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Introduction: Improvement in sleep quality in older adults has been observed after aerobic, resistance, and
combined (aerobic and resistance) training; however, little is known about multimodal exercise training, a
combination of modalities that aims to improve functional capabilities in this population. Purpose: To investigate
the effect of a multimodal exercise training program on sleep in older adults.

Methods: Thirty-two participants (70.1 + 5.7 years; 29.9 + 4.9 kg/m?) were randomly assigned to multimodal
exercise training or control groups in a 2:1 ratio, stratified by sex and age. Progressive training was carried out
3x/week, with each session lasting 45 to 60 minutes. Sleep was evaluated using Actigraphy for 7 consecutive
days. All evaluations were performed by a blinded assessor.

Results: All evaluations were performed by a blinded assessor. After 16 weeks, the exercise group showed a
significant within-group reduction in sleep latency (mean difference [MD] = —3.4 min; 95% confidence interval
[CI]: —6.6, —0.2). In between-group comparisons, the multimodal exercise training group demonstrated
significantly better outcomes than the control group, including improved sleep efficiency (MD = 6.6%; 95% CI:
1.8, 11.4) and reduced wake after sleep onset (WASO) (MD = —33.2 min; 95% CI: —65.9, —0.5) and sleep
fragmentation (MD = —8.0; 95% CI: —15.6, —0.6). Intervention adherence was 90%. Conclusion: Multimodal
exercise training was effective in improving sleep in older adults, representing a promising strategy for this
population due to its low cost and high participant adherence.

Introduction (Process C) with environmental zeitgebers. Aging disrupts both pro-

cesses, resulting in impaired sleep continuity and reduced sleep effi-

Aging refers to the continuous, multifactorial decline in physiolog-
ical functions and to increased vulnerability and mortality.»> This
cellular senescence predisposes the onset of chronic diseases. °° and
negative impacts on sleep. °® Poor sleep quality, such as difficulty
falling asleep, difficulty staying asleep, early morning awakenings, or
daytime sleepiness, has been reported more frequently in older adults
than in younger adults.

Sleep regulation is conceptualized as a dynamic interaction among
homeostatic and circadian processes, neuroendocrine pathways, and
behavioral factors. According to the seminal Two-Process Model of Sleep
Regulation, sleep propensity is governed by the accumulation of sleep
pressure (Process S) and the synchronization of circadian rhythms
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Several strategies have been investigated to improve sleep, including
regular physical exercise.'"'® For more than two decades, studies have
shown that physical exercise improves sleep in older people.'*'° It is a
low-cost therapy that improves sleep in middle-aged and older adults,
especially those with sleep problems.'® As a non-photic zeitgeber, ex-
ercise influences sleep by increasing the homeostatic drive for sleep,
stabilizing circadian oscillators, and modulating thermoregulatory and
neuroendocrine responses. These mechanisms are likely to improve
sleep through regular and systematic exercise therapy. From a theoret-
ical perspective, multimodal exercise may provide a broader systemic
stimulus by engaging multiple regulatory mechanisms simultaneously,
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thereby potentially optimizing sleep outcomes in older adults.'”*®
Among the types of physical exercise, aerobic training,'® dynamic
muscular resistance training,'® and the combination of these modal-
ities,'! have been effective in improving sleep efficiency, reducing sleep
latency and sleep fragmentation, and increasing total sleep time. '>2%%!
Recent systematic reviews and meta-analyses have examined the
effects of physical exercise on sleep quality in older adults, with a pri-
mary focus on traditional protocols combining aerobic and resistance
training.”> However, despite evidence from recent meta-analyses of
these conventional combined training approaches, a notable gap re-
mains regarding the effects of multimodal exercise programs that inte-
grate the development of multiple physical capacities (e.g., strength,
agility, balance, and coordination) and motor skills within a single,
structured intervention. This integrative, functional approach may elicit
distinct physiological adaptations beyond those observed with tradi-
tional exercise modalities, thereby warranting further investigation.””
Moreover, multimodal exercise may offer superior functional and
physiological benefits,>*?° potentially inducing unique adaptations that
influence sleep regulation mechanisms. To date, evidence examining the
effects of multimodal exercise interventions on sleep parameters
measured by actigraphy remains limited and inconclusive.
Accordingly, the present study was designed to address this gap by
evaluating whether a structured, multimodal exercise training program
could improve sleep quality in older adults. It was hypothesized that this
training modality would increase sleep efficiency and reduce wake after
sleep onset (WASO), sleep latency, and sleep fragmentation.

Methods
Characterization of the study

Randomized and controlled clinical trial, longitudinal with a parallel
group, which followed the recommendation of the Consolidated Stan-
dards of Reporting Trials (CONSORT 2010). This study was approved by
the Local Ethics Committee (protocol number: 5.505.112) and was
registered on the Brazilian Clinical Trials Registry platform (RBR-
6zpc65f).

Casuistry and eligibility criteria

Men and women aged > 60 years with a BMI < 34.9kg/m? were
included. Smokers, those with a diagnosis of chronic lung disease or
sleep disorders, being on drug therapy to initiate or maintain sleep, and
having osteomioarticular involvement that made it impossible to carry
out the physical exercise protocol were excluded. To begin physical
training, the older adults were required to present a medical certificate.
Any older people who missed more than 30% of physical training ses-
sions, or who started another physical intervention or drug therapy that
influences sleep, were discontinued from the study.

Randomization, allocation concealment, blinding, and intention-to-treat
analysis

Randomization was stratified to ratio 2:1 by sex and age. After the
older adults were categorized into their strata by sex, they were allo-
cated to the multimodal exercise training or control groups. Randomi-
zation was performed by an independent researcher who was not
involved in recruitment, intervention, or evaluation. Allocation was
kept confidential by using opaque envelopes opened by an independent
researcher at study initiation. The actimetry records were also renamed
by aresearcher collaborating with the study to allow blind assessment of
sleep and statistical analysis. In cases of withdrawal or inability to
continue in the study, an intention-to-treat analysis was used. Partici-
pants were not informed about the specific hypothesis regarding the
effects of exercise on sleep. They were told only that the study aimed to
assess general health parameters in response to a physical activity
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program. This strategy was adopted to minimize performance bias by
reducing expectations about sleep outcomes.

Study design

Participants were recruited through non-probability convenience
sampling via social networks and in public squares in the city of Joao
Pessoa, PB. After inclusion, participants were evaluated and subse-
quently randomized to the multimodal exercise training or control
groups. After the older adults were allocated to the experimental groups,
they performed their respective interventions. Outcome assessments
were conducted in the week prior to the start of the experimental pro-
tocol and up to two weeks after its completion (Fig. 1, panel A).

Intervention

The multimodal exercise training protocol followed the recommen-
dations of the American College of Sports Medicine Guidelines ° for
FITT and was designed for older people according to Silva-Grigoletto
and Resende-Neto (2019). This protocol consists of movement patterns
that improve the physical capabilities of resistance, strength, speed, and
flexibility, and motor skills such as agility, coordination, power, and
balance, as well as cognitive tasks. The training program followed the
structure of working on posture, mobility, and stability, as well as
improving aerobic endurance in the first month. In the first two weeks of
the second month, aerobic resistance was prioritized, and in the
following weeks, exercises to develop muscular strength. In the third
month, especially in the first two weeks, exercises were included to
improve strength in the lower and upper limbs, and in the subsequent
two weeks, the focus shifted to improving agility and speed. In the final
month of training, the aim was to develop agility, speed, and power.
Training progressed every month to provide adequate stimuli and
consistent gains. The training session lasted 40-60 minutes (Fig. 1, panel
B). All participants underwent moderate-intensity training, which was
constantly monitored using the Borg Scale. >’ One professional delivered
the training to each group of five participants. All exercise sessions were
conducted under the direct supervision of certified physical education
professionals to ensure strict adherence to the prescribed protocol. Prior
to the intervention, the research team participated in a standardization
meeting to align the structure, execution, and progression criteria of the
multimodal program.z‘r”26 The complete multimodal training protocol is
provided in the supplementary material (Appendix A). Additionally,
biweekly calibration meetings were held throughout the intervention to
monitor fidelity, address operational issues, and reinforce consistency
across sessions and participants. For four months, the older adults in the
control group were not exposed to the systematized exercise protocol,
but at the end of this period, they were invited to carry out the same
training offered to the multimodal exercise training group.

Measures and procedures

Sleep evaluation. Participants wore a WGT3-X accelerometer (Actigraph,
model WGT3-X, Florida) on the non-dominant wrist for seven consec-
utive days and nights. These data were collected at 60 Hz, in 60-second
epochs, and analyzed using the Cole-Kripke algorithm. Sleep start times
were recorded by each participant in an individual diary and later
manually entered into the manufacturer's software (Actilife, version
6.13.3).2°% % Sleep latency, total sleep time (TST), time wake after sleep
onset (WASO), total time in bed (TTB), sleep efficiency, and nighttime
awakenings were analyzed. Sleep latency, TST, TTB, and WASO are
presented in minutes, sleep efficiency as a percentage value, and
nighttime awakenings as the number of occurrences. This instrument
demonstrates a high level of agreement with polysomnography for key
sleep parameters, including sleep efficiency and wake after sleep onset
and WASO.?"%
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Fig. 1. Study design (panel A) and multimodal exercise training protocol (panel B).
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Fig. 2. Flowchart of the study.
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Statistical analysis

The sample size was calculated using sleep duration as the outcome
variable®® with G*Power 3.1.9.2 software (Heinrich-Heine-Universitat
Dusseldorf, Germany), assuming an error probability of 0.05 and a
sampling power of 0.80. Based on these parameters, a minimum sample
size of 28 participants was estimated, with 19 older people in the
multimodal exercise training group and 9 in the control group. Statis-
tical Package for the Social Sciences (SPSS, version 25.0) and GraphPad
Prism (version 8.0) were used for data analysis. Outcomes were assessed
using intention-to-treat (ITT) and per-protocol (PP) analyses, with
missing data in the ITT analysis imputed using the maximum likelihood
method. Data are reported as means and standard deviations, absolute
and relative frequencies (%), mean differences, and 95% confidence
intervals. The characteristics of the older adults were assessed using the
Mann-Whitney U test and Fisher's Exact test (sex and comorbidities).
Intervention adherence was calculated as the percentage of the 48
offered sessions completed by each participant ([sessions
completed/48] x 100). Generalized Estimating Equations were used to
analyze sleep outcomes across groups (Exercise training versus Control)
and time points (pre versus post-intervention), with analyses adjusted
for sex and age. Linear and gamma models were used to analyze para-
metric and non-parametric data, respectively. Pairwise comparisons
were made using the Bonferroni post hoc test. A significance level of p <
0.05 was considered.

Results

Of the 35 older adults who initially met the eligibility criteria, three
were excluded, and 32 were randomly allocated to the exercise training
and control groups (Fig. 2). All participants completed 90% of the
training sessions, and 15 participants completed 48 sessions.

Table 1 presents the characteristics of the older adults in the exercise
training and control groups, showing similar characteristics and pres-
ence of comorbidities.

The adjusted ITT and PP analyses of sleep parameters are presented
in Table 2. In the ITT analysis, post-intervention outcomes in the
training group were compared with those in the control group. The
training group demonstrated lower wake after sleep onset (WASO)

(mean difference [MD] = —34.1 min; 95% confidence interval [CI]:

Table 1

Characteristics of the older adults.

All Exercise Training Control

N 32 20 12
Age, years 70.1+£5.7 70.1+6.1 70.1+5.3
Sex M/F, n 7/25 4/16 3/9
Weight, Kg 70.8+12.8 70.2£14.0 71.9+£11.3
BMI, kg/m? 29.2+4.9 28.8+5.6 29.9+3.6
WHR, cm 0.95+0.06 0.94+0.06 0.98+0.07
Accelerometer time, min 7874+1037 7529+1259 8450+668
Comorbidities, n (%)
Obesity 11 (34) 6 (30) 5(41)
Diabetes Mellitus 16 (50) 10 (50) 6 (50)
Hypertension 25 (78) 14 (70) 11 (91)
Pharmacological Therapy, n (%)
ARA 22 (68) 11 (55) 11 (91)
Thiazide diuretics 6 (18) 3(15) 3(25)
ACE 22 (68) 11 (55) 11 (91)
ACC 1(3) 1(5) 0 (0)
p-blockers 5 (15) 5 (25) 0 (0)
Biguanides 8 (25) 4 (20) 4(33)
Sulfonylureas 10 (31) 7 (35) 3(25)
SGLT-2 inhibitors 2(6) 2(10) 0 (0)

M/F, male/female; n, number of participants; WHR, Waist-hip ratio; BMI, Body
mass index; ARA, Angiotensin receptor antagonist; ACE, Angiotensin-converting
enzyme inhibitor; ACC, Calcium channel antagonists; p-blockers, Beta-
adrenergic blockers; SGLT-2, sodium-glucose cotransporter-2.
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—67.8, —0.4) and reduced sleep fragmentation (MD = —8.0; 95% CI:
—15.6, —0.6), as well as greater sleep efficiency (MD = 6.8%; 95% CI:
1.9, 11.7), compared with the control group. Within-group analyses
showed that older adults in the exercise training group experienced a
reduction in sleep latency (MD = —3.4 min; 95% CI: —6.6, —0.2). No
statistically significant differences were observed in the control group.

Discussion

The current study analyzed the effects of 48 sessions of a multimodal
exercise training program on sleep in older adults. The findings provide
evidence of reduced sleep latency after training, increased sleep effi-
ciency, and decreased WASO, average nighttime awakenings, and sleep
fragmentation in the analysis between groups.

Participation in a physical training program had moderately positive
effects on sleep quality in middle-aged and older adults. >* In this way,
physical exercise could be an alternative or complementary approach to
other interventions to improve sleep in older adults, such as sleep hy-
giene, adjustments in dietary patterns and/or quality, and cognitive/-
behavioral therapy.'®°*” The training program adopted in this study
comprises a differentiated, combined exercise strategy using multimodal
training, which improves various physical capabilities and motor skills,
especially muscular strength and aerobic capacity. A previous study
reported that a mild-to-moderate intensity of multimodal physical ex-
ercise, performed regularly for 6 months, can attenuate sleep distur-
bances in patients with a clinical diagnosis of Alzheimer's disease or
Parkinson's disease.>® Although this study used subjective sleep assess-
ment in patients with chronic progressive and neurodegenerative pro-
cesses that are most prevalent in the aging population, it suggests that
multimodal training may help improve sleep.

In the current study, we used actigraphy for seven days to assess
sleep and identified significant improvements in WASO, sleep efficiency,
and fragmentation after exercise training. Similar results on WASO and
sleep efficiency were observed by, >° evaluating older adults who per-
formed combined training and Tai-chi, 3 times a week for 12 weeks.

Similar to aerobic training, combined exercise training aims to
improve cardiopulmonary conditioning, and these adjustments led to
improvements in both sleep quality and sleep parameters assessed by
actigraphy. '*° A study by Bornard et al.'’, which subjected older
adults to 12 weeks of aerobic training, found improvements in both sleep
efficiency and sleep fragmentation. Similar results were observed in
older adults with poor sleep quality, who performed aerobic training for
12 weeks. The authors found improvements in sleep quality, along with
reduced sleep latency and increased sleep efficiency.’’ In the same
sense, aerobic training carried out in the aquatic environment also
provided an increase in sleep efficiency and a reduction in sleep latency
in the older population. !

Different from these findings, in a non-randomized trial,**> which
investigated the effects of 12 months of aerobic training in older adults,
did not find significant improvements in sleep. The authors argued that
the likely cause of these results was due to the participants being healthy
and without the presence of or a history of sleep problems, while other
studies included older participants who were institutionalized*® and
likely to demonstrate altered sleep patterns.** In the current randomized
controlled trial, although the older adults did not undergo poly-
somnography and were not diagnosed with any sleep disorder, they did
not present sleep complaints and did not take medications to help them
sleep, which suggests that they had adequate sleep for the age range
investigated (sleep efficiency >80%, and latency less than 12 minutes).
Despite this, the proposed training improved the sleep of the older adults
evaluated.

Similar to our study, other trials have evaluated the effect of
moderate-intensity aerobic training on sleep in older adults and have
verified beneficial effects.>**! In this sense, with the purpose of eval-
uating the effect of training intensity and volume, for 3 months, on sleep
outcomes in people aged between 55 and 75 years, the authors in this
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Table 2
Sleep parameters using actigraphy in older adults in the exercise training and control groups.
ITT Analysis
Exercise training Control
Baseline Post- MD (95% CI) Baseline Post- MD (95%CI) MD_between-groups comparisons (pOstexercise -
intervention intervention POSteontrol)
Sleep Latency, min 6.6+4.6 3.1+3.1 -3.4 (-6.6, 11.6+7.8 6.8+7.2 -4.8 (-10.9, -3.6 (-8.3, 1.0)
-0.2) 1.3)
Sleep Efficiency, % 84.4+6.6 87.8+3.3 3.5(-0.3,7.3) 80.6+5.6 81.2+6.1 0.7 (-5.0, 6.5) 6.8 (1.9,11.7)
TTB, min 453.6 430.6+59.8 -23.0 (-51.0, 455.5 467.2+99.3 11.6 (-20.9, -37.6 (-117.2, 42.0)
+56.1 5.0) +80.1 44.1)
TST, min 381.1 378.3+56.5 -3.0 (-28.0, 366.4 378.3+62.7 11.9 (-22.3, -0.2 (-57.2, 56.7)
+54.1 22.0) +65.5 46.1)
WASO, min 65.7+£31.2  49.1+16.4 -15.2 (-31.4, 77.5£30.9  82.3+43.0 7.4 (-26.5, -34.1 (-67.8, -0.4)
1.0) 41.2)
Number of 13.3+4.4 12.5+4.4 -0.8(-2.9,1.4)  17.0+6.0 16.4+6.8 -0.5 (-4.9, 3.9) -3.9 (9.4, 1.6)
awakenings, n
Average awakenings 5.7+4.3 4.1£1.0 -1.4 (-3.6,0.8) 4.6+1.2 5.0£1.1 0.5 (-0.6, 1.5) -0.9 (-2.0, 0.1)
Sleep Fragmentation 30.7+8.6 26.7+6.8 -4.0(-8.8,0.9) 33.6+10.4  34.8+8.8 1.2 (-6.9,9.3) -8.2 (-15.9, -0.6)
PP Analysis
Exercise training Control
Baseline Post- MD (95% CI) Baseline Post- MD (95% CI) MD_between-groups comparisons (pOstexercise -
intervention intervention POSteontrol)
Sleep Latency, min 6.6+4.8 3.2+3.2 -3.4(-6.9,1.7) 12.9+7.8 7.7+7.6 -4.1 (-11.8, -4.3 (9.2, 0.6)
3.7)
Sleep Efficiency, % 84.1+£6.9 87.6+3.3 3.5(-0.7,7.7) 80.8+6.1 80.1+6.0 -0.6 (-7.0, 5.8) 7.8 (2.5, 13.0)
TTB, min 456.8 433.2+62.2 -23.6 (-54.8, 476.8 490.7+86.9 13.8 (-25.2, -60.3 (-138.5, 17.9)
+56.5 7.5) +63.2 52.9)
TST, min 383.0 378.9+59.6 -4,1 (-31.4, 384.7 392.7+56.1 8.0 (-32.2, -14.6 (-71.4, 42.1)
+55.6 23.2) +51.4 48.2)
WASO, min 67.1£32.4  51.0+15.8 -14,5 (-32.2, 79.1£32.5  90.1+41.4 14.7 (-24.3, -41.6 (-77.7, -5.5)
3.3) 53.7)
Number of 13.3+4.6 12.8+4.4 -0.6 (-2.9,1.8)  18.0+5.9 17.8+6.3 -0.2 (-5.2, 4.9) -5.1 (-10.9, 0.7)
awakenings, n
Average awakenings 5.8+4.5 4.1+1.0 -1.7(-4.2,0.9) 4.3+1.2 5.1+1.2 0.8 (-0.1, 1.7) -1.1 (-2.3, 0.0)
Sleep Fragmentation 30.6+8.9 27.2+6.9 -3.4(-8.6,1.8) 33.6+11.4  36.5+8.2 2901.7,17.7) 9.7 (-17.7,1.7)

ITT, Intention-to-treat analysis; PP, Per-protocol analysis; MD, Mean difference; CI, Confidence interval; TTB: Total time in bed, TST: Total sleep time, WASO: Time

awake after sleep onset, ND: Number of awakenings, MD: Average number of awakenings.

pilot study did not observe significant changes in sleep assessed by
actigraphy, *° These findings were probably influenced by the charac-
teristics of the population assessed, since the participants had chronic
insomnia and depressive symptoms, in addition to the small number of
subjects assessed. On the other hand, subjective sleep quality improved
after 12 weeks, both in the group that performed moderate or vigorous
walking three times a week (3.25 METs, 150 minutes per week) and in
the group that performed vigorous-intensity walking once a week (6.5
METs, 75 minutes per week). *° This result is probably due to the greater
energy expenditure observed in groups that trained with greater in-
tensity or volume, which may have impacted energy conservation and
tissue restoration during sleep, '>“® providing a better perception of
sleep quality.

In the current study, the training protocol also aimed to improve
muscular strength and endurance; in this regard, previous studies have
shown gains in muscular endurance in older adults, providing relevant
findings on sleep. */*° Most studies verified a favorable effect of
muscular resistance training on sleep quality, assessed by subjective
instruments, /%% and few studies have shown results through actig-
raphy. A randomized clinical trial with moderate intensity (65-70%
1RM), showed that after 12 weeks of training, older adults presented an
improvement in sleep efficiency and reduced sleep fragmentation, as
quantified by WASO.'’

Despite observed improvements in several sleep parameters, no
significant changes were found in total sleep time (TST) or total time in
bed (TTB) following multimodal exercise training. This may be
explained by the fact that both TST and TTB were already within the
normal range for healthy older adults at baseline, suggesting a potential
ceiling effect.””>*! In addition, TST and TTB are influenced by individual
behavioral patterns, lifestyle habits, and chronotype, which can vary
substantially among older adults and are less likely to be modified solely

through exercise interventions.””> Therefore, future studies incorpo-
rating subjective sleep measures alongside actigraphy, and controlling
for or stratifying by chronotype and behavioral profiles, may help clarify
the conditions under which exercise interventions influence these
parameters.

Although multimodal exercise training appears to have a positive
impact on sleep in this group, the underlying mechanisms are not yet
fully understood. As this randomized controlled trial was not designed to
evaluate these specific mechanisms, it is reasonable to assume that the
effects may be similar to those observed in aerobic training pro-
grammes.'® These effects may occur through adjustments in hormone
secretion, as brain-derived neurotrophic factor (BDNF) appears to play
an important role in shaping sleep architecture, particularly by influ-
encing the depth and quality of slow-wave sleep—a critical stage for
brain restoration and physical recovery. Evidence suggests that
exercise-induced increases in BDNF may improve sleep by supporting
circadian rhythm regulation and reducing hypothal-
amic-pituitary-adrenal axis activity. This reduction in stress-related
physiological arousal may create more favourable conditions for sleep
initiation and maintenance. Notably, slow-wave sleep has been associ-
ated with greater sleep efficiency, partly due to shorter sleep latency and
reduced nocturnal wake time.'®>%%* Furthermore, exercise-induced
circadian modulation involves synchronized adjustments in core body
temperature, hormone secretion, and neurotransmitter dynamics,
contributing to more consolidated sleep architecture and fewer
nocturnal awakenings.'>°

The main limitation of the current study is the small number of older
people, but we reached the minimum sample size indicated by the
sample calculation, with a power of 85% and an effect size of 0.40. The
majority of participants were female, and women experience greater
sleep disruption.®” It is worth noting that the results were adjusted for
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sex, and no significant difference was observed between the groups;
however, the results must be analyzed with caution and cannot be
extrapolated to older males. Another limitation of this study was the
absence of polysomnography, which remains the gold standard for sleep
assessment. Instead, actimetry was used as a valid and objective measure
that has demonstrated high accuracy, sensitivity, and specificity
compared with polysomnography for the sleep outcomes assessed.
However, subjective sleep measures, such as the Pittsburgh Sleep
Quality Index (PSQI), were not included, limiting insight into partici-
pants’ perceived sleep quality. It is also important to note that increased
physical activity may lead to behavioral improvements, including
enhanced mood, reduced anxiety, and a more consistent daily routine,
which can contribute to improved sleep even in the absence of direct
physiological changes. Mental or psychological conditions were not
assessed in the present study, preventing further examination of these
relationships. Due to the nature of the intervention, participants and
intervention staff could not be blinded to exercise training. Neverthe-
less, participant allocation, outcome assessment, and statistical analyses
were conducted by blinded personnel to minimize bias.

The current study presents relevant points for this older population:
a) we obtained a high adherence rate to the training protocol, in which
90% of participants completed the training protocol, and of these, 85%
participated in all training sessions; the sleep assessment was objectively
verified by actigraphy for 7 days, which demonstrates the reliability of
the data.

Conclusion

This study demonstrated the effectiveness of multimodal exercise
training in improving sleep efficiency and reducing WASO, sleep la-
tency, and sleep fragmentation in older adults. The training protocol
also demonstrated high adherence, indicating that it can be imple-
mented as a practical, feasible strategy to improve sleep quality in this
population. However, future research should include larger and more
diverse groups, longer follow-up periods, and additional assessments to
evaluate participants' subjective perceptions of sleep.

Funding

This study was supported by the Paraiba State Research Support
Foundation (FAPESQ), which funded the master’s degree scholarship for
Eduardo dos Santos Soares Monteiro.

Declaration of Competing Interest

The authors declare no competing interest.

Supplementary materials

Supplementary material associated with this article can be found in
the online version at doi:10.1016/j.bjpt.2026.101602.

References

1. da Costa JP, Vitorino R, Silva GM, et al. A synopsis on aging—Theories, mechanisms
and future prospects. Ageing Res Rev. 2016;29:90-112.

2. Kanasi E, Ayilavarapu S, Jones J. The aging population: demographics and the
biology of aging. Periodontol. 2000;72:13-18, 2016.

3. Lépez-Otin C, Blasco MA, Partridge L, et al. The Hallmarks of Aging Europe PMC
Funders Group. Cell. 2013;153:1194-1217.

4. Mattis J, Sehgal A. Circadian Rhythms, Sleep, and Disorders of Aging Aging of central
and peripheral circadian systems Introduction to the circadian system. 2016.

5. Miner B, Kryger MH. Sleep in the Aging Population. Sleep Med Clin. 2020;15:
311-318.

6. Feinsilver SH. Normal and Abnormal Sleep in the Elderly. Clin Geriatr Med. 2021;37:
377-386.

7. LiJ, Vitiello MV, Gooneratne NS. Sleep in Normal Aging. Sleep Med Clin. 2018;13:
1-11.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bragzilian Journal of Physical Therapy 30 (2026) 101602

. Saper CB, Cano G, Scammell TE. Homeostatic, circadian, and emotional regulation

of sleep. J Compar Neurol. 2005:92-98.

. Borbély A. The two-process model of sleep regulation: Beginnings and outlook.

J Sleep Res. 2022;31, €13598.

Moreno Reyes P, Munoz Gutiérrez C, Pizarro Mena R, et al. Effects of physical
exercise on sleep quality, insomnia, and daytime sleepiness in the elderly. A
literature review. Rev Esp Geriatr Gerontol. 2020;55:42-49.

Bonardi JMT, Lima LG, Campos GO, et al. Effect of different types of exercise on
sleep quality of elderly subjects. Sleep Med. 2016;25:122-129.

Schroeck JL, Ford J, Conway EL, et al. Review of Safety and Efficacy of Sleep
Medicines in Older Adults. Clin Ther. 2016;38:2340-2372.

Chennaoui M, Arnal PJ, Sauvet F, et al. Sleep and exercise: a reciprocal issue? Sleep
Med Rev. 2015;20:59-72.

King AC, Rejeski WJ, Buchner DM. Physical activity interventions targeting older
adults: a critical review and recommendations. Am J Prev Med. 1998;15:316-333.
Singh NA, Clements KM, Fiatarone MA. A randomized controlled trial of the effect of
exercise on sleep. Sleep. 1997;20:95-101.

Yang P-Y, Ho K-H, Chen H-C, et al. Exercise training improves sleep quality in
middle-aged and older adults with sleep problems: a systematic review. J Physiother.
2012;58:157-163.

Korkutata A, Korkutata M, Lazarus M. The impact of exercise on sleep and sleep
disorders. NPJ Biol Timing Sleep. 2025;2:5.

Morrison M, Halson SL, Weakley J, et al. Sleep, circadian biology and skeletal
muscle interactions: implications for metabolic health. Sleep Med Rev. 2022;66,
101700.

Li Z, Li J, Yu G, et al. The effect of resistance training on sleep in Chinese older
adults: a randomized controlled trial. Geriatr Nurs (Minneap). 2021;42:289-294.
Dolezal BA, Neufeld EV, Boland DM, et al. Interrelationship between sleep and
exercise: a systematic review. Adv Prev Med. 2017;2017:1-14.

Kelley GA, Kelley KS. Exercise and sleep: a systematic review of previous meta-
analyses. J Evid Based Med. 2017;10:26-36.

Solis-Navarro L, Masot O, Torres-Castro R, et al. Effects on sleep quality of physical
exercise programs in older adults: a systematic review and meta-analysis. Clocks
Sleep. 2023;5:152-166.

Lopez P, Izquierdo M, Radaelli R, et al. Effectiveness of multimodal training on
functional capacity in frail older people: a meta-analysis of randomized controlled
trials. J Aging Phys Act. 2018;26:407-418.

Rodrigues-da-Silva AJ, Suassuna JA, Monteiro E dos S, et al. Effects of
telerehabilitation on cardiac remodeling and hemodynamics parameters in
hypertensive older adults: A randomized controlled trial. J Telemed Telecare. 14
March 2024. . Epub ahead of print.

da Silva-Grigoletto ME, de Resende-neto AG. Treinamento Funcional para Idosos. Sao
Paulo: Lura Editorial; 2019.

ACSM. ACSM’s Exercise Testing and Prescription. 10th ed. Philadelphia, PA: Wolters
Kluwer Health; 2018.

Borg G. Borg’s perceived exertion and pain scales. Champaign, IL, US: Human Kinetics;
1998.

Chase JD, Busa MA, Staudenmayer JW, et al. Sleep measurement using wrist-worn
accelerometer data compared with polysomnography. Sensors. 2022;22:5041.

Cole RJ, Kripke DF, Gruen W, et al. Automatic sleep/wake identification from wrist
activity. Sleep. 1992;15:461-469.

Gao C, Li P, Morris CJ, et al. Actigraphy-based sleep detection: validation with
polysomnography and comparison of performance for nighttime and daytime sleep
during simulated shift work. Nat Sci Sleep. 2022;14:1801-1816.

Smith MT, McCrae CS, Cheung J, et al. Use of actigraphy for the evaluation of sleep
disorders and circadian rhythm sleep-wake disorders: an american academy of sleep
medicine systematic review, meta-analysis, and grade assessment. J Clinic Sleep Med.
2018;14:1209-1230.

Marino M, Li Y, Rueschman MN, et al. Measuring sleep: accuracy, sensitivity, and
specificity of wrist actigraphy compared to polysomnography. Sleep. 2013;36:
1747-1755.

Jurado-Fasoli L, De-la-O A, Molina-Hidalgo C, et al. Exercise training improves sleep
quality: a randomized controlled trial. Eur J Clin Invest. 2020;50. Epub ahead of print
1 March.

Yang YJ. An overview of current physical activity recommendations in primary care.
Korean J Fam Med. 2019;40:135-142.

Bollu PC, Kaur H. Sleep medicine: insomnia and sleep. Mo Med. 2019;116:68-75.
Li F, Fisher KJ, Harmer P, et al. Tai Chi and self-rated quality of sleep and daytime
sleepiness in older adults: a randomized controlled trial. J Am Geriatr Soc. 2004;52:
892-900.

Ohayon M, Wickwire EM, Hirshkowitz M, et al. National Sleep Foundation’s sleep
quality recommendations: first report. Sleep Health. 2017;3:6-19.

Nascimento CMC, Ayan C, Cancela JM, et al. Effect of a multimodal exercise
program on sleep disturbances and instrumental activities of daily living
performance on Parkinson’s and Alzheimer’s disease patients. Geriatr Gerontol Int.
2014;14:259-266.

Siu PM, Yu AP, Tam BT, et al. Effects of Tai Chi or exercise on sleep in older adults
with insomnia: a randomized clinical trial. JAMA Netw Open. 2021;4, e2037199.
Tseng TH, Chen HC, Wang LY, et al. Effects of exercise training on sleep quality and
heart rate variability in middle-aged and older adults with poor sleep quality: a
randomized controlled trial. J Clin Sleep Med. 2020;16:1483-1492.

Chen LJ, Fox KR, Ku PW, et al. Effects of aquatic exercise on sleep in older adults
with mild sleep impairment: a randomized controlled trial. Int J Behav Med. 2016;
23:501-506.


https://doi.org/10.1016/j.bjpt.2026.101602
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0001
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0001
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0002
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0002
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0003
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0003
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0005
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0005
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0006
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0006
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0007
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0007
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0008
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0008
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0009
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0009
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0010
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0010
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0010
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0011
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0011
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0012
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0012
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0013
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0013
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0014
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0014
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0015
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0015
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0016
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0016
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0016
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0017
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0017
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0018
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0018
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0018
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0019
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0019
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0020
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0020
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0021
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0021
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0022
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0022
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0022
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0023
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0023
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0023
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0024
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0024
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0024
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0024
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0025
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0025
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0026
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0026
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0027
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0027
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0028
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0028
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0029
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0029
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0030
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0030
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0030
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0031
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0031
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0031
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0031
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0032
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0032
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0032
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0033
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0033
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0033
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0034
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0034
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0035
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0036
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0036
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0036
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0037
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0037
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0038
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0038
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0038
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0038
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0039
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0039
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0040
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0040
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0040
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0041
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0041
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0041

E.S.S. Monteiro et al.

42.

43.

44,

45.

46.

47.

48.

Oudegeest-Sander MH, Eijsvogels THM, Verheggen RJHM, et al. Impact of Physical
fitness and daily energy expenditure on sleep efficiency in young and older humans.
Gerontology. 2013;59:8-16.

Huang Y-L, Liu R-Y, Wang Q-S, et al. Age-associated difference in circadian
sleep-wake and rest-activity rhythms. Physiol Behav. 2002;76:597-603.

Meadows R, Luff R, Eyers I, et al. An actigraphic study comparing community
dwelling poor sleepers with non-demented care home residents. Chronobiol Int.
2010;27:842-854.

Chin EC, Yu AP, Leung CK, et al. Effects of exercise frequency and intensity on
reducing depressive symptoms in older adults with insomnia: a pilot randomized
controlled trial. front physiol; 13. Epub ahead of print. 5 April 2022.

Baranwal N, Yu PK, Siegel NS. Sleep physiology, pathophysiology, and sleep
hygiene. Prog Cardiovasc Dis. 2023;77:59-69.

Silva-Batista C, de Brito LC, Corcos DM, et al. Resistance training improves sleep
quality in subjects with moderate parkinson’s disease. J Strength Cond Res. 2017;31:
2270-2277.

Ferris LT, Williams JS, Shen CL, et al. Resistance training improves sleep quality in
older adults a pilot study. J Sports Sci Med. 2005;4:354-360.

50.

51.

52.

53.

54.

55.

Brazilian Journal of Physical Therapy 30 (2026) 101602

. Cassilhas RC, Antunes HKM, Tufik S, et al. Mood, Anxiety, and Serum IGF-1 in

Elderly Men Given 24 Weeks of High Resistance Exercise. Percept Mot Skills. 2010;
110:265-276.

Singh NA, Stavrinos TM, Scarbek Y, et al. A randomized controlled trial of high
versus low intensity weight training versus general practitioner care for clinical
depression in older adults. J Gerontol A Biol Sci Med Sci. 2005;60:768-776.

Reid KJ, Baron KG, Lu B, et al. Aerobic exercise improves self-reported sleep and
quality of life in older adults with insomnia. Sleep Med. 2010;11:934-940.

Meyer N, Harvey AG, Lockley SW, et al. Circadian rhythms and disorders of the
timing of sleep. The Lancet. 2022;400:1061-1078.

Besedovsky L, Lange T, Born J. Sleep and immune function. Pflugers Arch. 2012;463:
121-137.

Schmitt K, Holsboer-Trachsler E, Eckert A. BDNF in sleep, insomnia, and sleep
deprivation. Ann Med. 2016;48:42-51.

Vitiello M V, Larsen LH, Moe KE. Age-related sleep change. J Psychosom Res. 2004;
56:503-510.


http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0042
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0042
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0042
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0043
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0043
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0044
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0044
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0044
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0045
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0045
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0045
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0046
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0046
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0047
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0047
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0047
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0048
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0048
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0049
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0049
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0049
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0050
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0050
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0050
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0051
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0051
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0052
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0052
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0053
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0053
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0054
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0054
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0055
http://refhub.elsevier.com/S1413-3555(26)00027-4/sbref0055

	Effect of a multimodal exercise training program on sleep in older adults: a randomized controlled trial
	Introduction
	Methods
	Characterization of the study
	Casuistry and eligibility criteria
	Randomization, allocation concealment, blinding, and intention-to-treat analysis
	Study design
	Intervention
	Measures and procedures
	Sleep evaluation


	Statistical analysis

	Results
	Discussion
	Conclusion
	Funding
	Declaration of Competing Interest
	Supplementary materials
	References


