
raphis dorsalis immediately after the end of immo-
bilization stress, whereas in the arcuate nucleus, the
increase is observed 4 hours after the end of the
session, when REM rebound is at its maximum54

(Figure 17.2). Exogenous administration of CLIP
or of its N-terminal fragments ACTH20–24 and
ACTH18–24 produces a significant increase of
REM sleep because of episode duration. The N-
terminus is devoid of sleep-enhancing effects.53,55

A second line of investigation is related to the
involvement of the noradrenergic system on stress-
induced sleep rebound. Major evidence comes from
studies reporting that lesions of the LC reduce
SWS and REM sleep rebound induced by immo-
bilization stress.56 Likewise, administration of 
�-helical CRH, a CRF receptor antagonist, before
immobilization stress prevents the characteristic

REM sleep rebound in rats.57 Since the effect of
immobilization stress on the LC is mediated by the
CRF system, González and Valatx57 argued that
lesioned animals would exhibit a smaller activating
response of the LC to CRF, indicating that stress-
induced REM sleep rebound is dependent on CRF
activation. However, it is difficult to understand
how the blockade of two arousing systems would
lead to smaller sleep rebound, unless this blockade
impacts on other systems that might take part in
stress-induced sleep rebound (e.g., the POMC-
derivative peptides).

Among the many neurotransmitter/neuro -
endocrine systems that are responsive to stressful stim-
uli, endorphins are particularly involved, since they
are a product of POMC cleavage, being released
together with ACTH. The effects of endorphins
on sleep are somehow controversial, in so far as some
studies show that systemic or i.c.v. administration
of morphine inhibits both SWS and REM sleep,
whereas direct administration of morphine in the
LC or in the solitary tract promotes sleep. Naltrex-
one, a selective blocker of the �-opioid receptors,
prevents immobilization stress-induced sleep
rebound in rats, but does not interfere with the

5-HT
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Arcuate Nucleus

Immobilization stress

5-Hydroxyindoles
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Figure 17.2 Schematic representation of the serotonergic
hypothesis of stress-induced sleep rebound, elaborated by
Cespuglio et al.52 According to this hypothesis, serotonin
released in the arcuate nucleus would induce pro-
opiomelanocortin (POMC) cleavage, resulting in the synthesis
of ACTH derivatives, including ACTH18–39 (CLIP)
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corticosterone response to stress, evidencing a dis-
sociation between the endocrine and the sleep
responses to stress. Curiously, naltrexone by itself
affects neither hormone secretion nor sleep, indi-
cating that it only modifies the effects of stress on
these parameters.58 This effect can be explained by
the fact that stimulation of �-opioid receptors
inhibits the discharge rate of neurons in the LC.59

If immobilization stress elicits the release of 
�-endorphin from neurons of the arcuate nucleus,
then the stressor would inhibit LC discharge, via
activation of �-opioid receptors, leading to aug-
mented REM sleep. An alternative explanation is
that endogenous �-agonists released in response to
stress block the action of CRF on LC neurons,
facilitating their inhibition and the increase of
REM sleep.58 There is a major problem, however,
because the opioidergic hypothesis is difficult to
reconcile with the reduced REM rebound resulting
from LC lesions.

Another important peptide responsive to stressful
stimuli is PRL. As mentioned already, PRL is
closely related to REM sleep. In mice strains that
differ in anxiety-related behavior (C57BL/6J or
‘less-anxious’ mice and BALB/cJ or ‘anxious’
mice), restraint stress was capable of eliciting sleep
rebound only in the ‘less-anxious’ strain. Investiga-
tion of possible mediators of such distinct response
led to finding that only the ‘less-anxious’ strain
(C57BL/6J) displayed higher levels of restraint-
induced prolactin when compared with handling-
induced peptide secretion, whereas PRL secretion
in BALB/cJ mice was as low after restraint as after
handling. Interestingly, corticosterone levels were
equally elevated after restraint in both strains,
demonstrating a similar activation of the adreno-
cortical system.60

CONCLUDING REMARKS

In humans, stressful situations, especially those
with a social character, are capable of eliciting
insomnia. This, however, is not a universal outcome.
Stress-induced insomnia depends on some features

of the stimulus, but most of all on individual
characteristics. This also seems to be the case in
rodents. In general, stress induces sleep rebound,
and this effect appears to be highly adaptive, since
sleep is viewed as an effective strategy of recovery
from either endogenous or exogenous insults.
However, mouse and rat strains that are character-
ized by displaying high levels of anxiety-related
behavior are more vulnerable to stress-induced
sleep impairment.

In this regard, a likely neural substrate for
insomnia related to stress is the central nucleus of the
amygdala (CeA), especially because most of the
evidence for the awakening properties of adverse
stimuli comes from classical conditioning studies,
which are known to be related to the amygdala. This
structure evaluates the emotional significance of
stimuli and initiates the appropriate neurobehav-
ioral responses. In addition, the CeA exhibits recip-
rocal connections to each of the brainstem structures
involved in sleep and waking, i.e., the dorsal raphe
nucleus, the LC, and the pedunculopontino/
laterodorsal tegmental nuclei (PPT/LDT).61 Elec-
trical stimulation of the CeA inhibits the discharge
of LC neurons, ultimately resulting in augmented
REM sleep. Therefore, inhibition of amygdala
activity would lead to reduced REM sleep. This, in
fact, is observed when muscimol (a �-aminobutyric
acid A-type receptor (GABAA) agonist) is injected
intra-CeA, while bicuculline (a GABAA antagonist)
elicits REM sleep.62,63 The mechanisms whereby
the amygdala influences REM sleep have not yet been
identified and pose an interesting line of investiga-
tion, given the close relationship between this struc-
ture, anxiety-related behavior, and sleep disturbance
induced by emotionally arousing stimuli.
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Sleep deprivation as an antidepressant

Joseph C Wu, Blynn G Bunney, Steven G Potkin

INTRODUCTION

The identification of mechanisms associated with
the rapid (within 24 hours) and often robust anti-
depressant actions of sleep deprivation could poten -
tially revolutionize the understanding, prevention,
and treatment of depression. Sleep deprivation
studies have been conducted for more than 
45 years,1 and despite the wide range of protocols
(e.g., differing environmental settings, inpatient
versus outpatient studies, diagnoses, gender, age,
and medications), it is effective in an estimated
40–50% of depressed patients.2 Further, the
improvement in depressive symptoms (significant
reductions on the Hamilton Depression Rating
Scale, HDRS) that can occur within several hours
of sleep deprivation are comparable to long-term
(2–6 weeks) treatment with conventional anti -
depressant medications.3 The evidence that sleep
deprivation is effective even in chronic treatment-
resistant patients (albeit at lower rates than 
non-refractory patients)4,5 may imply that it tem-
porarily reverses some fundamental abnormality in
depression. On the downside, recovery sleep (even
short naps) precipitates relapse in approximately
80% of responders,2,6–9 suggesting that it also
affects these same networks. Analyses of recovery
sleep architecture (e.g., cumulative sleep time,
slow-wave sleep (SWS), and rapid eye movement
(REM) sleep density) fail to account for the
relapse.2 Circadian factors are likely involved, as
evidence suggests that recovery sleep in the morning

hours is more detrimental than sleep at other times
of the day in some7,9,10 but not all11 responders. A
longitudinal electroencephalographic (EEG) study
conducted over a period of 60 hours showed that
some patients have repeated periods of microsleep
(20 seconds). It was found that an accumulation of
these episodes, particularly in the morning hours,
is associated with a greater number of postsleep
deprivation relapses.9 An ongoing challenge and a
focus of current research is the identification of
mechanisms to extend the rapid antidepressant
responses of sleep deprivation by counteracting the
apparent depressiogenic mechanisms associated
with recovery sleep.

As a research tool, sleep deprivation provides a
potentially critical experimental framework to
investigate the factors associated with the switch
process. It is somewhat remarkable that virtually
every type of treatment that can ameliorate the sym -
ptoms of depression has the capability of switching
a small percentage of patients into hypomania/
mania. This holds true also for sleep deprivation.
Bipolar patients have the highest risk for switches
into hypomania/mania following sleep depriva-
tion, although the risk is no greater than that for
conventional antidepressants.12,13 For example,
Colombo et al13 found switch rates in the range of
4–6% in a sample of 206 bipolar patients (10
switches into mania and 12 switches into hypoma-
nia). The exception is for a rare subgroup of rapid
cyclers who switch in and out of depression and
mania every 48 hours. Wehr et al14 sleep deprived
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9 drug-free rapid-cycling bipolar patients for a
total of 40 hours (over 1 night) and observed that
although most of them (8/9) switched out of
depression, almost all (7/8) of which became
hypomanic/manic.

A review of the literature reveals that there are
very few, if any, clinical variables that predict sleep
deprivation responses. Data from our laboratory
and others report that repetitive sleep deprivation
trials produce a large variation in responses from
one trial to the next in the same individuals.
Weigand et al15 administered six cycles of total
sleep deprivation (each cycle consisting of sleep
deprivation followed by a night of recovery sleep)
over a 3-week period. Prior to the beginning of
subsequent trials of sleep deprivation, subjects
relapsed to baseline levels, so that the presleep
depri vation depression ratings were consistent
throughout the protocol. Analysis of the data reve -
aled that (i) there was no predictable pattern of
response for any individual from one cycle to the
next; (ii) patients who may not initially respond to
sleep deprivation may still be good candidates for
future sleep deprivation trials; and (iii) that
repeated cycles of sleep deprivation do not pro-
duce habituation or sensitization. There is some 
evi dence to suggest that a subgroup of patients 
showing diurnal worsening of depression in the
morning and improvement in the late afternoon
are more likely to,2,16–18 but will not always,5

benefit from sleep deprivation interventions. We
propose that this subgroup of depressed patients
may have dysregulation in functions of the core
clock genes that control the master circadian clock
loca ted in the suprachiasmatic nucleus in the
hypothalamus.16,19

FUNCTIONAL BRAIN IMAGING STUDIES

Neuroimaging data provide compelling evidence
for selective regional activation of brain areas asso-
ciated with sleep deprivation. There is a growing
consensus from [18F] fluorodeoxyglucose (FDG)
position-emission tomography (PET), single photon

emission computed tomography (SPECT) with
technetium-99m-hexamethylpropyleneamine
oxime (HMPAO), and functional magnetic reso-
nance imaging (fMRI) data that responders to
either partial (PSD) or total (1-night) (TSD) sleep
deprivation have elevations in regional baseline
(presleep deprivation) activity, which normalize
with clinical improvement. Increased baseline acti-
vation in sleep deprivation responders is seen in
regions associated with the anterior cingulate cor-
tex, fronto-orbital cortex,20–26 and left superior and
inferior temporal cortex,24 as well as the amyg-
dala.20,27 In the largest major depressive disorder
(MDD) study to date, our group24 identified 12
responders and 24 non-responders to total sleep
deprivation and demonstrated that clinical im -
provement was linked to the activation of a region
centered in the medial prefrontal cortex (BA 32).
Another study using fMRI in a group of 17
unmedicated MDD patients compared with 8
controls in a partial sleep deprivation protocol
reported increases in amygdala perfusion, which
decreases with clinical improvement.27 It appears
that depression may be associated with hyperme-
tabolism, a hypothesis supported by data from
Nofzinger et al28 suggesting that some depressed
patients may have an overactive ventral emotional
neural system, which persists during waking and
sleep (non-REM: NREM) in a subgroup of de -
pressed patients. The mechanism of action of sleep
deprivation in reducing brain metabolic activity
may be related to the antidepressant effects of sleep
deprivation. This is supported, in part, by data in
PET studies of sleep deprived healthy individuals
showing that enforced wakefulness decreases
global brain activity, particularly in the thalamus,
prefrontal cortex, basal ganglia, posterior parietal
association cortices, and cerebellum.29,30 However,
in contrast to depressed patients, data from normal
subjects suggest that sleep deprivation can provoke
depressive-like symptoms such as cognitive impair-
ments (notably in working memory) and abnor-
malities in sleep architecture.31–34 Although there
are descriptions of depressive-like changes in mood
following sleep deprivation, there are few, if any,
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carefully controlled studies documenting the 
relationship.35

PREVENTING RELAPSE: COMBINATION
OF SLEEP DEPRIVATION WITH
ANTIDEPRESSANTS, MOOD STABILIZERS,
BRIGHT LIGHT, AND PHASE ADVANCE

Non-invasive circadian manipulations have been
used as adjunctive therapies in an attempt to
extend sleep deprivation-related antidepressant
responses. Briefly, administration of bright-light
therapy, sleep deprivation, and phase advance,
administered individually or in combination, can
produce improvement in symptoms in a subgroup
of patients. It appears that the combination of
these methods may exert longer-lasting antidepres-
sant effects. A review of 20 studies reported that
bright light as adjunctive therapy in non-seasonal
depression is efficacious as adjunctive treatment to
antidepressants, including sleep deprivation, espe-
cially when administered during the first week of
treatment, in the morning, and as an adjunctive
treatment to sleep deprivation responders.36 The
meta-analysis by Golden et al37 of three studies of
bright-light therapy in non-seasonal depression
failed to find an effect; however, this finding may
be limited by the small number of studies. Data
from phase advance, in contrast, show that advanc-
ing the time of sleep can produce a rapid antidepres-
sant response in some patients. First introduced by
Wehr et al,38 phase advance was reported to pro-
duce immediate but transient improvement in a
bipolar depressed patient by advancing the time of
sleep and awakening by 6 hours over 2 days. A
later study by this same group39 reported antide-
pressant responses in four treatment-resistant
patients using phase advance. The most dramatic
response was described in a patient with a severe
persistent depressive episode that lasted for 30
days. Significant improvement within 48 hours
followed a 5-hour phase advance.

A growing body of evidence shows that 
sleep deprivation in combination with circadian 

manipulations (e.g., bright white light or phase
advance), antidepressants, and/or mood stabilizers
such as lithium can maintain postsleep deprivation
responses in some individuals.4,18,40–55 Either total
or partial sleep deprivation protocols were admin-
istered in each study, with the exception of the
investigation by Elsenga et al,45 where patients
were treated with both (total sleep deprivation was
followed by partial sleep deprivation). To summa-
rize, there is a general consensus that (i) the com-
bination of antidepressants and sleep deprivation
has added benefit; (ii) treatment with the mood
stabilizer lithium is efficacious when combined
with sleep deprivation;41,51,52,56,57 (iii) morning
bright white light may modestly augment sleep-
deprivation responses in some individuals; (iv)
serial sleep deprivations (partial or total) are effica-
cious and of benefit to initial non-responders to
sleep deprivation;15,46,58 and (v) phase advances in
the sleep/wake cycle may extend the antidepressant
response.6,49,50,59

GENE RESEARCH

Advances in gene research include the combined
use of gene expression data with genetic linkage
analysis. Benedetti and colleagues have conducted
a series of genetic studies in depressed patients
treated with sleep deprivation. Results from these
studies suggest a functional polymorphism located
within the promoter of the serotonin transporter
that may influence the antidepressant response to
total sleep deprivation as well as to serotonin-
related drugs. It was found that homozygotes (l/l )
for the long variant of the serotonin transporter (5-
HTTLPR) are more likely to respond to total sleep
deprivation (plus bright light) compared with
those who are heterozygotes and homozygotes for
the short variant.60 We have previously discussed
the possible role that serotonergic system mobi-
lization might play in the antidepressant mecha-
nism of sleep deprivation,61 suggesting that
depressed patients who are homozygotes for 
5-HTTLPR (l/l ) have a greater capacity to mobilize
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the serotonergic system when sleep deprived.
Other studies from Benedetti et al62 report that the
dopamine receptor variants (DRD2 and DRD3)
are not associated with the antidepressant effect of
sleep deprivation in bipolar depressives. This same
group63 reported possible genetic markers associ-
ated with the regulation of the biologic clock.
They found that the presence of a glycogen syn-
thase kinase 3� (GSK-3�) promoter gene single-
nucleotide polymorphism (SNP) is predictive of a
response to total sleep deprivation. Data from 60
bipolar inpatients showed that homozygotes for 
the single nucleotide polymorphism in the promoter
region of the gene coding for GSK-3� had a delayed
onset of the illness. GSK-3 is thought to be a target
for the therapeutic actions of the mood stabilizer
lithium. Work in cell cultures suggests that lithium
inhibits GSK-3 via the rev-erb� component of the
circadian clock.64 Benedetti et al65 have proposed that
the chronobiologic genotype for GSK-3� could play
a protective role in bipolar illness in terms of delayed
onset and increased antidepressant responsiveness to
sleep deprivation. However, the interpretation is
limited due to the small number of bipolar patients
carrying the GSK-3 (C/C) genotype. If the replica-
tion of these findings prevails, it can offer a totally
new perspective on the treatment of depression.

COMMENTS AND FUTURE DIRECTIONS

Since 80% of MDD patients complain of insom-
nia,66 it is somewhat counterintuitive that depriv-
ing depressed patients of sleep can produce rapid
antidepressant responses. Moreover, normals suffer-
ing from primary insomnia (a sleep disturbance
that is unrelated to any other medical conditions)
for a 2-week period have a significantly increased
risk for developing depression over the subsequent
1–3 years.67 The interplay between depressive ill-
ness and sleep loss needs further investigation. Data
suggest that the neurobiologic substrates underly-
ing depression vary over the course of a depressive
episode. In rapidly cycling bipolar patients, it was
reported that increased responses to sleep deprivation

occurred later rather than earlier in the course of an
episode.68 Pflug,69 in contrast, found that the sleep
deprivation applied earlier within an episode in
MDD patients had a greater effect.

Sleep deprivation research provides intriguing
clues to the pathophysiologic mechanisms underly-
ing depression. In view of recent technological
advances, it seems that studies of sleep deprivation
can be sequentially studied (pre- and postsleep dep-
rivation) to help determine genetic variables that
may contribute to antidepressant responses. The
major research question is how sleep deprivation
differentially affects the brain of depressed patients
to produce an antidepressant response. Is there a
common neuronal pathway underlying the many
diverse interventions that can alleviate depression
such as electroconvulsive therapy (ECT), transcra-
nial magnetic stimulation, at least 30 antidepres-
sant medications, mood stabilizers, phase advance,
bright light, vagal stimulation, and various forms of
psychotherapy in addition to sleep deprivation?
Basic studies in sleep deprived mammals are begin-
ning to provide potentially exciting clues to candi-
date genes and relevant pathways.70–72
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Fibromyalgia and the neurobiology of sleep

Daniel J Wallace

INTRODUCTION

Fibromyalgia (FM) is not a disease, but a syndrome,
characterized by centralized sensitization of affer-
ent inputs into the spinal cord from tactile, chem-
ical, thermal, and nociceptive stimuli that leads to
amplified pain. Sleep pathology is a unifying feature
of the syndrome, and improvement in sleep archi-
tecture is the principal treatment goal.

CLINICAL ASPECTS OF FIBROMYALGIA

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 in
1904 by Sir William Gowers, who coined the term
‘fibrositis’  for tender points in patients with lum-
bago (back pain). Serious investigation into tender
points first took place in the early 1800s, but the
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 and colleagues in 1981 statistically corre -
lated 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, and
this was followed by epidemiologic surveys to
define what constituted FM4 (Table 19.1 and 
Figure 19.1).

Clinical overview5,6

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. Approxi-
mately 6 million people in the USA have FM (2%
of the adult population), and another 6 million
have FM-related complaints but never seek medical
attention for it (termed community fibromyalgia).
This is the third most common reason for referral
to a rheumatologist. Eighty-five percent of patients
are female, and most develop the syndrome during
their reproductive years. Primary fibromyalgia is of
unknown cause, but patients with secondary fibro -
myalgia can trace the onset of their symptoms to
an inciting event or cumulative emotional or phys-
ical trauma. The most common of these events
include inception after a motor vehicle accident, a
viral process, untreated inflammatory arthritis, or
lifting heavy loads with poor body mechanics.

Chap-19:Sleep  12/15/2006  4:35 PM  Page 249



250 SLEEP AND PSYCHOSOMATIC MEDICINE

Most of these individuals have preexisting risk fac-
tors such as psychosocial stressors, poor sleep
habits, or myofascial pain syndrome.

The principal symptoms and signs of FM are
listed in order of prevalence in Table 19.2. Fatigue
is a nearly universal complaint. Although some
patients complain of fevers, the ‘feverish’  sensa-
tion reflects autonomic or hormonal imbalance,
and true FM patients are always afebrile unless
infected. Tender lymph glands without lympha -
denopathy 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

Figure 19.1 Fibromyalgia tender points – based on ‘The
Three Graces’ (Louvre, Paris) (reproduced from Wallace DJ,
Wallace JB. All About Fibromyalgia. New York: Oxford
University Press, 2003 with permission)

Table 19.1 1990 American College of Rheumatology criteria for the classification of 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; 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 intertransverse 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 2nd 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 fibromyalgia if both criteria are satisfied. Widespread
pain must have been present for at least 3 months. The presence of a second clinical disorder does not exclude the
diagnosis of fibromyalgia

Reproduced from Wolfe F et al. Arthritis Rheum 1990; 33: 160–72.4
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hands or feet, which are the opposite of what is
reported in rheumatoid arthritis or systemic lupus.
Tension headaches are common, and cervical
osteoarthritis, sinusitis, and migraine need to be
ruled out. Migraine is more frequent in FM
patients due to vasomotor instability. Alterations
in blood flow patterns to the brain, documented
by single photon emission computed tomography
(SPECT) imaging, 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
hyperreactivity and is manifested by a resting
decrease in oncotic pressure, higher prevalence of
Raynaud’s phenomenon, mitral valve prolapse,
livedo reticularis, self-reported edema, as well as
complaints of numbness, burning and tingling.
Dysautonomia can also be associated with ‘hyper-
vigilance syndromes’  where sensitivity to loud
noises and bright lights and the sensation of dizzi-
ness are common along with anxiety disorders.
One percent of patients 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.

Association with other central
sensitization syndromes7–9

Patients with FM-like complaints often have
symptoms that are more bothersome than musculo -
skeletal ones and consult physicians who diagnose
them with conditions also associated with central
sensitization. A listing of these and their prevalence
is given in Table 19.3. Chronic fatigue syndrome
has its own statistically validated criteria, but dif-
fers from FM in that fatigue is more prominent
than myofascial discomfort, and many more
chronic fatigue patients have documented evidence
that an infectious process induced their symptoms.
Postinfectious fatigue syndrome patients (e.g.,
Epstein–Barr or Lyme) often manifest myofascial
symptomatology. There is considerable overlap
between FM and conditions associated with 
visceral hyperalgesia, such as irritable bowel syn-
drome, non-cardiac chest pain, non-ulcer dyspep-
sia, and esophageal spasm. Pathophysiologically,
there is greater emphasis on parasympathetic 
dysfunction and smooth muscles, as opposed to

FIBROMYALGIA AND THE NEUROBIOLOGY OF SLEEP 251

Table 19.3 Fibromyalgia (FM)-associated conditions

Condition Percentage Percentage
with FM with FM-

associated 
conditions

Chronic fatigue syndrome 50 50

Functional bowel spectrum 20 40

Autoimmune disease 10 2

Lyme disease 30 2

Reflex sympathetic dystrophy 100 1

Irritable bladder 10 12

Chronic pelvic pain 50 5

Tension headache 20 53

US population 2 —

Table 19.2 Prevalence of frequently observed
symptoms and signs in fibromyalgia

Symptom or sign Percentage

Widespread pain with tender points 100

Muscle and joint aches 80

Non-restorative sleep 80

Fatigue 60

Tension headache 53

Dysmenorrhea 40

Irritable colon 40

Subjective numbness, tingling 35

Livedo reticularis 30

Complaints of fever 20

Complaints of swollen glands 20

Significant cognitive impairment 20

Restless legs syndrome 15

Irritable bladder 12

Chronic pelvic pain 5
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sympathetic dysfunction and striated muscle in -
volvement in FM. Dysmenorrhea, chronic pelvic
pain, vulvodynia, vaginismus, interstitial cystitis, and
irritable bladder are found in a minority with FM,
but once mechanical problems or hormonal imbal-
ances have been 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) asso-
ciated syndromes include repetitive strain, temporo-
mandibular 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 diag-
nosed 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 ill-
ness, early pregnancy, allergies, nutritional defi-
ciencies, anorexia, cancer, substance (e.g., steroids,
alcohol, heroin, and cocaine) withdrawal, and
opportunistic infections.

Psychologic profiles10,11

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. In 20–30% of
patients with FM, there are no psychologic prob-
lems (e.g., those with scoliosis) influencing the
syndrome, but two personality profiles predomi-
nate. Post-traumatic stress disorder (PTSD) is
found in 20% of patients with FM, and another
20% are females of above average intelligence with
perfectionistic tendencies, chronic anxiety, and
hypervigilance symptoms who find it difficult to
relax and often have no hobbies.

THE ETIOPATHOGENESIS OF
FIBROMYALGIA

Pain pathways in healthy and FM
patients12–15

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 non-
nociceptive. In FM, nociceptive pain, or pain asso-
ciated with discomfort, when amplified by
repetitive inputs leads to hyperalgesia, neuroplas-
ticity, 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 non-
myelinated C-fibers in the skin are easily activated
by chemical, mechanical, or thermal stimuli. Even
without noxious stimuli, signals can arise sponta-
neously that are converted into neural impulses.
Once sensitized by this stimulus, the C-fiber
nerves convey this afferently to the dorsal root gan-
glion of the spinal cord. The constant bombard-
ment of noxious inputs by C-fibers produces a
‘wind-up’  phenomenon that leads to central sensi-
tization and ultimately FM. Large, myelinated 
A�-fibers, which normally transmit very noxious
signals, start carrying some of the signals usually
carried by the C-fibers. Even autonomic B-fibers
start carrying nociceptive stimuli to handle the
overload. Non-nociceptive fibers begin to carry
nociceptive signals. In the dorsal root ganglion,
increased discharges of second- and third-rung
neurons takes place via the secretion of nerve
growth factor (NGF) 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-methyl-
D-aspartate (NMDA) receptors in the spinal col-
umn, normally dormant, enhancing electrical
depolarization and thus calcium influx into nerve
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cells, which makes them more excitable. These
impulses ascend via the spinothalamic tract to 
the thalamus (and autonomic fibers via the spino -
reticular tract to the limbic system). The brain now
responds with inhibitory actions via neurotransmit-
ters (e.g., dopamine, norepinephrine (noradrena-
line), epinephrine (adrenaline), serotonin, and
opioids) in the descending system. However, in FM,
the responses are diminished (e.g., serotonin prod-
ucts are decreased in cerebrospinal fluid). Recently,
it has been shown that glial cells make cytokines,

substance P, and other chemicals that may perpetu-
ate the process. These factors are influenced by 
hormones, emotional stress, cytokines, and sleep
disorders. The end result is amplified pain. 
Figures 19.2 and 19.3 summarize these interactions.

Role of sleep in the etiopathogenesis of
fibromyalgia

Between 2% and 15% of any given population
and between 60% and 90% of FM patients have  

Peripheral
nerve

(Dorsal root ganglion, NGF,
 substance P release,
 NMDA activation) 

Spinal cord

Brain
cortex

Spinothalamic
tract

Dorsal root ganglion

Pain, temperature
(Aδ- and C-fibers)

Somesthetic
system of body

ELBOW JOINT

Chemical, tactile
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Bone

Skin
Ligament

Muscle
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Figure 19.2 Ascending pair pathways in a healthy individual. NGF, nerve growth factor; NMDA, N-methyl-D-aspartate
(reproduced with revisions from Wallace DJ, Wallace JB. All About Fibromyalgia. New York: Oxford University Press, 2003 with
permission)
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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 (NREM) sleep.2 Other find-
ings noted include an increase in stage 1 sleep, a
reduction in delta sleep, and an increase 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 dis-
tinct patterns of alpha sleep activity in FM: phasic
alpha–delta activity (50%), tonic alpha continuous
throughout NREM 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 been docu-
mented additionally by greater numbers of
arousals and alpha–K complexes (which promotes
arousal, fatigue, and muscular symptoms) in the
syndrome. Electrocardiograms demonstrate in -
creased sympathetic nervous system activity over -
night, while healthy individuals report a decline
with sleep. FM and pain have been associated with
a higher proportion of stage 1 NREM sleep, fewer
sleep spindles and less sleep spindle frequency
activity (usually seen in stage 2 sleep), suggesting
that the mechanism relates to thalamocortical
mechanisms of spindle generation. Cyclic altering

patterns during sleep, which express instability 
of the level of vigilance that manifests the 
brain’s fatigue in preserving and regulating the
macrostructure of sleep, are more often present 
in FM.20

Non-restorative sleep is felt to derive from
decreases in growth hormone secretion as meas-
ured by insulin-like growth factor I (IGF-I). We
have 640 muscles in our body which undergo
microtrauma during our daytime activities. Dur-
ing sleep, there are increases in growth hormone
and melatonin secretion, which heal the micro-
trauma experienced by our muscles.21,22 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.

From 10% to 30% of FM patients exhibit
another pattern of sleep pathology, which can be
documented via a sleep study: restless legs syn-
drome, also known as sleep myoclonus or periodic
limb movement syndrome.23,24 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
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Figure 19.3 Ascending and descending pathways in fibromyalgia. NGF, nerve growth factor; NMDA, N-methyl-D-aspartate
(reproduced with revisions from Wallace DJ, Wallace JB. All About Fibromyalgia. New York: Oxford University Press, 2003 with
permission)
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patients that this is present. Respiratory flow
dynamics during sleep in FM are just beginning to
be surveyed. While initial reports suggested that it
may correlate with an increased number with sleep
apnea (especially in men), its true prevalence is
only 5%, Gold’s group has associated upper-airway
resistance syndrome (UARS) rather than sleep
apnea or hypopnea in the overwhelming majority
of FM patients.25–27

Hormones and cytokines play an important
role in the disturbances reported in FM.28–30

Behavioral make-up, stress, estrogen release and
sympathetic nerve activity, and interleukin-1� (IL-
1�) all lead to the release of corticotropin-releasing
hormone (CRH), 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 associ-
ated with a shift of IL-6 and tumor necrosis factor
(TNF) secretion from night-time to daytime, as
well as hypersecretion of cortisol. This leads to

daytime fatigue and difficulty sleeping. See 
Figure 19.4.

MANAGEMENT OF SLEEP DISORDERS IN
FIBROMYALGIA

Before treating sleep problems in a FM patient, a
medical work-up should classify the nature of the
problem. Does the patient have classic fibromyal-
gia? Is periodic limb movement syndrome part of
the picture? Is sleep apnea, hypopnea, UARS, or
bruxism present? Are there psychiatric considera-
tions? Are medical comorbidities such as hypothy-
roidism 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.
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Figure 19.4 Influence upon sleep of hormones, neurotransmitters, and cytokines. NGF, nerve growth factor; IL, interleukin;
CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone (reproduced with revisions from Wallace DJ, 
Wallace JB. All About Fibromyalgia. New York: Oxford University Press, 2003 with permission)
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Ascertainment methodologies

Improved quality of sleep in FM has been corre-
lated with decreased musculoskeletal pain, better
quality of life, and less fatigue. A review of studies
examining sleep in FM found that multiple
methodologies, most validated for non-FM condi-
tions, were used as methods of ascertainment.31

These included interviewing patients, keeping a
sleep–wake diary, self-rating scales (Beck Depression
Inventory, Multidimensional Fatigue Inventory, and
Fatigue Severity Scale), sleepiness scales (e.g., Stan-
ford 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 looking at performance tasks.
These metrics and inventories are complemented
by polysomnography.

Sleep hygiene

The rules of sleep hygiene are reviewed in Chapter 8.
Briefly, they include making sure that the room is
dark, the mattress firm, bed partners do not snore,
children and/or pets are not in the bedroom, tak-
ing a hot shower before sleeping, not napping dur-
ing the day, creating a restful environment during
the hour before going to sleep, eliminating alcohol
or caffeine after 6 PM, 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 an
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.

Medication

Since few studies have evaluated sleep therapies for
FM, textbooks and experience from rheumatic dis-
ease practices have evolved the following set of
general concepts:

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

2. Is the diagnosis correct, and are there other
medical or psychiatric considerations that
apply? (See the first paragraph of this section.)

3. If medication is to be used, a tricyclic anti -
depressant (TCA) 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.

4. Selective serotonin reuptake inhibitors
(SSRIs) may make sleep more problematic,
but can be used with TCAs. Non-steroidal
anti-inflammatory agents have no effect on
sleep. Diphenhydramine and other sedating
antihistamines do not adequately address the
problem.

5. 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 in FM patients
include tenazepam and zolpidem.

6. Severe anxiety may warrant innovative inter-
ventions such as atypical antipsychotics (e.g.,
quetiapine), and concomitant burning and
tingling agents such as gabapentin.

7. Failure to respond to the usual measures war-
rants a psychiatric evaluation and polysomno-
gram, with a sleep center consultation.

Evidence-based review of sleep
interventions in fibromyalgia32–48

A Pub Med search of sleep interventions for
fibromyalgia using agents available in the USA
that met criteria for Evidence Based Levels A, B, or
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C was conducted in March 2006. Eighteen studies
met the criteria for inclusion. Five involved non-
 medication interventions: hypnotherapy, cognitive-
 behavioral therapy, electroacupuncture, and a stress
reduction program were helpful, but a cardiovas-
cular fitness program was not. Thirteen publica-
tions explored specific medication regimens.
Over-the-counter preparations studied included
melatonin and 5-hydroxytryptophan and were
slightly beneficial. Of the remaining 11 papers,
four examined amitriptyline (efficacious in two
and not in two – in one of these, sleep architecture
did not change), three cyclopenzaprine (definitely
useful), one prednisone (a disaster), one pregabalin
(helpful), and one zolpidem (improved sleep but
had no effect upon fibromyalgia) and sodium 
oxybate (helpful for both sleep and fibromyalgia).

SUMMARY

Fibromyalgia is a pain amplification syndrome
produced by persistent afferent sensory stimula-
tion and manifested as a central sensitization syn-
drome. It is not a disease, but is present in a variety
of medical and behavioral conditions. FM is mod-
ified by hormonal, cytokine, neurotransmitter, and
autonomic influences. The overwhelming majority
with FM have sleep disorders, with the alpha–delta
abnormality being the principal pathology. Man-
aging sleep pathology in FM appropriately amelio-
rates the symptoms and signs of the syndrome
more than almost any other intervention.
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gastroesophageal reflux (GER) 1, 9

during sleep 2–5
therapeutic considerations 5–7
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mechanisms 166–7
prevalence 160–2
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hyperlipidemia 29
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idiopathic 114
post-traumatic 84
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sleep-related erections in 38
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hypnagogic hallucinations 191
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hypnopompic hallucinations 191
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hypocretin-1 78
hypofrontality 57, 61, 62, 71
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hyponatremia 35
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hypothalamic–pituitary–adrenocortical (HPA) axis 231, 232
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hypoxia 18

imipramine 36, 114, 193
impotence see erectile dysfunction
incontinence, fecal 1
indiplon 111

Index:Sleep  12/15/2006  12:51 PM  Page 263



264 SLEEP AND PSYCHOSOMATIC MEDICINE

infection 177–83
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leuprolide acetate 46
levodopa 75, 122
light therapy 103
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for treatment of insomnia 110–14

medroxyprogesterone acetate 46
melatonin 84, 122, 166–7, 257
melatonin agonists 113
menstrual cycle 35, 46–7
methaqualone 111
methylphenidate 114, 193
methylprogesterone 121
methyprylon 111
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migraine 121, 163–4

mineralocorticoid receptors (MRs) 233
Minnesota Multiphasic Personality Profile Inventory (MMPI) 44, 126
mirtazapine 114
modafinil 78, 114, 193, 196
monoamine oxidase inhibitors 46
morning headache 159, 165–6, 167
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Multidimensional Fatigue Inventory 256
multiple sclerosis 37, 85
Multiple Sleep Latency Test (MSLT) 78, 83, 162, 192, 216
multiple system atrophy (MSA) 77
mu-opioid receptors 236–7
myasthenia gravis 84
myocardial hypertrophy 27
myocardial ischemia 30
myofascial pain syndrome 249
myotonic dystrophy 85

naltrexone 236–7
narcolepsy 77, 78, 93, 191–202

alcohol abuse in 196
amfetamine in 110
automobile accidents 195
cataplexy in 122
costs 195
diagnosis 191, 192
disability/developmental disability 198–9
disease onset 193
economic burden 194
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employment 201
genetics 192
hypocretin/orexin in 192
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management 199–200
medications side-effects 196
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pathophysiology 192
personality and 196
post-traumatic 84
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public health measures 200
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research priorities 201–2
symptoms 191
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neuromuscular disorders 84–5
niacin 110
night terrors 77, 85, 121
nightmares 104

COPD and 18
nitric oxide 23, 28–9
nizatidine 113
nocturia 35
nocturnal enuresis 36–7
nocturnal headache 159
nocturnal myoclonus see periodic limb movement disorder
nocturnal paroxysmal dystonia (NPD) 85
nocturnal penile tumescence (NPT) see sleep-related erections
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non-REM (NREM) sleep 4, 54–5, 70, 71, 129

bradycardia in 25
cardiovascular system and 25
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hypoxic ventilatory drive during 14–15
immune response 177
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respiratory control during 14
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clinical features/consequences 16
hypertension and 17
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signs and symptoms 167
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panic attacks 121
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Parkinson’s disease 75–8
paroxetine 43, 114
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penile pain syndrome see sleep-related painful erections
pergolide 122
periodic limb movement disorder (PLMD) 39, 76, 110, 122

see also restless legs syndrome
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Peyronie’s disease 41, 42
phase response curve (PRC) 103
phenothiazine 147
Pittsburgh Sleep Quality Index 84, 256
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in depression 51
in narcolepsy 192
in Parkinson’s disease 78

positron emission tomography (PET) 52–3, 242
postpartum depression 226
post-traumatic stress disorder (PTSD)
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dreaming in 148–9
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sleep architecture 212
sleep manifestations 121

pramipexole 78, 122
prednisone 257
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procedural learning 69
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prolactin (PRL) 232
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proton pump inhibitor (PPI) 7
protriptyline 121, 193

questionnaires 163
quetiapine 256

ramelteon 113, 122
ranitidine 2, 6, 113
rapid eye movement (REM) behavior disorder (RBD) 77
rapid eye movement (REM) sleep see REM sleep
reflex sympathetic dystrophy 251
reflux patterns 3
regional complex pain syndrome, type 1 251
regional myofascial pain 249
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relaxation training 99, 102
REM sleep 

acetylcholine and 166
blood pressure in 25
coronary circulation and 25
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functional insufficiency, stress and 215–16
immune response 177
in inflammatory bowel syndrome 7, 8
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rebound 111
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respiratory control during 14
in schizophrenia 68
sleep-related erections in 38, 42–3, 46
swallowing during 4
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‘REM-locked’ headache disorder 165
REM sleep without atonia (RSWA) 77
respiration

chemoreceptors 14–15
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rhinovirus 180
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Figure 5.1 Polysomnograms showing the characteristics of healthy sleep (a) in comparison with sleep in a depressed patient
(b). (1) In depression, the period between sleep onset and the first occurrence of rapid eye movement (REM) sleep, shown in
red, is markedly reduced (reduced REM latency). (2) The depressed patient spends less time in sleep stages 3 and 4 (reduced
slow-wave sleep). (3) In depression, the number of awakenings and arousals is increased and the patient awakens early in the
morning (disturbed sleep continuity). The sleep stages (REM and sleep stages 1–4 (S1–S4)) are given across the time. BM,
body movement; EM, eye movement
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Figure 5.2 Key components of the ascending arousal system (assending reticular activating system, ARAS). A major input to
the thalamus (yellow pathway) originates from cholinergic (ACh) cell groups in the pons: the pedunculopontine (PPT) and
laterodorsal tegmental (LDT) nuclei. These inputs facilitate thalamocortical transmission. A second, non-thalamic, pathway (red)
activates the cerebral cortex to facilitate the processing of inputs from the thalamus. This pathway comprises neurons in
monoaminergic cell groups, including the locus ceruleus (LC) containing norepinephrine (noradrenaline, NA), the raphe nucleus
containing serotonin (5-hydroxytryptamine, 5-HT), the tuberomammillary nucleus (TMN) containing histamine (His), and neurons
in the ventral periaqueductal gray matter (vPAG) containing dopamine (DA). This pathway also receives contributions from
neurons in the lateral hypothalamus (LHA) containing orexin (ORX) or melanin-concentrating hormone (MCH), and from basal
forebrain (BF) neurons containing �-aminobutyric acid (GABA) or ACh (reprinted, by permission from Macmillan Publishers Ltd:
Saper CB, Scammell TE, Lu J. Hypothalamic regulations of sleep and circadian rhythms. Nature 437:1257–63, Copyright 2005)20
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(a)

(b)

Figures 5.3 NREM sleep in healthy subjects. (a) Three-dimensional rendering of regions demonstrating significantly
less relative metabolism during NREM sleep in relation to waking in healthy subjects. (b) Sagittal section showing
regions of the thalamus demonstrating less relative metabolism during NREM sleep in relation to during waking
(reproduced from Nofzinger EA et al. Brain 2002; 125:1105–15 by permission of Oxford University Press)13
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Figure 5.4 REM sleep in healthy subjects: brain structures where relative metabolism is greater in REM sleep than in waking
in healthy subjects. This general pattern includes limbic and paralimbic structures, hippocampus, amygdala, ventral striatum,
basal ganglia, supplementary motor area, anterior cingulate cortex, and medial prefrontal cortex (reprinted from Sleep Medicine
Reviews, Vol 9, Nofzinger EA, Newimaging and sleep medicine, pp 157–72, Copyright 2005, with permission from Elsevier)7
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(a) (b)
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Waking NREM Waking NREM

Depressed

Figure 5.5 NREM sleep in depression, ‘Glass brain’ and 3-dimensional brain-rendering images showing regions with significant
declines in relative metabolism from waking to NREM sleep, including the prefrontal cortex, cuneus, precuneus, and the
temporoparietal cortex: (a) healthy subjects. (b) depressed subjects. Note that, despite a generally similar pattern of
metabolism, depressed patients showed less frontal activity during waking (‘hypofrontality’) in comparison with healthy subjects
and a relative lack of deactivation from waking to NREM sleep (reproduced from Nofzinger EA et al. Arch Ger Psychiatry 2005;
62:387–96. Copyright © 2005, American Medical Association. All rights reserved.)25
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Figure 5.6 REM sleep in depression. Waking-to-REM sleep activations in healthy subjects (column a), depressed subjects
(column b), and interactions showing regions where the depressed subjects’ waking-to-REM activations are greater than those
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of healthy subjects (column c). Brain regions of greater activation from waking to REM sleep in depressed patients in comparison
with healthy subjects include the brainstem reticular formation, the limbic and anterior paralimbic cortex, and parts of the
executive cortex. DLPFC, dorsolateral prefrontal cortex; SMA, supplementary motor area; x and y are the Talairach x- and 
y-coordinates (reproduced from Nofzinger EA et al. Arch Ger Psychiatry 2004; 61:695–702 by permission of …)31

Ventral neural system

• Amygdala, ventral ACC

• REM sleep enhancement

• Anxiety, depressed mood

Arousal system

• Thalamus, Brainstem

• Sleep continuity disturbances

• Hyperarousal during wakening

Dorsal neural system

• Dorsolateral prefrontal cortex

• Reduced slow-wave sleep

• Deficits in executive functions

−

−

+
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Figure 5.7 Sleep-neuroscience model of depression. The model aims to integrate findings from brain imaging studies,
polysomnographic studies, and cognitive/affective neuroscience studies in depression. It proposes that three neural systems
(arousal system, ventral emotional system, and dorsal executive system) are critically implicated in the pathophysiology of
depression. The white arrows indicate the level of activity in each system in depressed patients in comparison with healthy
controls. This level of activity is linked to polysomnographic characteristics and cognitive or affective symptoms in depression.
The curved arrows reflect that the neural systems and their correlates on the polysomnographic and clinical levels are
anatomically and functionally closely connected (‘�’ indicates functional enhancement. ‘�’ indicates functional inhibition). REM,
rapid eye movement; ACC, anterior cingulate cortex
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