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Abstract
Purpose The impact of sleep-related changes and disorders in the geriatric populations are of utmost concern due to health
consequences and increased risk of injury as well as injuring others as a result of poor sleep. The purpose of this paper is to
provide a brief review of the current state of the literature with regard to sleep, aging, common non-pharmacological interven-
tions, and the potential use of exercise in combination with behavioral interventions.
Methods Initially, this manuscript focuses on a brief (nonsystematic) review of sleep parameters and physiology that are
associated with the aging process. Subsequently, information regarding sleep disorders in the elderly in general, and insomnia
in particular are discussed. Last, a brief review of current recommended interventions is provided.
Results The current major nonpharmacological interventions are described including Cognitive Behavioral Therapy for
Insomnia (CBT-I). The potential use of exercise as a safe intervention for poor sleep is discussed. Finally, a call is made for
increased research that examines the combination of traditional behavioral interventions with exercise.
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Introduction

Sleep is an essential biobehavioral state that supports a wide
range of systems, including but not limited to immune function,
metabolism, cognition, and emotion regulation [1]. Untreated
insomnia and other sleep disorders are considered global health
epidemics [2] and can have major health and behavioral health
consequences (e.g., cardiometabolic disease, impaired cognitive
functioning, and increased risk of psychiatric disorders; [1]).
Additionally, insufficient sleep is associated with an increased
risk of accidents [3]. There is also data supporting a relationship
between aging and increased risk of injury to self or others as a
result of sleep dysfunction (e.g., Noh et al. [4] found a relation-
ship between sleep duration and falling among the elderly).
Advancement of the understanding of this relationship is impor-
tant, particularly given that sleep quality often diminishes with
age [5]. In light of these issues, research that pertains to aging,

sleep changes and dysfunction, and efficacious interventions is a
priority. Moreover, it is pertinent to understand the potential re-
lationship between sleep and aging with exercise, which also
tends to decline with age [6]. The purpose of this paper is to
provide a brief review of the literaturewith regard to sleep, aging,
common interventions, and the potential use of exercise in com-
bination with behavioral interventions. A brief review of sleep
parameters and physiology in the elderly is provided.
Information regarding sleep disorders in the elderly, in general,
and insomnia in specific is discussed. The current major
nonpharmacological interventions are described as well as the
potential use of exercise as a safe intervention for poor sleep is
discussed. A call for research that examines the combination of
traditional behavioral interventions with exercise is provided.

Sleep and aging

Physiology

Sleep quantity and quality tend to decrease with age [5] with
incidence rates for insomnia in otherwise healthy elderly indi-
viduals ranging from 5% [7] to upwards of 12–25% [8]. Other
studies suggest that this rate can be as high as 50% [9]. This
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quantity/quality decrease appears to relate to the theory that
sleep need is strongly modulated by the amount of brain plas-
ticity during prior wake states (e.g., the more the brain learns
and adapts to changing environments, the more sleep is need-
ed [10]). Further, it has been hypothesized that poor sleep in
the elderly may be caused by a chronic decrease in sleep need
as a result of reduced opportunity to learn as well as decreased
exposure to novel experiences in combination with changes in
health and neural circuitry as it relates to sleep regulation [10].
Healthy aging typically results in an advancement of circadian
rhythm (e.g., earlier bed and wake times) [11], with reductions
in total sleep time, sleep efficiency, slow wave sleep, REM
sleep, and REM latency [12]. It has also been found that sleep
latency, NREM 1, NREM 2, and wake after sleep onset sig-
nificantly increase with age [12]. Some researchers hypothe-
size that older adults need less sleep overall as they age
(reduced sleep-need) while others suggest that aging reduces
the ability to obtain restorative sleep (reduced sleep-ability),
but research utilizing behavior and polysomnography (PSG)
outcomes have found it difficult to disentangle the two views
[13]. Overall, research favors the need for sleep in older age,
and the issues in sleep quality and duration are thought to be
due to cortical thinning and amyloid deposition, weakening
the brain’s ability to produce restorative sleep [13]. An addi-
tional factor to consider with measuring sleep across the
lifespan are the alterations of sleep spindles, which were the
original features of sleep described in electroencephalogram
(EEG) recordings that reflected the waxing-and-waning na-
ture of the 7-15 Hz spindle oscillation of about one second
during NREM sleep [14]. It is important to note that while the
strength of having objective EEG data was introduced to com-
pliment subjective data at the time, there are paired limitations
in terms of the “first-night effect,” particularly in studies with
only one night of EEG data. The first-night effect has been
found to influence alpha-wave activity (e.g., enhanced wake-
promoting system during sleep latency [SL]) and stage chang-
es from alpha to theta across nights [15]. In general, the first
half of the sleep cycle is composed of three NREM stages in
which electrical activity across the brain decreases in frequen-
cy and increases in amplitude with stage progression;
representing a reduction in overall neural activity but an in-
crease in coordination among neurons or enhanced oscillation
[1]. Stage 2 of sleep contains the presence of K-complexes
(i.e., large-amplitude, rapidly fluctuating bursts of brain activ-
ity) and sleep spindles (i.e., 12–15 Hz of oscillating signals
lasting 0.5–2 s), which are hypothesized to support memory
consolidation and filter sensory input [1]. With age, the den-
sity of K-complexes and sleep spindles decrease [16]. At older
ages, spindle density decreases are most pronounced at both
the frontal and occipital cortices, potentially relating to pro-
gressive neurodegenerative changes that preferentially affect
these cortical areas with aging [17, 18]. These spindle changes
correlate with changes in sleep architecture and cognition

although there is a large gap in the understanding of the neu-
rophysiological changes that cause these declines in spindling
as individuals age [19]. Researchers currently attempting to
explain such changes discuss both decreases in cortical vol-
ume (i.e., the “shrinking brain phenomenon”) as well as de-
crease in gray and white matter among various regions of the
brain [20, 21]. Toward the end of NREM sleep is stage three
which is characterized by low frequency, high amplitude delta
oscillation of waves (~1 Hz) known as slow wave sleep
(SWS). SWS is thought to relieve sleep pressure and coincides
with the timing of peak growth hormone secretion alluding to
its role in repairing and maintaining the body while also
supporting memory via repeated activation of major memory
centers [1]. Percentage of REM sleep and REM latency also
have been found to decrease with age [12, 22].

In a large study conducted by the National Institute on
Aging, researchers found that sleep complaints increased with
age, most notably in women [23]. Objective sleep data cor-
roborate these reports, demonstrating measurable changes in
sleep physiology in the elderly. For example, PSG and EEG
data in older adults with and without sleep disorders suggest a
reduced proportion of deeper, restorative SWS and REM
sleep in older adults, leading to problems such as fragmented
sleep and early awakenings [5, 22].

There are many mechanisms that may contribute to these
age-related changes in sleep. In the process of aging, there is a
general decline in the function of the suprachiasmatic nucleus
(SCN), which is responsible for regulating 24-h circadian
rhythms [24]. The SCN receives light information, subse-
quently synchronizing neuronal clocks to the light signals
and transmits the information to tissues and organs [25].
Changes in circadian rhythms result from this SCN degener-
ation including phase advance, reduced amplitude seen by
changes in body temperature and secretion of hormones such
as melatonin and cortisol, a decreased ability for adjusting to
phase-shifting, and changes in sleep homeostasis and neuro-
endocrine function [24]. In addition to biological changes,
lifestyle changes associated with aging also appear to affect
sleep quality. This may include acute and chronic medical
(i.e., cardiovascular, metabolic, and gastrointestinal) illnesses,
neuropsychiatric diseases (e.g., depression, anxiety,
Alzheimer’s disease, Parkinson’s disease), and/or psycholog-
ical stressors (e.g., caregiving, hospitalization, bereavement)
[26]. Other common causes for sleep problems in the elderly
include changes in behavior or routine (e.g., retirement, de-
creased daily exercise), environmental reasons (e.g., noise,
light, temperature, comfortability), and medications [22].
Due to these multiple causes, sleep interventions paired with
increased physical activity may prove to be beneficial.

In addition to affecting quality of life, excessive sleepiness
resulting from disordered sleep can lead to lasting physical,
psychological, and cognitive effects. Sleep apnea, restless legs
syndrome (RLS), REM behavior disorder, and insomnia are
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some of the most prevalent sleep concerns older adults expe-
rience. Insomnia is the most common, with close to 30% of
the elderly reporting experiencing it chronically [7, 27].

Insomnia as a sleep disorder is multifaceted and complex.
Currently, many models exist concerning etiology and patho-
physiology (see [28] for a full review) with Spielman’s 3P
behavioral model being among the most widely accepted. At
present, insomnia is conceptualized by those in the field in
accordance with chronicity (i.e., acute, transient, chronic),
type (e.g., psychophysiologic, due to medical/psychiatric ill-
ness, or idiopathic), and subtype (i.e., initial, middle, or late)
[28]. In the elderly, sleep-maintenance insomnia and early
awakenings are reportedly more common than sleep-onset
difficulties [22]. To meet criteria for a clinical diagnosis, a
patient must not only experience diminished sleep quantity
and/or quality occurring at least three nights a week for a
period of three months, but there must also be clinically sig-
nificant distress or impairment in one or more life domains
[29]. While people who experience reduced or inefficient
sleep have poorer cognitive performance such as poorer atten-
tion, short-term memory, response times, and performance
levels, this is particularly concerning in the elderly population
as it decreases their physical functioning and quality of life
and increases their likelihood of falls, cognitive impairment,
and mortality [27].

Interventions for sleep disorders
in the elderly

CBT-I and other non-pharmacological approaches

Given that pharmacological interventions for sleep distur-
bance should only be used for short-term management due
to side effects and long-term safety concerns [30], it is impor-
tant for cl inicians to become familiar with non-
pharmacological treatments for sleep disturbances in the el-
derly. These treatments have few, if any, adverse conse-
quences, and research suggests these approaches may be ef-
fective even in individuals with cognitive impairment [31].
For the purpose of this paper, we will provide a brief overview
of several evidence-based non-pharmacological treatments,
highlighting key components of each. For a thorough review
of recommended sleep treatments in adults, readers are en-
couraged to examine Table 11 in the article by Schutte-
Rodin and colleagues [32].

Several non-pharmacological approaches to managing in-
somnia exist. This includes stimulus control therapy (SCT),
sleep restriction treatment (SRT), and relaxation training, each
of which have been recommended by the American Academy
of Sleep Medicine (AASM) [33–35]. In SCT, the goal of
treatment is for the patient to reassociate the bed with sleep
by following several guidelines aimed at changing behavior

(e.g., only go to bed when sleepy, use the bed only for
sleeping or sex, leave the bed if you have not fallen asleep
within 10–15 min, wake at the same time each morning, and
avoid daytime napping). By engaging in these behaviors,
stronger cues between the bedroom and sleeping are formed
[36]. For older adults, there are some modifications to these
instructions including increasing sleep-onset latency to 20min
and permitting one short nap (i.e., < 30 min) scheduled at the
same time each day [37, 38]. Research suggests SCT is an
effective treatment for late-life insomnia demonstrating mod-
erate to strong effects on older adults’ subjective sleep quality.
At this time, SCT does not meet criteria to be considered a
stand-alone evidence-based treatment, mainly due to the lack
of research exploring it in isolation from CBT-I [39].
Consistent with SCT is SRT which aims to limit total time
spent in bed to match sleep ability and sleep opportunity, as
derived from sleep diary data, with the purpose being to use
homeostatic sleep drive to increase sleep consolidation [40].
Studies examining the efficacy of SRT in older adults show
positive results, with particular improvements in self-reported
SL and WASO. Notably, the findings of SRT in older adults
are so efficacious that it meets American Psychological
Association requirements to be considered an Evidence-
Based Treatment for late-life insomnia [39]. Relaxation train-
ing (e.g., progressive muscle relaxation, guided imagery,
breathing training) has also shown to be an effective strategy
to combat sleep difficulties in the elderly. In their study
of older adults (≥ 60 years), Halpern et al. [41] found
that relaxation through yoga significantly improved self-
reported sleep quality, efficiency, latency, and duration,
in addition to mood concerns.

Cognitive-behavioral therapy for insomnia (CBT-I) has re-
cently been recommended as the first line of treatment by the
AASM and National Institute of Health for its strong empiri-
cal support demonstrating effectiveness. CBT-I is a brief form
of structured treatment (i.e., 6–10 sessions) that helps patients
identify maladaptive behaviors and cognitions causing or
worsening sleep problems by using a combination of cogni-
tive therapy (i.e., challenging dysfunctional thoughts sur-
rounding sleep) and behavioral therapy (e.g., stimulus control,
sleep restriction; see above). Randomized control trials, liter-
ature reviews, and meta-analyses have concluded that CBT-I
is particularly efficacious for treating insomnia in older adults
with findings highlighting superiority over other treatments
(pharmacological and non-pharmacological) for both short-
and long-term management [42, 43]. For example,
Silversten et al. [42] compared CBT-I, Zoplicone (a non-
benzodiazepine prescription sedative), and placebo on a sam-
ple of 46 older adults diagnosed with chronic insomnia. They
found that in just 6 weeks, patients receiving CBT-I reported
more improvements in sleep efficiency, slow-wave sleep,
middle of the night awakenings compared to those receiving
pharmacological treatment or placebo. These findings
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remained even at 6 months, with patients receiving CBT-I
reporting greater improvements in sleep efficiency than
those receiving Zoplicone [42]. There is evidence that
CBT-I or variants may be efficacious in as few as two
sessions for aging adults [44].

Exercise as a sleep intervention

Exercise as a stand alone intervention

The relationship between sleep and exercise has been exam-
ined in detail. Exercise is commonly used as a measure to
improve sleep quality in older adults suffering from insomnia
and other sleep-related complications. It has been hypothe-
sized that difficulty sleeping may be exacerbated by increased
inflammation in older adults with moderate exercise training
recommended as an effective treatment modality [45].
Previous research has shown that elderly participants
performing moderate training for 60 min per day at a rate of
3 days per week over a period of 24 weeks resulted in an
increased aerobic capacity parameter and quality of life as
well as decreased REM latency and time spent awake [45].
One limitation of this study was that only males were included
as participants. Certain types of exercise may be more bene-
ficial with regard to improving sleep quality in patients with
insomnia and others suffering from sleep ailments [46–48].
For reference, intensity of aerobic physical activity can be
measured in multiple ways (maximal oxygen consumption
[%VO2max], metabolic equivalents [METs], kilocalories
[Kcals]) but is commonly and most easily obtained by mea-
suring percentage of maximum heart rate (%HRmax). Thus,
light intensity physical activity is characterized as between 57
and 63% of maximum heart rate, moderate is 64–76% of
maximum heart rate, and vigorous falls between 77 and
95%. Maximum heart rate cannot always be maintained di-
rectly due to health conditions. However, as a general rule,
maximum heart rate can be determined by the use of the equa-
tion 220 − age [49].

There is some evidence that moderate intensity levels of
aerobic physical activity produce the best results for improv-
ing sleep quality [48–50]. For instance, Reid and colleagues
[48] found that participants who exercised for three days a
week for an average of about 30 min resulted in improved
mood (based on the Center for Epidemiologic Studies
Depression [CES-D]), subjective sleep quality (based on the
Pittsburgh Sleep Quality Index [PSQI]), and overall quality of
life (based on the 36-Item Short Form Health Survey [SF-36])
in older adults with insomnia. Participation in moderate aero-
bic activity has resulted in improved subjective report of sleep
quality when compared to non-physical activity endeavors
within the elderly population, with improvements on the
PSQI [51] and Epworth Sleepiness Scale (ESS) [52] scores.

In addition, improvements in symptoms of depression based
on CES-D scores [53] were reported in one study. When con-
trolling for CES-D scores, it was determined that the benefi-
cial effects of moderate aerobic physical activity on sleep (re-
ported on the PSQI) were independent of the diminished
symptoms of depression of participants [48]. In addition, in
another study when moderate-intensity aerobic exercise
(MAE) was compared to high-intensity aerobic exercise
(HAE) and moderate-intensity resistance training (MRE), it
was concluded that MAE comparatively yielded more signif-
icant results for sleep quality [50]. MAE may have yielded
more significant results because it may have been easier to
maintain and perform for longer periods than HAE, although
this is speculatory at this point. Likewise, there is the possi-
bility of a complex relationship between level of physical
fitness and ability to perform HAE (among a primarily seden-
tary population that was used in the study).

While in general it is assumed that exercise results in im-
proved sleep quality, some studies suggest that sleep quality
affects next-day aerobic exercise performance [47]. This was
studied with 11 women, mean age 61, with insomnia. They
participated in 30 min of aerobic physical activity 3 times a
week for 16 weeks, demonstrating that SL is negatively cor-
related with next day exercise. These findings provide alter-
nate strategies and a different perspective on the relationship
between sleep quality and exercise, indicating that improving
sleep would encourage exercise participation the following
day [47]. It should be noted that many studies examining sleep
and exercise are correlative and do not determine causality.
The relationship is obviously complicated. One study, with
participants with a mean age of 64, observed that longer SL
produces shorter next day exercise participation, in addition to
displaying a positive association between total sleep time
(TST) and next day exercise. In addition to these findings, it
was also determined that participants who took part in more
physical activity reported less wake time during the night. In
contrast to the study produced by Baron and colleagues [47],
the amount of time it took to fall asleep was not significantly
changed with fluctuations in physical activity in other studies.
Important demographic notations include a sample size that
was majority female (83.5%) and 41 out of the 79 participants
already led an active lifestyle [54].

With regard to putative effects of resistance training on
sleep in elderly populations, more research is needed. A 6-
month resistance training study with 8 previously sedentary
individuals with a mean age of 78, originally showed im-
provements on the PSQI score at the 3-month mark of the
participants’ training. However, upon reaching the 6-month
mark the PSQI scores were once again elevated. The authors
speculated that this increase in the PSQI score may have been
due to the slowing down of strength gains. However, the sub-
ject pool was not large enough to draw conclusions and pos-
sibly underpowered [55]. A 2014 and 2018 study determined
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that resistance training with older adults did not alter sleep
quality in same day sleep. However, resistance training may
improve sleep over time with chronic consistent resistance
training, specifically sleep apnea in older adults. In addition,
the improvements from resistance training are not at the cost
of sleep disruption [56, 57]. A 2014 study conducted by
Herrick et al. was able to determine positive effects of resis-
tance training in sleep and sleep-related disorders [56].
However, due to averaging PSG results, the 2014 study could
not be concluded whether or not an exercise bout would im-
prove upon or disrupt same-day sleep. Thus, a follow-up 2018
study was performed following the same methods without
averaging the two PSG scores (one taken the night following
resistance training and one on a night not following resistance
training [57]). As there is currently no definitive answer with
regard to the effects resistance training has on sleep,
prescribing aerobic physical activity is generally safer.
However, clinically speaking, exercise is not commonly
prescribed as a stand-alone intervention for sleep or any
ailments for that matter [55].

Given that immune functioning and sleep are tied, it has
been theorized that moderate exercise may reduce resting
plasma concentrations of pro-inflammatory cytokines and in-
crease anti-inflammatory cytokines, leading to improved over-
all quality of sleep [58]. Additionally, considering sleep dis-
turbances in older adults are usually multifactorial, interven-
tions that target sleep as well as lifestyle (e.g., exercise) may

prove to be beneficial. This combination may assist those who
are more sedentary and less engaged in daytime physical and
social activities, which are known to impact sleep homeostasis
and circadian regulation [59]. Figure 1 provides a proposed
and initial explanatory model for the relationship between
exercise and sleep. The model also includes potential effects
of exercise on psychological variables such as anxiety and
depression. At present, the model should be considered as
“exploratory” and provides a framework for future research.

Combination of exercise and CBT-I

CBT-I interventions combined with exercise have yet to be
thoroughly examined. In one study that examined patients
with cancer and insomnia, mean age of 55, it was concluded
that both exercise and CBT-I interventions produced benefits
and improvements in sleep. However, CBT-I was superior to
aerobic exercise in that it resulted in significantly different
scores on the Insomnia Severity Index (ISI) [60, 61].
Alternatively, aerobic exercise can produce many other added
benefits, such as improvements in anxiety, depression, and
overall quality of life [62]. Given that results were seen in both
exercise and CBT-I individually, one possibility would be to
include exercise in the behavioral aspect of CBT-I treatment in
order to maximize results in participating patients. One such
study included physical activity, light therapy, and CBT-I in
order to treat patients with insomnia. The researchers
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Increased 
immune 

func�oning

Decreased 
sedentary 
behavior

Poten�al 
increased 
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exposure
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Fig. 1 Theoretical model of the
relationship between moderate
exercise and improved sleep
function
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concluded that the treatment was effective in improving sleep
latency and quality as well as reduced daytime sleepiness.
Participants had an average age of 66 years and were already
taking sleep medication prior to starting the trial, making it
difficult to interpret effectiveness without the use of medica-
tion [63]. To the best of our knowledge, no study has exam-
ined the combination of CBT-I and exercise with patients
diagnosed with insomnia in an elderly population, leaving this
an area of study open to research.

At this time, there are currently no large scale randomized
control trials (RCTs) with appropriate controls that have ex-
amined the effects of a combination of CBT-I and exercise on
sleep disorders in an older adult population. However, there
are several studies that have examined both CBT-I and exer-
cise separately in the same population. For example, Guthrie
and colleagues [64] examined the effectiveness of several dif-
ferent forms of treatment for nocturnal hot flashes, including
yoga, CBT-I, exercise, and escitalopram. The greatest reduc-
tion in insomnia symptoms was observed in the CBT-I group
(as measured by the ISI and PSQI). However, the aerobic
exercise group showed the greatest reduction in symptoms
for a non-prescription treatment option. The study was limited
in that it did not explore any unique effects on sleep symptoms
in the exercise group compared to the CBT-I group.

Future directions and conclusions

As discussed, sleep quality often declines in the elderly (when
using a number of sleep parameters as markers), and aging is
associated with increased incidence of insomnia.
Pharmacological interventions are at times effective, particu-
larly with short-term use. However, these interventions are
often overutilized, and may result in untoward side effects or
other downstream effects that diminish sleep quality. There is
evidence that non-pharmacological interventions such as
CBT-I (or variants of this modality) are effective, sometimes
in as few as two sessions among the elderly [44]. There is also
evidence that exercise may improve sleep in the elderly. To
date, data support the notion that aerobic exercise is beneficial
with some aspects of sleep, with less data to support a rela-
tionship between resistance training and improved sleep.
Varasse, Li, and Gooneratne [65] conclude that there is evi-
dence that exercise as a sleep intervention may be effective
and safe, but that future research is needed. At present, there is
a lack of controlled investigation or RCTs that examine the
potential effects of the combination of behavioral sleep inter-
ventions and exercise for elderly individuals who may have
sleep disorders. The putative connection between behavioral
intervention for sleep and exercise is intuitive to some extent.
Yet, there are certain challenges in this course of research in
that aging adults tend to engage in less exercise [65]. Future
studies may also address the efficacy of combined CBT-I and

exercise, disentangle the unique variance that these interven-
tions may contribute to improved sleep, and explore the var-
iables (and associated relationships) in the model presented in
Fig. 1. Finally, given mobility and travel restrictions experi-
enced by some aging adults, as well as the current limitations
placed on face-to-face interventions during the COVID-19
pandemic, further exploration of computerized delivery and/
or video conference delivery of these interventions is warrant-
ed. To date, there is evidence that computerized delivery of
CBT-I as a form of self-help may be effective [66]. Likewise,
there is evidence that CBT-I teletherapy (or telemedicine) is ef-
ficacious in comparison to face-to-face interventions [67]. It is
conceivable that such combined tele-protocols including CBT-I
and exercise could be advanced and examined in the future.

Appendix. Description of Relevant Sleep
Terms

SWS - slow wave sleep is the deepest phase of non-rapid eye
movement (NREM) sleep, and is characterized by delta
waves, occurring in stage 3 of sleep (previously 3–4).

REM - rapid eye movement is distinguishable by random
and/or rapid movement of the eyes, accompanied with low
muscle tone throughout the body

NREM - Non-rapid eye movement consists of sleep stages
1–3 (formerly known as stages 1–4)

TST - total sleep time is the total amount of time spent asleep
SE - sleep efficiency—a percentage derived from total

sleep time (minus sleep latency and wake after sleep onset),
divided by the total time spent in bed

SL - sleep latency refers to the time that it takes to fall asleep
WASO - wake after sleep onset is the time spent awake

after initially falling asleep
EMA - early morning awakening refers to waking up ear-

lier than one intended without the ability to fall back to sleep
as desired

K-Complexes - large waves that react to external stimuli
while sleeping and define NREM 2
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