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ABSTRACT
Objective  To measure the impact of each type of exercise 
on sleep quality and identify the exercise that enhances 
sleep quality the most.
Study selection  Eligible randomised controlled trials that 
compare physical exercise to routine activities, usual care, 
non-physical activity, or health education to measure the 
Pittsburgh Sleep Quality Index.
Data source  Studies retrieved from Medline, Embase, 
CINAHL, Scopus, ​ClinicalTrial.​gov and ThaiJo from the 
database’s inception to October 2022.
Data extraction and synthesis  Two reviewers 
independently identified studies, collected data and 
assessed bias. In the absence of heterogeneity, a fixed 
effect model was used for pairwise meta-analysis. 
Alternatively, a random effect model was used. A two-
stage network meta-analysis used the surface under the 
cumulative ranking curve (SUCRA) to compare exercise 
efficacy.
Main outcome  Global Pittsburgh Sleep Quality Index 
(GPSQI) and subdomain score.
Results  This review comprised 2170 people from 
25 trials. Direct meta-analysis revealed significant 
improvement in GPSQI with combined exercise 
(unstandardised mean difference (USMD) −2.35, 95% 
CI−3.13 to –1.57, p<0.001, I2=69.13%). GPSQI decreased 
considerably with aerobic activity (USMD −4.36, 95% CI 
−7.86 to –0.86, p=0.01, I2=97.83%). For the network 
meta-analysis, strengthening, aerobic and combination 
exercise significantly lowered GPSQI (USMD−5.75, –3.76 
and −2.54, respectively). Strength training improved GPSQI 
scores most effectively (SUCRA 94.6%).
Conclusion  Exercise that strengthens muscles, rather 
than aerobic or combination exercises, is the most 
effective way to enhance sleep quality.

INTRODUCTION
Sleep quality declines with age. Older people 
have more significant insomnia than younger 
people. Between 30% and 48% of seniors 
complain of sleepiness, while 12–20% have 
insomnia problems.1 Family doctors see 
about 5.5 million patients every year for 

insomnia.2 Strong evidence links sleepless-
ness to depression, anxiety and other mental 
health disorders.3 4 Several studies have 
linked sleeplessness to metabolic syndrome, 
hypertension and heart disease.5–7 Cognitive 
decline and prostate cancer risk are related to 
insomnia.8 9 Insomnia also increases the like-
lihood of job impairment, absenteeism and 
poor performance, which costs the health-
care system and society.10

Older individuals should start non-
pharmacological treatment due to hypnotic 
toxicity from a longer half-life.11 CBT-I (cogni-
tive behavioural therapy for insomnia) is the 
first-line treatment, although it is seldom 
used in clinical settings owing to the time 
and lack of qualified therapists.12 13 However, 
exercise is simple, inexpensive and benefi-
cial for alleviating insomnia in older adults. 
Exercise also reduces illness comorbidity 
(metabolic syndrome, stroke, depression, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ According to the previous study, exercise is simple 
to implement, less expensive, and particularly effec-
tive for treating insomnia in the elderly.

WHAT THIS STUDY ADDS
	⇒ Combination exercise and aerobic exercise are ef-
fective in improving sleep quality to a clinically sig-
nificant level. The outcome of this study indicates 
that strengthening exercise has the highest efficacy 
among others, followed by aerobic exercise and 
combination exercise.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The results will help the multidisciplinary team de-
termine which type of exercise is the most effective 
intervention to improve sleep quality beyond clinical 
significance.

http://bmjopen.bmj.com/
http://orcid.org/0009-0005-7500-0608
http://orcid.org/0000-0002-5803-5244
http://orcid.org/0000-0003-1002-8536
https://doi.org/10.1136/fmch-2024-003056
https://doi.org/10.1136/fmch-2024-003056
http://crossmark.crossref.org/dialog/?doi=10.1136/fmch-2024-003056&domain=pdf&date_stamp=2025-02-03


2 Bahalayothin P, et al. Fam Med Com Health 2025;13:e003056. doi:10.1136/fmch-2024-003056

Open access�

anxiety) and builds muscle.12 Most studies have shown 
that exercise treatment reduces insomnia symptoms.14–17 
The usefulness of various forms of exercise in increasing 
sleep quality is still unclear, making it difficult to choose 
the best one.

The subjective sleep result is vital from the patient’s 
perspective.18 The Pittsburgh Sleep Quality Index (PSQI) 
is among the most used subjective sleep quality tools due 
to its validity and reliability.19–24 The questionnaire is 
simple and utilised without medical assistance.

This systematic review aims to evaluate and compare 
the impact of various types of physical exercise on 
enhancing sleep quality in the elderly population. The 
main outcome of interest is the PSQI, which is used to 
determine the most effective therapeutic exercise option.

REVIEW QUESTIONS
1.	 How do individual types of exercise impact the PSQI?
2.	 What type of exercise is the best therapeutic way to im-

prove the PSQI?

METHODS
Study design
This study was a systematic review and network meta-
analysis performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses25 and the 
PRISMA Network Meta-Analysis Extension Statement for 
Reporting of Systematic Reviews Incorporating Network 
Meta-Analyses of Healthcare Interventions.26

Study selection
Two authors designed the search terms and search strate-
gies for each database, as presented in the online supple-
mental material. Relevant studies were searched from 
the Medline, Embase, CINAHL, Scopus, ​ClinicalTrial.​gov 
and ThaiJo web databases, encompassing published and 
unpublished research. The search begins from the date 
of database inception to October 2022.

The eligible randomised controlled trials (RCTs) were 
restricted to the Thai or English language based on the 
inclusion and exclusion criteria listed below. Compre-
hensive searching was conducted with the aid of Medical 
Subject Heading (MeSH) in Medline and entrée in 
Embase, along with free text terms. Researchers further 
investigated current randomised controlled studies in the 
US National Library of Medicine (www.clinicaltrials.gov).

Eligible papers were assessed by two authors (PB, KN) 
based on their titles and abstracts separately. When the 
information was insufficient, the full paper was reviewed 
for further details. When the two authors did not reach 
the same decision, discussion was conducted through 
meetings. If disagreement was not resolved by the two 
authors, consensus was reached by consulting a third 
party (TA). Microsoft Word, Microsoft Excel and Endnote 
software were used to organise the search, inclusion and 
extraction of papers.

Inclusion criteria
	► RCTs compared physical exercise with a control group 

(eg, routine daily activities, usual care, non-physical 
activity, and health education).

	► Participants in the study were adults aged 60 years and 
older.

	► Participants were diagnosed with insomnia according 
to DSM-V (Diagnostic and Statistical Manual of Mental 
Disorders V) criteria (present sleep dissatisfaction for 
at least 3 days per week for at least 3 months, impact 
on daily functioning, adequate opportunity to sleep, 
inability to explain by other sleep-wake disorder, 
mental disorder, medical condition, or medication)27 
or have a GPSQI > 0.

	► The PSQI was used as a standardised scale to measure 
sleep quality outcomes.

Exclusion criteria
	► Duplicate studies.
	► Reviews, conference abstracts and letters.
	► Studies with incomplete data, such as protocol studies, 

ongoing studies, and insufficiently reported results 
that could not be converted to USMDs.

Intervention
Any RCTs that compared physical exercise with a control 
group (no physical intervention, routine activity or sleep 
education) on the quality of sleep were included. The 
types of exercises featured in these papers were divided 
into five categories by the authors as follows:28

	► Aerobic or endurance physical activity (A). This 
activity is characterised by its continuous use of large 
muscle groups and its rhythmic nature. This type of 
exercise depends on aerobic metabolism and ulti-
mately produces ATP. Examples of aerobic exercise 
include cycling, dancing, hiking, jogging or long-
distance running, swimming, gardening and brisk 
walking.29

	► Strength exercise or resistance exercise (S). Exercises 
that increase muscle strength by making muscles work 
against a weight or force and using anaerobic metabo-
lism,30 such as lifting weights, arm curls, wall push-ups, 
and resistance machines or equipment.

	► Balance exercise (B). Balance exercise refers to 
exercise in which an individual maintains their line 
of gravity within their base of support (BOS) or is 
described as having the ability to maintain equilib-
rium, for instance, balance walking, sideways walking, 
heel-to-toe walking, one-leg standing, and step-up.31

	► Flexibility exercise (F). This is described as an activity 
that increases the movement of the joint through 
soft tissue around the joint to improve joint range of 
motion,32 such as gymnastics and dance.33

	► Combination exercise (A+S+B+F). Combination exer-
cise is defined as a mixed type of aerobic, strength-
ening, balance and flexibility exercise, as previously 
described. In the event that any study does not declare 
the type of exercise or in such exercises as Tai Chi, 
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Qigong, Baduanjin yoga and Pilates, this type of exer-
cise is defined as a combination exercise.

Patient and public involvement
Patients and the public were not involved in the produc-
tion of this research.

Outcome
The primary outcome was the GPSQI, which is composed 
of 19 self-rated questions and five questions rated by a 
bed partner or roommate (if one is available), but only 
self-rated questions were included in the scoring. In 
scoring the PSQI, seven component scores were derived, 
each scored from 0 (no difficulty) to 3 (severe difficulty). 
All component scores were summed to produce a global 
score, which ranged from 0 to 21. Higher scores indicated 
worse sleep quality.34

Secondary outcomes were the seven domains of PSQI 
scores (subjective sleep quality, sleep latency, sleep dura-
tion, sleep efficiency, sleep disturbance, use of sleep 
medication, and daytime dysfunction).

Data management
All matched studies were extracted to the Endnote 20 
reference software program. Duplicate or redundant 
studies were removed.

Data extraction
Two reviewers (PB, KN) independently extracted data 
from each included study, such as those on the char-
acteristics of the study and participants, details on the 
interventions, and intended outcomes. The researchers 
attempted to contact the original authors through email 
to obtain any missing or essential information. Initially, 
any discrepancies were resolved through discussion, 
and if disagreement remained, a third party (TA) was 
consulted.

The data record form is displayed in online supple-
mental table S3.

Risk of bias assessment
The risk of bias was assessed independently by the two 
review authors using the revised Cochrane risk of bias 
tool for randomised trials (RoB 2.0).The RoB 2.0 for indi-
vidually randomised trials assessed five main domains as 
follows:
1.	 Bias arising from the randomisation process
2.	 Bias due to deviations from intended interventions
3.	 Bias due to missing outcome data
4.	 Bias in the measurement of the outcome
5.	 Bias in the selection of reported results.

Each risk of bias domain was assessed as low, high or 
some concern. The research was determined to have 
a low risk of bias if all domains were assessed as low 
risk. However, if many categories are classified as some 
concerns, it may result in an overall high risk of bias.

In the event of any disagreement among reviewers, a 
third party was involved to establish consensus.

Statistical analysis
Direct meta-analysis
A pairwise meta-analysis was performed when more than 
two RCTs compared similar populations, interventions, 
comparators and outcomes. This study employed aggre-
gate or summary data for the meta-analysis. The USMD 
of the PSQI was pooled between the intervention and 
control groups. The assessment of heterogeneity was 
conducted using the Cochrane Q test and the degree of 
heterogeneity. The criteria for heterogeneity included 
a p-value<0.1 from the Cochrane Q test or an I2 value 
>25. In studies with considerable heterogeneity, random 
effects models pooled USMDs. Otherwise, USMD data 
were pooled using a fixed effect model.

Analysis of a subgroup or subset
Meta-regression analysis was used to investigate the 
source of heterogeneity in studies if presented. The 
meta-regression analysis considered each of the following 
covariates individually as contributing factors to the 
heterogeneity: region, setting, age, percentage of women, 
diagnostic criteria, exercise, time per session, frequency 
of exercise, duration of exercise, total exercise length, 
measurement method, and baseline Global Pittsburgh 
Sleep Quality Index (GPSQI)—total PSQI of the seven 
domains.

Network meta-analysis
A network meta-analysis was conducted to compare 
the efficacy of all available exercise interventions for 
insomnia. This network meta-analysis employed a two-
stage methodology35 to calculate the average differences 
between continuous outcomes for all treatments. The 
Surface Under the Cumulative Ranking Curve (SUCRA) 
was employed to rank exercise therapies based on the 
predicted probability of their efficacy. A clustered ranking 
plot was generated using the SUCRA values of the mean 
difference to assess and compare which therapy was most 
effective in terms of efficacy. When comparing treat-
ments directly and indirectly, inconsistencies might occur 
between the two groups. A design-by-treatment technique 
was utilised to mitigate potential loops and design discrep-
ancies.36 If inconsistency was identified, the loop with an 
inconsistency factor greater than two was explored. The 
sensitivity analysis was performed by excluding studies 
with different characteristics.

The analyses were conducted using STATA version 18. 
A two-tailed p-value<0.05 was used to establish statistical 
significance, with the exception of the Q-test, where a 
p-value<0.10 was used.

Publication bias
Assessment of publication bias was carried out using 
a funnel plot and the Egger test. Publication bias was 
identified when the funnel plot exhibited asymmetry 
or when the p-value from the Egger test was less than 
0.05.37
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RESULTS
A total of 1643 studies underwent screening, of which 
1543 studies were subsequently excluded by title, abstract 
and full text in some papers. Out of the 100 studies, four 
papers could not be retrieved. Of the remaining 96 studies, 
71 studies were excluded for various reasons, including 
not being RCTs (n=4), showing only protocol RCTs 
(n=5), not reporting the results in English or Thai (n=1), 
having participants younger than 60 years old (n=50), 
having additional interventions in both the control and 
intervention groups (n=3), having additional interven-
tions solely in the intervention group (n=1), and having 

additional interventions only in the control group (n=1). 
Four studies did not report PSQI scores as an outcome. 
One study reported only the percentage change in PSQI. 
Additionally, there was one duplicate study. The search 
and study selection process is illustrated in figure 1 using 
a flow diagram.

Risk of bias assessment
The risk of bias in the outcome was categorised according 
to the analysis approach, specifically the intention-to-treat 
group and the per-protocol group. Within the intention-
to-treat group, 43.8% of studies had a low risk of bias, as 

Figure 1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for new 
systematic reviews, which included searches of databases, registers and other sources. PSQI, Pittsburgh Sleep Quality Index; 
RCT, randomised controlled trial.



5Bahalayothin P, et al. Fam Med Com Health 2025;13:e003056. doi:10.1136/fmch-2024-003056

Open access

shown in online supplemental figure S1. Subsequently, 
this was followed by studies with a high risk of bias at 
31.3% and studies with some concern for bias at 25%. 
The main determinant of the high risk of bias was the 
measurement of outcomes by an unblinded assessor. 
Among the per-protocol group, 55.6% were categorised 
as low risk, whereas 22.2% were individually identified as 
having some concern and high risk (online supplemental 
figure S2). The primary contributory factors in concern 
and high-risk groups were unidentified randomisation 
techniques, concealment and measurement methods.

Study characteristics
This study incorporated a total of 25 studies undertaken 
between 1996 and 2021, encompassing 2170 participants. 
The most prevalent areas of study originated in Asia 
(56%), North America (16%), South America (16%) 
and European countries (12%). The majority of studies 
(80%) were conducted in community settings, whereas 
only 20% were carried out in nursing homes. The mean 
age of the participants was 70.38 (±4.56) years. The mean 
percentage of female participants was 71.85 (±21.86). 
The majority of patients were selected based on symp-
tomatic criteria. Only one study had been carried out 
by recruiting participants based on the DSM-V criteria. 
Combination exercise, consisting of aerobic, strength-
ening, balancing or flexibility exercises, was the most 
prevalent form of exercise intervention, accounting for 
48.15% of the total. Aerobic exercise alone accounted for 
14.81%. The major level of exercise intensity was mild to 
moderate/moderate, accounting for 54.55% of the total 

reported studies. The average duration per session was 
approximately 53.69 (±11.79) minutes, and the number 
of sessions was three times per week (48%) and two 
times per week (35%). The average exercise duration 
per session was 150.65 (±70) minutes per week, and the 
exercise programme lasted for 14.4 weeks (±6.25). All 
participants in the study stated a compliance rate of 70% 
or above, as indicated by their self-reports (60%). The 
baseline GPSQI scores in the exercise and control groups 
were 8.37 (±2.38) and 8.27 (±2.16), respectively.

The characteristics of the included studies are outlined 
in online supplemental table S1.

Primary outcome
A total of 24 studies, with a sample size of 2045 partici-
pants, incorporated global PSQI scores as a measure of 
outcomes. Two treatment comparisons yielded a signifi-
cant number of studies to conduct pairwise meta-analyses. 
The first comparison was aerobic exercise alone versus 
routine physical activity, with a total of four studies and 
341 participants. The second comparison involved combi-
nation exercise versus routine physical activity, with a total 
of 13 studies and 1155 participants. A detailed summary 
of the global PSQI scores is presented in online supple-
mental table S2.

The direct meta-analysis demonstrated that the combi-
nation exercise had a significant impact on reducing 
GPSQI scores (USMD −2.35, 95% CI −3.13 to −1.57, 
p<0.001), but the studies had notable heterogeneity 
(I2=69.13%) (figure  2). It was found that the variation 
in exercise intensity may be responsible for the observed 

Figure 2  Pooled mean difference of Global Pittsburgh Sleep Quality Index (GPSQI) when comparing combination exercise with 
routine physical activity.
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heterogeneity, and this subsequently reduced the degree 
of heterogeneity to 0% (figure  3). Low to moderate-
intensity exercise appeared to decrease USMDs the most 
(USMD −1.91, 95% CI −3.14 to −0.68).

The comparison between aerobic exercise alone and 
routine physical activity also showed a significant decrease 
in GPSQI scores (USMD −4.36, 95% CI −7.86 to −0.86, 
p=0.01). However, the heterogeneity was also remarkable 
(I2=97.83%) (figure 4). The heterogeneity was reduced 
after accounting for time, duration, length and baseline 
GPSQI scores. The group with a session duration of less 
than 60 min had a substantial decrease in scores (USMD 
−2.07, 95% CI –2.55 to −1.58). Likewise, the group that 

had a session duration of 60 min or more also exhibited a 
notable decrease in scores (USMD −6.34, 95% CI −11.56 
to −1.13), as depicted in online supplemental figure S3. 
There were significant decreases in scores among various 
subgroups, including those who performed more than 
100 min of exercise per week (USMD −2.75, 95% CI −4.23 
to −1.28), those who exercised for less than 10 weeks 
(USMD −2.75, 95% CI −4.23 to −1.28), those who exer-
cised for 10 weeks or more (USMD −9.01, 95% CI −10.06 
to −7.96), those with a baseline GPSQI score below 10 
(USMD −2.75, 95% CI −4.23 to −1.28), along with those 
with a baseline GPSQI score of 10 or higher (USMD 
−9.01, 95% CI −10.06 to −7.96). The aforementioned 

Figure 3  Pooled mean difference of Global Pittsburgh Sleep Quality Index (GPSQI) when comparing combination exercise with 
routine physical activity according to intensity.

Figure 4  Pooled mean difference of Global Pittsburgh Sleep Quality Index (GPSQI) when comparing aerobic exercise with 
routine physical activity group.
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findings are shown in online supplemental figures S4 to 
S6.

Network meta-analysis
The network meta-analysis incorporated 24 out of 25 
studies, as one study38 did not report the standard devi-
ation of GPSQI scores. The studies included in the anal-
ysis comprised seven different interventions: aerobic 
exercise, strengthening, a combination of aerobic exer-
cise and strengthening, a combination of strengthening 
and balancing exercises, a combination of strengthening 
and flexibility exercises, a combination of aerobic exer-
cise, strengthening, balance exercises and flexibility exer-
cises, as well as sleep education. The data indicated that 
there was no significant inconsistency across all trials, 
as indicated by a χ2 value of 3.78 and a p-value =0.58. 
The network graph showed that the pairs of combina-
tion verus routine, aerobic versus routine, and strength-
ening versus routine consisted of the largest number of 
studies. Meanwhile, the graph showed that the largest 
sample size was the routine activity group, followed by a 
combination of exercise and aerobic exercise, as shown 
in figure 5. Aerobic exercise demonstrated a substantial 
decrease in GPSQI scores when compared with regular 
physical activity (USMD−3.76, 95%CI −5.67 to –1.85), 
although the meta-analysis of the aerobic exercise group 
was characterised by marked heterogeneity (I2=97.83%). 
Strengthening exercises resulted in a substantial decrease 
in GPSQI scores compared with regular activity (USMD 
−5.75, 95% CI −8.06 to –3.45), combined exercise (USMD 
−3.21, 95% CI −5.73 to –0.70), and a combination of 
aerobic and strengthening exercise (USMD−4.28, 95% CI 
−8.35 to –0.22). The combination exercise, as compared 

with normal activity, resulted in a substantial reduction 
in GPSQI scores (USMD −2.54, 95% CI −3.65 to –1.43). 
Nevertheless, the meta-analysis of the combination exer-
cise group was characterised by notable heterogeneity 
(I2=69.13%). Sleep education resulted in a substantial 
decrease in GPSQI scores compared with routine activity 
(USMD −4.63, 95% CI −7.12 to –2.15), as seen in table 1. 
Strengthening exercise was the most effective approach 
for reducing GPSQI, followed by sleep education and 
engaging in aerobic exercise, as seen in table 2 and online 
supplemental figure S7. The adjusted funnel plot demon-
strated an overall symmetrical distribution of data across 
all studies, with the exception of one study39 suggesting 
a potential risk of publication bias as shown in online 
supplemental figure S8.

Secondary outcome
The secondary outcome of this study covered all seven 
domains of PSQI, comprising subjective sleep quality, 
sleep latency, sleep duration, sleep efficiency, sleep distur-
bance, usage of sleep medicine, and daytime dysfunction.

This research included only trials with combination 
exercise in the meta-analysis because sufficient numbers 
of eligible trials were not available for the other exercise 
types. The meta-analysis indicated the beneficial impact 
of combination exercise on reducing the five domains of 
PSQI scores in comparison to the routine physical activity 
group. The domains mentioned were sleep quality 
(USMD −0.43, 95% CI -0.67 to −0.2, p<0.001, I2=54.2%), 
sleep latency (USMD −0.44, 95% CI -0.76 to −0.12, p=0.01, 
I2=70.59%), sleep duration (USMD −0.43, 95% CI –0.6 
to −0.26, p<0.001, I2=45.09%), sleep efficiency (USMD 
−0.39, 95% CI –0.58 to −0.2, p<0.001, I2=50.85%), and 

Figure 5  Network diagrams of Global Pittsburgh Sleep Quality Index (GPSQI) in all comparisons.
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sleep medication (USMD −0.53, 95% CI –0.85 to −0.2, 
p=0.00, I2=56.58%). Nevertheless, the combination exer-
cise group was not able to decrease their PSQI scores in 
the domains of sleep disturbance (USMD −0.15, 95% CI 
–0.39 to 0.08, p=0.2, I2=74.93%) and daytime dysfunction 
(USMD −0.29, 95% CI –0.62 to 0.04, p=0.09, I2=80.35%) 
compared with the group that performed regular phys-
ical activity. The aforementioned findings are shown in 
online supplemental figure S9A to S9G.

After performing a subgroup analysis on the sleep 
quality domain, it revealed that both the duration of exer-
cise per session (<60 min and ≥60 min) and the weekly 
exercise duration (≤100 min and >100 min) resulted in 
improved sleep quality scores in the combination exer-
cise group. Online supplemental figures S10A, S10B illus-
trate these findings.

In the domain of sleep latency, the subgroup analysis 
based on the baseline GPSQI score, percentage of female 
participants, time per session, and weekly exercise dura-
tion likewise revealed a decrease in sleep latency scores 
among the combination exercise group (online supple-
mental figures S11A-S11D). The duration of exercise per 
week (≤100 min and >100 min) both demonstrated the 
improvement in sleep efficiency scores (online supple-
mental figure S12). The subgroup analysis, which exam-
ined the female percentage, time per exercise session, 
duration per week, and baseline GPSQI scores of the 
sleep duration and sleep medication domains, revealed 
significant improvement in these scores among partici-
pants in the combination exercise group (online supple-
mental figure S13A–D,S15A–D). The length of the study 
may account for the variations in the sleep disturbance 
domain (I2=37.02%): studies lasting 1–12 weeks exhibited 
a reduction in sleep disturbance scores (USMDs −0.35, 
95% CI –0.46 to −0.23), whereas studies lasting 13–30 
weeks showed an increase in scores (USMD 0.15, 95% CI 
–0.08 to 0.38) (online supplemental figure S14).

The daytime dysfunction domain in older people aged 
60–70 who undertook combination exercise compared 
with routine physical activity was improved; however, 
the benefit was not seen in people older than 70 years 
(online supplemental figure S16A). Similar outcomes 
were observed in the domain of daytime dysfunction. 
For studies lasting 1–12 weeks, the combination exercise 
group showed an improvement in daytime dysfunction 
scores (USMD −0.43, 95% CI –0.7 to −0.15). However, 
for studies lasting 13–30 weeks, there was no significant 
difference between the two groups (USMD −0.09, 95% CI 
–0.86 to 0.69) (online supplemental figure S16B).

DISCUSSION
Impact of individual exercise on PSQI
Our systematic review revealed that only the combination 
exercise and aerobic exercise groups had enough studies 
to perform the direct meta-analysis, which showed both 
types of exercise significantly help reduce GPSQI scores 
with USMDs of −2.35 (95% CI −3.13 to −1.57, p<0.001, Ta
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I2=69.13%) and −4.36 (95% CI −7.86 to −0.86, p=0.01, 
I2=97.83%), respectively (figures  2 and 4). Congruent 
results in subjective sleep quality scores and objective sleep 
index (total sleep time by polysomnography, PSG) have 
also been published in other systematic reviews.16 17 40–43 
Even though there was a high level of heterogeneity 
between studies, when controlling for covariates, almost 
all the data indicated significantly reduced GPSQI scores.

By contrast, a recent systematic review and network 
meta-analysis compared the efficacy of different exer-
cise regimens to improve sleep quality in older people.44 
The results showed that combining muscle endurance 
training with walking was more effective in improving 
sleep quality than regimens involving sleep hygiene, 
pilates, walking alone, health education, or resistance 
training. Factors such as including participants over the 
age of 65, including non-pharmacological therapies like 
CBT for insomnia (CBT-I), and not restricting the study 
to those employing PSQI as the main outcome may have 
contributed to different outcomes from this study. The 
study indicated that face-to-face CBT-I was more effec-
tive at enhancing sleep quality than other activities and 
standard care, which could have influenced the different 
results from this study as well.

In the combination exercise group, the results showed 
that only low to moderate intensity exercise reduced 
GPSQI significantly. Nevertheless, this finding was mainly 
based on only one large RCT with a high risk of bias, and 
most of the intensity data were missing in the combina-
tion group.45 For the aerobic exercise group, exercising 
for over 60 min—at least 100 min per week for more 
than 10 weeks—demonstrated the most significant score 
reduction among others. The length of exercise is consis-
tent with previous studies on the effect of physical activity 
on sleep outcome16 that show an exercise program of 12 
weeks to 6 months is the most effective strategy to improve 
sleep outcome. Although the duration of exercise was 
shorter for the aerobic exercise group in our systematic 
review, it significantly improved sleep quality.

Regarding the secondary outcome, the combination 
exercise helped to significantly reduce subjective symp-
toms of insomnia in most of the subdomain scores except 

sleep disturbance and daytime dysfunction domains, 
which did not significantly improve. This outcome was 
inconsistent with one previous study, which was about 
the effect of Tai Chi.15 This study found that Tai Chi 
significantly reduced all seven subdomain scores. The 
explanation behind this discordance could arise from the 
variation of exercise characteristics in this review, and half 
of the studies in the combination exercise group (7 of 13 
publications) were classified as high risk of bias.

The best therapeutic type of exercise to improve sleep quality
Our network meta-analysis of 24 studies indicated strength-
ening exercise as the most effective in improving GPSQI, 
followed by sleep education, aerobic exercise and combi-
nation exercise. The ranking was based on the SUCRA 
presented in table 2 and online supplemental figure S7. 
The strengthening exercise not only reduced GPSQI the 
most compared with routine activity, but also consider-
ably decreased the score compared with the combination 
of aerobic and strengthening exercise groups and the 
combination exercise group. The unexpected discrep-
ancy in this outcome might be attributed to the intensity 
of exercise among the strengthening exercise group, in 
which high-intensity exercise represented approximately 
50% of studies compared with other groups with very 
limited information on intensity data. The relationship 
between the intensity of exercise and sleep quality was 
explored in previous studies but was still unclear,16 46 even 
though it was reported that moderate intensity physical 
activity might be more effective than vigorous exercise in 
enhancing sleep quality for young people and older indi-
viduals. Moreover, another study indicated that a high 
physical load at work or physical activity was associated 
with difficulties initiating sleep and may be a risk factor 
for insomnia.47 In contrast, another study found that 
high-intensity exercise did not disrupt and might even 
improve subsequent nocturnal sleep.48

Although sleep education is a common approach to 
managing insomnia in older individuals, many studies in 
our analysis failed to clearly outline the specific proce-
dure used, thus introducing confounding variables into 
the outcomes of our study. It is also worth mentioning 

Table 2  Surface under the cumulative ranking curve of GPSQI

Treatment SUCRA PrBest Mean rank

Routine physical activity 9.6 0.0 7.3

Aerobic exercise 67.3 2.1 3.3

Strengthening exercise 94.6 72.5 1.4

Aerobic+strengthening exercise 32.7 1.0 5.7

Strengthening+balance exercise 35.0 3.2 5.6

Strengthening+flexibility exercise 32.7 2.9 5.7

Aerobic+strengthening+balance+flexibility exercise 46.7 0.0 4.7

Sleep education 81.4 18.3 2.3

GPSQI, Global Pittsburgh Sleep Quality Index; PrBest, Probability best; SUCRA, The surface under the cumulative ranking curve.

https://dx.doi.org/10.1136/fmch-2024-003056
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that when analysing data in the combination exercise 
group, it is important to interpret the results cautiously 
due to the high risk of bias among studies in this group. 
Nevertheless, a previous study found that the minimal 
clinically significant difference (MCID) for the PSQI is 
3 points.49 According to this cut-off value, strengthening 
exercise, sleep education, and aerobic exercise all signifi-
cantly improve sleep quality at the clinical level.

Strengths and limitations
This study has several strengths, as it extensively searched 
both published and unpublished databases to reduce 
potential research bias. The research focused on the 
older population, making it directly applicable to the 
demographic most affected by insomnia. The review 
included people with symptoms of insomnia without 
being restricted by specific diagnostic criteria, which 
could hinder the study selection process. Although 
no cut-off number was specified in this review, almost 
all baseline mean GPSQI scores were over 5, with only 
one study50 scoring below 5. The study does not have a 
floor effect on sleep category scores (a score >5 refers 
to poor sleep quality)34 and instead reports outcomes as 
mean differences and 95% CIs. The exercise interven-
tions recruited in this review varied in type, intensity and 
duration, which could have enhanced the capacity of 
this study to determine which form of exercise should be 
applied. Finally, the current study implemented network 
meta-analysis as a statistical strategy, which served as a 
head-to-head comparison and ranked the best thera-
peutic exercise based on the efficacy of improving subjec-
tive sleep quality.

There are limitations in this study that could be 
addressed in future reviews. First, the heterogeneity of 
this study is high, mainly because of variations in the char-
acteristics of exercise. Exercises of the same type may have 
varying structures that can impact the outcome. Another 
factor that could impact the outcome is intensity. Several 
studies lack data on the intensity of exercise, despite 
our efforts to communicate with the authors to address 
this issue. Several studies focused only on comorbidity 
as a restriction to physical activity, but other diseases, 
including cardiovascular disease, respiratory disease and 
uncontrolled hypertension, are also indirectly affected 
by exercise. Therefore, clinical applications should take 
this into account or may require further investigation in 
older individuals with specific medical conditions. Some 
exercise categories lack sufficient studies to illustrate the 
impact of those types of exercise on sleep quality due to 
low statistical power. Some exercises may be challenging 
for older people because of complicated techniques, 
restricted physical capabilities, and the requirement for 
an experienced instructor. Finally, the subjective sleep 
quality may not fully align with objective sleep outcomes 
such as polysomnography; this limitation might reduce 
the generalisability of the results.

CONCLUSION
This study shows that exercise, particularly strengthening 
exercise and aerobic exercise, is beneficial for enhancing 
subjective sleep quality at a clinically significant level 
compared with normal activities, which is consistent with 
previous studies. Strengthening has the highest efficacy, 
followed by aerobic exercise and combination exercise. 
Nevertheless, caution should be applied when inter-
preting this study because of the diverse exercise charac-
teristics, the small number of studies, and the high risk of 
bias among studies.

Implications for future practice
This study aimed to compare the impact of exercise 
compared with routine activities on sleep quality and 
determine the most effective form of exercise. The results 
will help evaluate if exercise could be used as a supple-
mental treatment for insomnia and identify the most 
effective type of exercise. The outcomes of this study indi-
cate that strengthening exercise is the most efficacious 
among others, followed by aerobic exercise and combi-
nation exercise. Nevertheless, all these types of exercise 
improve sleep quality beyond significant differences.

Implications for future research
Future studies could incorporate more evidence to 
enhance statistical power in certain exercise categories. 
The study’s results could incorporate both subjective 
and objective measures to validate the sleep outcome. 
Adopting a prespecified intensity scale, such as the Borg 
Rating of Perceived Exertion (RPE) Scale, the Balance 
Intensity Scale (BIS), and the Talk test, could reduce bias 
and variation in exercise intensity. Additionally, objec-
tive outcomes such as maximum heart rate (MHR) and 
oxygen consumption (VO2) may be tracked by a smart-
watch or other electronic devices to reduce bias and vari-
ation in exercise intensity and duration.
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