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INSOMNIA CAUSES, CONSEQUENCES, AND

THERAPEUTICS: AN OVERVIEW

Christopher L. Drake, Ph.D., Timothy Roehrs, Ph.D., and Thomas Roth, Ph.D.

There is growing interest in insommnia both from the perspective of recent
advances in clinical management as well as research aimed at elucidating its
pathophysiology. This theoretical overview of insomnia describes the negative
impact, etiological considerations, and pharmacological and bebavioral treat-
ments for the disorder, with an emphasis on areas receiving increased research
attention. Insomnia, the most prevalent sleep disorder, affects 10-15% of the
general population. In population-based studies severe insomnia bas been shown
to last for a median of 4 years. In addition, insomnia bas a significant negative
impact on an individual’s work, physical, and social performance as well as
overall quality of life. Furthermore, the economic cost of insomnia related to lost
productivity, work-velated accidents, absenteeism, and bealth-care costs are
enormous. There is increasing evidence linking the precipitation of insomnia to
stress, and converging evidence from cognitive, endocrine, neurological, and
bebavioral domains provide clear evidence for hyperarousal in insomnia.
However, there remains no consensus regarding the specific etiological
mechanisms of this disorder. Although the pathophysiology of primary insommnia
remains an enigma, numerous treatments both pharmacological and bebavioral
bave been developed and found to be efficacious in controlled studies. Despite the
wide availability of pharmacological treatments and increased knowledge of
bebavioral interventions, the vast majority of individuals with insomnia do not
appear to be receiving adequate treatment. The inadequate treatment of
insommnia leads to several important and wunder-recognized consequences
including subsequent development of psychiatric disease and increased substance
use. Depression and Anxiety 18:163—-176, 2003. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

Insomnia is the experience of inadequate, insufficient,
or nonrestorative sleep despite ample time in bed.
Insomnia is the most frequent sleep disturbance, with
the prevalence of chronic insomnia (>6 months)
estimated at between 10 and 15% of the US population
[Breslau et al., 1996; Cirignotta et al., 1985; Ohayon,
1996; Ohayon, 1997, 2002; Ohayon et al., 1998; Silva
et al,, 1996]. Insomnia is an under-recognized and
under-treated problem. This theoretical overview of
insomnia examines its negative impact and pharmaco-
logical and behavioral treatments, with an emphasis on
chronic primary insomnia and its associated features.
First, diagnostic issues related to the major classifica-
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tion systems for insomnia are addressed and an
overview of the economic impact that insomnia
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conveys is provided. Second, important considerations
regarding polysomnography and other tools used for
the assessment of insomnia are discussed along with
recent research on the comorbidity of insomnia with
major depression and anxiety disorders. Next, a
discussion of the three-factor model of insomnia and
relationships between stress, arousal, and insomnia will
be presented. Finally, an overview of insomnia in the
elderly and the major treatments for this disorder are
reviewed. Although the present paper is not meant to
provide an in-depth critical review, particularly regard-
ing areas related to specific medical diseases, non-
therapeutic effects of drugs on sleep (e.g., pro- and
anti-inflammatory drugs, adenosine compounds, beta-
blockers), or the impact of circadian rhythm distur-
bances on insomnia, the reader is directed to recent
reviews of these important topics [Dagan, 2002; Goh
et al., 2000; Guilleminault, 2000; Schweitzer, 2000;
Strogatz et al., 1987].

There are three major classification systems used by
both clinicians and researchers to diagnose insomnia.
Unfortunately, there has been a relative lack of
consistency both within (revisions) as well as between
diagnostic classification systems and research defini-
tions [Harvey, 2001; Ohayon, 2002; Reynolds et al.,
1991]. The Diagnostic and Statistical Manual of
Mental Disorders-IV (DSM-IV) classification [APA,
1994], defines primary insomnia as the complaint of
difficulty initiating or maintaining sleep, or nonres-
torative sleep, persisting for longer than 1 month
(pp- 557). This complaint must also be accompanied by
clinically significant impairment in daytime function,
for which there is no identifiable cause such as another
sleep, psychiatric or medical disorder. A second
diagnostic system that specifies criteria for an insomnia
diagnosis is the International Classification of Sleep
Disorders [AASM, 2001]. This system was created and
modified by experts in the field of sleep disorders
research and is increasingly used by clinicians with
specialized sleep training. Finally, the International
Classification of Disorders—10 [WHO, 1992] is a third
system used to classify insomnia. As opposed to DSM-
IV and ICSD, which do not have specific frequency
criteria attached, the ICD-10 criteria require a patient
to report sleep disturbance that occurs at least 3 nights
per week. Other variations across these classification
systems are related to considerations of symptom
severity (DSM-IV “clinically significant distress or
impairment”; ICSD not specified) and duration (spe-
cified as 4 weeks in DSM-IV only). Generally, the
ICD-10 and DSM-IV attempt to lump insomnia
diagnoses together, whereas the ICSD splits them
apart.

The nonspecific nature of the insomnia diagnosis in
each of the standard diagnostic systems along with the
ubiquitous nature of insomnia symptoms (both tran-
sient and chronic) have contributed to the difficulty in
identifying the etiology of primary insomnia as well as
determining an appropriate differential diagnosis.

While insomnia was once thought of exclusively as a
symptom rather than as a disorder, primary insomnia
and its pathophysiology is beginning to be studied
more rigorously with respect to its clinical identifica-
tion and objectively verified correlates. As a result,
primary insomnia is increasingly recognized as a
distinct disorder. An important remaining question
concerns the specific etiology that may differentiate
primary from secondary insomnia and whether there
may be common etiological components such as a
predisposition to disturbed sleep, negative condition-
ing, or maladaptive behaviors and cognitions.

NEGATIVE IMPACT

One approach proven useful in determining the
negative impact of insomnia includes studies examining
the chronicity of this disorder in the general popula-
tion. In population-based studies, severe insomnia has
been shown to last for a median of 4 years [Chevalier et
al.,, 1999] and 88.2% of patients continue to report
sleep disturbance 5 years after the onset of the disorder
[Mendelson, 1995]. Furthermore, one study found that
only 56% of individuals have remission after 10 years
[Janson et al., 2001]. In addition to its nocturnal
effects, insomnia has a significant negative impact on
an individual’s quality of life. One study using the Short
Form Health Survey 36 (SF-36), a standardized
measure of the impact of illness on quality of life,
found that insomnia patients report significantly
decreased daytime functioning across a large number
of areas including emotional, social, and physical
domains [Zammit et al., 1999]. Other studies have
confirmed these findings, even after controlling for
comorbid medical illnesses. Individuals with insomnia
report significantly impaired work performance [Leger
et al.,, 2002], lower physical and social functioning
[Leger et al., 2001], and an overall lower quality of life
comparable to that of individuals with chronic medical
conditions [Katz and McHorney, 2002]. Among the
most alarming findings in recent years is that insomnia
is associated with a subsequent increased risk for major
depressive disorder [Breslau et al., 1996; Chang et al.,
1997; Ford and Kamerow, 1989]. Depressed patients
with sleep difficulties also have higher rates of suicidal
behavior in comparison to depressed patients without
sleep disturbance [Agargun et al., 1997] and insomnia
symptoms predict suicidality in depressed patients
[Hall and Platt, 1999]. Additional research is needed
to determine the specificity of insomnia consequences
in terms of associations with primary insomnia or
comorbid diseases.

The large number of individuals affected, along with
its chronic nature, cause insomnia to convey a
substantial economic burden. Over the past decade a
number of studies have investigated the impact of
insomnia in terms of its economic burden to society.
The economic cost of insomnia related to lost
productivity, work-related accidents, and absenteeism
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was estimated to be more than $77 billion per year
[Leger, 2000; Walsh and Engelhardt, 1999].

POLYSOMNOGRAPHIC AND CLINICAL
ASSESSMENT

Polysomnography (PSG), while helpful [Edinger et
al., 1989], is not widely used nor indicated as an initial
assessment technique for the diagnosis of insomnia
[Chesson et al., 2000; Littner et al., 2003; Vgontzas et
al., 1995]. One reason for this is the discrepant findings
with respect to subjective reports of sleep disturbance
and the degree of objectively verifiable sleep distur-
bance as determined from PSG [Vgontzas et al., 1994].
Individuals with chronic insomnia symptoms are often
found to have PSG sleep that is within clinically
accepted normal limits (e.g., <85% sleep efficiency,
<30-min sleep latency). It has recently been demon-
strated that many insomniacs perceive wakefulness
even while they are asleep by PSG criteria [Mercer
et al., 2002]. Individuals with such a presentation are
regarded as having sleep-state misperception [Salin-
Pascual et al., 1992] by ICSD criteria; the DSM-IV
makes no distinction. One recent study that assessed
memory function near sleep onset in insomniacs and
controls gives some support to the possibility that a
reduction in the mesograde amnesia of sleep may
account for overestimates of sleep latency and under-
estimates of total sleep time in insomniacs [Perlis et al.,
2001b]. While PSG in conjunction with the standar-
dized sleep scoring system [Rechtschaffen and Kales,
1968b] is the “gold standard” for determining sleep—
wake states, other scoring methodologies or alterations
to the current system may be developed in the future
which map more precisely onto the subjective reports
of sleep disturbance in the subset of insomnia patients
whom overestimate their sleep latency [Bonnet and
Arand, 1997].

With regard to the differential diagnosis of insomnia
and the prescribing of appropriate treatment strategies,
it is important to obtain a detailed account of the
patient’s medical and psychiatric history as well as
recent and historical sleep habits [Nowell et al., 1997].
There are numerous studies documenting the close
association between insomnia symptoms and other
common disorders including, but not limited to,
circadian rhythms disorders related to a misalignment
between biological and behavioral rhythms [Morris et
al., 1990], other sleep disorders [Edinger et al., 1989],
and medical [Ohayon et al., 1998] as well as psychiatric
disorders [Benca, 1996; Buysse et al., 1994; McCall,
2001; Schramm et al., 1995; Vollrath et al., 1989].
Although the diagnosis of insomnia relies on a
comprehensive medical, psychiatric and sleep history,
it remains a challenge to the clinician to determine the
relation of comorbid diseases to insomnia symptoms.
However, using subjective report to aid the diagnosis of
insomnia may be important, as sleep need varies
between individuals and is difficult to quantify. There-

fore, shortened PSG sleep given ample time in bed
with no evidence for daytime sequelae may indicate a
“short sleeper” rather than a clinically significant sleep
disturbance. In such cases, relying on purely objective
measures may lead to an erroneous diagnosis. Finally,
although the reliability of sleep diagnoses are moder-
ately high [Buysse et al., 1994; Schramm et al., 1993],
reliability and validity of insomnia diagnoses may be
greatly enhanced with the use of standardized diag-
nostic and assessment tools.

With the increasing recognition of insomnia as an
important symptom and in the case of primary
insomnia, a disease with a significant impact on daily
functioning, a number of standardized questionnaires
have been developed to aid in the diagnostic assessment
and measurement of morbidity in this disorder. Several
of these measures have been demonstrated to have
robust psychometric properties and have become
widely used in both clinical and research settings.
The Pittsburg Sleep Quality Index developed in 1989
by Buysse and colleagues [Buysse et al., 1989] has
become an important assessment tool which is helpful
in measuring temporal changes in sleep quality or sleep
disturbance related to various disease states [Baskett et
al., 2003; Buysse et al., 1991; Carpenter and Andry-
kowski, 1998; Doi et al., 2000; Gentili et al., 1995; Petit
et al., 2003; Smyth, 1999]. While similarly validated
instruments are available for diagnostic assessment
[Douglass et al., 1994; Roth et al., 2002; Schramm et
al., 1993] as well as follow-up of insomnia populations
[Douglass et al., 1994; Moul et al., 2002; Soldatos et al.,
2000, 2003], their use is not as widespread possibly due
to their more recent introduction to the field.

Actigraphic assessment is a unique tool that can
sometimes be helpful in the differential diagnosis of
insomnia [Chambers, 1994; Hauri and Wisbey, 1992].
It involves the nightly use of a movement activated
device attached to the wrist or ankle of an individual for
a prolonged period of assessment (usually 1-2 weeks).
This device can provide both the clinician and patient
with objective data documenting the course of sleep
disturbance across a specified time period. However,
studies using actigraphy for the assessment of insomnia
have been equivocal [Chesson et al., 2000]. Just as with
the use of PSG as an assessment tool, discrepancies
between subjective and objective data can and often do
arise [Jean-Louis et al., 1999; Verbeek et al., 2001].
The use of actigraphy is most helpful when there is a
desire to have multiple daily assessments, as needed
when forming a differential diagnosis between a
circadian rhythm disturbance and primary insomnia.
Finally, one of the easiest and most economical ways of
obtaining reliable information regarding sleep—wake
functioning is through the use of a sleep diary/log.
Research has shown that this type of assessment may be
as accurate as actigraphic assessment, although acti-
graphy may provide better information regarding night
to night variability of sleep in insomniacs [Chambers,
1994].
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COMORBIDITY WITH DEPRESSION AND
ANXIETY

In order to gain insight into the underlying
pathophysiology of insomnia, research has begun to
focus on comorbidity. Insomnia is associated with a
variety of medical and psychiatric disorders. Among the
medical disorders, those associated with dyspnea [Klink
etal., 1994; Klink et al., 1992] and with pain conditions
[Mahowald and Mahowald, 2000; Mahowald et al.,
1989] are the most common. Psychiatric comorbidi-
tities are estimated to occur in 40% of chronic
insomniacs [Ford and Kamerow, 1989]. The associa-
tion of insomnia with psychiatric disorders has been
demonstrated in both clinic [Buysse et al., 1994,
Coleman et al., 1982] as well as population-based
samples [Ohayon et al., 1997]. In regards to specific
psychiatric disorders, affective disorders are most
commonly associated with insomnia. In fact, sleep
items are key criteria in diagnosing major depression
and are generally included in most depression rating
scales. In the past it was assumed that various
psychiatric disorders produced the insomnia. Thus,
clinical wisdom called for the treatment of the
psychiatric disorder in order to alleviate the insomnia.
In fact, this was the case when psychiatric disorders
were treated with sedating medication (e.g. tricyclic
antidepressants, benzodiazepines). However, with the
introduction of non-sedating drugs, the insomnia is
often found to be refractory to the successful reversal of
other depressive symptoms [Stark and Hardison, 1985].
This has led individuals to question the assumption
that the insomnia is simply the byproduct of the
depressive disorder. Furthermore, given data regarding
the chronicity of insomnia [Katz and McHorney, 2002;
Mendelson, 1995], it is possible that not only is
insomnia refractory to the treatment of depression
but it may in fact predate the onset of depression.

In a multinational population-based study carried
out in Europe [Ohayon and Roth, 2003], it was found
that insomnia predates the onset of the first episode of
depression 41% of the time and follows the onset of
depression only 28.9% of the time (common onset was
reported 29.4% of the time). This effect is even more
pronounced in depression relapses, with insomnia
predating a relapse of depression 56.2% of the time
and following symptom onset only 21.6% of the time
(22.1% of the time they reoccur simultaneously). It was
found that this relation between insomnia and depres-
sion is not generelizable to other psychiatric disorders,
as evident from the observation that in anxiety
disorders insomnia most typically follows the onset of
both the first and relapse episodes of the disorder.

To better understand the relation of the temporal
course of insomnia and psychiatric disorders, several
longitudinal studies have investigated the evolution of
psychiatric disorders in patients diagnosed with in-
somnia [Breslau et al., 1996; Chang et al., 1997; Ford
and Kamerow, 1989]. These studies have utilized a

follow-up period of 1-40 years, with most studies
limiting the follow-up to approximately 5 years. In all
of these studies, insomnia was found to represent a
substantial and statistically significant risk for the
development of depressive disorders. Typically the
relative risk (RR) was approximately 5 but it ranged
from 2 to 40, depending on the particular methodology
utilized. Specifically, findings ranged from an RR of 2
in an all male population [Chang et al., 1997], to a
study reporting 40, which required insomnia to be
present both at the initial interview as well as at the
follow-up interview 1 year later. Insomnia was found to
be a risk factor for other diagnostic entities such as
anxiety and substance abuse disorders in some studies,
but these associations have not been consistently found.
Finally, in longitudinal studies of depression, those
patients whose sleep improved with treatment show a
more rapid onset of an antidepressant response and a
longer time to relapse than those patients whose
insomnia persists after the initiation of treatment [Fava
et al., 1990; Perlis et al., 1997a].

Thus far, debate as to whether depression causes
insomnia or insomnia causes depression continues.
However, another alternative which is gaining in-
creased support, is that the coexistence of these two
disorders in the same patients is reflective not of a
cause—effect relation, but rather a common pathology.
A variety of studies have demonstrated that the
presence of insomnia as well as the severity of the
sleep disturbance, among insomnia patients is related
to hypersecretion of cortisol [Vgontzas et al., 2001,
Vgontzas and Chrousos, 2002; Vgontzas et al., 1998].
Similar hyperactivation of the hypothalamic-pituitary-
adrenal (HPA) axis has also been reported in patients
with depression [Hatzinger, 2000; Watson et al., 2002].
Therefore, it is the hypersecretion of cortisol that
represents the common risk factor for both insomnia
and depression. Thus, the question is not, “which
generates the other?” as they both result from a
common pathology; rather, “why does insomnia occur
first in some depressed patients, second in others, and
not at all in some?” Finally, this supports the notion
that medications working on the HPA axis (e.g.,
corticotrophin-releasing hormone antagonists) may be
effective for treating both disorders.

THE THREE-FACTOR MODEL OF PRIMARY
INSOMNIA

Theoretical models of primary insomnia generally
propose a diathesis—stress model. That is, the idea that
a precipitating event superimposed upon a premorbid
predisposition and subsequent maintaining factors
results in the manifestation of the disorder [Spielman
et al., 1987]. This model has dominated the field
and, although there has been some agreement regard-
ing this general conceptual framework, there has
been little consensus regarding the specifics of the
separate components. Within this framework, both
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physiological and behavioral parameters have been
studied in an attempt to elucidate the model elements.

Early theories of insomnia proposed that individuals
with clinically significant sleep disruption may be
“light” sleepers, thus, more sensitive to sleep-disturb-
ing stimuli [Rechtschaffen, 1968a]. These theories
generated several studies testing the possibility that
insomniacs are more easily aroused from sleep and
slower to return to sleep in comparison to controls.
Studies have shown that insomniacs take longer to
return to sleep following experimentally induced
auditory arousals [Johnson et al., 1979] and the latency
to sleep following an arousal is associated with
physiological measures indicating increased stress
[Haynes et al., 1985]. It has also been shown that
auditory awakening threshold is related to the level of
pre-sleep arousal (i.e., heart rate) [Haynes et al., 1981].
These results suggested a close link between waking
arousal level and wvulnerability to experimentally
induced sleep disturbance.

In two classic studies of pre-sleep arousal in
insomnia, the resting pre-sleep arousal level of
insomniacs at baseline was comparable to that of
control participants after exercise [reviewed in Re-
chtschaffen, 1968]. In addition, arousal level in the
insomniacs remained high throughout sleep, while in
the controls it returned to baseline levels within one
hour following termination of the exercise condition.
Differences in arousal between insomniacs and con-
trols have also been demonstrated at the cognitive level,
as individuals with insomnia more readily perceive
themselves as awake while they are physiologically
asleep [Perlis et al., 1997b]. These results implicate an
intrinsic sleep-related difference in cognitive and
physiological arousal between the sleep of insomniacs
and controls as well as a failure to return to baseline
levels following the discontinuation of the arousing
stimulus.

Although the DSM-IV states that “many individuals
with primary insomnia have a history of light or easily
disturbed sleep prior to the development of more
persistent sleep problems” (pp. 553), few studies have
focused on individual differences that may predispose
one to develop insomnia. Importantly, no studies have
demonstrated that experimentally induced sleep dis-
turbance generalizes across different stimuli (i.e.,
auditory tones, expectancies, pharmacological chal-
lenges). Because a concordance across different sleep
disruptive challenges has not been confirmed, it is not
known whether a general trait vulnerability to sleep
disruption exists or whether transient sleep distur-
bances evolve into chronic insomnia. Thus, vulner-
ability to particular challenges may simply be related to
sensitivity towards a specific type of challenge/stressor
rather than a general vulnerability within the indivi-
dual. This, unidentified predisposition may not only
make some individuals more vulnerable to sleep
disturbance, but also could potentially delay normal-
ization of sleep following acute disruptions, indicating

a possible pathway for developing chronic insomnia.
Although there has been little research in this area,
studies are underway in several laboratories to deter-
mine the existence of such trait vulnerability and its
significance towards the development of chronic
primary insomnia [Bonnet and Arand, 2002; Drake
et al., 2003].

Another example of an experimental approach within
the framework of the three-factor model of insomnia
(i.e., predisposing, precipitating, perpetuating compo-
nents) has been the study of precipitants (triggers) of
insomnia. Much research has focused on the effects of
sleep disrupting challenges such as the effects of
auditory tones [Johnson et al., 1979], viral infection
[Drake et al., 2000], pharmacological challenges such
as caffeine [Bonnet and Arand, 1992, 1996], shifts in
circadian phase [Roehrs et al., 1996], or the effects of
traumatic events on sleep [Lavie, 2001]. Not surpris-
ingly, and possibly due to the ubiquitous nature of sleep
complaints associated with severe acute or chronic
stress, several studies have assessed the relationship
between the onset of chronic primary insomnia and
stressful life events [Hauri and Olmstead, 1980; Healey
et al., 1981; Morin et al., 2003]. Two studies that have
specifically addressed the connection between stressful
life events and clinical insomnia support the idea that
while the onset of stressful life events may be a trigger
for insomnia [Healey et al., 1981; Morin et al., 2003], it
appears that the response to life events rather than their
frequency that may be the predominant factor driving
this association [Morin et al., 2003].

While insomniacs appear to have heightened levels
of stress in association with the onset of the disorder in
comparison to healthy controls, this difference in stress
begins to disappear somewhere within a year after the
onset of the sleep disturbance. Importantly, individuals
with insomnia continue to have sleep disturbance after
the dissipation of the acute stress that may have initially
triggered the sleep disturbance (differentiation from
adjustment disorder in DSM-IV). They do however
retain an elevated responsiveness to stressful life events
in comparison to healthy controls [Healey et al., 1981;
Morin et al., 2003]. Such elevated responsiveness to
stress in insomnia, if replicated in future research,
would provide support for the notion that insomnia
may be related to an over activation of the stress-
response system. Insomnia comorbity with depression
and the commonality with stress in each of these
disorders also gives some support for the notion of an
abnormality in the stress system (i.e., HPA axis and
autonomic nervous system).

Over the past four decades much research has been
completed linking insomnia and the broadly defined
stress-response  system. Physiological studies have
identified elevated HPA axis activity as evidenced by
measures including cortisol and adrenocorticotrophin
releasing hormone (ACTH) [Vgontzas et al., 2001].
With regard to measures related to the autonomic
component of the stress-response system, heart rate
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[Bonnet and Arand, 1998] and its change in response to
a performance task [Stepanski et al., 1988], electro-
myographic [Haynes et al., 1974], and metabolic
variables [Bonnet and Arand, 1995] are all elevated in
insomnia patients. Further evidence for hyperarousal in
insomnia comes from several studies that have assessed
arousal using the multiple sleep latency test (MSLT)
[Bonnet and Arand, 2000; Stepanski et al., 1988]. The
MSLT assesses physiological sleepiness—alertess and in
this respect may be thought of as a generalized measure
of arousal [Carskadon and Dement, 1982, 1987;
Carskadon et al., 1986; Roehrs and Roth, 1992]. In
most studies that have assessed the MSLT in insomnia,
patients were found to have elevated scores indicative
of general hyperarousal in comparison to controls
[Bonnet and Arand, 2000; Stepanski et al., 1988].

While several of the measures noted above point to
general hyperarousal in insomnia, more specific
autonomic variables such as heart rate variability have
also been assessed. Heart rate typically fluctuates
corresponding to the inspiratory and expiratory phases
of the respiratory cycle; this fluctuation is termed
respiratory sinus arrthymia (RSA) [Berntson et al.,
1993; Grossman, 1992]. The magnitude of RSA is a
specific index of parasympathetic tone as it has been
shown that parasympathetic postganglionic blockers
reduce RSA by approximately 99%, whereas sympa-
thetic blockade by either or both B- and a-adrenergic
antagonists does not affect RSA amplitude [Berntson et
al., 1993]. Using spectral analysis one can measure the
magnitude of high frequency heart rate fluctuations
centered at the respiratory frequency (HF; ~0.16-0.5
Hz) and obtain a specific measure of parasympathetic
tone. Spectral estimates of lower frequencies (~0.02—
0.16 Hz) are used in conjunction with high frequency
measures to determine autonomic balance [Berntson et
al., 1993]. In a study by Bonnet and colleagues [Bonnet
and Arand, 1998], the ratio of low to high frequency
heart rate variability was used as a measure of
sympatho-vagal balance and was found to be elevated
in insomniacs compared with matched normal sleepers
indicating sympathetic autonomic dominance. In addi-
tion, high frequency measures were reduced in
insomnia patients indicating decreased parasympa-
thetic activity. Evidence suggests that this selective
noninvasive measure of parasympathetic tone is a
sensitive index of stress [Burleson et al., 2003; Porges,
1995, 2003]. Thus, lower RSA (i.e., vagal withdraw) is
associated with increased stress.

With respect to cortical activation, both sleep and
wake electroencephalographic (EEG) beta frequency
(~15-40 Hz) activity measures have been demon-
strated to be elevated in insomnia providing additional
support for the conceptualization of insomnia as a
disorder of arousal [Freedman, 1986; Lamarche and
Ogilvie, 1997; Merica et al., 1998; Merica and Gaillard,
1992; Nofzinger et al., 1999; Perlis et al., 2001a].
Studies of cognitive activity in insomnia have also
produced evidence of increased catastrophizing cogni-

tions [Harvey and Greenall, 2003] and demonstrated
correlations between intrusive thoughts and subse-
quent sleep disturbance [Hall et al., 2000; Smith et al.,
2001]. However, the magnitude of the relationship is
often small and similar associations have not always
been reported [Nelson and Harvey, 2003]. Despite
increased evidence converging from several domains,
hyperarousal theories of insomnia are not without
controversy. Indeed, one recent photon emission
computed tomography—imaging study found that
insomnia patients had significantly lower regional
cerebral blood flow during sleep in the basal ganglia,
as well as frontal medial, occipital, and parietal cortices
compared to a group of healthy controls [Smith et al.,
2002a]. At the present time, few neuroimaging studies
have been performed in insomnia patients. Thus,
additional brain imaging studies are necessary to
confirm this finding and to place the results within
the context of other arousal-related findings in primary
insomnia. Clearly, additional studies are needed to
determine the brain areas associated with specific
components of hyperarousal across cognitive, beha-
vioral, and physiological domains. Finally, further
studies are needed using experimental challenge para-
digms (e.g, autonomic blockade, manipulations of
cognitive set and attribution, conditioning experi-
ments) to test more specific aspects of the three-factor
model. Although such studies may carry greater “risks”
in terms of their ability to test and disprove specific
hypotheses related to cognitive and physiological
arousal in insomnia, they may have the potential for
greater explanatory power as well.

INSOMNIA IN THE ELDERLY

Understanding insomnia and disturbed sleep in the
elderly offers a unique opportunity to gain insight into
the diagnosis and treatment of insomnia. There are
many unique aspects of insomnia that are instructional
about the nature of diagnosis and treatment of
insomnia. With age the prevalence of disturbed sleep,
insomnia, and the use of hypnotic medications all
increase [Bliwise et al., 1992; Morgan, 1987; Morgan et
al.,, 1989]. Interestingly, the age-related increase in
sleep disturbance is more pronounced in men, while
the age-related increase in insomnia complaints is more
common in women [Morgan, 1987; Redichs et al.,
1990]. As one ages, sleep becomes more fragmented
with more frequent awakenings and arousals [Feinburg
and Floyd, 1979]. Also, there is a decrease in the
“deeper” stages of sleep (i.e. stages 3—4 non-rapid eye
movement), and these changes are seen to a greater
extent in male subjects [Reynolds et al., 1986]. In
contrast, the age-related increase in the prevalence of
insomnia is more common among women than men
[Morgan, 1987].

These differential age-related changes emphasize the
difference between disturbed sleep and insomnia.
Insomnia as a disorder is thought to be related to
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hyper-arousal and, while associated with disturbed
sleep, primary insomnia it is not defined by it. Primary
insomnia is associated with consequences such as
increased risk of depression, increased rates of absen-
teeism and decreased productivity. In contrast, the
consequences of sleep disturbance, per se, resemble
those of sleep deprivation (e.g., sleepiness, impaired
performance, memory problems) [Dinges et al., 1997;
Drake et al., 2001]. Thus, the first important lesson is
that insomnia and disturbed sleep are not synonymous.
Second, insomnia can be a primary disorder or
secondary to medical, psychiatric, circadian, and
primary sleep disorders. In fact, the distribution of
diagnoses is different in middle age and the elderly.
The elderly show an increased prevalence of insomnia
due to medical disorders, circadian rhythm (e.g., phase
advance syndrome) and primary sleep disorders (e.g.,
sleep-related breathing disorders, restless leg syn-
drome, and periodic limb movement disorder). In
contrast, primary insomnia and insomnia secondary to
psychiatric disorders do not show age-related increases
[Roehrs et al., 1983].

Aside from the diagnosis, the presentation of the
insomnia also shows age-related differences. While
young and middle aged adults typically complain of
difficulty falling asleep or difficulty falling back to
sleep after nocturnal awakenings, the elderly more
commonly report frequent nocturnal awakening, early
morning awakenings, and non-refreshing sleep [Mor-
gan et al., 1988]. These differences in diagnosis seem
to parallel the differences in symptom presentation.
Thus, psychiatric and behavioral diagnoses often
associated with prolonged wakefulness do not increase
with age; while medical and primary sleep disorders
associated with frequent awakenings and fragmented
sleep do increase with age.

There is also a difference in therapeutics associated
with age. At a behavioral level certain poor sleep
practices (i.e., daytime napping, irregularity of arising
times, and an increased time in bed relative to total
sleep time) seem to be more common in the elderly
[Tune, 1969]. Thus, good sleep practices and behavior-
al therapies such as stimulus control afford the
clinician an opportunity to improve sleep in this
population, despite the fact that pharmacological
therapies are more commonly used in the elderly.
However, it is also important to remember that
insomnia complaints also increase with age. Indeed, if
you correct for the prevalence of insomnia, medication
use does not increase with age. While sleep-promoting
medications have been shown to be of benefit in the
elderly, there needs to be recognition that their use
presents unique challenges. First, the metabolism of
these compounds is such that, with one or two
exceptions, the elderly will have greater drug exposure
relative to their middle age counterparts [Bliwise et al.,
1992]. Given a fixed dose of a sleep-promoting agent,
the area under the curve of blood levels across time
increases with age. Specifically, the maximum drug

concentration, the half-life, or both increases with age.
As these components can independently contribute to
the increased blood levels of a drug, the duration of
action of these medications is longer and the Cmax is
typically higher in elderly patients. As a consequence
three potential concerns arise. The first is the increased
potential of residual effects given the increased
duration of action. Second, the increased chance of
falls, given the increased prevalence of nocturia in the
elderly and the increased drug blood level during the
night. Finally, one has to weigh the potential effects of
these compounds on the underlying disorders they are
treating.

In summary, insomnia is more prevalent, more
complex and is associated with more daytime con-
sequences in elderly patients. Therefore, it provides the
clinician with more complex diagnostic and therapeutic
challenges. To those who are fortunate, successful
treatment of insomnia can have a profound effect on

their quality of life.

TREATMENT OF INSOMNIA
PHARMACOTHERAPY

The modern era for the symptomatic treatment of
insomnia with sleep-promoting agents began with
introduction of the benzodiazepine receptor agonists
(BzRAs) in the 1960s. Compounds such as flurazepam
and nitrazepam quickly became the drugs of choice
throughout the world [Nicholson, 1994]. The switch to
the BzRAs from the barbiturates and barbiturate-type
compounds was primarily driven by safety. Specifically,
the barbiturates had a low effective dose: lethal dose
ratio whereas the BzRAs are among the safest
compounds in medicine. The other major advantage
of the BzRAs is that unlike their predecessors, they did
not produce tolerance with nightly use. Since the
introduction of the BzRAs two major changes have
occurred in the development of new compounds. As
early hypnotic medications were associated with
residual effects, newer medications were developed
that had shorter half-lives. Thus triazolam, midazolam,
zolpidem and zaleplon have half-lives of less than five
hours and thus are not associated with next day residual
effects. The other major change in the evolution of
BzRAs has been the development of greater receptor
specificity. Using genetic “knock-in” techniques multi-
ple receptor subtypes have been identified at the
GABAa Bz complex. The -1 subunit has been
identified as being responsible for sedative-hypnotic
activity [Mohler et al., 2002]. Two non-benzodiaze-
pines (zolpidem and zaleplon) binding at the Bz
receptor complex show differential binding to the
ol subunit.

With the increased awareness of the morbidity and
of the chronic nature of insomnia there has been an
increase in the search for new insomnia therapies.
Currently there are drugs from a variety of classes
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being developed. New BzRAs, eszopiclone and indi-
plone, are currently in clinical trials. The hope is that
these compounds will provide a better pharmacokinetic
profile than the currently available compounds so as to
maximize sleep and minimize residual effects. Aside
from new BzRAs, drugs are being developed addressing
different transmitter systems. These compounds are
aimed at melatonin, y-aminobutyric acid, (GABA,),
and serotonin 2¢ (SHT?2,) receptors. These develop-
ment programs have several things in common as well
as some differences. First, they are all hypothesized to
have decreased abuse liability and therefore potentially
a non-scheduled status with regulatory bodies. Second,
it is desired that these compounds will decrease the
intensity and frequency of the sedation-related side
effects such as amnesia, psychomotor impairment, falls
and the interaction with ethanol and other sedating
drugs. The GABA, and the SHT2, compounds also
impact sleep architecture by increasing stage 3—4 sleep
and slow wave EEG activity. Though stage 3-4 sleep
has been associated with recovery from sleep depriva-
tion, the role of delta sleep in insomnia therapeutics is
yet to be defined.

Aside from new molecules, there are two very
important challenges for defining the future role of
sleep-promoting medications. The first, given the
chronic nature of insomnia the challenge for insomnia
therapies (regardless of class), is to demonstrate long-
term efficacy and safety. The second is to define the
benefit of improved sleep on medical and psychiatric
disorders. For example, in patients with insomnia and
comorbid affective disorders being treated for depres-
sion, does augmentation therapy with sleep-promoting
medications improve the antidepressant response or
prevent relapse? Similarly, does augmentation therapy
with hypnotics in insomnia with comorbid pain
conditions help alleviate nighttime or even daytime
pain? The overall goal of insomnia treatment has to be
the long-term improvement in the medical and
psychiatric well being of insomnia patients.

BEHAVIORAL TREATMENTS

In addition to pharmacological treatments, behavior-
al, or “cognitive behavioral” treatments of insomnia as
they are often described, include a number of treatment
modalities. The range of treatments subsumed under
this umbrella indicates that the phrase “behavioral
treatment” merely denotes treatments that are not
pharmacological rather than a specific behavioral
protocol. Indeed, behavioral treatments of insomnia
include cognitive, behavioral, and other less specific
educational components. Since their inception in the
early 1970s, various forms of behavioral treatments
have been proposed and tested. Extensive reviews of
this literature suggest that several of these behavioral
components have considerable efficacy while others
are still equivocal [Chesson et al., 1999; Morin et al.,
1999b]. A recent meta-analysis comparing the efficacy

of behavioral and pharmacological treatment modal-
ities showed that treatment effects were comparable for
most outcome variables except sleep latency, where
behavioral treatment may provide some increased
benefit [Smith et al., 2002b]. Other studies suggest
that behavioral treatments may have a more long-
lasting impact in comparison to pharmacological
treatments [Morin et al., 1999a].

For a thorough evaluation aimed at identifying
mechanisms, behavioral treatments should be viewed
independently. When looked at separately, stimulus
control therapy, an early technique developed by
Bootzin in the 1970s, has received the most support
from empirical studies [Bootzin and Perlis, 1992;
Morin et al., 1999b]. This specific treatment is
predicated on the notion that insomnia is produced
by learned associations that are formed between the
bedroom environment and some form of hyperarousal
within the individual. Although the efficacy of stimulus
control procedures has been demonstrated in several
studies, [Morin et al., 1999b], there has been surpris-
ingly little research confirming the hypothesized
mechanisms responsible for its efficacy, namely the
extinction of conditioned associations with the bed-
room environment. Some support for the notion of a
conditioning effect as a possible mechanism in
insomnia might come from studies demonstrating a
“reverse” first-night effect in insomnia. Such an effect
would include improvement of sleep in insomniacs who
sleep away from their usual home environment.
However, the studies attempting to demonstrate a
reverse first-night effect in insomniacs have been
equivocal [Edinger et al., 1997; Edinger et al., 1991;
Hauri and Olmstead, 1989; Riedel et al., 2001].

Recent meta-analytic studies and extensive reviews of
the behavioral treatment literature suggest that other
behavioral techniques such as progressive muscle
relaxation and paradoxical intention are also efficacious
treatments [Morin et al., 1994; Morin et al., 1999b;
Perlis et al., 2003; Smith et al., 2002b]. Progressive
muscle relaxation involves the successive relaxation of
particular muscle groups until a whole-body state of
relaxation is obtained. Initially, the technique may be
performed in the clinic setting but patients typically
will perform sessions on a daily basis in their home.
Such therapy generally lasts for 30-45 minutes and may
take several weeks of daily practice to master effec-
tively, especially when considering the elevated levels of
arousal present in insomnia. Similar to other forms of
behavioral therapy, there has been little research
directed at determining the mechanisms responsible
for improvements in sleep following a standard 6-8
week trial of relaxation therapy. For instance, the
impact of progressive muscle relaxation therapy has not
been adequately compared to other methods such as
autogenic relaxation, which is less directed and may
have differential therapeutic benefits in insomnia.

Considering the cognitive preoccupation regarding
sleep in insomnia patients, one might hypothesize that
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interventions similar to progressive muscle relaxation,
which often redirect patients’ thoughts away from sleep
or to targets other than sleep onset may also provide
benefits. Indeed, such a treatment strategy is thought
to be the mechanism behind paradoxical intention
[Espie and Lindsay, 1985; Espie et al., 1989; Ladouceur
and Gros-Louis, 1986; Morin et al., 1999b; Turner and
Ascher, 1979]. In paradoxical intention, a patient is
provided with instructions to refrain from forcefully
attempting to sleep, thereby lifting the self-imposed
performance aspect of the pressure to fall asleep
quickly and remain asleep throughout the night that
is often seen in patients with insomnia.

Helping a patient to manipulate their negative
cognitions is an important aspect related to the benefits
seen with techniques of cognitive restructuring of
dysfunctional beliefs in insomnia [Edinger et al., 2001;
Morin et al., 1993]. Specifically, patients are aided in
more fully understanding the specific consequences
related to their sleep disturbance and at the same time
learn coping mechanisms to actively address specific
dysfunctional thoughts such as “I will never get enough
sleep tonight in order to be able to perform at work
tomorrow.” Specifically, cognitive therapy is designed
to counter the maladaptive cognitions and inappropri-
ate coping strategies that may serve to perpetuate
insomnia beyond the resolution of their acute pre-
cipitants [Spielman et al., 1987]. This form of cognitive
therapy is tailored to reduce dysfunctional attitudes and
beliefs about sleep that are hypothesized to contribute
to sleep disturbance in insomnia [Edinger et al., 2001;
Harvey et al., 2002; Morin et al., 1993]. Although there
have been some studies demonstrating efficacy for this
treatment, most of these have undertaken a combined
approach incorporating several behavioral treatments
making it difficult to determine which specific
components are responsible for treatment effects.
However, there does appear to be growing support
for this approach as insomniacs have been shown to
increase catastrophisizing cognitions [Harvey and
Greenall, 2003]. Other studies have demonstrated that
increased anxiety and/or intrusive thoughts in insomnia
patients is associated with significant sleep disturbance
[Chambers and Kim, 1993; Hall et al., 2000]. In one
study, intrusive thoughts were associated with in-
creased beta power in the EEG, indicating a possible
link between cognitive activation in insomnia and
underlying physiological processes [Hall et al., 2000].

Chronic insomnia patients also tend to attribute
their insomnia to cognitive arousal rather than somatic
factors [Lichstein and Rosenthal, 1980]. What is not
known at present is whether cognitive arousal is a
primary component in the pathophysiology of the
disorder or is an epiphenomena that is a result of
physiological arousal. Longitudinal studies are re-
quired to determine the role that maladaptive cogni-
tions may play in the early evolution and maintenance
of insomnia irrespective of its causal role in the
precipitation of the disorder.

Other treatments for insomnia have produced
equivocal results when tested empirically. These
include sleep restriction and sleep hygiene education.
Although each of these treatments is widely used, few
studies have demonstrated their superior efficacy over
credible placebo interventions [Friedman et al., 2000;
Morin et al,, 1999b; Stepanski and Wyatt, 2003].
Studies investigating the role of cognitions in the
maintenance of insomnia and on the impact of
maladaptive behaviors on the evolution of insomnia
are clearly needed.

SELF-MEDICATION WITH ALCOHOL

As previously noted, persistent difficulty falling
asleep, maintaining sleep, or nonrestorative sleep is
reported by about 10-15% of the general population
[Roehrs et al., 2000]. In addition, approximately 30%
of persons with persistent insomnia in the general
population report having used alcohol to help them
sleep in the past year, with 67% of those individuals
reporting that it was effective [Ancoli-Israel and Roth,
2000]. Studies of healthy normals sleeping at their
usual bedtimes do not adequately represent the
hypnotic potential of ethanol in persons with insomnia.
In healthy, normal subjects sleep latency and sleep
efficiency are already optimal and further improve-
ment is difficult to demonstrate. Ethanol’s effects on
measures of sleep induction and maintenance in
healthy individuals are minimal and inconsistent
[Roehrs and Roth, 2001]. Furthermore, the doses used
in the healthy normal studies are generally much larger
(i.e., BrEC>0.05%) than insomniacs typically report
using (i.e., 1-3 drinks).

A recent study compared the effects of a low dose of
ethanol (0.5 g/kg) on the sleep of insomniacs and age-
matched healthy individuals [Roehrs et al., 1999]. The
sleep of the insomniacs was improved with ethanol
relative to placebo and the sleep disruption typically
found in healthy individuals during the second half of
the night with the higher ethanol doses was not
observed. Specifically, slow wave sleep was increased
to the level of the age-matched controls. When given
an opportunity to choose between either a previously
experienced color-coded ethanol or a placebo beverage
before sleep, the insomniacs chose ethanol while the
healthy individuals chose placebo. The average nightly
dose self-administered (<0.06 g/kg was possible) by
the insomniacs was 0.045 g/kg, which is similar to the
dose that improved the sleep of the insomniacs and that
insomniacs most often report using at home.

The preference for ethanol at bedtime by insomniacs
compared to non-insomniacs (found in the epidemio-
logical data and in this laboratory study) raises two
questions about the risks associated with the use of
ethanol as a hypnotic. First, does tolerance to the
sedative effects develop in insomniacs as it does in
healthy individuals? Second, does the ethanol dose
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used escalate over repeated nights and does nighttime
use generalize to greater daytime use?

Two recent studies explored the extent to which
tolerance to the sleep effects develops and whether the
dose self-administered by insomniacs before sleep is
increased with previous ethanol exposure. In one study,
0.0, 0.3, 0.45, and 0.6 g/kg (n = 5/group) was adminis-
tered to insomniacs before sleep for 6 consecutive
nights [Roehrs et al., 2003b]. Initally, the ethanol
increased sleep efficiency at the 0.45 and 0.6 g/kg doses
relative to the placebo dose. These improvements in
sleep were lost by the 6th night with sleep efficiency
returning to that of the placebo group. In another
study, 12 insomniacs were randomly assigned to receive
7 nights of either 0.0 or 0.45 g/kg ethanol before sleep
with ethanol and placebo presented in color-coded
cups [Roehrs et al., 2003a]. Depending on the group,
subjects received ethanol or placebo on the 8th night.
During the next 7 nights, the preferred beverage was
chosen by cup color (with up to three allowable refills).
Ethanol pre-exposed insomniacs chose ethanol 53% of
nights and placebo pre-exposed chose ethanol 37% of
nights. The ethanol pre-exposed group chose more
ethanol refills than the placebo pre-exposed group, but
the same number of placebo refills.

These data suggest that the hynoptic use of ethanol
by insomniacs may initially be therapy-seeking beha-
vior, an attempt to improve their sleep. However,
subsequent studies have suggested that this self-
medication is associated with tolerance development
to ethanol’s hypnotic effects and proceeds to the use of
higher ethanol doses. An important question is whether
the increased hypnotic use of ethanol extends beyond
what could be considered the therapeutic context to
modify the insomniacs’ social drinking habits.

BEHAVIORAL COSTS OF NOT TREATING
INSOMNIA

Although behavioral treatments for insomnia gen-
erally require additional resources in comparison to
pharmacological treatments in terms of financial costs
and staff expertise, there is a growing understanding of
behavioral strategies used to manage insomnia. Despite
this fact, there is a severe shortage in behaviorally
trained personnel required to provide adequate treat-
ment to insomnia patients, not to mention the much
larger proportion of insomniacs who do not seek
treatment. In response to such needs, the clinical and
sleep research community have begun to introduce
specific educational and intervention programs, which
appears to have increased the appreciation for the
importance of recognizing and appropriately treating
insomnia and other sleep disorders. Unfortunately, not
providing insomniacs with effective treatment has
behavioral risks. For instance, insomniacs do pursue
self-treatment. As the studies cited above regarding the
use of alcohol as a hypnotic by insomniacs indicate,
what may initially be effective in improving sleep may

become ineffective as tolerance develops. The data also
show that the chosen dose will be escalated consequent
to tolerance development. Several critical questions
remain including (1) whether the insomniac will
continue to increase dose to pursue a desired sleep
effect, (2) whether other reinforcing effects (i.e., its
mood-altering effects) of alcohol will be discovered,
and (3) whether this initial therapy-seeking behavior
will then develop into drug-seeking behavior
(i.e., alcoholism).

CONCLUSION

Insomnia is the most prevalent sleep disorder
affecting 10-15% of the general population. In
population-based studies severe insomnia has been
shown to last for a median of 4 years, with 44% of
individuals continuing to suffer from insomnia 10 years
later. In addition to its nocturnal effects, insomnia has a
significant negative impact on an individual’s daily
functioning including impaired work performance,
lower physical and social functioning, an overall lower
quality of life, and an increased risk for subsequent
development of psychiatric disease. The economic cost
of insomnia related to lost productivity, work-related
accidents, absenteeism, and health-care costs is en-
ormous. There is increasing evidence linking the
precipitation of insomnia to stress and converging
evidence from cognitive, endocrine, neurological, and
behavioral domains providing clear evidence for
hyperarousal in insomnia. Despite these facts, a
consensus regarding the specific etiological mechan-
isms of this disorder has yet to be found. Work on a
possible early predisposition to insomnia is still in its
infancy. Although the pathophysiology of primary
insomnia remains an enigma, humerous treatments,
both pharmacological and behavioral, have been
developed and found to be efficacious in controlled
studies. Despite the wide availability of pharmacologi-
cal treatments and increased knowledge of behavioral
interventions, the vast majority of individuals with
insomnia do not appear to be receiving adequate
treatment. Inadequate treatment of insomnia has
several important and under-recognized consequences,
including subsequent development of psychiatric dis-
ease and increased substance use. As a result, there
remains a great need for educational programs regard-
ing insomnia assessment, diagnosis, and treatment
from the perspective of both the patient and clinician.

REFERENCES

Agargun MY, Kara H, Solmaz M. 1997. Sleep disturbances and
suicidal behavior in patients with major depression. J Clin
Psychiatr 58:249-251.

American Academy of Sleep Medicine. 2001. The international
classification of sleep disorders: Diagnostic and coding manual,
Revised. Rochester, MIN: ASDA.



Theoretical Review: Insommnia 173

American Psychiatric Association. 1994. Diagnostic and statistical
manual of mental disorders. Fourth edition. Washington, DC:
American Psychiatric Association.

Ancoli-Israel S, Roth T. 2000. Characteristics of insomnia in the
United States: Results of the 1991 National Sleep Foundation
Survey. 1. Sleep 22:5347-S353.

Baskett JJ, Broad JB, Wood PC, Duncan JR, Pledger MJ, English J,
Arendt J. 2003. Does melatonin improve sleep in older people? A
randomised crossover trial. Age Ageing 32:164-170.

Benca RM. 1996. Sleep in psychiatric disorders. Neurol Clin
14:739-764.

Berntson GG, Cacioppo JT, Quigley KS. 1993. Respiratory
sinus arrhythmia: Autonomic origins, physiological mechanisms,
and psychophysiological implications. Psychophysiology 30:
183-196.

Bliwise D, King AC, Harris RB, Haskell WL. 1992. Prevalence of self
reported poor sleep in a healthy population aged 50-65. Soc Sci
Med 34:49-55.

Bonnet M, Arand DL. 2002. Situational insomnia: In the situation or
in the patient [abstract]? Sleep 25:A32-A33.

Bonnet MH, Arand DL. 1992. Caffeine use as a model of acute and
chronic insomnia. Sleep 15:526-536.

Bonnet MH, Arand DL. 1995. 24-Hour metabolic rate in insomniacs
and matched normal sleepers. Sleep 18:581-588.

Bonnet MH, Arand DL. 1996. The consequences of a week of
insomnia. Sleep 19:453-461.

Bonnet MH, Arand DL. 1997. Physiological activation in patients
with sleep state mispercepton. Psychosom Med 59:533-540.

Bonnet MH, Arand DL. 1998. Heart rate variability in insomniacs
and matched normal sleepers. Psychosom Med 60:610-615.

Bonnet MH, Arand DL. 2000. Activity, arousal, and the MSLT in
patients with insomnia. Sleep 23:205-212.

Bootzin RR, Perlis ML. 1992. Nonpharmacologic treatments of
insomnia. J Clin Psychiatry 53(Suppl):37-41.

Breslau N, Roth T, Rosenthal L, Andreski P. 1996. Sleep disturbance
and psychiatric disorders: A longitudinal epidemiological study of
young adults. Biol Psychiatry 39:411-418.

Burleson MH, Poehlmann KM, Hawkley LC, Ernst JM, Berntson
GG, Malarkey WB, Kiecolt-Glaser JK, Glaser R, Cacioppo JT.
2003. Neuroendocrine and cardiovascular reactivity to stress in
mid-aged and older women: Long-term temporal consistency of
individual differences. Psychophysiology 40:358-369.

Buysse DJ, Reynolds CF 3rd, Kupfer DJ, Thorpy MJ, Bixler E,
Manfredi R, Kales A, Vgontzas A, Stepanski E, Roth T, et al. 1994.
Clinical diagnoses in 216 insomnia patients using the International
Classification of Sleep Disorders (ICSD), DSM-IV and ICD-10
categories: A report from the APA/NIMH DSM-IV Field Trial.
Sleep 17:630-637.

Buysse D], Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ.
1989. The Pittsburgh Sleep Quality Index: A new instrument for
psychiatric practice and research. Psychiatry Res 28:193-213.

Buysse DJ, Reynolds CF 3rd, Monk TH, Hoch CC, Yeager AL,
Kupfer DJ. 1991. Quantification of subjective sleep quality in
healthy elderly men and women using the Pittsburgh Sleep Quality
Index (PSQI). Sleep 14:331-338.

Carpenter JS, Andrykowski MA. 1998. Psychometric evaluation of
the Pittsburgh Sleep Quality Index. J Psychosom Res 45:5-13.
Carskadon MA, Dement WC. 1982. The multiple sleep latency test:

What does it measure? Sleep 5:S67-S72.

Carskadon MA, Dement WC. 1987. Daytime sleepiness: Quantifica-
tion of a behavioral state. Neurosci Biobehav Rev 11:307-317.
Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR,
Keenan S. 1986. Guidelines for the multiple sleep latency test

(MSLT): A standard measure of sleepiness. Sleep 9:519-524.

Chambers MJ. 1994. Actigraphy and insomnia: A closer look. Part 1.
Sleep 17:405-408; Discussion 408-410.

Chambers MJ, Kim JY. 1993. The role of state-trait anxiety in
insomnia and daytime restedness. Behav Med 19:42-46.

Chang PP, Ford DE, Mead LA, Cooper-Patrick L, Klag MJ. 1997.
Insomnia in young men and subsequent depression. The Johns
Hopkins Precursors Study. Am J Epidemiol 146:105-114.

Chesson A Jr., Hartse K, Anderson WM, Davila D, Johnson S,
Littner M, Wise M, Rafecas J. 2000. Practice parameters for the
evaluation of chronic insomnia. An American Academy of Sleep
Medicine report. Standards of Practice Committee of the American
Academy of Sleep Medicine. Sleep 23:237-241.

Chesson AL Jr., Anderson WM, Littner M, Davila D, Hartse K,
Johnson S, Wise M, Rafecas J. 1999. Practice parameters for the
nonpharmacologic treatment of chronic insomnia. An American
Academy of Sleep Medicine report. Standards of Practice
Committee of the American Academy of Sleep Medicine. Sleep
22:1128-1133.

Chevalier H, Los F, Boichut D, Bianchi M, Nutt D], Hajak G, Hetta
J, Hoffmann G, Crowe C. 1999. Evaluation of severe insomnia in
the general population: Results of a European multinational survey.
J Psychopharmacol. 13:521-S24.

Cirignotta F, Mondini S, Zucconi M, Lenzi PL, Lugaresi E. 1985.
Insomnia: An epidemiological survey. Clin Neuropharmacol 8
Suppl 1:549-S54.

Coleman RM, Roffwarg HP, Kennedy SJ, Guilleminault C, Cinque J,
Cohn MA, Karacan I, Kupfer DJ, Lemmi H, Miles LE, Orr WC,
Phillips ER, Roth T, Sassin JE, Schmidt HS, Weitzman ED,
Dement WC. 1982. Sleep-wake disorders based on a poly-
somnographic diagnosis. A national cooperative study. JAMA
247:997-1003.

Dagan Y. 2002. Circadian Rhythm Sleep Disorders (CRSD) in
psychiatry: A review. Isr J Psychiatry Relat Sci 39:19-27.

Dinges DE, Pack F, Williams K, Gillen KA, Powell JW, Ott GE,
Aptowicz C, Pack AL 1997. Cumulative sleepiness, mood
disturbance, and psychomotor vigilance performance decrements
during a week of sleep restricted to 4-5 hours per night. Sleep
20:267.

Doi Y, Minowa M, Uchiyama M, Okawa M, Kim K, Shibui K, Kamei
Y. 2000. Psychometric assessment of subjective sleep quality using
the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-
J) in psychiatric disordered and control subjects. Psychiatry Res
97:165-172.

Douglass AB, Bornstein R, Nino-Murcia G, Keenan S, Miles L,
Zarcone VP Jr., Guilleminault C, Dement WC. 1994. The Sleep
Disorders Questionnaire. I: Creation and multivariate structure of
SDQ. Sleep 17:160-167.

Drake CL, Roehrs TA, Royer H, Koshorek G, Turner RB,
Roth T. 2000. Effects of an experimentally induced rhinovirus
cold on sleep, performance, and daytime alertness. Physiol Behav
71:75-81.

Drake CL, Roehrs, T., Burduvali, E., Bonahoom, A., Rosekind, M.,
Roth, T. 2001. Effects of rapid versus slow accumulation of eight
hours of sleep loss. Psychophysiology 38:979-987.

Drake CL, Scofield, H.M., Jefferson, C.D., Roehrs, T., Richardson,
G., and Roth, T. 2003. Trait vulnerability to stress-related sleep
disturbance and hyperarousal [abstract]. Sleep 26:A306.0769.L.

Edinger JD, Fins Al Sullivan RJ Jr., Marsh GR, Dailey DS, Hope
TV, Young M, Shaw E, Carlson D, Vasilas D. 1997. Sleep in the
laboratory and sleep at home: comparisons of older insomniacs and
normal sleepers. Sleep 20:1119-1126.

Edinger JD, Hoelscher TJ, Webb MD, Marsh GR, Radtke RA,
Erwin CW. 1989. Polysomnographic assessment of DIMS:
Empirical evaluation of its diagnostic value. Sleep 12:315-322.



174 Drake et al.

Edinger JD, Marsh GR, McCall WV, Erwin CW, Lininger AW.
1991. Sleep variability across consecutive nights of home
monitoring in older mixed DIMS patients. Sleep 14:13-17.

Edinger JD, Wohlgemuth WK, Radtke RA, Marsh GR, Quillian RE.
2001. Does cognitive-behavioral insomnia therapy alter dysfunc-
tional beliefs about sleep? Sleep 24:591-599.

Espie CA, Lindsay WR. 1985. Paradoxical intention in the treatment
of chronic insomnia: Six case studies illustrating variability in
therapeutic response. Behav Res Ther 23:703-709.

Espie CA, Lindsay WR, Brooks DN, Hood EM, Turvey T. 1989. A
controlled comparative investigation of psychological treatments
for chronic sleep-onset insomnia. Behav Res Ther 27:79-88.

Fava GA, Grandi S, Canestrari R, Molnar G. 1990. Prodromal
symptoms in primary major depressive disorder. J Affect Disord
19:149-152.

Feinburg I, Floyd TC. 1979. Systematic trends across the night in
human sleep cycles. Psychophysiology 16:283-291.

Ford DE, Kamerow DB. 1989. Epidemiologic study of sleep
disturbances and psychiatric disorders. An opportunity for
prevention? JAMA 262:1479-1484.

Freedman RR. 1986. EEG power spectra in sleep-onset insomnia.
Electroencephalogr Clin Neurophysiol 63:408-413.

Friedman L, Benson K, Noda A, Zarcone V, Wicks DA, O’Connell
K, Brooks JO 3rd, Bliwise DL, Yesavage JA. 2000. An actigraphic
comparison of sleep restriction and sleep hygiene treatments for
insomnia in older adults. ] Geriatr Psychiatry Neurol 13:17-27.

Gentili A, Weiner DK, Kuchibhatla M, Edinger JD. 1995. Test-retest
reliability of the Pittsburgh sleep quality index in nursing home
residents. ] Am Geriatr Soc 43:1317-1318.

Goh VH, Tong TY, Lee LK. 2000. Sleep-wake cycle and circadian
disturbances in shift work: Strategies for their management—a
review. Ann Acad Med Singapore 29:90-96.

Grossman P. 1992. Respiratory and cardiac rhythms as windows to
central and autonomic biobehavioral regulation: Selection of
window frames, keeping the panes clean and viewing the neural
topography. Biol Psychol 34:131-161.

Guilleminault C. 2000. Medical and Neurological Disorders. In
Guilleminault, C, editor. Principles and Practices of Sleep
Medicine. Third edition. Philadelphia: W. B. Saunders Co.
p 997-1122.

Hall M, Buysse DJ, Nowell PD, Nofzinger EA, Houck P, Reynolds
CF 3rd, Kupfer DJ. 2000. Symptoms of stress and depression as
correlates of sleep in primary insomnia. Psychosom Med
62:227-230.

Hall RC, Platt DE. 1999. Suicide risk assessment: a review of risk
factors for suicide in 100 patients who made severe suicide
attempts. Evaluation of suicide risk in a time of managed care.
Psychosomatics 40:18-27.

Harvey AG. 2001. Insomnia: Symptom or diagnosis? Clin Psychol
Rev 21:1037-1059.

Harvey AG, Greenall E. 2003. Catastrophic worry in primary
insomnia. ] Behav Ther Exp Psychiatr 34:11-23.

Harvey L, Inglis SJ, Espie CA. 2002. Insomniacs’ reported use of
CBT components and relationship to long-term clinical outcome.
Behav Res Ther 40:75-83.

Hatzinger M. 2000. Neuropeptides and the hypothalamic-pituitary-
adrenocortical (HPA) system: Review of recent research strategies
in depression. World J Biol Psychiatry 1:105-111.

Hauri P, Olmstead E. 1980. Childhood-onset insomnia. Sleep
3:59-65.

Hauri PJ, Olmstead EM. 1989. Reverse first night effect in insomnia.
Sleep 12:97-105.

Hauri PJ, Wisbey J. 1992. Wrist actigraphy in insomnia. Sleep
15:293-301.

Haynes SN, Adams A, Franzen M. 1981. The effects of presleep
stress on sleep-onset insomnia. ] Abnorm Psychol 90:601-606.
Haynes SN, Fitzgerald SG, Shute G, O’Meary M. 1985. Responses of
psychophysiologic and subjective insomniacs to auditory stimuli
during sleep: A replication and extension. J Abnorm Psychol

94:338-345.

Haynes SN, Follingstad DR, McGowan W'T. 1974. Insomnia: Sleep
patterns and anxiety level. ] Psychosom Res 18:69-74.

Healey ES, Kales A, Monroe L], Bixler EO, Chamberlin K, Soldatos
CR. 1981. Onset of insomnia: Role of life-stress events. Psychosom
Med. 43:439-451.

Janson C, Lindberg E, Gislason T, Elmasry A, Boman G. 2001.
Insomnia in men: A 10-year prospective population based study.
Sleep 24:425-430.

Jean-Louis G, Zizi F, von Gizycki H, Hauri P. 1999. Actigraphic
assessment of sleep in insomnia: Application of the Actigraph Data
Analysis Software (ADAS). Physiol Behav 65:659-663.

Johnson LC, Church MW, Seales DM, Rossiter VS. 1979. Auditory
arousal thresholds of good sleepers and poor sleepers with and
without flurazepam. Sleep 1:259-270.

Katz DA, McHorney CA. 2002. The relationship between insomnia
and health-related quality of life in patients with chronic illness.
J Fam Pract 51:229-235.

Klink ME, Dodge R, Quan SFE. 1994. The relation of sleep
complaints to respiratory symptoms in a general population. Chest
105:151-154.

Klink ME, Quan SF, Kaltenborn WT, Lebowitz MD. 1992. Risk
factors associated with complaints of insomnia in a general adult
population. Influence of previous complaints of insomnia. Arch
Intern Med 152:1634-1637.

Ladouceur R, Gros-Louis Y. 1986. Paradoxical intention vs stimulus
control in the treatment of severe insomnia. ] Behav Ther Exp
Psychiatry 17:267-269.

Lamarche CH, Ogilvie RD. 1997. Electrophysiological changes
during the sleep-onset period of psychophysiological insomniacs,
psychiatric insomniacs, and normal sleepers. Sleep 20:724-733.

Lavie P. 2001. Sleep disturbances in the wake of traumatic events.
N Engl ] Med 345:1825-1832.

Leger D. 2000. Public health and insomnia: Economic impact. Sleep.
23:569-S76.

Leger D, Guilleminault C, Bader G, vy E, Paillard M. 2002. Medical
and socio-professional impact of insomnia. Sleep 25:625-629.

Leger D, Scheuermaier K, Philip P, Paillard M, Guilleminault C.
2001. SF-36: Evaluation of quality of life in severe and mild
insomniacs compared with good sleepers. Psychosom Med
63:49-55.

Lichstein KL, Rosenthal TL. 1980. Insomniacs’ perceptions of
cognitive versus somatic determinants of sleep disturbance.
J Abnorm Psychol 89:105-107.

Littner M, Kushida CA, Anderson WM, Bailey D, Berry RB, Davila
DG, Hirshkowitz M, Kapen S, Kramer M, Loube D, Wise M,
Johnson SE. 2003. Practice parameters for the role of actigraphy in
the study of sleep and circadian rhythms: an update for 2002. Sleep
26:337-341.

Mahowald ML, Mahowald MW. 2000. Nighttime sleep and daytime
functioning (sleepiness and fatigue) in well-defined chronic
rheumatic diseases. 1:179-193.

Mahowald MW, Mahowald ML, Bundlie SR, Ytterberg SR. 1989.
Sleep fragmentation in rheumatoid arthritis. Arthrids Rheum
32:974-983.

McCall WV. 2001. A psychiatric perspective on insomnia. J Clin
Psychiatry 62:27-32.

Mendelson WB. 1995. Long-term follow-up of chronic insomnia.

Sleep 18:698-701.



Theoretical Review: Insommnia 175

Mercer JD, Bootzin RR, Lack LC. 2002. Insomniacs’ perception of
wake instead of sleep. Sleep 25:564-571.

Merica H, Blois R, Gaillard JM. 1998. Spectral characteristics of
sleep EEG in chronic insomnia. Eur ] Neurosci 10:1826-1834.
Merica H, Gaillard JM. 1992. The EEG of the sleep onset period in

insomnia: A discriminant analysis. Physiol Behav 52:199-204.

Mohler H, Fritschy JM, Rudolph U. 2002. A new benzodiazepine
pharmacology. ] Pharmacol Exp Ther 300:2-8.

Morgan K. 1987. Sleep and aging: A research-based guide to sleep in
later life. Baltimore: John Hopkins University Press.

Morgan K, Dallosso H, Ebrahim S. 1988. Characteristics of
subjective insomnia in the elderly living at home. Age Ageing
17:1-7.

Morgan K, Healey DW, Healey PJ. 1989. Factors influencing
persistent subjective insomnia in old age: A follow- up study of
good and poor sleepers aged 65 to 74. Age Ageing 18:117-122.

Morin CM, Colecchi C, Stone J, Sood R, Brink D. 1999a. Behavioral
and pharmacological therapies for late-life insomnia: A randomized
controlled trial. JAMA 281:991-999.

Morin CM, Culbert JP, Schwartz SM. 1994. Nonpharmacological
interventions for insomnia: A meta-analysis of treatment efficacy.
Am J Psychiatry 151:1172-1180.

Morin CM, Hauri PJ, Espie CA, Spielman AJ, Buysse DJ, Bootzin
RR. 1999b. Nonpharmacologic treatment of chronic insomnia. An
American Academy of Sleep Medicine review. Sleep 22:1134-1156.

Morin CM, Kowatch RA, Barry T, Walton E. 1993. Cognitive-
behavior therapy for late-life insomnia. J Consult Clin Psychol
61:137-146.

Morin CM, Rodrigue S, Ivers H. 2003. Role of stress, arousal, and
coping skills in primary insomnia. Psychosom Med 65:259-267.
Morris M, Lack L, Dawson D. 1990. Sleep-onset insomniacs have

delayed temperature rhythms. Sleep 13:1-14.

Moul DE, Nofzinger EA, Pilkonis PA, Houck PR, Miewald JM,
Buysse DJ. 2002. Symptom reports in severe chronic insomnia.
Sleep 25:553-563.

Nelson J, Harvey AG. 2003. Pre-sleep imagery under the micro-
scope: A comparison of patients with insomnia and good sleepers.
Behav Res Ther 41:273-284.

Nicholson AN. 1994. Hypnotics: Clinical Pharmacology and
Therapeutics. In: Aldrich M, Carskadon M, Chase M, Gillin JC,
Guilleminault C, Hartmann E, Kryger E, Nicholson A,
Rechtschaffen A, Richardson G, Roth T, Zorick F editors.
Principles and Practice of Sleep Medicine. Second edition.
Philidelphia: W. B. Saunders Co. p 355-363.

Nofzinger E, Nowell P, Buysee D. 1999. Towards a neurobiology of
sleep disturbance in primary insomnia and depression: A compar-
ison of subjective, visually scored period amplitude, and power
spectral density sleep measures. Sleep 22:599-599.

Nowell PD, Buysse D], Reynolds CF 3rd, Hauri PJ, Roth T,
Stepanski EJ, Thorpy MJ, Bixler E, Kales A, Manfredi RL,
Vgontzas AN, Stapf DM, Houck PR, Kupfer DJ. 1997. Clinical
factors contributing to the differential diagnosis of primary
insomnia and insomnia related to mental disorders. Am J
Psychiatry 154:1412-1416.

Ohayon MM. 1996. Epidemiological study on insomnia in the
general population. Sleep 19:57-S15.

Ohayon MM. 1997. Prevalence of DSM-IV diagnostic criteria of
insomnia: Distinguishing insomnia related to mental disorders
from sleep disorders. J Psychiatr Res 31:333-346.

Ohayon MM. 2002. Epidemiology of insomnia: what we know and
what we still need to learn. Sleep Med Rev 6:97-111.

Ohayon MM, Caulet M, Lemoine P. 1998. Comorbidity of mental
and insomnia disorders in the general population. Compr
Psychiatry 39:185-197.

Ohayon MM, Morselli PL, Guilleminault C. 1997. Prevalence of
nightmares and their relationship to psychopathology and daytime
functioning in insomnia subjects. Sleep 20:340-348.

Ohayon MM, Roth T. 2003. Place of chronic insomnia in the
course of depressive and anxiety disorders. ] Psychiatr Res
37:9-15.

Perlis ML, Giles DE, Buysse DJ, Tu X, et al. 1997a. Self-reported
sleep disturbance as a prodromal symptom in recurrent depression.
J Affect Disord 42:209-212.

Perlis ML, Giles DE, Mendelson WB, Bootzin RR, Wyatt JK. 1997b.
Psychophysiological insomnia: The behavioural model and a
neurocognitive perspective. ] Sleep Res 6:179-188.

Perlis ML, Smith MT, Andrews PJ, Orff H, Giles DE. 2001a. Beta/
Gamma EEG activity in patients with primary and secondary
insomnia and good sleeper controls. Sleep 24:110-117.

Perlis ML, Smith MT, Cacialli DO, Nowakowski S, Orff H. 2003.
On the comparability of pharmacotherapy and behavior therapy
for chronic insomnia. Commentary and implications. ] Psychosom
Res 54:51-59.

Perlis ML, Smith MT, Orff HJ, Andrews PJ, Giles DE. 2001b. The
mesograde amnesia of sleep may be attenuated in subjects with
primary insomnia. Physiol Behav 74:71-76.

Petit L, Azad N, Byszewski A, Sarazan FE, Power B. 2003. Non-
pharmacological management of primary and secondary insomnia
among older people: Review of assessment tools and treatments.
Age Ageing 32:19-25.

Porges SW. 1995. Cardiac vagal tone: A physiological index of stress.
Neurosci Biobehav Rev 19:225-233.

Porges SW. 2003. The polyvagal theory: Phylogenetic contributions
to social behavior. Physiol Behav 79:503-513.

Rechtschaffen A. 1968a. Polygraphic aspects of insomnia. Paper
presented at The Abnormalities of Sleep in Man, Bologna, Italy.
Rechtschaffen A, Kales A. 1968b. A manual of standardized
terminology, techniques, and scoring systems for sleep stages of
human subjects. Los Angles: University of California, Los Angeles,

BIS/BRI

Rediehs MH, Reis JS, Creason NS. 1990. Sleep in old age: Focus on
gender differences. Sleep 13:410-424.

Reynolds CF 3rd, Kupfer DJ, Buysse D], Coble PA, Yeager A. 1991.
Subtyping DSM-III-R primary insomnia: A literature review by the
DSM-IV Work Group on Sleep Disorders. Am J Psychiatry
148:432-438.

Reynolds CF 3rd, Kupfer DJ, Taska LS. 1986. Sleep of healthy
seniors: A revisit. Sleep 8:20-29.

Riedel BW, Winfield CF, Lichstein KL. 2001. First night effect and
reverse first night effect in older adults with primary insomnia:
does anxiety play a role? Sleep Medicine 2:125-133.

Roehrs T, Blaisdell B, Richardson GS, Roth T. 2003a. Insomnia as a
path to alcoholism: Dose escelation [abstract]. Sleep 26:A307.

Roehrs T, Blaisdell B, Roth T. 2003b. Insomnia as a path to
alcoholism: Tolerance development [abstract]. Alcohol Experi-
mental Clinical Research 27:5123.

Roehrs T, Papineau K, Rosenthal L, Roth T. 1999. Ethanol as a
hypnotic in insomniacs: Self administration and effects on sleep
and mood. Neuropsychopharmacology 20:279-286.

Roehrs T, Roth T. 1992. Multiple Sleep Latency Test: technical
aspects and normal values. ] Clin Neurophysiol 9:63-67.

Roehrs T, Roth T. 2001. Sleep, sleepiness, and alcohol use. Alcohol
Res Health 25:101-109.

Roehrs T, Salin-Pascual R, Merlotti L, Rosenthal L, Roth T. 1996.
Phase advance in moderately sleepy and alert normals. Sleep
19:417-422.

Roehrs T, Zorick F, Roth T. 2000. Transient and short-term
insomniacs. In: Kryger M, Roth T, Dement WC, editors.



176 Drake et al.

Principles and Practice of Sleep Medicine. Third edition.
Philadelphia: W. B. Saunders Co. p 624-632.

Roehrs T, Zorick F, Sicklrstell J. 1983. Age-related sleep-wake
disorders at a sleep disorders center. ] Am Geriatr Soc 31:364-370.

Roth T, Zammit G, Kushida C, Doghramji K, Mathias SD, Wong
JM, Buysee DJ. 2002. A new questionnaire to detect sleep
disorders. Sleep Med 3:99-108.

Salin-Pascual RJ, Roehrs TA, Merlotti LA, Zorick F, Roth T. 1992.
Long-term study of the sleep of insomnia patients with sleep state
misperception and other insomnia patients. Am ] Psychiatry
149:904-908.

Schramm E, Hohagen F, Grasshoff U, Riemann D, Hajak G, Weess
HG, Berger M. 1993. Test—retest reliability and validity of the
Structured Interview for Sleep Disorders According to DSM-III-
R. Am ] Psychiatry 150:867-872.

Schramm E, Hohagen F, Kappler C, Grasshoff U, Berger M. 1995.
Mental comorbidity of chronic insomnia in general practice
attenders using DSM-III-R. Acta Psychiatr Scand 91:10-17.

Schweitzer P. 2000. Drugs that Disturb Sleep and Wakefulness. In:
Mendelson WB, editor. Principles and practices of sleep medicine.
Third edition. Philidelphia: W.B. Saunders Co. p 441-462.

Silva JAC, Chase M, Sartorius N, Roth T. 1996. Special report from a
symposium held by the World Health Organization and the World
Federation of Sleep Research Societies. An overview of insomnias
and related disorders: Recognition, epidemiology, and rational
management. Sleep 19:412-416.

Smith MT, Perlis ML, Carmody TP, Smith MS, Giles DE. 2001.
Pre-sleep cognitions in patients with insomnia secondary to
chronic pain. J Behav Med 24:93-114.

Smith MT, Perlis ML, Chengazi VU, Pennington ], Soeffing J, Ryan
JM, Giles DE. 2002a. Neuroimaging of nREM sleep in primary
insomnia: A Tc-99-HMPAO single photon emission computed
tomography study. Sleep 25:325-335.

Smith MT, Perlis ML, Park A, Smith MS, Pennington J, Giles DE,
Buysse DJ. 2002b. Comparative meta-analysis of pharmacotherapy
and behavior therapy for persistent insomnia. Am J Psychiatry
159:5-11.

Smyth C. 1999. The Pittsburgh Sleep Quality Index (PSQI).
J Gerontol Nurs 25:10-11.

Soldatos CR, Dikeos DG, Paparrigopoulos TJ. 2000. Athens
Insomnia Scale: Validation of an instrument based on ICD-10
criteria. J Psychosom Res 48:555-560.

Soldatos CR, Dikeos DG, Paparrigopoulos TJ. 2003. The diagnostic
validity of the Athens Insomnia Scale. ] Psychosom Res
55:263-267.

Spielman AJ, Caruso LS, Glovinsky PB. 1987. A behavioral
perspective on insomnia treatment. Psychiatr Clin North Am
10:541-553.

Stark P, Hardison CD. 1985. A review of multicenter controlled
studies of fluoxetine vs. imipramine and placebo in outpatients
with major depressive disorder. ] Clin Psychiatry 46:53-58.

Stepanski E, Zorick F, Roehrs T, Young D, Roth T. 1988. Daytime
alertness in patients with chronic insomnia compared with
asymptomatic control subjects. Sleep 11:54-60.

Stepanski EJ, Wyatt JK. 2003. Use of sleep hygiene in the treatment
of insomnia. Sleep Med Rev 7:215-225.

Strogatz SH, Kronauer RE, Czeisler CA. 1987. Circadian pacemaker
interferes with sleep onset at specific times each day: Role in
insomnia. Am ] Physiol 253:R172-R178.

Tune GS. 1969. Sleep and wakefulness in 509 normal human adults.
Br J Med Psychol 42:75-80.

Turner RM, Ascher LM. 1979. Controlled comparison of progressive
relaxation, stimulus control, and paradoxical intention therapies for
insomnia. ] Consult Clin Psychol 47:500-508.

Verbeek I, Klip EC, Declerck AC. 2001. The use of actigraphy
revised: The value for clinical practice in insomnia. Percept Mot
Skills 92:852-856.

Vgontzas AN, Bixler EO, Kales A, Manfredi RL, Tyson K. 1994.
Validity and clinical utility of sleep laboratory criteria for insomnia.
Int J Neurosci 77:11-21.

Vgontzas AN, Bixler EO, Lin HM, Prolo P, Mastorakos G,
Vela-Bueno A, Kales A, Chrousos GP. 2001. Chronic insomnia is
associated with nyctohemeral activation of the hypothalamic-
pituitary-adrenal axis: Clinical implications. J Clin Endocrinol
Metab 86:3787-3794.

Vgontzas AN, Chrousos GP. 2002. Sleep, the hypothalamic-
pituitary-adrenal axis, and cytokines: Multiple interactions and
disturbances in sleep disorders. Endocrinol Metab Clin North Am
31:15-36.

Vgontzas AN, Kales A, Bixler EO, Manfredi RL, Vela-Bueno A.
1995. Usefulness of polysomnographic studies in the differential
diagnosis of insomnia. Int ] Neurosci 82:47-60.

Vgontzas AN, Tsigos C, Bixler EO, Stratakis CA, Zachman K, Kales
A, Vela-Bueno A, Chrousos GP. 1998. Chronic insomnia and
activity of the stress system: A preliminary study. ] Psychosom Res
45:21-31.

Vollrath M, Wicki W, Angst J. 1989. The Zurich study. VIIL
Insomnia: Association with depression, anxiety, somatic syn-
dromes, and course of insomnia. Eur Arch Psychiatry Neurol Sci
239:113-124.

Walsh JK, Engelhardt CL. 1999. The direct economic costs
of insomnia in the United States for 1995. Sleep 22 Suppl
2:5386-5393.

Watson S, Gallagher P, Del-Estal D, Hearn A, Ferrier IN,
Young AH. 2002. Hypothalamic-pituitary-adrenal axis function
in patients with chronic depression. Psychol Med 32:1021-
1028.

World Health Organization 1992. International Statistical Classifica-
tion of Diseases and Related Health Problems (10th revision).
Geneva, Switzerland: World Health Organization.

Zammit GK, Weiner J, Damato N, Sillup GP, McMillan CA. 1999.
Quality of life in people with insomnia. Sleep 22:5379-S385.



