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Abstract
Among older persons, sleep complaints in the form of insomnia and daytime drowsiness are highly
prevalent and associated with adverse outcomes. The underlying mechanisms are linked to age-
related declines in physiology, i.e., normal aging, and age-related increases in disease prevalence,
i.e., usual aging. In this monograph, we describe how normal aging leads to less restorative sleep,
characterized by reductions in homeostatic and circadian sleep, and to phase advancement of the
sleep-wake cycle, characterized by older persons being more alert in the early morning but drowsier
in the early evening. We also describe how usual aging leads to sleep complaints through reductions
in health status, loss of physical function, and primary sleep disorders. Psychosocial influences are
likewise described and their relevance to sleep complaints is discussed. We subsequently incorporate
these aging-related changes into a conceptual model that describes sleep complaints as a consequence
of multiple and interdependent predisposing, precipitating, and perpetuating factors, akin to a
geriatric syndrome. We conclude our discussion by applying our conceptual model to the sleep-
related care of an older person with insomnia and daytime drowsiness, and suggest that the diagnostic
assessment consider, in addition to primary sleep disorders, multiple domains including medical,
physical, cognitive, psychological, and social issues with the intent of developing an overall
therapeutic plan and establishing long-term follow-up.
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INTRODUCTION
Ms. K is a community-living 79-year old female who presents with lifelong difficulties in
initiating and maintaining sleep, which have worsened since the death of her husband three
months ago. She also reports the recent onset of anorexia, fatigue and, at times, abrupt
sleepiness even when engaged in conversation. Her medical history includes Parkinson’s
disease, congestive heart failure, chronic obstructive pulmonary disease, hypertension,
diabetes mellitus, depression, osteoarthritis, and obesity. She is taking several medications and
has limited mobility, with multiple falls reported in the past year. Given her long-standing
struggles with insomnia, she clings to the belief she could do more if only her sleep quality
were improved. She therefore requests a bedtime sleep aid, as well as “something” to perk her
up during the course of the day.
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The scenario described above presents a daunting public health challenge.1 Population studies
have established that sleep complaints in older persons are highly prevalent,2,3 and
characterized by high levels of concurrent morbidity2–17 and increased risk for adverse
outcomes.2,18–32 Given the complexity of geriatric sleep complaints, their likely multifactorial
etiology,2,3,6,7,17,18,33,34 and the need for more effective interventions,19,22,25 underlying
sleep mechanisms need to be better defined, as these ultimately determine the requisite
preventive, diagnostic and therapeutic strategies.

In this monograph, we review geriatric sleep epidemiology and propose a conceptual model
that illustrates how aging-related mechanisms lead to the development of sleep complaints in
older persons, including Ms. K. While our comments are directed primarily to older persons
who are living in the community, many of the principles are applicable to those who are residing
in institutional settings. To enhance readability, common sleep terminology is summarized in
the appendix. Unless otherwise specified, “geriatric” and “older persons” refer to those aged
65 years or older.

GERIATRIC SLEEP EPIDEMIOLOGY
Epidemiologic surveys of sleep among older persons typically evaluate symptoms related to
insomnia and/or drowsiness, which are collectively referred to as sleep complaints.2 For
insomnia, symptoms are based on Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria, which include difficulties in sleep onset or maintenance,
early morning awakenings, and/or nonrestorative sleep.35,36 This is in contrast to a clinical
diagnosis of insomnia, which requires a determination of the duration and daytime
consequences of symptoms.35,36 Drowsiness is most often established by self-reported napping
behavior and, less often, by the Epworth Sleepiness Scale. The latter is a brief self-administered
questionnaire with scores ranging from 0 to 24, with higher scores denoting greater drowsiness.
37

In the “Established Populations for Epidemiologic Studies of the Elderly” (EPESE), involving
9,282 community-living persons aged 65 years or older, 43% reported difficulty in sleep onset
or maintenance, while 25% napped.2 These findings were confirmed in the National Sleep
Foundation’s (NSF) 2003 Sleep in America Poll, which reported one or more symptoms of
insomnia in 46% of persons aged 65–74 years and 50% of those aged 75–84 years, with
corresponding rates for napping of 39% and 46%.3 In general, insomnia symptoms are more
prevalent in older women,2,3,5 with gender differences in napping being less clear.38

Sleep complaints in older persons are characterized by high levels of concurrent morbidity.
Insomnia symptoms are cross-sectionally associated with reduced self-reported health status,
medication-use, cognitive impairment, visual and hearing impairments, depression, behavioral
disturbances, reduced activity, prior falls, and disability in instrumental activities of daily living
(ADL)2–13 Similarly, daytime drowsiness, either by napping behavior or Epworth scale, is
cross-sectionally associated with functional and cognitive impairment.13–17 In general, older
persons demonstrate stronger cross-sectional associations between insomnia and impaired
quality of life than younger persons.39

Adverse outcomes in the setting of sleep complaints are also common in older persons.
Insomnia symptoms are longitudinally associated with reduced self-reported health status,
cognitive decline, depression, disability in basic ADLs, missed work-days, poorer quality of
life, and institutionalization.18–26 Drowsiness is likewise detrimental, with longitudinal studies
documenting napping as a risk factor for incident cardiovascular disease, falls, and death.2,
27–32 Napping that is unscheduled, prolonged, or daily imparts the greatest risk,14,16,29,30,32

but this is attenuated upon exclusion of individuals with chronic conditions.30
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SENESCENT SLEEP MODEL
Conventional wisdom postulates that sleep complaints in older persons are not the consequence
of “aging per se”.18,40–43 This supposition emphasizes the importance of a detailed evaluation
to identify the underlying sleep disorder. However, such an approach runs the risk of
discounting the impact of senescence. Senescence is a biologically active, postmaturational
process leading to diminished homeostasis and vulnerability to disease.44,45 It results from
expected age-related declines in physiology, i.e., normal aging, and age-related increases in
disease prevalence, i.e., usual aging.44,45

We propose that senescence in the form of normal and usual aging is predisposing,
precipitating, and perpetuating to sleep complaints and adverse outcomes, and ultimately
defines geriatric sleep epidemiology. This is illustrated in Figure 1, a geriatric version of an
insomnia model previously described by Spielman and colleagues.46 Predisposing factors refer
to intrinsic changes in sleep-wake physiology, resulting from normal aging. These changes
render the older person vulnerable to subsequent sleep complaints and adverse outcomes, but
are not by themselves causal. The more pervasive the intrinsic changes, the greater the
vulnerability. Precipitating factors are directly and temporally causal to sleep complaints and
adverse outcomes, but are extrinsic to sleep-wake physiology. Such factors result from usual
aging, and typically occur in multiple domains, including medical, physical, cognitive, and
psychological. Perpetuating factors are largely psychosocial influences that adversely impact
the sleep-wake cycle, emerging principally as a consequence of aging-related sequelae. Such
influences magnify the impact of predisposing or precipitating factors, and may perpetuate a
sleep complaint, even after resolution of other reversible factors. When especially severe,
psychosocial influences may also lead to adverse outcomes. The noted predisposing,
precipitating, and perpetuating factors are multiple and interdependent, suggesting that sleep
complaints in older persons resemble a multifactorial geriatric syndrome.

NORMAL AGING
Developmentally, sleep physiology undergoes significant changes across the lifespan. Ohayon
et al47 have most effectively demonstrated this in a meta-analysis of quantitative sleep
parameters in otherwise healthy individuals, from childhood to old age. We summarize their
adult findings in Table 1. To more completely illustrate these aging-related changes in sleep,
we focus next on the physiology underlying two forms of sleep (NonREM and REM) and the
sleep-wake cycle, first in the young adult (non-senescent sleep) and, thereafter, in older persons
(senescent sleep).

Non-Senescent Sleep
In the young adult (age 18–40 years), sleep is normally entered through NonREM sleep, with
a normal night’s sleep consisting of repetitive cycles, each lasting 90–110 minutes.48–50 As
shown in Figure 2, a cycle begins with NonREM sleep and ends with REM sleep. Typically,
75–80% of total sleep time is spent in NonREM sleep and 20–25% in REM sleep.48–50

NonREM Sleep—NonREM sleep typically progresses through four stages.48–51 These are
identified in the laboratory by a pattern on the electroencephalogram (EEG) of gradual
synchronization, initially consisting of low amplitude, mixed frequency waveforms, i.e.,
NonREM Stages 1 and 2, and later progressing to high amplitude and slower frequency
waveforms termed delta waves, i.e., NonREM Stages 3 and 4. The latter two stages are
categorized as slow wave sleep (SWS), and are also referred to as homeostatic sleep.

The physiological drive for NonREM sleep is wake-dependent.52,53 The more prolonged the
duration of wakefulness, the greater the need to enter NonREM sleep.52,53 A potential mediator
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is adenosine, a byproduct of adenosine triphosphate metabolism.54–57 Heightened neuronal
metabolism during prolonged wakefulness leads to energy (glycogen) depletion, with
consequent increases in extracellular adenosine.54–58 Adenosine, in turn, exerts a global effect
on the cerebral cortex, which suppresses waking neuronal activity; alternatively, it may act
locally as a “metabolic switch” on sleep-promoting nuclei.57 The net-effect is the onset of
NonREM sleep. Supporting the role of adenosine as a sleep mediator is the observation that
adenosine receptor antagonists like caffeine are known to promote alertness.59

Prolonged wakefulness leads to progressive increases in the duration of the deepest form of
NonREM sleep, namely SWS.52,53 In other words, slow wave activity in NonREM sleep
depends only on prior waking and is not influenced by circadian phase.53 This implies that
SWS is homeostatic, in that it may foster metabolic and cognitive recovery in response to the
day’s wake-related activities.60–64 For example, prior research suggests that SWS is associated
with increases in cerebral protein synthesis and energy (glycogen) conservation, and that the
onset of SWS is associated with a reproducible growth hormone pulse, which in men represents
the largest daily secretory release.60–64 Additionally, SWS, by diminishing synaptic activity,
may increase the cortical signal-to-noise ratio while minimizing saturation; this, in turn, could
lead to enhanced execution in neural circuits, possibly enhancing memory.64 These attributes
may explain why SWS is strategically most prevalent in the first third of the night, which makes
possible a prompt sleep-based homeostatic response to prolonged wakefulness, and why the
first decade of life, a time in human development characterized by tremendous physical and
cognitive growth, is distinguished by the greatest amount of SWS.48,49

Stage 2 NonREM sleep may also contribute to homeostasis. Although often thought of as a
transitional state that progresses to either SWS or REM sleep,65 Stage 2 NonREM sleep may
facilitate memory.66 For example, sleep spindle activity, an EEG marker of this sleep stage, is
associated with increased recall performance, i.e., declarative memory.66

REM Sleep—REM sleep is identified in the laboratory by a combination of episodic rapid
eye movements, muscle atonia, and a desynchronized EEG pattern of low voltage, fast
frequency waveforms.48,49,51 In the young adult, the first REM period is brief and is entered
after 70–90 minutes of NonREM sleep.48–50 REM sleep is temporally related to circadian
rhythms, hence the term circadian sleep, and is popularly referred to as “dream” sleep. In
contrast to SWS, the largest amount of REM sleep occurs in the last third of the night, around
4 AM, a time period termed the circadian sleep propensity zone.48–50 The latter is concurrent
with the trough of the body temperature and nadir of the blood cortisol level, which are both
under circadian regulation.48,49,52,67,68

The modulation of REM sleep occurs primarily in the brainstem and is characterized by a
reciprocal interactive cycle of pontine cholinergic REM-On and monoaminergic REM-Off
neurons.69–71 REM-On neuronal activity is facilitated by GABAergic interneurons within the
brainstem but inhibited by input from pontine-mesencephalic tegmental nuclei (dopaminergic
and norepinephric) and hypothalamic nuclei (histaminergic and hypocretinergic). The dynamic
balance of inhibitory versus excitatory activity of REM-On relative to REM-Off neurons
contributes to the cycling of REM and Non-REM sleep.

Several lines of evidence suggest that REM sleep may enhance memory and learning. First,
REM sleep is an activated state of arousal characterized within the central nervous system by
an increase in temperature, metabolism and blood flow.48,49,52,67,68 Second, hippocampal
theta rhythms, thought to represent information storage, are observed during both wakefulness
and REM sleep.72–78 Third, there is a positive and significant correlation between learning
efficiency and increases in REM sleep.79 Fourth, donepezil, a cholinesterase inhibitor used in
Alzheimer’s Disease, appears to be most beneficial when REM sleep is increased.80
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REM sleep is also relevant to human development. Infants average a total of 16 to 18 hours of
sleep per 24-hour period, of which 50–80% is REM, and they enter sleep through REM.48,49

This emphasis on REM sleep is unique to infants and is concurrent with the rapid development
of motor skills, language, and socialization that is characteristic of infancy.

Sleep-Wake Cycle—The circadian system plays a pivotal role in the timing of sleep-wake
states, namely the ability to fall asleep and/or to maintain wakefulness. The suprachiasmatic
nucleus, located in the anterior hypothalamus, is the circadian oscillator, popularly referred to
as the biologic clock.52,67,68 It receives photic and nonphotic input, synchronizing, i.e.,
entraining, circadian rhythms to environmental cycles. The suprachiasmatic nucleus ultimately
establishes the temporal hierarchy that regulates behavioral states such as the sleep-wake cycle
and physiologic responses such as the 24-hour pattern of the core body temperature and serum
cortisol.

Under normal conditions of entrainment, i.e., in the presence of environmental cues such as
the light-dark cycle, the circadian rhythm of body temperature parallels the sleep-wake cycle.
52,67,68 As temperature rises, we become more alert. As it declines, we become sleepy.
Characteristically, the temperature curve changes in a sinusoidal pattern with an approximate
24-hour periodicity, as shown in Figure 3. The temperature curve crests between 7 PM to 10
PM, which corresponds to the circadian wake maintenance zone, i.e., a time period conferring
peak circadian alertness, but nadirs between 4 AM to 7 AM, which corresponds to the circadian
sleep propensity zone, i.e., a time period conferring heightened circadian sleepiness. Otherwise,
between 4 AM and 10 PM, the temperature rises, with the exception being a small, transient
dip occurring at approximately 2 PM to 4 PM. Between 10 PM and 4 AM, the temperature
again decreases, although more precipitously. These declines in body temperature correspond
to the peak incidence of motor vehicle accidents, which occurs between 2 PM to 5 PM and
midnight to 5 AM.81–83

Senescent Sleep
In healthy older persons, sleep is likewise entered through NonREM sleep and consists of the
same NonREM-REM cycles, as previously described and as shown in Figure 2. However,
normal aging-related changes across the adult lifespan result in increased awakenings and
reductions in sleep spindle activity, SWS, and REM sleep.47,84,85 As shown in Table 1, these
changes in sleep parameters are most notable across the ages 18–40 and 40–60 years, with
persons older than 60 years demonstrating only continued reductions in sleep efficiency
(percent of time in bed spent asleep).47 Daytime wakefulness is affected as well, with older
persons being more alert in the early morning but more drowsy in the early evening.86–91 In
general, normal aging-related changes in sleep parameters appear to affect men more than
women,47,86,92 although recent evidence is mixed regarding SWS.47,92–94

NonREM Sleep—In the fifth decade, most notably in men, there is a reduction in SWS and
nocturnal growth hormone release, as well as a temporal dissociation of the previous linkage
of growth hormone secretion with SWS.47,84,87,92 In addition, although Stage 2 NonREM
sleep increases with age, sleep spindle activity declines.85 These changes may contribute to
the aging-associated manifestations of frequent nocturnal awakenings, nonrestorative sleep,
cognitive decline, truncal obesity, reduced lean body mass, and impaired exercise response.
84,85

The evidence for age-related gender differences in NonREM sleep is somewhat conflicting,
and may be related to how SWS is measured. Two large polysomnography-based studies
involving older women with visual sleep staging have reported little to no age-related changes
in SWS, with older women having increased amounts of SWS relative to age-matched men.
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47,92 However, the more effective method for quantifying the intensity of SWS is to measure
slow wave activity by spectral analysis of the EEG.93,94 When EEG spectral power in the slow
wave band is normalized for activity in REM sleep, slow wave activity during NonREM sleep
is reduced in older women relative to older men.93,94 This is concurrent with increases in alpha
activity, an EEG pattern of wakefulness, and a lower sleep-onset release of growth hormone
in older women than older men.93,94 These EEG spectral power findings may explain, in part,
the female-specific vulnerability to developing insomnia. 94

REM Sleep—Normal aging-related changes, which become evident in the 6th decade, are
characterized by decreased REM sleep and eye movement density, as well as a higher evening
cortisol.47,84,87,92 These changes are present in both men and women across the adult life span.
47,84,92 Some investigators postulate that higher evening cortisol levels may foster sleep
fragmentation, insulin-resistance, hippocampal atrophy, and deficits in hippocampus-
dependent learning and memory.95–99 A reduction in REM sleep, below 16.1% of total sleep
time, has been shown to increase the risk of death in healthy older adults by more than 70%.
26

Sleep-Wake Cycle—In contrast to young adults, older persons sleep less during the circadian
sleep propensity zone,89,90 corresponding to aging-related complaints of increased nocturnal
and early morning awakenings,88–91 but sleep more during the circadian wake maintenance
zone,89 corresponding to aging-related increases in daytime napping and an earlier bedtime.88

The sleep-wake patterns of older persons correspond to normal aging-related alterations in the
temperature curve, as shown in Figure 3. Under conditions of normal entrainment, such as in
a community setting, older persons demonstrate a phase advance, i.e., a shift in the peak and
trough temperature positions to an earlier time.100,101 These circadian changes parallel the
normal aging-related observations of an earlier bedtime and arise time and, possibly, a reduced
ability to tolerate phase shifts due to jet travel or night work.87,88,101 An aging-related reduction
in amplitude of the temperature curve has also been postulated, but the evidence for this is
conflicting.101

The mechanisms underlying these changes in the sleep-wake cycle and temperature curve are
not attributable to an alteration in the periodicity of the circadian system, which at 24.18 hours
does not change with age.91 Thus, despite having the same circadian periodicity, older persons
demonstrate an earlier entrained circadian phase, which is most likely due to changes in
homeostatic sleep and in the interaction of circadian and entrainment processes.90,91 The
collective effect of such changes is for sleep to be less restorative, with increased awakenings
and reductions in homeostatic and circadian forms of sleep, and for the sleep-wake cycle to be
phase advanced, with older persons being more alert in the early morning but drowsier in the
early evening.

USUAL AGING
Senescence in the form of usual aging is characterized by a reduction in health status, loss of
physical function, and primary sleep disorders, all of which are capable of precipitating sleep
complaints and adverse outcomes.

Health Status
In the National Follow-up Survey of Self-Care and Aging, 32.6% of the 937 community-
dwelling persons aged 65 years or older reported only fair-to-poor health status.102 Similar
findings were noted in the National Sleep Foundation’s (NSF) 2003 poll of community-
dwelling persons aged 65 to 84 years.3 In the NSF poll, 71% of those who rated their health
status as fair-to-poor also reported insomnia, while 29% reported drowsiness. Likewise, in
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EPESE, 36% of community-dwelling persons aged 65 years or older reported fair-to-poor
health status,2 which was significantly associated with the development of insomnia symptoms.
18 Reductions in health status are often attributable to an increase in the burden of chronic
conditions, medication use, and neuropsychological impairment, each of which can precipitate
insomnia and/or drowsiness.

Chronic Conditions—Chronic conditions are highly prevalent in older persons. In the NSF
poll, 43% reported two to three chronic conditions, while 24% had four or more; only 10% had
none.3 The six most prevalent conditions were hypertension (47%), arthritis (46%), enlarged
prostrate (22% of men), heart disease (18%), depression (16%) and diabetes mellitus (15%).
Each of these conditions may be linked to a sleep disorder. For example, hypertension, diabetes
mellitus, and heart disease are associated with sleep disordered breathing;103 depression is
associated with insomnia;104 and hypertension, arthritis, depression, and diabetes mellitus are
associated with sleep-related movement disorders such as restless legs syndrome.105,106 In the
NSF poll, the prevalence of self-reported snoring, apnea, insomnia, and restless legs rose as
the number of chronic conditions increased.3 Similarly, in EPESE, chronic conditions such as
heart disease, stroke, and diabetes were significantly associated with the development of
insomnia symptoms.18

Several chronic conditions can also directly lead to sleep-disruptive symptoms. In the NSF
cohort, nocturia was the most disruptive symptom to sleep, with 65% of men and women
reporting that it fragments sleep at least a few nights a week.3 In the National Follow-up Survey
of Self-Care and Aging, daily arthritic pain, as experienced by 48% of the cohort, was
associated with insomnia and reduced activity.102 In EPESE, the risk of developing insomnia
at 3 years of follow-up was significantly elevated in participants who reported having “any
respiratory symptom” at baseline (32% of the cohort).2,18

Medications—Medication use in older persons is likewise highly prevalent. Among non-
institutionalized Medicare enrollees, the mean number of filled medication prescriptions in
2000 was thirty.107 Of the 200 million office/clinic visits made by older persons in 2000, one-
third resulted in one or two medications being prescribed or renewed, while another third
resulted in three or more.108,109 If nonprescription drugs such as herbals/supplements,
vitamins, and minerals are also considered, 44% of community-living older Americans 65 years
or older report taking an average of five or more medications in a given week.110

One contributor to the high rate of medication use in older persons is patient-perceived
impairment in sleep quality. In the National Follow-Up Survey of Self-Care and Aging, 48.1%
of participants used prescription medications and 65.9% used over-the-counter medications
for arthritic pain, most often to relieve pain-related sleep disruptions.102 In the NSF poll, 20%
of participants used a bedtime hypnotic at least a few nights a week to improve their sleep.3

Counter to its intended benefit, medication use in older persons often results in substantial
toxicity. In 2000, inappropriate medications were prescribed during 8% of office/clinic visits
made by older persons.108 The major culprits included analgesics (e.g. propoxyphene) and
other centrally active agents (e.g. hydroxyzine, diazepam, amitriptyline, oxybutinin).108,109 In
a separate study of community-dwelling older persons who were prescribed five or more
medications, the annual rate of an adverse drug event was 35%, with central nervous system
side effects occurring commonly.111,112 In general, medications with central nervous system
side effects, including sleep aids, may impart an increased risk for falls, health care utilization,
and death, disrupt sleep architecture through reductions in slow wave and REM sleep,
exacerbate sleep disordered breathing and sleep-related movement disorders, and foster
daytime drowsiness.25,48,113–116 The persons most vulnerable to these side effects are the
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elderly and individuals with multiple comorbidities.115 In EPESE, the use of sedatives was
significantly associated with development of insomnia symptoms.18

Neuropsychologic Impairments—Depression and cognitive impairment are also
associated with sleep complaints.3,18,104 In the NSF poll, 70% of older persons who reported
being depressed had insomnia, while 32% were drowsy.3 In EPESE, depressed mood was
significantly associated with development of insomnia symptoms.18 Older persons who are
hospitalized or in long-term care settings are especially vulnerable to depressive symptoms,
with prevalence rates of 23% and 35%, respectively.117 Geriatric depression merits prompt
medical attention given that older persons, who represent 12% of the US population, account
for 17.6% of suicide deaths.118

In the NSF poll, 62% of older persons who reported memory problems also had insomnia,
while 24% were drowsy.3 Similarly, in another study involving an elderly community-based
population, self-reported excessive daytime sleepiness was independently associated with
cognitive impairment in multiple domains, including attention-concentration, praxis, delayed
recall, orientation (person and temporal), and prospective memory.14 When cognitive
impairment progresses to dementia, a nonrestorative form of sleep often develops that is
characterized by increased Stage 1 NonREM sleep, reduced number of sleep spindles,
decreased slow wave and REM sleep, and frequent nocturnal awakenings.119,120 The latter
may be additionally accompanied by disorientation, referred to as confusional arousals, as well
as agitation and wandering.119,120 Dementia is also associated with other conditions that are
disruptive to sleep and daytime alertness such as sleep disordered breathing, depression,
psychosis, REM Behavior Disorder, and sundowning.119,120 REM Behavior Disorder
(discussed further below) is characterized by dream-directed behaviors that are causally linked
to a dissociated form of REM sleep. The importance of dementia as an underlying cause of
sleep complaints will likely escalate, given the advancing age of the American population.
121,122 In community-dwelling older persons, the prevalence of Alzheimer’s Disease, the most
common cause of dementia, increases from 3% in those 65–74 years of age to 19% in 75–84
year olds, and to 47% in those over the age of 85 years.123

Loss of Function
Loss of physical function occurs commonly in older persons. In 1999, 6.8 million Americans
aged 65 years or older were chronically disabled.107 In a survey involving community-dwelling
persons 80 years or older, 35.9% needed assistance or were unable to walk ¼ mile, 40.6%
needed assistance or were unable to climb a flight of stairs, and 27% reported visual
impairment, denoted by “any difficulty seeing the words or letters in ordinary newspaper print”.
122 In the 2000 census, 20.4% of persons aged 65 years or older reported difficulty going outside
the home.121

Loss of physical function may have an adverse effect on zeitgebers, which are environmental
cues that entrain circadian rhythms to a 24-hour cycle length and, in turn, promote normal
sleep-wake scheduling.68 Zeitgebers may be photic (light-based) as in the day-night cycle, or
nonphotic as in exercise activities, scheduled meals, or social cues. Because loss of physical
function often leads to inactivity, inadequate outdoor light exposure, and social isolation, it
may result in absent or inconsistent exposure to normal zeitgebers, with the net-effect being
irregular sleep-wake patterns that engender insomnia and/or drowsiness. Thus, it is not
surprising that a high proportion of community-dwelling older persons with mobility
disability3 report insomnia (66%) and drowsiness (28%). In EPESE, physical disability was
significantly associated with the development of insomnia symptoms.18
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Primary Sleep Disorders
Usual aging is associated with an increased prevalence of primary sleep disorders, namely
sleep disordered breathing (SDB), sleep-related movement disorders, dream-directed
behaviors, and circadian rhythm disorders.

Sleep Disordered Breathing—The standard for establishing a diagnosis of SDB is an
apneahypopnea index (AHI) of ≥ 5.124–126 The laboratory severity of SDB is commonly
categorized as mild, moderate, or severe based on an AHI of 5 to 14, 15 to 29, ≥ 30, respectively.
125 The Centers for Medicare and Medicaid Services (CMS) recognizes an AHI of 5 to 14
(mild) as an indication for treatment only if clinically accompanied by excessive daytime
drowsiness, impaired cognition, mood disorder, insomnia, hypertension, ischemic heart
disease, or prior stroke.126 Symptoms are not required, however, for an AHI ≥ 15.126

The laboratory prevalence of SDB is known to increase with age.127 In a study of 741 randomly
selected men aged 20 to 100 years, SDB defined by an AHI of ≥ 5 was highest in those aged
65 years or older (at 30.5%), and involved both obstructive and central SDB.127 The higher
laboratory-based prevalence of SDB requires clinical correlation, especially as it relates to
obstructive SDB, commonly known as the obstructive sleep apnea hypopnea syndrome
(OSAHS). For example, when OSAHS is clinically defined in a manner similar to the CMS
criteria, its prevalence actually declines with age to 1.7% in persons 65 years or older, and its
severity, as characterized by sleep-induced hypoxemia, is milder in older persons than younger
persons.127 Moreover, one study has found that severe SDB, even at an AHI > 50, does not
confer excess mortality in older persons.128 Such findings underscore the importance of basing
treatment decisions on clinical grounds, rather than solely on laboratory findings. Further,
therapeutic goals in geriatric OSAHS need to be clearly defined, with efficacy periodically
assessed relative to daytime sleepiness, quality of life, driving safety, mood, and/or
hypertension.103 Conversely, chronological age should not be a contraindication to pursuing
treatment such as continuous positive airway pressure (CPAP), as long as it is clinically
indicated and the affected individual can physically and cognitively participate. Indeed, up to
70% of older persons are able to achieve CPAP compliance for an average of 6.5-hours/night,
6.5-nights/week.129

The approach to central SDB in older persons likewise requires clinical correlation. When mild
and asymptomatic, i.e., AHI < 15, central SDB might not warrant treatment since it may simply
represent a laboratory event that is attributable to normal aging or sleep-wake transitions.
Nonetheless, central SDB can be associated with increased morbidity and mortality, especially
if it is symptomatic and characterized by an AHI > 15.130,131 For example, the prevalence of
atrial fibrillation is higher in middle aged to older adults with idiopathic central sleep apnea
(27%) than in those with OSAHS (1.7%) or no sleep apnea (3.3%).132 Further, Cheyne-Stokes
respirations, a variant of central sleep apnea, is strongly associated with cardiovascular disease,
most often in the setting of a low cardiac output state (cardiomyopathy).133 Central SDB may
also reflect a destabilized breathing response due to numerous sleep-wake transitions (e.g.
insomnia), hypoxemia (e.g. high altitude), respiratory-suppressant medications (e.g. opiates),
metabolic disturbances (e.g. hypothyroidism), neurological disorders (e.g. especially those
associated with autonomic dysfunction or neuromuscular disease) and, paradoxically, nasal
obstruction.131 Finally, central SDB in the elderly is postulated to be a sleep-related cause of
death, a consequence of changes in the medullary ventral respiratory group neurons.134 Thus,
depending on the clinical presentation, central SDB in an older person may require a detailed
medical evaluation and consultation with a sleep specialist, cardiologist, and/or neurologist.

Movement Disorders—Sleep-related movement disorders, namely restless legs syndrome
(RLS) and periodic limb movements in sleep (PLMS), are prevalent in older persons.
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Approximately 10% of persons aged 65 years or older have RLS,105 rising to 19% in those 80
years or older.135 RLS is a sensorimotor disorder that is characterized by an urge to move,
typically in response to unpleasant sensations involving the legs or other parts of the body, and
that worsens with inactivity and in the evening hours.136–138 While the unpleasant sensations
may be partially or totally relieved by movement, such as walking or stretching, they can result
in disruptions in sleep onset and maintenance.3,136–138 Among persons with RLS, 80% also
have PLMS, which is characterized by cyclical leg kicking while asleep, occurring
approximately every 20 to 40 seconds and leading at times to arousals.136–138

RLS may be familial or secondary to iron deficiency or uremia.136–138 It may be exacerbated
by antidepressants, caffeine, nicotine, alcohol, and inactivity, and is often associated with
concurrent morbidity, including medical and psychiatric conditions (diabetes mellitus,
arthritis, depression, anxiety, and peripheral neuropathy), restricted mobility, primary sleep
disorders (sleep apnea), drowsy driving, and reduced cognition.3,105,106,136–139 RLS may pose
special challenges in older persons. For example, a cognitively impaired older person who is
agitated may respond poorly to physical restraints because the imposed inactivity may worsen
restless legs; similarly, because restlessness is less severe during the day, daytime napping may
be favored in individuals with RLS, but such a practice could adversely delay sleep onset at
the evening bedtime.138

PLMS is the most common movement disorder in older persons, with a prevalence of 34%.
137 Although there is considerable overlap with RLS, PLMS usually occurs more commonly
in the absence of RLS, i.e., approximately 70% of the time. Because nocturnal leg movements
may be exacerbated by other factors, including obstructive sleep disordered breathing, uremia,
medications (e.g. antidepressants), and iron deficiency, PLMS is often a secondary
phenomenon with therapy best directed at the underlying cause.137 Nevertheless, PLMS may
be idiopathic and, when associated with sleep fragmentation, i.e., a PLMS arousal index > 15
per hour, may result in insomnia symptoms or daytime fatigue that warrant targeted treatment
(e.g. dopamine-agonist). 137 In this setting, the idiopathic form of PLMS is termed periodic
limb movement disorder.137

Advanced Sleep Phase Syndrome—This circadian disorder, which is more prevalent in
the elderly, is characterized by an extreme phase advancement in the sleep-wake cycle, beyond
that which can be attributable to normal aging alone.137,140 Affected individuals fall asleep as
early as 6 to 9 PM, awakening at 2 to 5 AM, and are thereafter unable to resume sleep.137 This
pattern reflects a diminished ability to phase-delay the circadian system in response to normal
environmental cues (light-dark cycle). Advanced sleep phase syndrome is a diagnosis of
exclusion, since early morning awakenings are commonly observed in depression.

Narcolepsy—Although onset characteristically occurs in the teenage years, narcolepsy
remains in the differential diagnosis of daytime drowsiness in an older person, as there may
be a delayed presentation due to misdiagnosis, mild disease severity, or late-life onset of
symptoms.137,141

REM Behavior Disorder—Caregivers often cite sleep complaints as a reason for pursuing
long-term care of older persons who are cognitively impaired.24 On occasion, these sleep
complaints may include nocturnal behaviors such as loud talking, eating, drinking, and
wandering.24 Whenever an older person presents with such sleep-related manifestations, the
possibility of dream-directed behaviors need to be considered, in particular REM Behavior
Disorder (RBD).

RBD is a dissociated form of REM sleep that lacks the normal occurrence of muscle atonia.
137,142 Patients with RBD complain of sleep disruption or vivid dreams, and at times physically
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act out violent dream-directed behaviors as if they were awake.137,142 Onset is in the 6th to
7th decade, with a male preponderance.137,142 RBD often results from a neurodegenerative
disease (48 to 75%), e.g. Parkinson’s and Lewy Body Disease, although it can be idiopathic
(25 to 60%).137,142 RBD may also be precipitated by treatment with an antidepressant, or occur
in the setting of withdrawal from alcohol or sedative-hypnotics.137,142 Although the prevalence
of RBD is unknown, it is becoming more frequently recognized and needs to be considered in
older persons presenting with dream-directed behaviors.

PSYCHOSOCIAL INFLUENCES
Psychosocial influences such as caregiving, social isolation, and bereavement are prevalent in
older persons. These can lead to sleep complaints by magnifying the impact of predisposing
or precipitating factors, but may also perpetuate a sleep complaint, even after resolution of
other reversible factors. When especially severe, such as with high levels of caregiver burden
and prolonged bereavement, psychosocial influences might themselves lead directly to adverse
outcomes.

Caregiving
The high prevalence of chronic condition and loss of function in older persons, largely a
consequence of usual aging, imposes a substantial caregiving burden for older partners. Caring
for an ailing elder entails significant physical, emotional, and financial responsibility.143

Debilitating conditions that are especially labor-intensive such as dementia, stroke, or hip
fracture confer the highest caregiving burden,143,144 and can lead to highly disrupted sleep-
wake cycles, e.g. middle-of-the-night caregiving. In fact, caregivers specifically identify night-
time caregiving responsibilities as a reason for pursuing institutionalization of a debilitated
older person.24 In addition, caregivers who experience mental or emotional strain in response
to this burden are at especially high risk for depression, anxiety, use of psychotropic
medications, and poorer health.144–147

Social Isolation
Old age denotes retirement and, for many, social isolation. In the 2000 census, 19% of men
and 40% of women 65 years or older lived alone.121 Loss of a work schedule and social isolation
can foster sleep complaints through loneliness, inactivity, and boredom, and can result in
prolonged bedroom stays with poor sleep-wake habits. Often referred to as inadequate sleep
hygiene,137 these habits include napping, and irregular bedtimes, arise times, and meal times,
as well as napping. Although napping need not be pathologic,14,38,148 and may, in fact, enhance
evening performance,148 it becomes problematic in older persons when it is unintentional,
prolonged, occurs late in the day or early evening, represents a new pattern, or is described as
irresistible.14,16,29,30,32 Inadequate sleep hygiene disrupts zeitgebers and can elicit abnormal
sleep-wake cycles, with the net effect being an escalation in sleep complaints. In the NSF poll,
older persons who felt socially isolated were more likely to report insomnia and drowsiness.
3 In another study, activity and satisfaction with social life protected against insomnia at any
age, including those older than 65 years.5

Bereavement-Effect
Persons bound by social ties are at increased risk for reductions in their own health in response
to a partner’s illness or death, a phenomenon known as the bereavement-effect. 144,147 Among
older persons, the risk for adverse health consequences attributable to bereavement may persist
for up to two years and, when accompanied by depression, may lead to subsequent sleep
complaints.144,149 In the 2000 census, 32% of older persons were widowed.121 In EPESE,
widowhood was significantly associated with the development of insomnia symptoms.18
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INTERDEPENDENCE
We have proposed that sleep complaints in older persons are attributable to multiple and
interdependent predisposing, precipitating, and perpetuating factors, akin to a geriatric
syndrome. To illustrate this interdependence, we provide two examples, linking two common
aging-related conditions, namely menopause and nocturia, to sleep complaints and sleep
disorders. In addition, we describe how sleep disorders are bi-directional and explain their
possible impact on the aging process.

Menopause is a mid-life event with long-lasting consequences on the sleep patterns of older
women, resulting in an increased prevalence of insomnia, relative to men.150 The mechanisms
underlying menopausal-associated insomnia relate to both normal and usual aging. Normal
aging renders older women more vulnerable to insomnia because menopause is characterized
by a decline in endocrine physiology that is associated with a greater reduction in slow wave
activity in NonREM sleep.93,94 Usual aging likewise renders older women more vulnerable to
insomnia and drowsiness because menopause is characterized by an increased prevalence of
depression, coronary artery disease, and SDB.150 Therapies that prevent such aging-related
sequelae may be of value, as they could mitigate adverse outcomes specific to menopausal-
associated insomnia. Although hormone replacement therapy was once considered promising,
its adverse risk profile,151,152 conflicting findings in SDB,153 and lack of efficacy in coronary
heart disease154 suggest the need for alternative treatments.

Among older persons, sleep is often disrupted by nocturia,3 which reflects an interdependence
between normal and usual aging. Normal aging-related mechanisms render older persons
vulnerable to nocturia through reductions in bladder volume, displacement of urinary
production to later in the day, and decreased ability to postpone voiding.155 Usual aging-related
mechanisms include a higher prevalence of benign prostatic hyperplasia, atrophic urethritis,
and diuretic use.155

Once established, geriatric sleep disorders are likewise highly interdependent. For example,
depression is a common cause of insomnia and imparts a worse prognosis in heart disease;
156,157 while insomnia at baseline is a risk factor for subsequent depression and heart disease.
18,23 Finally, the association of impaired sleep with subsequent insulin resistance, reduced
immunity, and memory decrements suggest that sleep disorders may also accelerate
senescence.158–160 Such sleep-related sequelae can lead to diminished homeostasis and
vulnerability to disease, and may accelerate age-related declines in physiology, i.e., normal
aging, and age-related increases in disease prevalence, i.e., usual aging.

CLINICAL APPLICATION
Returning to Ms. K’s case, her requests for a bedtime hypnotic and daytime stimulant are
premature. Such medications simply target symptoms, rather than the underlying problem, and
often lead to adverse outcomes. What is needed instead is a more detailed description of Ms.
K’s insomnia and drowsiness, which can be readily obtained through patient-completed
instruments such as a sleep log and Epworth Sleepiness Scale.35,37

The results of her assessment suggest that Ms. K’s sleep-related presentation is consistent with
a diagnosis of chronic insomnia. This is on the basis of her insomnia symptoms having lasted
longer than 6 months and being accompanied by daytime impairment, namely sleepiness and
fatigue.137 The underlying sleep disruptions related to Ms. K’s insomnia are likely to be
multifactorial and will necessitate a comprehensive approach, as shown in Table 2. Based on
the observed reductions in her health status, the first priority should be to optimize the
management of her medical and neuropsychiatric conditions and enhance her physical and
cognitive function. A careful review of her medications is similarly required to determine their
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potential contribution to her insomnia and daytime drowsiness. An important goal would be
to increase physical activity, as well as the physical and cognitive capacity to adhere to potential
interventions such as CPAP or insomnia-related cognitive-behavioral therapy. Ms. K also has
multiple risk factors for several primary sleep disorders, and would benefit from a consultation
with a sleep specialist and a laboratory-based polysomnography. Polysomnography is indicated
for diagnosing sleep disorder breathing, sleep-related movement disorders, narcolepsy, and
unusual sleep-related behaviors, and for titrating positive airway pressure or assessing
treatment response in established sleep disordered breathing.166 Lastly, referral to a case
manager could help to identify community-based programs that are relevant to her physical
and social needs, e.g. nutrition-services, home-based nursing, aide, and/or physical and
occupational therapy, senior center activities, transportation, etc. These services could further
improve Ms. K’s social and physical activity levels, and reestablish zeitgebers germane to a
normal sleep-wake cycle.

As shown in Table 3, two types of treatment offer benefit for managing the symptoms of
insomnia in an older person like Ms. K. Cognitive-behavioral therapy provides several
strategies that have proven efficacy in older persons, including those with comorbid-associated
and hypnotic-dependent insomnia.161–163 Pharmacologic sleep aids also have a role, especially
when insomnia symptoms persists despite behavioral interventions and targeted treatment of
secondary factors.35,161,162,167,168,170–172 While there are risks associated with sleep aids
(Table 3),35,116,169 these may be minimized in several ways.115 First, the pharmacokinetics of
a sleep aid need to match the desired effect, e.g., a sleep aid with a rapid onset and short duration
of action such as zaleplon or rozerem is preferred for sleep onset insomnia, while a longer
duration of action as provided by zolpidem and eszopiclone is preferred for sleep maintenance
insomnia. Second, the sleep aid needs to be initiated at the lowest dose, while avoiding dose
escalations beyond that which is recommended. Third, dosage adjustments initiated by the
patient should be discouraged. Finally, prescriptions lasting longer than one-month should be
avoided, with subsequent renewals based on serial clinical assessments of the benefits and
risks.

In general, sleep aids as an initial intervention in geriatric insomnia is discouraged but, when
required, nonbenzodiazepine hypnotics, such as zaleplon, zolpidem, or eszopiclone, appear to
have the best safety profile.35, 167, 168, 170–172 A sedating antidepressant such as trazadone
may also be used as a sleep aid, especially if the insomnia is associated with depressive
symptoms and/or anxiety.173,174 Otherwise, barbiturates, antihistamines, antipsychotics, or
alternative/complimentary therapies do not have an established efficacy as sleep aids in older
persons.35 For our patient, Ms. K, we would not consider a sleep aid as an initial treatment
given her history of chronic obstructive pulmonary disease, restricted mobility, and prior falls.
Instead, we would implement cognitive-behavioral therapy concurrent with the measures
targeting secondary factors, as described earlier.

One challenge to Ms. K’s sleep-related care is the paucity of interventions specifically designed
to target the normal aging-related factors that predispose to sleep complaints. Such factors,
when left untreated, render an older person persistently vulnerable to suboptimal outcomes and
could, over time, lead to even more complex sleep disorders. In Table 2, non-pharmacologic
measures are suggested that may, at least, temporize the normal-aging related changes of
reduced slow wave and REM sleep, sleep phase advancement, and nocturia-induced sleep
disruptions.

CONCLUSION
Sleep complaints in older persons are highly prevalent and often lead to adverse outcomes.
The underlying mechanisms are senescence-based and characterized by an interdependent
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convergence of multiple predisposing, precipitating, and perpetuating factors, akin to a
geriatric syndrome. Accordingly, the requisite diagnostic and therapeutic strategies for
managing sleep complaints in older persons should be based on a comprehensive geriatric
assessment that considers relevant sleep-related physiological changes, reductions in health
status, loss of physical function, primary sleep disorders, and psychosocial influences.
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Appendix

Common sleep-related terminology and abbreviations
• Apnea-Hypopnea Index (AHI) -

The average number of apneas (cessation of airflow lasting at least 10 seconds)
and hypopneas (reduced airflow lasting at least 10 seconds and associated with
a ≥ 4% oxygen desaturation) per hour of sleep.

• Advanced Sleep Phase Syndrome (ASPS) -

Circadian rhythm disorder resulting in a phase advance of the sleep-wake cycle.

• Central Sleep Apnea (CSA) -

Transient episodes of cessation in respiratory effort while asleep resulting in
cessation of airflow.

• Continuous positive airway pressure (CPAP)
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• Non Rapid-Eye-Movement Sleep (NonREM sleep) -

Consists of four stages, 1–4.

• Obstructive Sleep Apnea-Hypopnea Syndrome (OSAHS) -

Transient episodes of complete or partial upper airway obstruction while asleep,
resulting in cessation or reduction of airflow despite continued respiratory effort.

• Periodic Limb Movements in Sleep (PLMS) -

A motor movement disorder potentially disruptive to sleep continuity.

• Rapid-Eye-Movement Sleep (REM sleep) -

Also known as circadian or dream sleep.

• REM Behavior Disorder (RBD) -

An abnormal form of REM sleep that results in dream-directed behaviors.

• Restless Legs Syndrome (RLS) -

A sensorimotor movement disorder especially disruptive when inactive such as
bedtime, often delaying sleep onset.

• Sleep Disordered Breathing (SDB) -

Defined in the sleep laboratory by an AHI of ≥ 5.

• Slow Wave Sleep (SWS) -

Combined stages 3 and 4 of NonREM sleep, also referred to as homeostatic sleep.
It is popularly known as “deep sleep”.
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Figure 1. Mechanisms underlying sleep complaints and associated adverse outcomes
Adapted from an insomnia model previously described by Spielman and colleagues.46 Sleep
complaints present as various combinations of insomnia and drowsiness, and are a consequence
of multiple predisposing, precipitating, and perpetuating factors. The postulated relationships
are interdependent, as denoted by the bi-directional arrows, and are characterized by
interindividual variability, as denoted by the dashed boundaries. See text for discussion.
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Figure 2. NonREM-REM sleep cycles in young adults and older persons
Reproduced with permission from Kales.50 REM sleep is represented by blackened area; sleep
stages refer to NonREM sleep. See text for discussion.
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Figure 3. Circadian temperature curve under typical conditions for persons living in the community
Reproduced with permission from Monk.100
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Table 1

Normal aging-related changes in sleep*

Sleep Parameter Adult Lifespan †
Total sleep time Decreases

Time to fall asleep No Change
Time awake after sleep onset Increases

Sleep efficiency Decreases
Stage 1 NonREM Increases
Stage 2 NonREM Increases
Slow wave sleep Decreases

REM sleep Decreases
*
Based on a meta-analysis of quantitative sleep parameters from Ohayon et al;47

†
These changes are most notable across the ages of 18–40 and 40–60 years, with persons older than 60 years demonstrating only continued reductions in

sleep efficiency.
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Table 2

Clinical features of Ms. K that disrupt sleep, with related therapeutic recommendations*

Clinical Feature Sleep Disruption † Therapeutic Recommendations
Predisposing Factors (Normal Aging)
79 years old Reduced slow wave and REM sleep, phase

advancement of sleep-wake cycle, nocturia.
Physical activity and outdoor light exposure in the afternoon;
weight control; avoid large meal and alcohol within 4 hours of
bedtime; avoid caffeine after 10 am.

Postmenopausal At risk for insomnia, depression and SDB Insomnia-related cognitive-behavioral therapy;161–163
exercise; targeted therapy for depression; and/or SDB.

Precipitating Factors (Usual Aging)
Depression Insomnia Treat depression, rule out suicidal ideations; may benefit from

cognitive-behavioral therapy and an exercise program.
Medications Adverse effect on slow wave and REM sleep, sleep-

wake cycle, SDB, restless legs, periodic limb
movements

Consider alternate medications that do not aversely affect sleep
quality and daytime alertness, e.g. avoid centrallyacting
agents.

Daytime sleepiness Medications (e.g. dopamine-agonists164), SDB,
narcolepsy

Consider alternate medications (see above); therapy for SDB
and narcolepsy (daytime napping, stimulants).

Osteoarthritis Pain-related insomnia Pharmacologic and non-pharmacologic related therapy for
arthritis

Hypertension, obesity, cardiovascular
disease

Obstructive and central forms of SDB Weight control; avoid alcohol within 4 hours of bedtime; avoid
sedative/hypnotics; maximize oronasal patency (rhinitis);
maintain euthyroid state; positional therapy; and CPAP. If
central SDB, evaluate underlying cause– see text.

Parkinson’s Disease Depression, obstructive and/or central SDB,
restless legs, periodic limb movements, REM
Behavior Disorder.

Targeted therapy.

COPD Insomnia – depression, anxiety, hypoxia165 Targeted therapy.
Loss of physical function Disrupted zeitgebers, inadequate sleep hygiene,

irregular sleep-wake patterns
Physical/occupational therapy, home safety evaluation.

Perpetuating Factors (Psychosocial Influences)
Social isolation, caregiving,
bereavement

Disrupted zeitgebers, inadequate sleep hygiene,
irregular sleep-wake patterns.

Insomnia-related cognitive-behavioral therapy; exercise;
social services consult – see text.

*
SDB= sleep disordered breathing; CPAP= Continuous Positive Airway Pressure; COPD= chronic obstructive pulmonary disease;

†
Refers to changes in sleep parameters and/or sleep disorders (e.g. primary or secondary forms) that are related to Ms. K’s clinical presentation. These

sleep disruptions lead to sleep complaints and adverse outcomes, as conceptualized in Figure 1.
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Table 3

Symptom-management of insomnia in older persons.
Treatment Benefit Risk
Cognitive-Behavioral Therapy161–163

• Stimulus control

Go to bed only when sleepy;

Get out of bed when unable to sleep;

Use the bedroom for sleep only;

Arise at the same time every morning;

No napping

Restores sleep-wake scheduling and the
association of the bedroom with sleep

None known to date, but implementing these
behavioral strategies require expertise, which
may not be readily available in many
communities; additionally, an appropriate level
of motivation, commitment, and understanding
are required of the patient.

• Sleep restriction

Curtail time in bed to sleep time; then,
gradually increase until optimal sleep duration
is achieved

Improves sleep efficiency (the percent
of time in bed that is spent asleep)

• Relaxation techniques

Muscle relaxation, imagery, meditation, etc
Reduce somatic tension and intrusive
thoughts at bedtime that are sleep
disruptive

• Cognitive therapy

Corrects misconceptions about insomnia and
perceived daytime consequences

Reduces excessive mentation or
worrying about insomnia

• Sleep hygiene

Guidelines on health practices, e.g. diet,
exercise, substance use (e.g. caffeine,
alcohol); and on environmental factors, e.g.
light, noise, and temperature – that may
promote or disrupt sleep

Improves health practices and
environmental factors that adversely
affect sleep

Pharmacotherapy35,116,167–174

• Sedative-hypnotic sleep aids (benzodiazepines,
barbiturates)

• Nonbenzodiazepine hypnotic sleep aids that act on
benzodiazepine receptors (eszopiclone, zaleplon,
zolpidem)

• Melatonin receptor agonists (rozerem)

• Sedating antidepressants

• Antihistamines

• Antipsychotics

• Benzodiazepenes,
nonbenzodiazepine
hypnotics, and sedating
antidepressants may
improve sleep latency and/
or sleep continuity.

• No systematic evidence to
support use of barbiturates,
antihistamines,
antipsychotics, or
alternative/complimentary
therapies.

• Benzodiazepines: tolerance,
dependency rebound insomnia,
anterograde amnesia, ↓cognition,
↓daytime alertness, ↓motor
performance, and may ↑ sleep
disordered breathing, hypoxemia,
and falls; confers higher risk for
adverse events than
nonbenzodiazepine hypnotics.

• Rozerem: contraindicated with
fluvoxamine.

• Antidepressants: worsen sleep-
related movement disorders, and
may lead to falls and REM Behavior
Disorder.

• Antihistamines: should not be used in
older persons; reduce daytime
alertness and cognition, and can lead
to delirium, urinary retention, etc.
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