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Sleep loss is associated with reduced health and quality of life, and increased risk of

disease and related dementias experience poor sleep, which can predict or accelerate
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tematic reviews have investigated the effectiveness of exercise for sleep in older
adults with mild cognitive impairment or Alzheimer's disease and related dementias.
We systematically reviewed controlled interventional studies of exercise targeting
subjectively or objectively (polysomnography/actigraphy) assessed sleep in persons
with mild cognitive impairment or Alzheimer's disease and related dementias. We
conducted searches in PubMed, Embase, Scopus and Cochrane-Library (n = 6745).
Nineteen randomised and one non-randomised controlled interventional trials were
included, representing the experiences of 3278 persons with mild cognitive impair-
ment or Alzheimer's disease and related dementias. Ten had low-risk, nine moderate-
risk, and one high-risk of bias. Six studies with subjective and eight with objective
sleep outcomes were meta-analysed (random-effects model). We found moderate- to
high-quality evidence for the beneficial effects of exercise on self-reported and
objectively-measured sleep outcomes in persons with mild cognitive impairment or
Alzheimer's disease and related dementias. However, no studies examined key poten-
tial moderators of these effects, such as sex, napping or medication use. Our results
have important implications for clinical practice. Sleep may be one of the most impor-

tant modifiable risk factors for a range of health conditions, including cognitive
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1 | INTRODUCTION

Sleep plays vital roles in brain health, including regulating clearance of
proteins (e.g. p-amyloid) linked to neurodegenerative disorders
(Irwin & Vitiello, 2019; Namsrai et al., 2023). Nearly half of persons
over the age of 65 years experience difficulty initiating or maintaining
sleep (Brabbins et al., 1993; Desforges et al., 1990; National Sleep
Foundation, 2013; Unruh et al., 2008), and up to 65% report disrupted
or non-restorative sleep (Foley et al., 1999). Sleep loss is associated
with increased risk of falls, social disengagement, and reduced quality
of life in older adults (Stone & Xiao, 2018). Poor sleep also increases
the risk of mortality (Parthasarathy et al., 2015) and a range of mor-
bidities ranging from cardiovascular disease and dementia to Alzhei-
mer's disease and related dementias (AD/ADRD; Stone & Xiao, 2018).

Up to 66% of persons with AD/ADRD report or experience poor
sleep, and it can predict or accelerate the progression of cognitive
decline (Djonlagic et al., 2021; Irwin & Vitiello, 2019; Targa
et al,, 2021). Sleep disorders, including insomnia, restless legs syn-
drome and sleep apnea can often appear in the preclinical stage of
AD/ADRD, and changes in sleep patterns in older adults can increase
the risk of AD/ADRD (Hahn et al., 2014; Irwin & Vitiello, 2019). Sleep
disturbances induce systemic and central nervous system inflamma-
tion, neurophysiological changes, and increased tau and p-amyloid
burden in the brain that may drive the onset and progression of
AD/ADRD disease (Irwin & Vitiello, 2019). Poor sleep has also been
linked to declines in functional connectivity between brain regions
and networks linked to cognitive decline in AD/ADRD disease and
other neurodegenerative disorders (Zhang et al., 2022).

Sleep disorders are also one of the leading causes of caregiver
stress and institutionalisation for persons with AD/ADRD (Wilfling
et al., 2020; Winblad et al., 2016). In older adults and persons with
AD/ADRD, the combination of sleep problems and medications used
to treat poor sleep may also increase the risk of falls (Min et al., 2016),
while a history of falls also considerably increases the risk of institu-
tionalisation, morbidity and mortality in persons with AD/ADRD
(Allan et al., 2009; Min et al., 2016; Morris et al., 1987; Myers
et al., 1991). Caregivers of persons with AD also experience increased
risk of insomnia, mental and physical health difficulties, and increased
mortality, with considerable costs to healthcare systems and commu-
nities (Bentley et al., 2022; Skaria, 2022). Insomnia is also associated
with considerably higher healthcare costs and healthcare resource uti-
lisation in persons with ADRD compared with those without insomnia
(Wickwire et al., 2023).

decline and the progression of Alzheimer's disease and related dementias. Given our
findings, clinicians may consider adding exercise as an effective intervention or adju-
vant strategy for improving sleep in older persons with mild cognitive impairment or

Alzheimer's disease and related dementias.

Alzheimer's disease, dementia, exercise, mild cognitive impairment, sleep

1.1 | Interventions for sleep

Non-pharmacological strategies play an important role in treating poor
sleep (Rios et al., 2019; Wilfling et al., 2023). Cognitive-behavioural
therapy for insomnia (CBTi) is the preferred first-line treatment for
insomnia disorder (Morin et al., 2006). However, it often requires 6-
10 treatment sessions, may be expensive and difficult to access
(Feuerstein et al., 2017; Koffel et al., 2018; Perils & Smith, 2008;
Zachariae et al., 2016). Deficits in cognition, executive function,
arousal and awareness associated with AD/ADRD progression may
also make CBTi unfeasible in later stages of dementia or AD/ADRD
(Huntley et al., 2021; Karr et al., 2018; Tahami Monfared et al., 2022).
Additionally, CBTi typically achieves success in only two-thirds of par-
ticipants (Huang et al., 2022a; Koffel et al., 2018; Morin et al., 2009),
and is particularly effective for improving subjective, rather than
objective (sleep architecture) sleep outcomes (Perrault et al., 2022).
This may be an important consideration, given that loss of normal
non-rapid eye movement (NREM) sleep slow-wave activity has been
linked to cognitive impairment in older adults and pathophysiological
changes in AD (Lee et al., 2020; Mander et al, 2015; Mander
et al., 2016; Marshall et al, 2006; Ngo et al, 2013; Weiner
et al., 2023).

Medications such as benzodiazepine receptor agonists and seda-
tive antidepressants can be effective short-term (1-12 weeks) treat-
ments, but do not treat the root causes of sleep loss (Matheson &
Hainer, 2017). Sleep loss in persons with AD or dementia may be
caused by a variety of factors, ranging from age-related changes to
the brain, age-related changes in sleep and circadian rhythms, sleep
apnea, parasomnias such as rapid eye movement (REM) behaviour dis-
order, chronic ilinesses, medication effects, impaired mobility, environ-
mental influences (e.g. institutionalisation), reduced brain
performance, or AD/ADRD disease progression (Fung et al., 2012;
Fung et al., 2016; Irwin & Vitiello, 2019; Li et al., 2022; Neikrug &
Ancoli-Israel, 2010; Van Erum et al., 2018; Wang & Holtzman, 2020).
The adverse effects of medications used to treat poor sleep, including
daytime drowsiness, sedation and dependence, may also limit their
acceptability for patients and their caregivers (Fitzgerald &
Vietri, 2015). There is also limited evidence for the effectiveness of
pharmacological treatment of insomnia in persons with dementia
(McCleery & Sharpley, 2020).

Exercise is a promising, widely accessible, highly customisable
intervention for sleep difficulties that can be performed in most set-

tings, by persons of almost any ability, inexpensively or cost-free
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(Kredlow et al., 2015; Li et al., 2023). Exercise refers to intentional,
structured physical activity, or physical activity that is planned and
repetitive with a goal of improving or maintaining health or physical
fitness (Caspersen et al., 1985; Garber et al., 2011a). Physical activity
includes any bodily movement produced by skeletal muscles that
results in energy expenditure, and can include occupational, house-
hold, sports, exercise, conditioning or other activities (Caspersen
et al., 1985; Garber et al., 2011a).

Exercise is associated with a range of benefits for health and qual-
ity of life in older adults (Kredlow et al., 2015; Livingston et al., 2020).
It may also protect against functional and cognitive decline in older
age, and benefits cognition and several neuropsychiatric symptoms,
such as depression, mood and agitation in persons with AD/ADRD
(Liu et al., 2022; Memon et al., 2020; Meng et al., 2020). Exercise also
targets sleep physiology, including NREM slow-wave activity (Aritake-
Okada et al., 2019; Kline et al., 2021; Memon et al., 2022; Park
et al., 2021), which has been linked to memory consolidation in older
adults (Djonlagic et al., 2021; Marshall et al., 2006; Ngo et al., 2013;
Weiner et al., 2023).

There is a robust bidirectional relationship between exercise and
sleep (Kline et al., 2021). Strong evidence supports the beneficial
effects of exercise on sleep quality and decreased use of sleep medi-
cations in older adults (Kline et al, 2021; Kredlow et al., 2015;
Vanderlinden et al., 2020). However, less is known about the effec-
tiveness of exercise for sleep problems in older adults with cognitive
decline, dementia or AD/ADRD (Kline et al., 2021). To the best of our
knowledge, no previous systematic reviews have investigated the
effectiveness of exercise or structured physical activity interventions
targeting sleep in older adults with cognitive impairment or
AD/ADRD. A systematic review of current evidence is needed to sup-
port clinical care for older adults affected by cognitive decline and
guide future research. This systematic review critically appraises
and meta-analyses available evidence to determine the effectiveness
of exercise interventions targeting subjective or objective sleep out-
comes in older adults with mild cognitive impairment (MCI) or
AD/ADRD.

2 | METHODS

Our systematic review and meta-analysis were conducted following
the recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins et al., 2021), and reported along the
guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA; Page et al., 2021; PRISMA checklist is

included in the supporting information). The protocol
(CRD42021289528) was registered on PROSPERO (Booth
etal, 2012).

2.1 | Eligibility criteria for the systematic review

Eligible studies met the following criteria:

Research

P: included participants = 60 years old with cognitive impair-
ment, MCl or AD/ADRD, or extractable data for that age group.

Participants must have a clinical diagnosis of MCI or
AD/ADRD at baseline. Diagnosis of MCl must be made
according to recognised criteria, such as the recommenda-
tions from the National Institute on Aging-Alzheimer's
Association workgroups on diagnostic guidelines for AD
(Albert et al., 2011; McKhann et al., 2011), Petersen's cri-
teria (P-MClI; Petersen, 2011) or the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM; Association
AP, 2013), or using validated cognitive screening tools
(e.g. Montreal Cognitive Assessment [MoCA]; Nasreddine
et al, 2005; Mini Mental State Examination [MMSE];
Nasreddine et al., 2005) and qualitative clinical information.
Diagnosis of AD must be made according to recognised cri-
teria, including the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer's
Disease and Related Disorders Association
(NINCDS-ADRDA) criteria (McKhann et al., 1984), the
National Institute on Aging-Alzheimer's Association work-
groups on diagnostic guidelines for AD (McKhann
et al,, 2011), the Diagnostic and Statistical Manual of Men-
tal Disorders criteria (Association AP, 2013), or other
method of formal medical diagnosis reported in the paper.

I: interventional studies of exercise (any mode, frequency,

duration).

C: control interventions: no treatment, wait-list control, educa-

tional or non-exercise interventions.

O: sleep quantity, quality or architecture, measured objectively

(actigraphy,  polysomnography[PSG]) or by self-report

(e.g. Pittsburgh Sleep Quality Index [PSQI]; Buysse et al., 1989;

sleep diaries, ...), reported as a categorical or continuous

outcome.

Study design: controlled, interventional studies.

2.2 | Exclusion criteria

Single-subject, uncontrolled or observational studies, case series, or
studies reporting sleep as a dichotomous outcome were excluded.
Studies of participants with disorders highly associated with poor
sleep and difficulty exercising such as stroke, cerebral vascular acci-
dent or major psychiatric disorders (other than MCIl or AD/ADRD)
were excluded (Zielinski et al., 2019). We did not restrict eligibility by

the study location or study sample size.

2.3 | Eligibility for meta-analysis

To be eligible for meta-analysis, papers included in the systematic
review had to report sleep quantity, quality or architecture, measured
objectively (actigraphy, PSG) or by self-report (e.g. PSQI; Buysse
et al., 1989; sleep diaries, ...) as a continuous outcome. To minimise
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[ Identification of studies via databases and registers ]
Records identified from:
c Pubmed (3703) Records removed before
2 Embase (1599) screening:
_§ Scopus (1246) Duplicate records removed
g Cochrane Library (46) (2152)
& Prospero (53) Records removed for other
= Citation searches: (98) reasons (0)
Total: 6745
Records screened by title Records excluded (4337)
abstract (4593) did not meet eligibility criteria
= Reports sought for retrieval Reports not retrieved:
£ (256) (3) full-texts not accessible
(3]
: '
Reports assessed for eligibility Reports excluded: n= 233
by full-text Ineligible study design (98)
(253) Ineligible interventions or
control group (62)
Ineligible outcome (36)
Unable to extract eligible
population/sample data (15)
— Ineligible outcome (15)
e : : Ineligible diagnoses (17)
rs:‘lllitil‘z:s included in systematic Key details unreported (2)

(20)

Of these, number eligible/
included in meta-analysis
(13)

the potential for biased pooled treatment effects arising from poor
study quality, we limited our meta-analyses to studies with low or
moderate risk of bias on the Cochrane ROB, excluding those at high

risk of bias.

24 | Information sources and search strategy
We conducted systematic searches with keywords and Medical
Subject Heading (MeSH) terms related to physical activity, exer-
cise, sleep, cognitive impairment, MCIl, dementia or AD/ADRD,
from inception and without language restrictions on PubMed,
Embase, the Cochrane Library, Scopus and PROSPERO (supple-
mental material). To ensure literature saturation, we undertook
citation searching and re-ran keyword searches on PubMed limited
to the most recent 12 months to capture papers not yet indexed
under MeSH.

Records identified through the literature and citation-list

searches were imported to the Mendeley reference management

program, and duplicates were removed. We also created a Micro-
soft Excel spreadsheet with the records identified through our
literature and citation searches, and visually scanned for dupli-
cates to confirm no duplicates were missed. In our selection pro-
cess, two reviewers (AP and EF) independently screened a
selection of 100 records from our search results against our eli-
gibility criteria to pre-test and refine our eligibility criteria and
establish inter-rater reliability. Subsequently, these two reviewers
independently screened all search results against our eligibility
criteria, first by title and abstract and then by full text
(Figure 1). Full-texts for all potentially eligible studies were
retrieved. When necessary, study authors were contacted for
additional information to resolve questions about papers' eligibil-
ity or acquire additional data for data extraction or synthesis,
and registered or published study protocols were consulted when
available. Disagreements about eligibility were resolved through
consensus. Records not meeting our inclusion criteria were
excluded, and the reason for exclusion was recorded at the full-

text screening.
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2.5 | Data extraction and data items

A data extraction sheet was developed with Microsoft Excel and pilot
tested with 10 randomly selected eligible papers. One reviewer
(AP) performed the initial data extraction for all included papers, and a
second reviewer (EF) checked the data extraction. We extracted data
for study characteristics (authors, year, design, population), sample
characteristics (age, gender, diagnoses) at baseline, exercise interven-

tions (mode, intensity, duration, frequency) and effect measures.

2.6 | Effect measures

We extracted data for self-reported or objectively measured sleep
outcomes (sleep duration, sleep architecture and microarchitecture,
and sleep quality) measured through actigraphy, PSG, sleep diaries
and subjective assessments, including the PSQl (Buysse
et al, 1989), Insomnia Severity Index (ISl; Bastien, 2001), Mini-
Sleep Questionnaire (MSQ; Gorenstein, 1983), Neuropsychiatric
Inventory (NPI; Cummings et al., 1994), Sleep Disorders Inventory
(SDI; Tractenberg et al., 2003), and customised sleep quality tools
as continuous treatment effect estimates (mean differences and
measures of variance). We extracted measures of treatment effect
from included studies that were adjusted for potential confounding
variables over reported estimates that were not adjusted for
potential confounding. Where studies used multiple follow-up
periods, we used data from the first follow-up period after the

end of the intervention period (most recent).

2.7 | Risk of bias

The risk of bias was assessed with the Cochrane Collaboration's
Revised Tool to Assess Risk of Bias in Randomised Trials (RoB-2;
Sterne et al., 2019) for randomised trials, and Risk Of Bias In Non-
randomised Studies - of Interventions (ROBINS-I) tools (Sterne
et al., 2023) for non-randomised trials. Two reviewers (AP and EF)
independently assessed studies for risk of bias. Any disagreements

were resolved through discussion and consensus.

2.8 | Data synthesis

Papers were categorised by study population, as either a study of
persons with MCI or of persons with AD/ADRD, as described in
our eligibility criteria. Exercise intensity was categorised as low,
moderate or high, according to how they were reported by the
study authors, or based on the American College of Sports Medi-
cine (ACSM) guidelines (Garber et al., 2011b). Sleep outcome mea-
sures were categorised as either subjective (PSQI or self-reported
sleep measures) or objective (actigraphy or PSG). All sleep out-
come measures in this systematic review were synthesised as

mean-differences between the exercise and non-exercise groups

Research

and measures of variance (e.g. standard deviation or standard
error) with the Cochrane Collaboration's Review Manager 5.41
(RevMan 5.41) systematic review and meta-analysis software
(Higgins et al., 2021). The results of these syntheses are described
narratively in the systematic review, as summary of findings in
Tables 1 and 2, and graphically (for meta-analyses) in Fig-

ures 3 and 4.

2.9 | Meta-analysis

We expected clinical diversity and heterogeneity between studies
resulting from variable samples (e.g. mean ages, proportion of men
and women, and clinical presentation of MCI or AD/ADRD), study
locations and settings, differences in interventions and their doses,
and effect sizes. Following the guidance of the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins
et al, 2021), we conducted inverse-variance weighted random-
effects (Der Simonian and Laird) meta-analyses with RevMan 5.41
(Higgins et al., 2021). With RevMan, we derived mean differences
in sleep outcomes between experimental and control groups to
calculate  pooled intervention effect estimates (Higgins
et al., 2021). These were displayed graphically with Forest plots

(Deeks & Higgins, n.d.; Anzures-Cabrera & Higgins, 2010;

Ryan, 2014).
We assessed statistical heterogeneity using “t (Irwin &
Vitiello, 2019), Chi2 (significance level: 0.1) and <l

(Irwin & Vitiello, 2019)” statistics (Higgins et al., 2021). Statistical
heterogeneity was also evaluated graphically in Forest plots
(Anzures-Cabrera & Higgins, 2010; Higgins & Green, 2011,
Ryan, 2014). We conducted sensitivity analyses to determine if
any one study contributed significantly to heterogeneity in meta-
analysis (Higgins et al., 2021). Subgroup analyses were not con-
ducted, given the small number (13) of studies meta-analysed, low
power and increased risk of a high false-positive rate (Patsopoulos
et al, 2008). Meta-regression was not conducted, as there were
insufficient studies eligible for meta-analysis reporting characteris-
tics to be modelled in meta-regression. It is recommended that at
least 10 studies in a meta-analysis should be available for each
characteristic modelled in a meta-regression (Higgins et al., 2021).
In order to minimise the risk of bias due to missing results (arising
from reporting biases), we also checked the reporting of outcomes
in each study as part of our risk of bias assessments, and com-
pared these with study protocols or registrations when they were

available.

2.10 | Additional sensitivity analyses

We also conducted sensitivity analyses by risk of bias (keeping only
papers with low risk of bias) to assess the robustness of our meta-
analysed results (Anzures-Cabrera & Higgins, 2010; Higgins &
Green, 2011; Ryan, 2014).
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211 | Publication bias

There was an insufficient number of studies for any one meta-
analysed outcome for funnel plots or Egger's tests for publication bias
(minimum of 10 recommended by the Cochrane Collaboration and
Cochrane Handbook of Systematic Reviews) (Higgins et al., 2021). In
meta-analyses with a small sample of studies per outcome, the power
of these tests is too low to distinguish real asymmetry from chance
(Higgins et al., 2021). As a result, funnel plots or Egger's tests for pub-

lication bias were not undertaken.

3 | RESULTS

Our searches yielded 6745 publications (Figure 1). After duplicates
were removed, 4593 papers were screened against our eligibility cri-
teria by title and abstract. Two-hundred and fifty-six papers were
deemed eligible or likely eligible. Full-text manuscripts were sought
for these 256 papers. We were unable to access full-text manuscripts
for three papers after extensive searches in online databases (see
Methods), searches, and interlibrary loan requests
(Hernandez et al., 2011; Weiy, 2010; Zhicheng et al., 2021). After full-
text screening, 20 interventional trial papers were eligible for inclusion

internet

in the systematic review and 12 in the meta-analysis (Table 1). Ten
papers were assessed at low-risk of bias, nine as some-concerns or
moderate, and one as high-risk (Figure 2a,b).

3.1 | Sample characteristics

The 20 included studies represent the experiences of 3278 persons,
2066 of which were female (63%), with a mean age of 68 years (range
55-95 years), recruited from community, clinical, and research set-
tings. Included papers were published from 1995 to 2022, with a
mean sample size of 158 participants.

3.2 | Interventions (Table 1)
A wide range of exercise interventions and dosages were reported,
ranging from once-weekly (Nascimento et al., 2014) to daily bouts
(Bademli et al, 2019; McCurry et al., 2011) over 4 (Namazi
et al,, 1995) to 104 weeks (Vaz Fragoso et al., 2015), for 30 minutes
(Choi & Sohng, 2018) to 80 minutes (Bademli et al., 2019). Four
papers investigated low-intensity exercises, including low-intensity
aerobic exercise, physical activity, elastic band or resistive exercise,
overground walking programs, and light Tai Chi (Alessi et al., 1999;
Chan et al., 2016; Eggermont et al., 2010; McCurry et al., 2011).
Moderate-intensity exercises were most frequently investigated
(12 trials), including aerobic exercise, cycling or bicycle ergometry,
resistance or strength training, walking programs, Tai Chi, yoga, or
combinations of moderate-intensity exercises (Bademli et al., 2019;
Choi & Sohng, 2018; Kumar et al, 2014; Landi et al., 2004; Li

et al., 2021a; Namazi et al., 1995; Nascimento et al., 2014; Ohman
et al, 2017; Song & Yu, 2019; Stella et al., 2011; Vaz Fragoso
et al., 2015; Wang et al., 2020). Two studies investigated the effects
of moderate to vigorous intensity (MTVA; Maclntosh et al., 2021)
exercise, including aerobic dance (Song et al., 2023) and combined
aerobic and strength training exercises (Hoffmann et al., 2016). Two
studies investigated the effects of high-intensity exercises (Hoffmann
et al,, 2016; Richards et al., 2011), including cycling or treadmill exer-
cise, resistance training, or combinations of high-intensity exercises at

greater than 80% maximal heart rate.

3.3 | Sleep outcomes

A variety of assessment tools were used to collect sleep outcomes,
including actigraphy, PSG, sleep diaries and subjective assessments,
including PSQI (Buysse et al., 1989b), ISI (Bastien, 2001), MSQ
(Gorenstein, 1983), NPl (Cummings et al., 1994), SDI (Tractenberg
et al., 2003) and customised sleep quality tools.

3.4 | Sleep outcomes in persons with cognitive
impairment or MCI

Nine studies investigated the effects of exercise on sleep in persons
with MCI (excluding diagnosed AD/ADRD or dementia) or MMSE
scores between 19 and 24 (mean 22.3) or MoCA scores between
18 and 25 (mean 22.05; details in Table 1). Exercise interventions
improved self-reported sleep outcomes in persons with MCI. Only
one study assessed the effects of exercise on objective sleep out-
comes in persons with MCI (Li et al., 2021a). Li et al. (2021) reported
that a 12-week, moderate-intensity resistance training program
improved both actigraphy and subjectively measured sleep, with sta-
tistically significantly increased sleep efficiency and decreased wake
after sleep onset and sleep fragmentation in 62 assisted living facility
older adults (mean age 72.2 years) with MCI (Li et al., 2021a).

Among the remaining eight studies, a range of exercise modalities,
intensities, frequencies and durations were reported. Two studies
investigated the effects of low-intensity exercise on sleep in older
adults with MCI. Alessi et al. (1999) investigated the effects of
14 weeks of daily, low-intensity physical activity on sleep and agita-
tion in 29 nursing home-dwelling older adults (mean age 88.3 years)
with MCI (Alessi et al., 1999). Participants in the exercise intervention
showed increased total sleep time, longer sleep episodes, and less
daytime sleepiness and agitation compared with the non-exercise
group. Chan et al. (2016) found that a low-intensity Tai chi (TCG)
exercise program increased sleep duration (+48 min), sleep efficiency,
and improved sleep quality on the PSQI in 52 community-dwelling,
sedentary older adults with cognitive impairment and poor sleep
(PSQI score > 5 at baseline; Chan et al., 2016).

The majority of studies with persons with MCI investigated the
effects of moderate-intensity exercise on sleep. Bademli et al. (2018)

found that a 20-week, moderate-intensity exercise and walking
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FIGURE 2 Risk of bias Risk of bias domains
assessments: (a) RoB-2;
(b) ROBINS-I.
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FIGURE 4 Forest plot, objective sleep measures.

program improved sleep quality on the PSQI (MD -9.0) and cognition
in 77 sedentary, nursing home-dwelling persons over 65 years of age
with MCI (Bademli et al., 2019). Choi et al. (2018) investigated the
effects of a 12-week, four times per week seated yoga exercise pro-
gram on sleep, physical fitness and depression in community-dwelling,
sedentary older adults with MMSE scores > 19 (Choi & Sohng, 2018).
Participants in the exercise group reported a small but not statistically
significant improvement in sleep quality on the PSQI. The authors
noted, however, that sleep quality was measured during the hottest
summer recorded in Korea, with 22 nights of extreme heat during the
reference-month, possibly countering the effects of the intervention
on participants' sleep quality.

Fragoso et al. (2015) found that a 24-30-month, moderate-
intensity exercise program reduced the likelihood of participants
developing poor sleep quality (PSQI >5) over the intervention period,
and produced a small improvement in sleep quality in a sample of
1635 community-dwelling, sedentary older adults (aged 70-89 years)
with cognitive impairment (Figure 2; Vaz Fragoso et al., 2015). Kary-
daki et al. (2017) investigated the effects of a 12-week resistance

Favours [control] Favours [exercise]

training program on subjective sleep quality in women with MCI, find-
ing that resistance training improved subjective sleep quality
(decreased global PSQI score; Karydaki et al., 2017).

Song et al. (2019) investigated the effects of a 16-week
moderate-intensity aerobic exercise program on health-related quality
of life, including sleep quality, and cognitive function in 120 sedentary,
community-dwelling older adults with MCI (Song & Yu, 2019). Com-
pared with participants in the health-education control group, partici-
pants in the aerobic exercise group reported significantly greater
improvement in sleep quality on the PSQI. In a separate study of a
16-week, moderate-intensity aerobic dance exercise program, Song
et al. (2023) also found that aerobic dancing (MTVA) significantly
improved overall sleep quality (PSQI), sleep duration, sleep efficiency
and sleep-onset latency in older adults with MCl and poor sleep (Song
etal.,, 2023).

Finally, Wang et al. (2020) found that a 24-week, thrice-weekly
moderate-intensity exercise program significantly improved sleep
quality (lower PSQI scores) in a sample of 116 sedentary, community-
(Wang

dwelling older adults (mean age 68 years) with MCI
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et al., 2020). Sleep quality also had a strong mediating effect on the

effects of the exercise program on participants' cognitive function.

3.5 | Sleep outcomes in persons with AD/ADRD
Ten studies examined the effects of exercise or physical activity inter-
ventions on sleep outcomes in persons with AD/ADRD (7) or demen-
tia (3), finding exercise had beneficial effects on their sleep quality
(Table 2). Eggermont (2010) investigated the effects of a 30-min walk-
ing program on sleep and sleep disturbances in 79 older adults aged
> 70 years with AD/ADRD (Eggermont et al., 2010). Participants in
the walking program did not show improved night-time restlessness
or actigraphy-measured sleep compared with the control group. How-
ever, it was possible that participants may not have had sufficient
sleep disturbances at baseline to show a treatment effect. The timing
of the physical activity interventions also varied frequently and may
have influenced the study results (Kline et al., 2021).

Hoffman et al. (2016) found that a 16-week, moderate-to-high-
intensity aerobic exercise program decreased sleep disturbances in a
sample of 200 persons aged 50-90 years with mild AD (Hoffmann
et al., 2016). Kumar et al. (2014) investigated the effects of a 5-week,
Occupational Therapist-delivered exercise and structured physical
activity program (OTP), finding that OTP improved sleep quality and
decreased daytime sleepiness in a sample of 77 persons with demen-
tia (Kumar et al., 2014).

Landi et al. (2004) investigated the effects of a 4-week,
moderate-intensity exercise program on behavioural problems, includ-
ing sleep disturbances, in a pilot study with 30 nursing-home-dwelling
persons with dementia (Landi et al., 2004). Compared with the control
group, the exercise group showed a statistically significant reduction
in sleep disturbances at the 4-week follow-up. The study has several
important limitations, however, including poor or absent reporting of
participant's age, who delivered the intervention or how often, who
collected outcome data or when, and no reporting of the units of mea-
surement used for outcome assessments.

McCurry et al. (2011) investigated 30 daily minutes of continuous
walking in a study of 132 persons with AD/ADRD, finding that partici-
pants in the exercise group had significantly greater improvements in
sleep duration and quality than the control groups, even after adjust-
ment for participant age, sex, depression, comorbidity, cognitive
impairment and sleep apnea (McCurry et al., 2011).

Nascimento et al. (2014) found once-weekly, moderate-intensity
multimodal exercise was associated with statistically significant
improved sleep and reduced sleep disturbances in a randomised-
controlled trial (RCT) of 35 persons with AD/ADRD (Nascimento
etal, 2014).

Namazi et al. (1995) found a multimodal, moderate-intensity exer-
cise program increased sleep quality and duration in a sample of
22 institutional-dwelling persons with AD/ADRD, but a small sample
size and large range of MMSE scores at baseline may have influenced
the results (Namazi et al., 1995). Ohman's secondary analysis of the
(FINALEX) trial (Pitkala
et al,, 2013) found that exercise did not lead to statistically significant

Finnish  Alzheimer Disease Exercise
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changes in sleep problems in community-dwelling persons with
AD/ADRD (Ohman et al., 2017). However, they used only the NPI to
assess sleep outcomes. The NPI has only one item (11) assessing sleep
by caregiver reports of sleep behaviours but not changes in frequency
or sleep quantity (Cummings et al., 1994). A high proportion of partici-
pants also took medications that may have influenced their sleep or
response to the interventions.

Richards et al. (2012) found high-intensity exercise improved
sleep quantity and efficiency, and increased minutes of REM sleep in
institutional-dwelling persons with dementia and AD/ADRD (Richards
et al., 2011). A high proportion (43%) of participants had sleep apnea,
and whether their apnea was treated during the study was not
reported. However, when apnea was included as a covariate in the
authors' statistical models, it did not have a statistically significant
effect on the relationship between exercise and total sleep time.
Finally, Stella et al. (2011) investigated the effects of a 6-month,
thrice-weekly aerobic and balance exercise program on neuropsychi-
atric symptoms, including sleep disturbances, in 32 community-
dwelling persons with mild to moderate AD/ADRD (Stella
et al, 2011). Compared with the control group, the exercise group
attained statistically significantly greater reduction in sleep distur-

bances on the NPI.

3.6 | Meta-analyses
In total, 13 papers reported continuous data for sleep outcomes and
were eligible for meta-analysis (Alessi et al, 1999; Bademli
et al.,, 2019; Chan et al., 2016; Choi & Sohng, 2018; Eggermont
et al, 2010; Karydaki et al, 2017; Li et al., 2021a; McCurry
et al., 2011; Richards et al., 2011; Song et al., 2023; Song & Yu, 2019;
Wang et al., 2020). Of the remaining seven papers, one was at high
risk of bias and was excluded from meta-analysis (Landi et al., 2004).
One did not report data with sufficient detail to allow meta-analysis,
only displaying sleep outcome results visually on a graph (we were
unable to determine the actual values from the graph; Hoffmann
et al., 2016). The remaining five papers reported custom sleep metrics
that could not be pooled with data from other papers for meta-
analysis (Namazi et al., 1995), or used sleep outcome measures for
which less than two papers reported outcomes (Kumar et al., 2014;
Nascimento et al., 2014; Ohman et al., 2017; Stella et al., 2011).
Seven studies, representing the experiences of 1986 participants
with MCls or MCl in exercise and non-exercise interventions were eli-
gible for meta-analysis (Figure 3). Exercise interventions had a statisti-

cally significant beneficial effect on PSQIl-assessed sleep quality in

persons with MCl (-1.54, 95% confidence interval [Cl]:
—2.23, -0.86).
3.7 | Objectively measured sleep

Five studies, representing the experiences of 446 persons with MCI
or AD/ADRD, assessed sleep with actigraphy (four studies; Alessi
et al., 1999; Eggermont et al., 2010; Li et al, 2021b; McCurry
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et al., 2005) or PSG (one study; Richards et al., 2011), and were eligi-
ble for meta-analysis (Figure 4). Only total sleep time and sleep effi-
ciency were reported by more than two studies. Exercise
interventions had a statistically significant beneficial effect on partici-
pants' total sleep time (increased by 34 min) and sleep efficiency
(improved by 6%).

3.8 | Heterogeneity

Substantial heterogeneity was found in pooled meta-analyses of
PSQIl-assessed sleep and pooled sleep efficiency, while no heteroge-
neity for total sleep time. The heterogeneity found for PSQI assessed
sleep and sleep efficiency may be influenced by clinical variability and
lack of uniformity among exercise interventions and samples. Sensitiv-
ity analyses did not reveal any one study contributing significant het-
erogeneity in either case.

No one study, when removed during sensitivity analysis, sig-
nificantly modified the pooled treatment effect estimates for the
effect of exercise interventions and PSQIl-assessed sleep quality in
Figure 3. Only the study by Eggermont et al. (2010), when
removed, modified the effect of exercise on sleep efficiency,
which increased to 7.52% (95% Cl: 4.08, 10.95); however, hetero-
geneity was unchanged. Eggermont did not find a beneficial effect
on night-time restlessness or other actigraphy-measures sleep
parameters after a 6-week, low-intensity exercise intervention.
However, it was possible that participants may not have had suffi-
cient sleep disturbances at baseline to show a treatment-effect,
and the timing of the physical activity interventions also varied
frequently, both of which may have influenced the study results
(Kline et al,, 2021).

4 | DISCUSSION

This systematic review investigated the effectiveness of exercise
interventions targeting sleep in older adults with MCI or AD/ADRD.
To the best of our knowledge, this is the first systematic review and
meta-analysis of exercise interventions targeting sleep in this popula-
tion. It represents the experiences of 3278 persons with MCI or
AD/ADRD across 20 interventional studies. We found moderate- to
high-quality evidence for the beneficial effects of exercise on self-
reported and objectively measured sleep in older adults with cognitive
impairment and persons with AD/ADRD.

Exercise interventions resulted in statistically significant improve-
ments in subjective sleep quality in persons with mild to moderate
cognitive impairment (PSQl -1.54, 95% Cl: -2.23, -0.86), as well as
improved sleep efficiency and total sleep time (Figures 1 and 2),
emphasising the beneficial effects of exercise for sleep in this popula-
tion. Exercise of any intensity, from low to high, improved sleep qual-
ity in older adults with cognitive impairment. This is significant, given
that persons with cognitive impairment or AD/ADRD may also experi-

ence physical deconditioning or motor difficulties, and low- and

moderate-intensity exercise may be more feasible for them (Bartlett
et al., 2009).

A variety of potential mechanisms underlying the effects of exer-
cise on sleep have been proposed, ranging from exercise-induced
reduction in systemic inflammation, changes in neurotransmitters reg-
ulating sleep, increased growth hormone and brain-derived neuro-
trophic factor, changes in heart rate variability, body temperature,
autonomic function, and entrainment of circadian rhythms and sleep-
wake cycles (Kredlow et al, 2015; McGinty & Szymusiak, 1990;
Uchida et al., 2012). Exercise interventions in a generally sedentary
population of persons with cognitive impairment may also increase
exposure to other factors associated with improved sleep, such as
daylight, social activity, and decreased daytime napping (Liu
et al, 2022; Livingston et al., 2020; Memon et al., 2020; Meng
et al., 2020). These factors could not be accounted for in this system-

atic review, but offer important targets for future research.

4.1 | Alzheimer's disease and related dementias
(AD/ADRD)

Fewer controlled studies investigated the effects of exercise on
sleep in persons diagnosed with AD/ADRD. However, the avail-
able studies did find improved sleep quality and quantity as a
result of exercise in persons with AD/ADRD. Mounting evidence
suggests that poor sleep influences disease progression and cogni-
tive decline in persons with AD/ADRD (Djonlagic et al., 2021,
Irwin & Vitiello, 2019; 2021; Wang &

Holtzman, 2020). Exercise can improve sleep and may have the

Targa et al,

potential to attenuate cognitive decline and neurodegeneration in
AD/ADRD. A larger body of RCTs has investigated exercise inter-
ventions targeting cognition in persons with AD/ADRD, finding
that increased physical activity and exercise improve cognitive
function and may delay cognitive decline (Du et al., 2018). The
mediating role of sleep in these effects has been underexplored,
however.

Much else remains unknown about the effects of exercise on
sleep in persons with AD/ADRD. For example, only one RCT investi-
gated the effects of exercise on PSG-measured sleep outcomes
(Richards et al., 2011). No RCTs investigated the effects of exercise
on sleep microarchitecture such as NREM slow-wave activity or sleep
spindles. These have also been under-investigated in studies of exer-
cise targeting sleep in healthy older adults. This creates important evi-
dence gaps, given that multiple facets of sleep neurophysiology are
strongly associated with cognitive performance in older adults
(Djonlagic et al., 2021), biomarkers of neurodegeneration and risk of
AD/ADRD (Irwin & Vitiello, 2019; Wang & Holtzman, 2020). Better
understanding of the mechanisms underpinning the effects of exercise
on brain processes during sleep could lead to more effective
exercise interventions aimed at maintaining or improving the memory
functions of sleep (Roig et al., 2022). This may be of particular impor-
tance for older adults, persons at early stages of cognitive decline, and
those at risk of AD/ADRD and their caregivers.
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4.2 | Recommendations for future research

Our systematic review highlights important areas in need of further
investigation. Given the many physical and mental health benefits
associated with both increased physical activity and improved sleep,
these areas for future research are critical for clinicians, policymakers
and the public to make informed choices about exercise interventions
targeting improved sleep, activity, and quality of life in older adults
with cognitive impairment.

For example, the optimal time of day to perform exercise or mini-
mum exercise dosage required to influence sleep in older adults
remains uncertain. As a result, the optimal amount of exercise needed
to improve sleep in older adults with cognitive impairments, or older
adults generally, cannot be determined with certainty with currently
available evidence. Previous systematic reviews and meta-analysis of
exercise interventions targeting cognition in persons with MCI or
dementia have found that multicomponent exercise combining aero-
bic and resistance training tends to be the most effective in protecting
global cognition and executive function in persons with MCI, while
resistance training is associated with slowing the progression of cogni-
tive decline (Huang et al., 2022b). Meta-analyses of exercise interven-
tions targeting sleep in older adults report larger treatment effects for
moderate-intensity exercise (exercise at 60% of maximal oxygen
uptake, VO2max, or maximal heart rate for age) on insomnia
(d=0.87, 95% CI: 1.68, 0.06; Amiri et al, 2021), and moderate-
intensity aerobic exercise has been associated with greater increases
in cognition and memory than light or vigorous exercise (Karamacoska
et al,, 2023; Ludyga et al., 2016; Northey et al., 2018). The greatest
benefits for sleep quality in older adults have been reported with
exercise programs combining moderate-intensity aerobic and resistive
exercise training (Hasan et al., 2022). However, the optimal exercise
modality for influencing sleep in persons with MCl or AD/ADRD can-
not be determined from the evidence we reviewed.

The most influential moderators of the relationships between
exercise and sleep in older adults, such as age, sex, gender
(or gender-related roles) or disease progression, also remain
unclear. For example, none of the studies we reviewed reported
sleep outcomes for men and women separately, despite 63% of
the participants in the studies included in our systematic review
being female. Biological sex has been shown to contribute to vari-
ations in sleep (Cross et al, 2019; Mong & Cusmano, 2016), risk
of dementia (Anstey et al., 2021) and Alzheimer's disease (Brady
et al., 2024; Niu et al., 2017), physiological responses to exercise
(Ansdell et al., 2020), and effects of exercise on cognitive out-
comes in older adults (Barha et al., 2017). Meta-analyses have
found higher rates of insomnia (Cross et al., 2019; Zeng
et al., 2020), poor memory performance (Cross et al., 2019; Zhao
et al., 2022), and prevalence of dementia (Anstey et al., 2021) and
AD (Niu et al, 2017) among women than men. Sex differences
have also been found in various risk factors for AD and dementia
(Anstey et al., 2021; Kim et al., 2018), and gender has been
shown to influence the risk of cognitive decline or dementia

(Brady et al., 2024). Larger treatment effect sizes have also been
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reported for women than men in studies of exercise targeting
cognition (Barha et al., 2017), though less is known about sex dif-
ferences in studies of exercise and sleep. Few studies have exam-
ined sex differences in the effectiveness of exercise interventions
targeting sleep in older adults, though some evidence suggests
exercise leads to greater self-reported measures of sleep quality in
females than males (Sharif et al., 2015).

Sleep disturbances increase functional impairment and disease
progression, and negatively affect cognitive function in persons with
AD/ADRD (Targa et al., 2021). Exercise may improve sleep distur-
bances and has the potential to attenuate neurodegeneration in
AD/ADRD. However, much is unknown about the effects of exercise
on sleep in this population. For example, few RCTs have investigated
the effects of exercise on PSG-measured sleep or sleep microarchitec-
ture (e.g. slow-wave activity; Aritake-Okada et al., 2019; Djonlagic
et al., 2021; Kline et al., 2021; Memon et al., 2022; Park et al., 2021)
in persons with AD/ADRD, to the best of our knowledge. Only one
paper in this review included PSG-assessed sleep architecture, but it
did not report sleep microarchitecture metrics (Richards et al., 2011).
This represents an important knowledge-gap, given that NREM
slow-wave activity has been linked to memory consolidation in older
adults (Aritake-Okada et al., 2019; Djonlagic et al., 2021; Kline
et al, 2021; Marshall et al., 2006; Memon et al, 2022; Ngo
et al., 2013; Park et al., 2021; Weiner et al., 2023), and loss of normal
NREM sleep slow-wave activity has been linked to cognitive impair-
ment in older adults and pathophysiological changes in AD (Lee
et al.,, 2020; Mander et al., 2015; Mander et al., 2016; Marshall
et al.,, 2006; Ngo et al., 2013; Weiner et al., 2023).

The effects of exercise on sleep architecture and microarchitec-
ture in older adults has generally been under-investigated. A larger
body of RCTs has investigated exercise interventions targeting cogni-
tion in persons with AD/ADRD, finding that exercise improves
cognitive function and may delay cognitive decline in persons with
AD/ADRD (Du et al., 2018); however, the mediating role of sleep in
these effects has been underexplored. Better understanding of the
mechanisms underpinning exercise and sleep and their effects on
brain processes during sleep could provide important information
leading to more effective exercise interventions aimed at maintaining
or improving the memory functions of sleep (Roig et al., 2022). This
may also be of particular importance for persons with cognitive
decline or those at risk of AD/ADRD and their caregivers.

Additional research is also needed to understand the pathogene-
sis of sleep dysfunction in AD/ADRD to facilitate more effective
treatments targeting sleep, including exercise. These may include pri-
mary mechanisms, such as AD/ADRD-related loss of neurons in the
basal forebrain, hypothalamus, thalamus, midbrain or circadian regu-
lating areas, synucleinopathies, and orexinergic system dysfunction
(Irwin & Vitiello, 2019). Secondary (indirect) mechanisms may include
poor sleep hygiene, co-morbidities, medication side-effects, nocturia
and a variety of environmental factors (Irwin & Vitiello, 2019). Greater
understanding of the interactions and effects of these mechanisms
will facilitate identification of the most effective exercise therapies for
sleep in persons with AD/ADRD (Memon et al., 2020).



18 of 24

Journal of
Slee

ESRS\,M

PAEZ €T AL.

Research

4.3 | Strengths and limitations

Our review has several strengths. We followed a carefully developed
protocol with comprehensive search strategies, including grey litera-
ture, and found studies in several languages and settings that had not
previously been meta-analysed, to the best of our knowledge. How-
ever, publication bias could not be investigated in our review. Another
strength is that we included only studies with low or moderate risk of
bias in our meta-analyses, and 19 of the 20 studies we systematically
reviewed were appraised as having either low (nine studies) or moder-
ate (10 studies) risk of bias.

There are also limitations in this review. No studies examined key
potential moderators of the relationship between exercise and sleep,
such as sex, daytime napping, medication use or the time-of-day par-
ticipants exercised. It was also not possible to meta-analyse data for
the effectiveness of exercise interventions on sleep in persons with
AD/ADRD. The variability among available studies may reflect the
complexities of administering exercise interventions with persons
with reduced cognitive capacity or frailty. The evidence-base for exer-
cise and sleep in older adults with cognitive impairment shares these
limitations, including heterogeneic study designs, samples, and unan-
ticipated confounding factors and inherent biases that may distort the
magnitude of treatment effects and the results of meta-analyses
(Higgins et al., 2021). We limited meta-analysis to controlled studies
with low to moderate risk of bias to minimise these effects, and our
eligibility criteria were designed to reduce potential confounding in
our analyses.

Additionally, the majority of studies included in this systematic
review utilised self-reported or caregiver-reported sleep outcome
measures, such as the PSQI, ISI or the SDI (Tractenberg et al., 2003),
rather than objective sleep measures such as PSG or actigraphy. Previ-
ous research with older adults with cognitive decline, reduced func-
tional capacity or insomnia has found that they are more likely to
show greater discordance between self-reported (e.g. the PSQI or
sleep diaries) and objective sleep measures (Hughes et al., 2018;
Martin et al., 2017; Van Den Berg et al., 2008). Vulnerable older adults
also either underestimate or overestimate their sleep efficiency when
it is compared with objective wrist actigraphy or PSG (Hughes
et al., 2018; Martin et al., 2017; Van Den Berg et al., 2008). Sleep dia-
ries and subjective assessments may also be challenging for older
adults with cognitive impairments to complete, requiring caregiver
assistance (Martin et al., 2017).

Objective sleep measures such as actigraphy or the gold-standard
PSG can offer more accurate and less biased measures of sleep and
responses to exercise in older adults with MCl or AD/ADRD. PSG also
allows for assessment of the effects of exercise on sleep microarchi-
tecture in persons with MCl or AD/ADRD. More research assessing
the effects of exercise on sleep and sleep microarchitecture is needed,
and could help facilitate the development of effective interventions
for sleep and cognitive decline in older adults and person with MCl or
AD/ADRD. However, in-lab PSG is expensive, can be burdensome
and difficult to complete for persons in advanced stages of AD/ADRD
(Urrestarazu & Iriarte, 2016). It can also be difficult to access (Matar

et al., 2018; Vaughan et al., 2016). Nevertheless, the continued devel-
opment and feasibility of wearable, electroencephalogram (EEG) head-
bands for in-home monitoring of sleep and sleep neurophysiology
offers important opportunities to overcome the difficulties of per-
forming in-lab PSG with persons with AD/ADRD (Pulver et al., 2024).

Both subjective and objective sleep outcomes are important in
understanding the effects of exercise on sleep in older adults with
cognitive decline. Subjective measures provide valuable information
about persons' perceived and experienced sleep outcomes (Hughes
et al., 2018; Landry et al., 2015; Westerlund et al., 2016). Future
research can supplement subjective sleep assessments with actigra-
phy to provide a more complete picture of sleep patterns and
responses to exercise in older adults with MCIl or AD/ADRD. The pro-
liferation and continued development of wearable sleep devices also
offers important opportunities to supplement self-reported sleep
measures with objective data that can be obtained unobtrusively in
older adults with MCl or AD/ADRD (Bianchi, 2018; Matar
et al,, 2018; Pulver et al., 2024).

44 | Implications for practice or policy

The results of our systematic review have important implications for
clinical care, gerontology, public health and health promotion, given
the many physical and mental health benefits associated with both
improved exercise and improved sleep (Liu et al., 2022; Memon
et al., 2020; Meng et al., 2020). Sleep may be one of the most impor-
tant modifiable risk factors for a range of health conditions, including
cognitive decline and the progression of AD/ADRD (Irwin &
Vitiello, 2019; Winblad et al., 2016). The number of people with
AD/ADRD is expected to triple to more than 132 million by 2050,
with the greatest increase expected in low- and middle-income coun-
tries (Organisation WH, 2017; Organization WH, 2021). This will pre-
sent profound challenges for families, communities and societies in
resource-constrained settings (Organisation WH, 2017; Organization
WH, 2021). With aging, increasingly sedentary populations and grow-
ing incidence of AD/ADRD, the need for sustainable, accessible and
effective interventions, like exercise, for
and AD/ADRD is pressing.

Exercise is a widely accessible, cost-effective intervention for

both poor sleep

sleep difficulties. It is also associated with a range of benefits for cog-
nitive performance, health and well-being, and quality of life in older
adults (Langlois et al., 2013). Exercise interventions may also be used
to target lifestyle factors and health conditions associated with
increased risk of poor sleep or cognitive decline and dementia. For
example, poor cardiometabolic health, including hypertension and dia-
betes, obstructive sleep apnea, and depression each increase the risk
of poor sleep or cognitive decline and dementia in older adults
(Baumgart et al., 2015; Dregan et al., 2013). Exercise has been shown
to be an effective adjuvant treatment for these conditions and other
health and lifestyle factors influencing health outcomes in older adults
(Garcia-Hermoso et al., 2020; Posadzki et al., 2020). Regular exercise

can contribute to the management of cardiovascular and lifestyle risk



PAEZ ET AL.

Journal of

Sleep ESRS\,M 19 of 24

factors, and help reduce the risk of cognitive decline and dementia in
older adults (Baumgart et al., 2015; De la Rosa et al., 2020).

Exercise may also be an important complement to other ther-
apeutic interventions for poor sleep in persons with, or at
increased risk of, AD/ADRD (De la Rosa et al., 2020; Gonzalez-
Martin et al., 2023). For example, it is now recommended as an
adjunct to CBTi, the first-line treatment for insomnia (Passos
et al., 2023; Riemann et al., 2023). Available evidence also sug-
gests that multimodal interventions that include exercise are effec-
tive from both poor sleep and functional and cognitive decline in
older adults (Belleville et al., 2023; Falck et al., 2019; Falck
et al., 2020; Wilfling et al., 2023). Promoting increased exercise,
improved sleep and other lifestyle changes in older adults in the
presymptomatic and prodromal stages of dementia has the poten-
tial to delay the progression of dementia in up to one-third of

cases worldwide (De la Rosa et al., 2020).

5 | CONCLUSION

This systematic review includes 20 studies examining the effec-
tiveness of exercise interventions targeting sleep in older adults
with MCI or AD/ADRD. We found moderate- to high-quality evi-
dence for the beneficial effects of exercise on sleep in older
adults with cognitive impairment and AD/ADRD. The results of
our systematic review support the development and dissemination
of effective exercise interventions for sleep difficulties in older
adults. We found that exercise of any intensity (low, moderate or
high), and a range of frequencies and duration can improve sub-
jectively and objectively measured sleep in this population. This
has important implications for clinical care and public health.
Improving sleep through exercise may support cognition and mem-
ory functions in older persons with MCI or AD/ADRD, and also
support secondary prevention of sleep-related health problems.
Given our findings and previous research showing that exercise is
also associated with a range of benefits for physical and mental
health, clinicians may consider adding exercise as an effective
intervention or adjuvant strategy for improving sleep in older per-

sons with cognitive impairment or AD/ADRD.
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