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Abstract
As the world’s population ages, the elevated prevalence of insomnia in older adults is a growing
concern. Insomnia is characterized by difficulty falling or remaining asleep, or by non-restorative
sleep, and resultant daytime dysfunction. In addition to being at elevated risk for primary
insomnia, older adults are at greater risk for comorbid insomnia, which results from, or occurs in
conjunction with another medical or psychiatric condition. In this review, we discuss normal
changes in sleep that accompany aging, circadian rhythm changes and other factors that can
contribute to late-life insomnia, useful tools for the assessment of insomnia and related problems
in older people, and both non-pharmacological and pharmacological strategies for the
management of insomnia and optimization of sleep in later life.
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1.1. Introduction
The world’s population of older adults is growing. In the past 50 years, the number of older
adults has tripled, and it will triple again by 2050 [1]. Sleep complaints are prevalent among
older adults, with over 50% reporting difficulty initiating or maintaining sleep [2]. Findings
suggest that sleep complaints in older adults are due to multiple factors, including changes in
circadian rhythms [3], an age-related increase in the prevalence of chronic medical
conditions [4, 5], and psychosocial changes that commonly accompany aging [6, 7]. In
addition to having an elevated prevalence of sleep complaints, older adults are more likely to
have clinical levels of these complaints, and to receive a diagnosis of insomnia [8]. As the
population of older adults continues to grow, so too will the prevalence of insomnia and
associated conditions, making assessment and treatment increasingly important. Here, we
briefly review normal age-related changes in sleep, primary and comorbid insomnia, tools
for the assessment of insomnia and related problems, and pharmacological and non-
pharmacological treatments for optimizing sleep in later life.
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Age-Related Changes in Sleep and Circadian Rhythms
Sleep is currently classified into four stages, which are differentiated by their waveforms on
the electroencephalogram (EEG) and by other physiological signals. The first three stages
are non-rapid eye movement (NREM) 1, 2, and 3, and the fourth stage is rapid eye
movement (REM) sleep [9]. NREM 1 is the lightest stage, and accounts for 18% of older
adults’ sleep time [10]. Sleep deepens in NREM 2, which accounts for 48% of sleep time,
and deepens further in NREM 3, which accounts for 16% of an older individual’s sleep time
and is referred to as slow-wave sleep (SWS), due to its slow (0.05–2 HZ), high-amplitude
EEG signal [10]. Finally, REM sleep is referred to as “paradoxical sleep” because brain
wave activity is similar to that of a waking brain, but the body is paralyzed [11]. Most
dreaming occurs during REM sleep, which accounts for 18% of sleep time among older
adults [10]. Beginning in middle age, adults spend less time in SWS and REM sleep and
exhibit decreases in total sleep time, but sleep efficiency (the proportion of time in bed spent
sleeping) continues to decrease past age 60 [12].

In addition to changes in sleep, older adults commonly demonstrate changes in circadian
rhythms, the physiological and behavioral processes that oscillate once approximately every
24 hours and are controlled by the suprachiasmatic nucleus (SCN) in the hypothalamus [13].
The sleep-wake cycle is one of these rhythms. The SCN responds to external cues, known as
zeitgebers, such as light, which are central to synchronizing circadian rhythms to the
environment [14]. Several physiological age-related changes are thought to produce
alterations in circadian rhythms. For example, older adults exhibit decreases in the number
and density of melatonin-, vasoactive intestinal polypeptide-, and vasopressin-expressing
neurons in the SCN that may interfere with its normal function [13]. Deterioration of the
SCN is believed to result in a reduction in the amplitude of core body temperature, a marker
of circadian rhythms [15, 16]. In addition, it is common for older adults to go to bed and
wake up at earlier times than younger people. This shift is known as a circadian phase
advance, and may result from the physiological changes just described and from additional
factors [3].

2.1. Insomnia: Definition and Contributing Factors
While over half of older adults report at least one sleep complaint, a smaller percentage of
older adults meet clinical criteria for diagnosis of insomnia [2, 8]. Insomnia can be separated
into two types: “primary” and “secondary” or “comorbid.” As of 2005, however, the
National Institute of Health (NIH) recommended that the term “comorbid insomnia” replace
“secondary insomnia” to reflect the clinical challenge in defining whether insomnia is a
symptom of a primary disorder, or a separate, comorbid disorder [8]. Insomnia that initially
occurs secondary to a physical or psychiatric disorder may evolve into an independent
problem that has a bidirectional relationship with the original primary disorder [17]. As
insomnia symptoms persist, the likelihood that cognitive and behavioral adaptations play an
increasing role in the perpetuations of symptoms is enhanced. Primary insomnia is
characterized by trouble initiating or maintaining sleep, or by non-restful sleep that causes
impaired daytime functioning, and is not attributable to a general medical condition,
medication, another sleep disorder, or a mental disorder [18]. While the etiology of primary
insomnia remains unclear, both physiological and psychological theories have been
proposed, including: hyperarousal, heightened physiological stress responses, predisposing
personality characteristics, attitudes towards and misconceptions about sleep, and
maladaptive compensatory behaviors (e.g., extending time in bed) [8].

Comorbid insomnia is similar in clinical presentation to primary insomnia but results from
primary sleep disorders, medical conditions, psychiatric disturbances, medication use, and
psychosocial factors associated with aging (e.g., retirement, inactivity, or caregiving) [6, 7,
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19]. Compared to younger people, older adults have higher rates of primary sleep disorders
other than insomnia, such as obstructive sleep apnea (OSA), restless legs syndrome (RLS),
and periodic limb movements (PLMs), which are risk factors for insomnia symptoms [20].
OSA affects 19% to 57% of older adults and is characterized by repeated cessation or
attenuation of breathing (“apneas” and “hypopneas”, respectively) during sleep [21]. The
most common OSA symptoms are loud snoring or gasping during sleep and daytime
sleepiness [22]. RLS is characterized by uncomfortable sensations in the legs, marked by the
urge move one’s legs, which are relieved by movement of the legs; these symptoms have a
distinct circadian pattern (minimal in the morning and worse at night) making it difficult to
sleep [20]. PLMs are involuntary limb jerks experienced by up to 45% of older adults, are
frequently observed among individuals with RLS, and can disrupt the sleep of both affected
individuals and their bed partners [23].

The bulk of insomnia symptoms in older adults may be attributable to the increased
prevalence of chronic conditions in this population; only 1% to 7% of insomnia in later life
occurs independently of chronic conditions [4, 5]. A study of older adults found that
approximately 25% of respondents had four or more chronic conditions, and two-thirds of
these reported sleep problems [5]. Chronic pain is frequently accompanied by insomnia in
older adults [5]. Pain and sleep are interrelated; pain has been shown to disrupt sleep, but
sleep deprivation can also result in a decreased pain threshold [24]. Osteoarthritis (OA) is
often a source of pain in older adults, affecting more than 50% of those aged 65 and older
[25]. The chronic course of OA is associated with chronic comorbid insomnia in older adults
[26].

Chronic insomnia is also prevalent in older adults with mood disorders, and insomnia is
among the diagnostic criteria for several psychiatric disorders [18]. Insomnia is particularly
associated with depression and generalized anxiety disorder (GAD); between 40% and 60%
of insomnia patients have depressive or GAD symptomatology [27]. Though insomnia can
be a symptom of these disorders, it can also contribute to or exacerbate psychiatric
disorders, and should be targeted for treatment when present [17].

Lifestyle changes common in old age, such as retirement, reduced mobility, and reduced
social interaction are additional sources of sleep disruption [28–30]. Structured daily
activities, such as work and scheduled social interactions, are thought to serve as zeitgebers
[28]. It is common for older adults to become a caregiver for a family member with
functional impairment—often a spouse. Caregivers, particularly those caring for a family
member with dementia, have sleep patterns similar to individuals with depression or
insomnia [31]. Sleep problems are more prevalent in women who are caregivers, and those
experiencing greater caregiving-related distress, suggesting that caregiving may cause
ruminations and anxiety while lying in bed [7, 32]. Among family caregivers of older adults
with dementia, disturbed care recipient sleep and related nocturnal behavior problems are
burdensome and commonly cited as the reason for nursing home placement [33, 34].
Recently, greater objectively measured sleep disturbance among a general population
sample of older women was linked to a greater risk of functional decline and placement in a
nursing or personal care home [35, 36], but the mechanisms underlying this association
remain unclear.

Circadian phase advance in older adults can lead to less total time in bed, greater daytime
sleepiness, and more daytime napping, which can further contribute to complaints about
nighttime sleep [14, 15]. It has been hypothesized that age-related changes may occur
downstream from the SCN (e.g., the age-related decline of behavioral and physiological
rhythms may result in less effective periodic signals that are important for maintaining
oscillation in peripheral tissues), and that, due to these downstream changes, circadian

Wennberg et al. Page 3

Maturitas. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



signals are no longer transmitted with the same strength to the pacemaker [37, 38]. This
results in a disrupted feedback loop, and leads to sleep complaints, and daytime sleepiness
and napping [37, 38]. Further, age-related yellowing of the eye’s lens may restrict light input
to the SCN, and reductions in input from this signal can disrupt the sleep-wake cycle [39].

3.1. Assessment of Insomnia in Older Adults
Various self-report measures can be used to assess insomnia, including sleep diaries and
questionnaires. To complete a sleep diary, the patient records their sleep patterns (e.g., times
into and out of bed, number and length of nighttime awakenings), usually over a week or
two, and the results are reviewed by a clinician [40]. Although there is no standard format
for sleep diaries, an effort has been made to standardize them. In 2005 a group of insomnia
experts developed a Consensus Sleep Diary that included items for sleep onset latency, wake
after sleep onset, total sleep time, time in bed, sleep efficiency, and sleep satisfaction [40].
Although polysomnography is generally not indicated to assess insomnia, because older
adults have higher rates of sleep disorders other than insomnia, clinician should carefully
screen for signs and symptom of other sleep disorders and have a low threshold for referring
older adults for a sleep study, especially if they do not adequately respond to treatment.

While sleep diaries are extremely useful for assessing sleep patterns and insomnia and are a
core component of behavioral therapies for insomnia, they require that a patient take them
home, complete them over a series of nights, and return them to a clinician with insomnia
expertise for interpretation [40, 41]. There are several questionnaires, however, that are
useful for rapid assessment of insomnia symptoms and related problems and can be
completed during an office visit. Two of these are the Pittsburgh Sleep Quality Index (PSQI)
and the Insomnia Severity Index (ISI). The PSQI is a 19-item questionnaire that measures
seven domains of the respondent’s sleep over the prior month (i.e., sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication,
daytime dysfunction) and yields a global score, with higher scores indicating greater sleep
disruption [42]. Global scores >5 are generally considered to be indicative of a clinically
significant sleep disturbance [42], but it is unclear whether this cutoff is appropriate for
older adults. A study in older men found that the PSQI has good internal consistency and
validity; measures of internal consistency were improved when the items pertaining to
daytime functioning and medication use were removed [43] and a study in older women
came to many of the same conclusions [44].

While the PSQI is a useful tool for general assessment of sleep-related problems in older
adults, the ISI was developed to specifically focus on the diagnostic criteria for insomnia in
both the DSM-IV and ICSD [41, 18, 19]. The 7-item ISI measures the subjective symptoms
and negative outcomes of insomnia over the past two weeks, and the worries and distress
caused by these [41]. A score >7 on the ISI indicates “subthreshold” levels of insomnia;
scores >14 indicate “clinical insomnia” [41]. Compared to sleep diaries, the ISI has good
validity and high internal consistency middle-aged and older age insomnia patients, and has
been shown to be sensitive to detect changes over time [41].

4.1. Interventions for Insomnia in Older Adults
Interventions for insomnia include behavioral and cognitive-behavioral therapy (CBT),
lifestyle interventions, and pharmacotherapy; however the evidence supporting the
effectiveness of these individual interventions varies [8, 26, 30, 32, 45, 46]. Behavioral
therapies include sleep restriction and stimulus control interventions, as well as sleep
hygiene and relaxation [47]. Sleep restriction involves reducing time in bed to the time an
individual is actually able to sleep until sleep efficiency improves [48]. Next, time in bed is
gradually increased until the patient is able to fill the desired time in bed with consolidated
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sleep [48]. Alternatively, sleep compression involves gradual reductions in time spent in bed
to the amount of time an individual is actually asleep, as compared to an immediate shift
[49]. Stimulus control interventions aim to reassociate the bed and bedtime with sleep, and
to reduce the arousal and frustration related to lying in bed unable to sleep. Stimulus control
techniques include going to bed only when tired; using the bed only for sleep and sex;
leaving the bed if unable to fall asleep within 15 to 20 minutes; and waking at a consistent
time every morning [50]. Sleep hygiene education provides information on how exercise,
diet, substances (caffeine, medications, alcohol, nicotine), and the environment (light, noise,
heat) can affect sleep [51, 52], while relaxation training attempts to calm physiological
arousal by instructing individuals to sequentially tense and relax muscles or instructs
individuals to engage in guided imagery, diaphragmatic breathing, or meditation [32, 53,
54]. Cognitive therapy attempts to restructure negative or erroneous thoughts, ideas, and
attitudes about sleep, and in older adults this involves educating persons about normal age-
related changes in sleep vs. abnormal sleep in later life [51, 8].

When sleep hygiene education, stimulus control, sleep restriction, or relaxation training are
used in various combinations, the intervention is known as multicomponent CBT; there is
good evidence for the effectiveness of multicomponent CBT in improving insomnia
symptoms in older adults as well as for sleep restriction/compression as a stand-alone
treatment [32, 47, 55, 56, 57]. There is less evidence that sleep hygiene education, relaxation
training or cognitive therapy improves insomnia symptoms in older adults when these are
used as stand-alone therapies [32, 57]. CBT interventions are generally brief (e.g., one
weekly session for four to eight weeks), but the effects, as compared to pharmacotherapy,
are long-term [58, 52]. In a randomized control trial with adults experiencing chronic
insomnia, there were short-term (3-months post–intervention) improvements in sleep
efficiency and time awake after sleep onset for all three experimental groups (those
receiving temazepam; those receiving CBT [including behavioral, cognitive, and educational
components]; and those receiving both temazepam and CBT) compared to the placebo group
as measured by sleep diaries and polysomnography, though, only the CBT-only group
sustained these improvements at 24-months post–intervention [52]. Studies comparing CBT
interventions to hypnotics have also found long-term improvements in total sleep time, total
wake time, SWS, subjective sleep quality, and levels of distress, as compared to hypnotics,
which showed only short-term improvements, attenuated improvements, or no improvement
in these measures [58, 27, 52].

Benzodiazepine-receptor agonists, categorized as hypnotic benzodiazepines (BZDs)1 or
non-benzodiazepine hypnotics,2 have been shown to be effective for the short-term
treatment of insomnia complaints such as sleep onset latency, number of nighttime
awakenings, total sleep time, and sleep quality, but there is no evidence of their
effectiveness in the long-term [8, 59, 60, 61, 62]. Because there are risks associated with the
long-term use of these medications, particularly by older adults, use of these medications
beyond 35 days is not recommended [8]. Risks of long-term benzodiazepine use include
developing tolerance or dependence; rebound insomnia; residual daytime sedation; cognitive
impairment; and motor incoordination [8]. Additionally, both short-term and long-term use
of nonbenzodiazepines has been associated with increased risk of falls in institutionalized
older adults [63]. Due to the risks associated with pharmacotherapies and the equivalent or
superior effects seen with behavioral and CBTs in the long run, use of these medications
should generally be avoided in older people. The 2012 Beers Criteria from the American
Geriatrics Society recommended against use of all benzodiazepine medications for insomnia
among older adults, and recommended that non-benzodiazepine hypnotics be used for no

1estazolam, flurazepam, quazepam, temazepam, and triazolam
2zaleplon, zolpidem, and eszopiclone
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more than 90 days in this population [64]. Off-label use of pharmaceutics, such as
antidepressants, atypical antipsychotics, and anxiolytic benzodiazepine receptor agonists,
has also been widely used for treatment of insomnia. However, little research has been done
on these drugs in insomnia patients, and due to concern over efficacy and proper dosage,
off-label pharmaceutics use is generally not recommended [65].

Randomized controlled trials have found that CBT interventions not only produce long-term
improvements on both subjective and objective measures of sleep, but also are more cost-
effective than pharmacotherapy [66, 67]. A trial comparing CBT to hypnotics in older adults
found that while the initial cost of CBT intervention was greater, over time it was
significantly more cost effective, including both costs of clinical implementation (e.g.,
training, supervision, and clerical support) and in increasing total quality-adjusted life years
[67]. Importantly, evidence suggests that CBT can reduce hypnotic use, which is especially
important in for older adults who are often long-term users of hypnotics, despite research
suggesting that long-term use can lead to maintenance of insomnia [67]. These findings
suggest that CBT is superior to pharmacotherapy in the long-term when considering both
clinical and patient-centered outcomes and cost, and should be considered as a first-line
therapy for chronic insomnia in older people.

Other treatments have been used to treat insomnia with varying degrees of effectiveness.
Melatonin supplements and synthetic melatonin agonists have both been shown to improve
sleep in older adults with insomnia [68, 65]. Melatonin supplements are taken one to two
hours before bedtime to simulate the timing of the peak release of melatonin observed in
younger adults [69]. Large randomized controlled trials have shown that older adults
experience improvements in sleep latency, quality of sleep, morning alertness, and quality of
life [70, 71]. Synthetic melatonin agonists have a faster onset time (0.75 hours) than
melatonin supplements, and they produce many of the same results [65]. Randomized
controlled trials have shown that older adults using melatonin agonists have improved sleep
latency and sleep efficacy, and increased total sleep time, and do not show the same adverse
effects commonly seen in hypnotic treatment [72, 73]. Despite these positive findings, there
is still no overwhelming consensus that melatonin treatment is consistently effective for
treating insomnia in older adults, and more research needs to be done [68]. Lifestyle
interventions, which combine mild to moderate physical activity with social engagement,
have also been used to treat sleep disruption in older adults [8, 46]. Research has found that
these interventions can improve objectively measured quality of sleep, sleep-onset latency,
sleep duration, sleep efficiency, and self-reported measures of subjective sleep quality [8,
29, 30, 45, 46], potentially because both exercise and social stimulation act as circadian
synchronizers [28, 74]. Additionally, studies show that yoga, as opposed to more
conventional forms of physical activity, may be useful in reducing joint pain and sleep
disturbances in OA patients [26, 75]. While these findings are promising, more research
needs to be done, particularly on the long-term benefits of these interventions.

5.1. Conclusion
To summarize, older adults commonly experience primary and comorbid insomnia.
Nonetheless, useful measures and effective interventions are available to treat insomnia in
this rapidly growing population. Behavioral and cognitive-behavioral therapies are safer and
more effective alternatives to hypnotic medications in the long-term for treatment of
insomnia in older people.

Acknowledgments
Funding: Ms. Wennberg is supported by the NIH/NIA Age-related Cognitive Disorders Training Program
fellowship (T32AG027668-05). Dr. Canham receives funding from the Drug Dependence Epidemiology Training

Wennberg et al. Page 6

Maturitas. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Program supported by the National Institute on Drug Abuse (T32DA007292). Dr. Spira is supported by a Mentored
Research Scientist Development Award (1K01AG033195) from the National Institute on Aging. Dr. Smith was
supported by (R01AR05941, R01AR05487, and R01DA0329922). The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National Institute on Aging, or the National
Institutes of Health.

References
1. U.N. Department of Economic and Social Affairs: Population Division. World population ageing:

1950–2050. Available from: http://www.un.org/esa/population/publications/worldageing19502050/

2. Foley DJ, Monjan AA, Brown SL, Simonsick EM, Wallace RB, Blazer DG. Sleep complaints
among elderly persons: an epidemiologic study of three communities. Sleep. 1995 Jul; 18(6):425–
32. [PubMed: 7481413]

3. Crowley K. Sleep and sleep disorders inolder adults. Neuropsychol Rev. 2011 Mar; 21(1):41–53.
[PubMed: 21225347]

4. Vitiello MV, Moe KE, Prinz PN. Sleep complaints cosegregate with illness in older adults: clinical
research informed by and informing epidemiological studies of sleep. J Psychosom Res. 2002 Jul;
53(1):555–9. [PubMed: 12127171]

5. Foley D, Ancoli-Israel S, Britz P, Walsh J. Sleep disturbances and chronic disease in older adults:
results of the 2003 National Sleep Foundation Sleep in America Survey. J Psychosom Res. 2004
May; 56(5):497–502. [PubMed: 15172205]

6. Castro CM, Lee KA, Bliwise DL, Urizar GG, Woodward SH, King AC. Sleep patterns and sleep-
related factors between caregiving and non-caregiving women. Behav Sleep Med. 2009; 7(3):164–
79. [PubMed: 19568966]

7. Morgan K. Daytime activity and risk factors for late-life insomnia. J Sleep Res. 2003; 12(3):231–8.
[PubMed: 12941062]

8. NIH State-of-the-Science Conference Statement on manifestations and management of chronic
insomnia in adults. NIH Consens State Sci Statements. 2005 Jun 13–15; 22(2):1–30.

9. Iber, C.; Ancoli-Israel, S.; Chesson, A.; Quan, SF. AASM Manual for the Scoring of Sleep and
Associated Events: Rules, Terminology, and Technical Specifications. 1. Westchester, Illinois:
American Academy of Sleep Medicine; 2007.

10. Moser D, Anderer P, Gruber G, Parapatics S, Loretz E, Boeck M, et al. Sleep classification
according to AASM and Rechtschaffen & Kales: effects on sleep scoring parameters. Sleep. 2009
Feb; 32(2):139–49. [PubMed: 19238800]

11. Siegel, JM. REM Sleep. In: Kryger, MH.; Roth, T.; Dement, WC., editors. Principles and Practices
of Sleep Medicine. 5. St. Louis, MO: Elsevier; 2010.

12. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of quantitative sleep
parameters from childhood to old age in healthy individuals: developing normative sleep values
across the human lifespan. Sleep. 2004 Nov 1; 27(7):1255–73. [PubMed: 15586779]

13. Zhou JN, Swaab DF. Activiation and degeneration during aging: A morphometric study of the
human hypothalamus. Microsc Res Tech. 1999 Jan; 44(1):36–48. [PubMed: 9915562]

14. Roenneberg T, Merrow M. Entrainment of the human circadian clock. Cold Spring Harb Symp
Quant Biol. 2007; 72:293–9. [PubMed: 18419286]

15. Cochen V, Arbus C, Soto ME, Villars H, Tiberge M, Montemayor T, et al. Sleep Disorders and
their Impacts on Healthy, Dependent, and Frail Older Adults. J Nutr Health Aging. 2009; 13(4):
322–9. [PubMed: 19300867]

16. Czeisler CA, Dumont M, Duffy JF, Steinberg JD, Richardson GS, Brown EN, et al. Association of
sleep-wake habits in older people with changes in output of circadian pacemaker. Lancet. 1992;
340:933–36. [PubMed: 1357348]

17. Harvey, AG.; Spielman, AJ. Insomnia. In: Kryger, MH.; Roth, T.; Dement, WC., editors.
Principles and Practices of Sleep Medicine. 5. St. Louis, MO: Elsevier; 2010.

18. American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-IV-
TR. 4. Washington, D.C: 2000.

19. American Sleep Disorders Association. International classification of sleep disorders (ICSD):
diagnostic and coding manual. Rochester, MN: American Sleep Disorders Association; 2005.

Wennberg et al. Page 7

Maturitas. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.un.org/esa/population/publications/worldageing19502050/


20. Phillips BA, Young T, Finn L, Asher K, Hening WA, Purvis C. Epidemiology of restless legs
symptoms in adults. Arch Intern Med. 2000; 160:2137–41. [PubMed: 10904456]

21. Roepke SK, Ancoli-Israel S. Sleep disorders in the elderly. Indian J Med Res. 2010 Feb.131:302–
10. [PubMed: 20308755]

22. Young T, Shahar E, Nieto FJ, Redline S, Newman AB, Gottlieb DJ, et al. Predictors of sleep -
disordered breathing in community-dwelling adults: the Sleep Heart Health Study. Arch Intern
Med. 2002 Apr; 162(8):893–900. [PubMed: 11966340]

23. Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R, Kaplan O. Sleep-disordered
breathing incommunity -dwelling elderly. Sleep. 1991 Dec; 14(6):486–95. [PubMed: 1798880]

24. Onen SH, Alloui A, Gross A, Eschallier A, Dubray C. The effects of total sleep deprivation,
selective sleep interruption and sleep recovery on pain tolerance thresholds in healthy subjects. J
Sleep Res. 2001; 10(1):35–42. [PubMed: 11285053]

25. Buckwalter JA, Martin JA. Osteroarthritis. AdvDrug Deliv Rev. 2006; 58:150–167.

26. Taibi DM, Vitiello MV. Yoga for Osteoarthritis: Nursing and Research Considerations. J Gerontol
Nurs. 2012 Jul; 38(7):26–35. [PubMed: 22715961]

27. Ohayon MM, Roth T. Place of chronic insomnia in the course of depressive and anxiety disorders.
J Psychiatr Res. 2003 Jan-Feb;37(1):9–15. [PubMed: 12482465]

28. Aschoff J, Fatranska M, Giedke H, Doerr P, Stamm D, Wisser H. Human circadian rhythms in
continuous darkness: entrainment by social cues. Science. 1971; 171:213–5. [PubMed: 5538832]

29. Benloucif S, Orbeta L, Ortiz R, et al. Morning or evening activity improves neuropsychological
performance and subjective sleep quality in older adults. Sleep. 2004; 27(8):1542–51. [PubMed:
15683146]

30. Naylor E, Penev PD, Orbeta L, Janssen I, Ortiz R, Colecchia EF, et al. Daily social and physical
activity increases slow-wave sleep and daytime neuropsychological performance in the elderly.
Sleep. 2000 Feb 1; 23(1):87–95. [PubMed: 10678469]

31. Wilcox S, King AC. Sleep complaints in older women who are fa mily caregivers. J GerontolB
Psychol Sci Soc Sci. 1999; 54B:P189–98.

32. McCurry SM, Logsdon RG, Teri L, Vitiello MV. Evidence-based psychological treatments for
insomnia in older adults. Psychol Aging. 2007 Mar; 22(1):18–27. [PubMed: 17385979]

33. Pollak CP, Perlick D. Sleep problems and institutionalization of the elderly. J Geriatr Psychiatry
Neurol. 1991; 4:204–10. [PubMed: 1789908]

34. Sanford J. Tolerance of debility in elderly dependants by supporters at home: Its significance for
hospital practice. BMJ. 1975; 3:471–3. [PubMed: 1156826]

35. Spira AP, Covinsky K, Rebok GW, Punjabi NM, Stone KL, Hillier TA, et al. Poor sleep quality
and functional decline in older women. J Am Geriatr Soc. 2012a; 60(6):1092–98. [PubMed:
22690985]

36. Spira AP, Covinsky K, Rebok GW, Stone KL, Redline S, Yaffe K. Objectively measured sleep
quality and nursing home placement in older women. J Am Geriatr Soc. 2012b; 60(7):1237–43.
[PubMed: 22702839]

37. Yamazaki S, Straume M, Tei H, Sakaki Y, Menaker M, Block GD. Effects of aging on central and
peripheral mammalian clocks. Proc Natl Acad Sci USA. 2002; 99:10801–06. [PubMed: 12149444]

38. Yoon IY, Kripke DF, Youngstedt SD, Elliott JA. Actigraphy suggests age-related differences in
napping and nocturnal sleep. J Sleep Res. 2003; 12:87–93. [PubMed: 12753345]

39. Turner PL, Mainster MA. Circadian photoreception: ageing and the eye’s important role in
systemic health. Br J Ophthalmol. 2008 Nov; 92(11):1439–44. [PubMed: 18757473]

40. Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD, Lichstein KL, Morin CM. The
Consensus Sleep Diary: standardizing prospective sleep self-monitoring. Sleep. 2012; 35(12):287–
302. [PubMed: 22294820]

41. Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index as an outcome
measure for insomnia research. Sleep Med. 2001; 2:297–307. [PubMed: 11438246]

42. Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality
Index: a new instrument for psychiatric practice and research. Psych Res. 1989; 28:193–213.

Wennberg et al. Page 8

Maturitas. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



43. Spira AP, Beaudreau SA, Stone KL, Kezirian EJ, Lui LY, Redline S, et al. Reliability and validity
of the Pittsburgh Sleep Quality Index and the Epworth Sleepiness Scale in older men. J Geron
Med Sci. 2012 Apr; 67A(4):433–9.

44. Beaudreau SA, Spira AP, Stewart A, Kezirian EJ, Lui LY, Ensrud K, et al. Validation of the
Pittsburgh Sleep Quality Index and the Epworth Sleepiness Scale in older black and white women.
Sleep Med. 2012 Jan; 13(1):36–42. [PubMed: 22033120]

45. King AC, Oman RF, Brassington GS, Bliwise DL, Haskell WL. Moderate-intensity exercise and
self-rated quality of sleep in older adults. A randomized controlled trial. JAMA. 1997 Jan 1;
277(1):32–7. [PubMed: 8980207]

46. Edinger JD, Morey MC, Sullivan RJ, Higginbotham MB, Marsh GR, Dailey DS, McCall WV.
Aerobic fitness, acute exercise and sleep in older men. Sleep. 1993; 16:351–9. [PubMed: 8341896]

47. Bloom HG, Ahmed I, Alessi CA, Ancoli-Israel S, Buysse DJ, Kryger MH, et al. Evidence-based
recommendations for the assessment and maintenance of sleep disorders in older adults. JAGS.
2009; 57:761–89.

48. Spielman AJ, Saskin P, Thorpy MJ. Treatment of chronic insomnia by restriction of time in bed.
Sleep. 1987 Feb; 10(1):45–56. [PubMed: 3563247]

49. Riedel BW, Lichstein KL, Dwyer WO. Sleep compression and sleep education for older
insomniacs: Self-help versus therapist guidance. Psychology and Aging. 1995 Mar; 10(1):54–63.
[PubMed: 7779317]

50. Bootzin, RR.; Epstein, D.; Wood, JM. Stimulus control instructions. In: Hauri, P., editor. Case
Studies in Insomnia. New York, NY: Plenum Medical; 1991. p. 19-23.

51. Montgomery P, Dennis J. Cognitive behavioural interventions for sleep problems in adults aged
60+ Cochrane Database Syst Rev. 2003; (1):CD003161. [PubMed: 12535460]

52. Morin CM, Colecchi C, Stone J, Sood R, Brink D. Behavioral and pharmacological therapies for
late-life insomnia: a randomized controlled trial. JAMA. 1999 Mar 17; 281(11):991–9. [PubMed:
10086433]

53. Woolfolk RL, McNulty TF. Relaxation treatment for insomnia: a component analysis. J Consult
Clin Psychol. 1983 Aug; 51(4):495–503. [PubMed: 6352753]

54. Borkovec TD, Hennings BL. The role of physiological attention-focusing in the relaxation
treatment of sleep disturbance, general tension, and specific stress reaction. Behav Res Ther. 1978;
16(1):7–19. [PubMed: 352333]

55. Epstein DR, Sidani S, Bootzin RR, Belyea MJ. Dismantaling multicomponent behavioral treatment
for insomnia in older adults: a randomized controlled trial. Sleep. 2012; 35(6):797–805. [PubMed:
22654199]

56. Mitchell MD, Gehrman P, Perlis M, Umscheid CA. Comparative effectiveness of cognitive
behavioral therapy for insomnia: a systematic review. BMC Fam Pract. 2012; 13:40. [PubMed:
22631616]

57. Irwin MR, Cole JC, Nicassio PM. Comparative meta-analysis of behavioral interventions for
insomnia and their efficacy in middle-aged adults and in older adults 55+ years of age. Health
Psych. 2006; 25:3–14.

58. Siversten B, Omvik S, Pallesen S, Bjorvtan B, Havik OE, Kvale G, et al. Cognitive behavioral
therapy vs Zopiclone for treatment of chronic primary insomnia in older adults: a randomized
controlled trial. JAMA. 2006 Jun; 295(24):2851–8. [PubMed: 16804151]

59. Nowell PD, Mazumdar S, Buysse DJ, Dew MA, Reynolds CF, Kupfer DJ. Benzodiazepines and
zolpidem for chronic insomnia: a meta-analysis of treatment. JAMA. 1997 Dec.278: 2170–7.
[PubMed: 9417012]

60. Morin CMVA. Cognitive behavioral therapy, singly and combined with medication, for persistent
insomnia: A randomized controlled trial. JAMA. 2009 May 20; 301(19):2005–15. [PubMed:
19454639]

61. Wu R, Bao J, Zhang C, Deng J, Long C. Comparison of Sleep Condition and Sleep-Related
Psychological Activity after Cognitive-Behavior and Pharmacological Therapy for Chronic
Insomnia. Psychotherapy and Psychosomatics. 2006; 75(4):220–8. [PubMed: 16785771]

Wennberg et al. Page 9

Maturitas. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



62. Jacobs GDP-SE. Cognitive behavior therapy and pharmacotherapy for insomnia: A randomized
controlled trial and direct comparison. Arch Intern Med. 2004 Sep 2; 164(17):1888–96. [PubMed:
15451764]

63. Berry SD, Lee Y, Cai S, Dore DD. Nonbenzodiazepine sleep medication use and hip fractures in
nursing home residents. JAMA Intern Med. 2013 Mar.10.1001/jamainternmed.2013.3795

64. The American Geriatrics Society. American Geriatrics Society updated Beers Criteria for
potentially inappropriate medication use in older adults. JAGS. 2012; 60:616–31.

65. Roehrs T, Roth T. Insomnia pharmacotherapy. Neurotherapeutics. 2012 Oct; 9(4):728–38.
[PubMed: 22976558]

66. Morin CM, Bastien C, Guay B, Radouco-Thomas M, Leblanc J, Vallieres A. Randomized clinical
trial of supervised tapering and cognitive-behavioral therapy to facilitate benzodiazepine
discontinuation in older adults with chronic insomnia. Am J Psych. 2004 Feb; 161(2):332–42.

67. Morgan K, Dixon S, Mathers N, Thompson J, Tomeny M. Psychological treatment for insomnia in
the management of long-term hypnotic drug use: a pragmatic randomised controlled trial. B J Gen
Pract. 2003 Dec.53:923–8.

68. Wade A, Downie S. Prolonged release melatonin for the treatment of insomnia in patients over 55
years. Expert Opin Investig Drugs. 2008; 17(10):1567–72.

69. Lewy AJ. The dim light melatonin onset, melatonin assays and biologicalrhythm research in
humans. Biol Signals Recept. 1999; 8:79–83. [PubMed: 10085467]

70. Lemoine P, Nir T, Laudon M, Zisapel N. Prolonged-release melatonin improves sleep quality and
morning alertness in insomnia patients aged 55 years and older and has no withdrawal effects.
Journal of Sleep Research. 2007; 16(4):372–80. [PubMed: 18036082]

71. Wade AG, Ford I, Crawford G, McMahon AG, Nir T, Laudon M, et al. Efficacy of prolonged
release melatonin in insomnia patients aged 55–80 years: quality of sleep and next day alertness
outcomes. Curr Med Res and Opin. 2007; 23(10):2597–2605. [PubMed: 17875243]

72. Roth T, Seiden D, Wang-Weigand S, Zhang J. A 2-night, 3-period, crossover study of ramelteon’s
efficacy and safety in older adults with chronic insomnia. Curr Med Res Opin. 2007 May; 23(5):
1005–14. [PubMed: 17519067]

73. Roth T, Seiden D, Sainati S, Wang-Weigand S, Zhang J, Zee P. Effects of ramelteon on patient-
reported sleep latency in older adults with chronic insomnia. Sleep Med. 2006 Jun; 7(4):312–8.
[PubMed: 16709464]

74. Van Reeth O, Sturis J, Byrne MM, et al. Nocturnal exercise phase delays circadian rhythms of
melatonin and thyrotropin secretion in normal men. Am J Physiol. 1994; 266(6 Pt 1):E964–74.
[PubMed: 8023928]

75. Bukowski EL, Conway A, Glentz LA, Kurland K, Galantino ML. The effect of lyengar yoga and
strengthening exercises for people living with osteoarthritis of the knee: A case series. Int
QCommunity Health Educ. 2006; 26:287–305.

Wennberg et al. Page 10

Maturitas. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


