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Objective: Adolescents’ declining sleep quality has caught the attention of 
educators, parents, doctors, and schools. Research, especially focusing on 
teenagers, is still lacking, despite numerous studies examining the connection 
between physical exercise and sleep quality across other demographics. This 
study aims to systematically review and conduct a meta-analysis to evaluate the 
impact of exercise interventions on adolescents’ sleep quality.
Methods: Investigate articles available until April 17, 2025, in databases such as 
PubMed, Cochrane, Web of Science, EBSCO, and Embase. Evaluate the quality 
of the studies based on the standards outlined in the Cochrane Handbook and 
conduct data analysis with Review Manager 5.3 software.
Results: After screening 2,312 articles, 8 studies involving 710 participants were 
ultimately included for meta-analysis. The meta-analysis results indicated that 
exercise effectively improves sleep quality in adolescents (SMD = −2.10, 95% CI: 
−2.86 to −1.35, p < 0.05). Various weekly exercise frequencies, single-session 
lengths, and total intervention durations all demonstrated statistically significant 
favorable impacts on adolescents’ sleep quality, according to subgroup analyses. 
Regarding exercise modality, combined exercise demonstrated no significant 
effect on adolescents’ sleep quality, whereas both aerobic and resistance 
exercise produced significant improvements.
Conclusion: Exercise can effectively improve sleep quality in adolescents. A 
systematic exercise program lasting 3 to 12 weeks is beneficial for the sleep 
quality of adolescents, with the maximum benefit achieved at 12 weeks. 
Conducted at an appropriate frequency and with each session lasting more than 
30 min, it is particularly effective in improving the sleep quality of adolescents. 
Both aerobic and resistance exercise significantly improve adolescents’ sleep 
quality, whereas combined exercise shows no significant effect. Parents and 
educators should see exercise treatments as a practical, secure, and efficient 
non-pharmacological way to improve adolescents’ sleep quality.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420251033597, Identifier CRD420251033597.
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Introduction

Sleep is a fundamental biological process that underpins healthy 
growth, neurocognitive development, and emotional regulation 
during adolescence (1). High-quality sleep is essential for adolescents’ 
health, learning, memory, and vitality, and it also exerts a profound 
influence on their overall well-being (2, 3). Regrettably, an increasing 
proportion of adolescents fail to meet the recommended sleep-
duration guidelines (4), and more than 70% experience insufficient 
sleep on school days (5). Adolescents who get too little or poor quality 
sleep are more likely to have mental problems, metabolic 
dysregulation, increased risk-taking behavior, and poor academic 
performance, among other negative consequences (6–8). Furthermore, 
poor sleep quality may lead to weakened immunity, impaired nervous 
system function, elevated obesity rates, and higher disease incidence 
among adolescents (9). Prolonged sleep deprivation can also 
exacerbate negative emotions such as anxiety, depression, and 
irritability, thereby severely undermining mental health (10). 
Accordingly, improving adolescent sleep quality has become an urgent 
priority for clinicians and educators.

In clinical practice, common strategies to improve sleep include 
pharmacological and non-pharmacological treatments. Common 
drugs that have been shown to improve sleep include melatonin, 
antipsychotics, calcium antagonists, and antidepressants (11, 12). 
However, prolonged usage of these medications may result in negative 
consequences, including tolerance, dependency, and stigma, all of 
which can have a significant negative influence on one’s quality of life 
(13, 14). Therefore, non-pharmacological therapies may offer more 
enduring efficacy and lower life risks compared to drug treatments, 
making them more advisable for adolescents with insufficient sleep 
quality (15).

Most people agree that exercise is essential for fostering long-term 
health. The changes it induces in immune function, nervous system 
recovery, body temperature regulation, endocrine function, metabolic 
processes, and circadian rhythms collectively contribute to the 
initiation and maintenance of sleep (16–18). Furthermore, exercise 
therapy is generally regarded as a low-cost, safe, and promising 
measure for improving sleep (19). A comprehensive analysis suggests 
that different types of exercise are commonly utilized by people 
experiencing sleep issues and may, to a certain degree, act as a 
substitute for pharmaceuticals in enhancing sleep quality and 
increasing sleep duration (20). Other research, however, has drawn 
attention to the paucity of reliable data on how healthy exercise might 
enhance adolescent sleep (21). These conflicting findings present 
significant challenges to clinical practices aimed at enhancing sleep 
quality among adolescents.

Previous narrative reviews have extensively summarized the 
relationship between exercise therapy and sleep, indicating that 
exercise is beneficial for individual sleep (22, 23). However, to our 
knowledge, current research exploring the relationship between 
exercise and sleep primarily focuses on adults and the old population, 
and there is a lack of comprehensive systematic reviews and meta-
analyses specifically targeting exercise interventions for adolescent 
sleep outcomes. Such evaluations are crucial not only for elucidating 
the magnitude and clinical relevance of sleep improvements induced 
by exercise but also for identifying optimal intervention characteristics 
and evidence gaps that should guide future research. This research 
aims to assess the effects of exercise therapy on sleep among 

adolescents by conducting a systematic review and meta-analysis. This 
evaluation seeks to guide clinical practices, inform public health 
recommendations, and aid in planning future intervention studies 
that promote healthy sleep in this age group.

Methods

Registration

To ensure methodological rigor and preserve scientific integrity, 
this meta-analysis meticulously adhered to the principles specified 
in the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (24) during the analysis and the 
report’s writing. The protocol for this review has been registered 
with the PROSPERO platform, identified by registration 
number CRD420251033597.

Search strategy

A thorough examination of pertinent literature was carried out 
by searching through five databases (namely PubMed, Embase, 
Cochrane Library, EBSCO, and Web of Science) utilizing computer-
assisted retrieval, with the search covering data until April 17, 2025. 
To improve the search’s thoroughness, we  used four groups of 
keywords: (1) exercise, physical activity, physical training, aerobic 
exercise, physical exercise, Baduanjin, Qigong, Tai Chi, Yoga, Pilate, 
resistance training, physical training, strength training, walk, swim, 
fitness; (2) sleep quality, sleep, sleep maintenance, sleep disorder, 
sleep problem, insomnia, sleeplessness, sleep duration, sleep health; 
(3) adolescent, youth, teen, school student; (4) randomized 
controlled trial, randomized, placebo. These keywords were 
connected using Boolean logical operators. We also looked through 
the reference lists of the journals we collected to locate relevant 
research. At the same time, we  performed citation tracking by 
looking at the studies featured in existing systematic reviews and 
meta-analyses, as well as their reference lists, to guarantee that our 
search was thorough. Comprehensive search strategies are available 
in the Supplementary material.

Inclusion and exclusion criteria

This study established rigorous criteria for the inclusion and 
exclusion of literature, ensuring that all articles selected during the 
screening process adhered to the PICOS principle. The inclusion 
criteria for the literature are as follows: (1) Population: Individuals 
aged between 10 and 19 years. (2) Intervention: The experimental 
group engaged in a structured exercise program that incorporated 
aerobic, resistance, and comprehensive exercises, allowing for various 
modes, intensities, durations, and frequencies. (3) Comparisons: The 
control group received normal treatment, health education, or their 
regular daily routines instead of engaging in any exercise interventions. 
(4) Outcomes: Various standardized measures, including the 
Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale 
(ESS), and Insomnia Severity Index (ISI), alongside objective 
assessment tools such as sleep electroencephalography (EEG), were 
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utilized to evaluate pertinent indicators of sleep quality. (5) Study 
design: Only randomized controlled trials (RCTs) were included to 
gather high-level data.

The evaluation procedure was conducted using the following 
criteria for exclusion: (1) Trials that were not randomized and 
controlled. (2) Studies that did not include a control group. (3) 
Experiments involving animals. (4) Outcomes related to sleep that 
were not measured. (5) Involvement of a control group not being 
present. (6) Conference abstracts, observational research, theses, and 
correspondence. (7) Lack of data that could be extracted.

Data extraction

This research was conducted independently by two researchers 
(HM-Y and RC). All bibliographic records were transferred into 
EndNote X9 from various databases, and any duplicate entries were 
systematically eliminated. An initial assessment focusing on the titles 
was then conducted to filter out literature that was evidently not 
related to the research topic. After this, a thorough evaluation was 
executed following predefined screening criteria to identify studies 
that aligned with the eligibility requirements. In situations where there 
was a disagreement during the screening phase, a third researcher 
(GJ-X) was invited to contribute to the discussion, with data extraction 
taking place only once an agreement was achieved among all three 
individuals. The collected indicators cover several key dimensions, 
specifically including: details of the first author, publication date of the 
literature, sample size, ages of both experimental and control groups, 
details of the intervention methods, duration of the intervention, 
frequency, intensity parameters, and measurement data related to 
sleep indicators.

Risk of bias assessment

Two researchers independently conducted the quality assessment. 
If any inconsistencies arose, a third researcher would be consulted for 
further discussion to arrive at a conclusive decision. Assess each trial’s 
methodological quality using the Cochrane Collaboration’s suggested 
bias risk criteria (25). This evaluation tool examines multiple aspects, 
such as the randomness of the allocation sequence, concealment of the 
allocation scheme, blinding of participants and researchers, blinding 
in outcome assessment, completeness of outcome data, selective 
outcome reporting, and any other relevant biases. There were three 
categories for each risk of bias criterion: low, high, and unclear.

Statistical analysis

The analysis of continuous variable data was conducted using 
Review Manager 5.3 software (26). Based on the specific 
measurement techniques and units of the variables, the effect 
measure chosen was either the standard mean difference (SMD) or 
the weighted mean difference (WMD), accompanied by the 95% 
confidence interval (CI) for the statistical evaluation (27). The I2 
statistic was utilized to evaluate the heterogeneity among the 
studies. When heterogeneity was minimal or absent (p > 0.1, 
I2 < 50%), a random-effects model was utilized for the analysis; in 

contrast, a fixed-effects model was employed in cases of greater 
heterogeneity (28). The leave-one-out strategy was used for 
sensitivity analysis in meta-analyses with four or more studies (29). 
It was determined that the elimination of a single study had a 
significant influence if it changed the pooled findings in a 
meaningful way. Statistical significance was defined as a p-value of 
less than 0.05.

Results

Literature search results

The research involved searching through five databases, which 
yielded a total of 2,312 records. After eliminating 1,011 duplicate 
entries with the help of the EndNote X9 reference management 
software, 1,301 records were left for further consideration. After a 
preliminary screening based on the abstracts and titles, 1,284 judged 
unnecessary records were eliminated. A comprehensive review of the 
full texts of the remaining 17 records took place, resulting in the 
discarding of 9 articles for the following reasons: lack of available 
outcomes data (n = 3), does not meet the control group criteria 
(n = 3), inappropriate participant (n = 2), and not a RCT (n = 1). In 
the end, 8 studies (30–37) were incorporated into the meta-analysis. 
Figure 1 shows the literature screening procedure.

Basic characteristics of the included 
literature

The study’s primary characteristics are illustrated in Table 1. All 
studies were conducted in regions such as Switzerland, Iceland, Brazil, 
China, India, and Taiwan, China, and were published between 2012 
and 2025. The participants in these studies were adolescents aged 
10–19 years (38). The exercise interventions for the experimental 
groups included activities such as running, walking, strength training, 
Pilates, integrated training, and sports games. The duration of the 
intervention programs ranged from 3 to 12  weeks. Each exercise 
session occurred with frequencies ranging from twice weekly to seven 
times weekly, with three sessions per week being the most common. 
Session durations varied from 3 to 75 min; however, one study did not 
specify intervention times as it focused on recording participants’ 
daily walking activities (31 (Table 1).

Quality assessment

The evaluation of bias risk employed the tool recommended by 
the Cochrane Collaboration, with results for the studies included 
illustrated in Figures 2, 3, respectively. Out of the 12 studies analyzed, 
two were found to possess a high bias risk related to the method of 
random allocation. The inability to blind participants regarding the 
exercise intervention (comparing exercise to no exercise) resulted in 
a high risk of bias from both participants and personnel across all 
research. The remaining aspects did not reveal any high risk of bias. 
All studies showed strong performance concerning the completeness 
of outcome data and the reporting of anticipated outcome measures. 
In conclusion, the quality evaluation found that every study that was 
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included had a low to moderate risk of bias. The duration of the 
intervention programs ranged from 3 to 12 weeks.

Result of meta-analysis

Overall sleep quality
A meta-analysis of the entire sample across all reviewed studies 

suggests that exercise significantly enhances the sleep quality among 
adolescents. Figure  4 illustrates that the findings from the meta-
analysis suggest a significant enhancement in adolescents’ sleep 
quality due to exercise. The calculation of the overall effect size using 
a random-effects model produced a heterogeneity test result with an 
I2 = 96% (p < 0.01). This substantial degree of heterogeneity indicates 
that various moderating factors might affect the overall impact 
observed in the studies examined. Figure 4 illustrates that the overall 
standardized mean difference (SMD = −2.10, 95% CI = −2.86 to 
−1.35, p < 0.001) suggests a significantly greater enhancement in sleep 
quality for the exercise group compared to the control group.

Subgroup analysis

Subgroup analysis of intervention frequency
A total of eight studies were analyzed (see Figure 5). Among these, 

five studies (32, 34–37) reported data collected at a frequency of three 
times per week or fewer, while three studies (30, 31, 33) reported data 
at a frequency exceeding three times per week. The results of the 
analysis, employing a random-effects model, revealed that, irrespective 
of whether the frequency was less than three times per week 
(SMD = −2.90, 95% CI = −4.17 to −1.63, p < 0.001) or more than 

three times per week (SMD = −1.11, 95% CI = −1.53 to −0.69, 
p < 0.001), significant statistical differences between the experimental 
and control groups suggested that the adolescents in the experimental 
group experienced enhanced sleep quality.

Subgroup analysis of each intervention time
A total of seven studies were reviewed (refer to Figure 6). Among 

these, three studies (30, 36, 37) provided data regarding sessions shorter 
than 30 min, whereas four studies (32–35) shared data on sessions that 
lasted longer than 30 min. Using a random effects model, the analysis 
revealed significant statistical differences between the experimental and 
control groups for both the longer sessions (SMD = -3.96, 95% 
CI = −5.16 to −2.76, p = 0.001) and the shorter sessions (SMD = -0.64, 
95% CI = −1.19 to −0.10, p = 0.02). This suggests that the intervention 
significantly impacted the enhancement of sleep quality (p < 0.001). 
Regarding effect size, sessions extending beyond 30 min proved to 
be more effective in improving sleep quality among adolescents.

Subgroup analysis of the total intervention 
duration

A total of eight studies were incorporated (refer to Figure  7). 
Among these, two studies (30, 31) provided data following 3 weeks of 
intervention, while three studies (34, 35, 37) disclosed findings after 
8 weeks, and the final three studies presented data after 12 weeks of 
intervention (32, 33, 36). The analysis, which utilized a random-effects 
model, indicated that there were statistically significant differences in 
sleep quality between the intervention and control groups at 3 weeks 
(SMD = −0.95, 95% CI = −1.30 to −0.60, p < 0.001), 8 weeks 
(SMD = −2.61, 95% CI = −4.00 to −1.22, p < 0.001), and 12 weeks 
(SMD = −3.21, 95% CI = −5.70 to −0.71, p = 0.01). The most 
substantial effects were observed at 12 weeks.

FIGURE 1

Flow diagram of literature selection process.
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Subgroup analysis of types of exercise 
intervention

Eight studies in all met the requirements for inclusion and were 
included in the subgroup analysis (refer to Figure 8). Specifically, three 
trials (30, 31, 33) focused on predominantly aerobic exercise, two (32, 
34) centered on predominantly strength-enhancing exercise, and the 
remaining three (35–37) assessed multicomponent combined exercise 
programs. Random-effects modeling showed that both aerobic 
regimens (SMD = −1.11, 95% CI = −1.53 to −0.69, p < 0.001) and 
strength-enhancing regimens (SMD = −4.82, 95% CI = −5.94 to 
−3.70, p <  0.001) produced statistically significant gains in sleep 
quality among adolescents. Conversely, multicomponent combined 
exercise did not yield a significant benefit (SMD = −0.61, 95% 
CI = −1.56 to −0.34, p > 0.05).

Sensitivity analysis and publication bias
An analysis of sensitivity was performed on the sleep indicator 

data that participants assessed themselves. The findings indicated that 
excluding any one independent study did not result in statistically 
significant alterations in the combined effect size and its 95% 

confidence interval (CI). This result demonstrates the strong 
dependability of exercise’s impact on measures of adolescent sleep 
quality. The assessment of potential publication bias in studies with 
small sample sizes was conducted through the funnel plot method 
(39). Figure 9 illustrates that the data points are positioned on either 
side of a downward-facing funnel shape, exhibiting a mostly even 
distribution but with a small number of dispersed points. This result 
implies that the degree of publication bias risk is still within an 
acceptable range, even if it may have existed in the eight papers that 
were reviewed.

Discussion

With a focus on randomized controlled trials (RCTs), this 
systematic review and meta-analysis examined how exercise 
treatments affected adolescents’ sleep quality. After thorough 
screening, we identified 8 studies that fulfilled the inclusion criteria 
from an original pool of 2,312 studies. We extracted outcomes related 
to sleep quality from these studies to assess variations in sleep quality 

TABLE 1  Characteristics of eligible studies.

Included 
studies

Country Research 
classification

Sample 
size (N)

Age of 
participants

Intervention Intensity Dose Outcome 
measures

E C

Kalak et al. 

(2012) (30)
Switzerland RCT

EG = 27; 

CG = 24
18.30 ± 0.89 Running

Normal 

lifestyle
Moderate

3 weeks; 

30-min/

session; 7 

times/week

Sleep-EEG, the 

Insomnia Severity 

Index, Subjective 

sleep quality

Baldursdottir 

et al. (2017) (31)
Iceland RCT

EG = 26; 

CG = 27
15–16 Walking

Normal 

lifestyle
Moderate

3 weeks; 7 

times/week

Subjective sleep 

quality

Santiago et al. 

(2020) (32)
Brazil RCT

EG = 18; 

CG = 12

16.0 ± 1.4, 

16.4 ± 1.6

Strength 

training

Non-

exercise
NR

12 weeks; 

55-min/

session; 3 

times/week

PSQI, ESS

Hu et al. (2023) 

(33)
China RCT

EG = 26; 

CG = 26
16–19

Aerobic 

exercise

Normal 

lifestyle
Moderate

12 weeks; 

75-min/

session; 4 

times/week

PSQI

Parveen et al. 

(2024) (34)
India RCT

EG = 30; 

CG = 30
15.23 ± 2.48 Pilates

Normal 

lifestyle

Low to 

moderate

8 weeks; 

60-min/

session; 3 

times/week

PSQI

Wang et al. 

(2024) (35)
China RCT

EG = 45; 

CG = 45

10.95 ± 0.43, 

10.98 ± 0.62

Aerobic 

calisthenics 

and 

resistance 

exercises

Non-

exercise
Moderate

8 weeks; 

40-min/

session; 3 

times/week

PSQI

da Silva et al. 

(2025) (36)
Brazil RCT

EG = 165; 

CG = 141
13.5 ± 0.96

Aerobic and 

resistance 

exercises

Routine 

activities
NR

12 weeks; 

20-min/

session; 2 

times/week

PSQI

Kao et al. (2025) 

(37)

Taiwan, 

China
RCT

EG = 35; 

CG = 33
10.76 ± 0.49

Sports 

games

Routine 

activities

Moderate- to 

vigorous

8 weeks; 

3-min/

session; 3 

times/week

PSQI
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subsequent to exercise interventions. As far as we  are aware, a 
thorough meta-analysis assessing the effects of exercise on the sleep 
quality of adolescents has not been conducted. Consequently, this 

research seeks to furnish more detailed and reliable evidence to 
summarize and validate the genuine importance of exercise on the 
sleep patterns of adolescents.

The results from our research show that the group that participated 
in the exercise intervention experienced a notable enhancement in 
overall sleep quality when compared to the control group 
(SMD = −2.10, p < 0.001). Subgroup analysis was used to further 
examine the effects of the intervention; however, because of the 
substantial heterogeneity caused by the small number of included 
studies, care should be  used when interpreting the subgroup 
analysis’s findings.

According to the frequency of interventions, this study separated 
the body of current material into two main categories: “three times a 
week or fewer” and “more than three times a week.” The results of the 
analysis suggest that exercise significantly enhances adolescents’ sleep 
quality, irrespective of the frequency of intervention. This effect may 
arise from the enduring regulatory influence of exercise on emotional 
states (40). Affective regulation mechanisms appear to reach an early 
plateau. Even a relatively short exercise schedule (no more than 3 
times a week) is sufficient to trigger sizeable, sustained elevations in 
endorphins, brain-derived neurotrophic factor, and serotonin, while 
concurrently dampening hypothalamic–pituitary–adrenal (HPA) axis 
reactivity (41, 42). These changes in neurochemicals collectively 
alleviate negative emotions such as anxiety, depression, and irritability, 
which are the stressors most closely associated with adolescent sleep 
disorders (43, 44). Once this neuroendocrine “threshold” is crossed, 
additional weekly treatments have diminishing returns in terms of 
mood improvement and sleep. Additionally, previous evidence 
suggests a modest difference between exercising three times a week 
and exercising more frequently; however, both approaches 
significantly improve sleep quality (45). However, if the weekly dose 
is higher, there may be  a ceiling or even a reversal effect (46). 
Adolescents who exercise more often have higher cumulative energy 
expenditure and core temperature loads; for those who are already 
under pressure from demanding academic schedules, this extra strain 
shortens evening routines, postpones sleeping, and partly counteracts 
the expected sleep benefits.

In the subsequent stage, the study divided the intervention into 
two groups based on the duration of each intervention: “30 min and 

FIGURE 2

Overall overview graph of bias risk in included studies.

FIGURE 3

Risk of bias evaluation graph for the included literature.
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below” and “more than 30 min.” Findings revealed that exercise 
durations exceeding 30 min greatly influenced the improvement of 
sleep among adolescents. Due to their higher energy levels, adolescents 
can maintain quality exercise for extended periods. Exercise lasting 
longer than 30 min effectively boosts dopamine production in their 
bodies (47). Enhanced dopamine levels help regulate sleep by 
modifying the circadian rhythms of various biological clock genes, 
interacting with internal substances like adenosine, and providing 
neuroprotective benefits through alterations in neuronal structures, 
which aids in reducing sleep disorders and improving overall sleep 
quality (48, 49). Furthermore, extended periods of exercise grant 

adolescents additional time to release negative emotions, which 
further enhances sleep-related advantages. Additionally, extended 
periods of exercise may result in a reduction of a person’s core body 
temperature (50). The regulation of body temperature is essential for 
sleep, as it assists in initiating sleep signals, minimizing sleep onset 
time, and enhancing the length of deep sleep (51, 52). Ultimately, 
participating in over 30 min of exercise can offer adolescents 
additional opportunities to ease negative feelings, thus creating further 
advantages that promote better sleep (53).

The duration-based subgroup analysis revealed that adolescents’ 
sleep quality can improve markedly within a short timeframe. 

FIGURE 4

Forest plot of the overall effect of exercise intervention on sleep quality in adolescents.

FIGURE 5

Forest plot of subgroup analysis by intervention frequency.
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FIGURE 6

Forest plot of subgroup analysis by each intervention time.

FIGURE 7

Forest plot of subgroup analysis by total intervention duration.
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Consistent with this finding, previous work has shown that as little as 
three consecutive days of structured exercise are sufficient to elicit 
measurable benefits (54). This early response is physiologically 
plausible: even a short period of exercise can raise evening melatonin 

concentrations, up-regulate anti-inflammatory cytokines, and lower 
pro-inflammatory markers, thereby increasing slow-wave sleep and 
sleep efficiency (55). Furthermore, consistent and regular exercise 
might indirectly increase melatonin secretion, boost general 

FIGURE 8

Forest plot of subgroup analysis by exercise type.

FIGURE 9

Publication bias analysis results.
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well-being, and improve the quality of sleep (56). The eight-week 
exercise program yielded more outstanding results, with a greater 
increase in effect size. The 12-week exercise intervention had the most 
significant positive impact on sleep quality, but the magnitude of the 
increase in effect size slightly diminished. This progressive attenuation 
may represent a physiological adaptation: when the training load is 
kept constant over time, improvements in fitness reduce the relative 
intensity of each session, thereby diminishing the physiological 
stimulus that promotes sleep (57, 58). Moreover, longer intervention 
periods impose higher demands on scheduling (59). For adolescents 
with heavy academic workloads, exercising late in the day may 
encroach on their allotted sleep window, provoking delayed sleep 
onset, reduced total sleep time, and circadian disruption (60). 
However, overall, a regular, long-term exercise program still exerts the 
most significant positive impact on adolescent sleep quality, making 
it the optimal choice for improving sleep in adolescents.

Ultimately, this research revealed that resistance exercise is the 
most effective form of exercise intervention, with aerobic exercise 
following closely behind, aligning largely with earlier studies (61). 
Interestingly, the anticipated effectiveness of combined exercise did 
not meet expectations, diverging from findings in previous research 
(62). This discrepancy is related to the characteristics of the studies 
included, with the lower intervention frequency and shorter 
duration of each training session in the combined exercise group 
being significant contributing factors to the lack of pronounced 
effects. This could be attributed to a lower frequency of intervention 
and shorter duration for each session. Research in the scientific field 
has shown that infrequent exercise and brief exercise sessions have 
minimal effects on enhancing the physical and mental well-being 
as well as the life satisfaction of young people, which in turn affects 
the efficacy of enhancing sleep quality (63). There is evidence that 
aerobic exercise has significant positive impacts on the structure 
and function of the brain (64). For example, aerobic activity has 
been linked to an increase in the size of the hippocampus and a rise 
in the volume of different gray and white matter locations inside the 
frontal and temporal lobes (65). It can also enhance cerebral blood 
flow, and upregulate brain-derived neurotrophic factor (BDNF) 
which is closely associated with learning, memory, and executive 
function, thereby alleviating daytime sleepiness and insomnia 
symptoms while improving overall sleep efficiency (66, 67). 
Moreover, aerobic exercise may lessen the nocturnal rostral fluid 
shift, strengthen respiratory muscles, and improve upper airway 
patency, all of which contribute to unobstructed breathing and 
higher-quality sleep (68–70). Melatonin is a hormone that is 
directly linked to people’s inclination to sleep, and new research 
indicates that resistance exercise raises melatonin levels more than 
aerobic exercise (55). The considerable rise in melatonin resulting 
from resistance exercise promotes positive alterations in a person’s 
sleep–wake rhythm, leading to a decrease in the number of 
nighttime awakenings (71). Additionally, it has been shown to 
increase serum levels of anti-inflammatory cytokines while more 
effectively lowering levels of the pro-inflammatory cytokine IL-6 
and circulating pro-inflammatory markers in the body, which helps 
to alleviate certain sleep disturbances (72, 73). In addition, 
resistance exercise counteracts the muscle atrophy that follows sleep 
deprivation, slows sarcopenic processes, and enhances overall 
physical fitness, all of which promote greater myokine release and 
amplify anti-inflammatory effects (74–76). Furthermore, it has been 
demonstrated that both aerobic workouts and resistance exercise 

considerably increase the amounts of anti-inflammatory cytokines, 
which in turn supports both physical and mental well-being (77, 
78). Taken together, these findings indicate that a scientifically 
balanced combination of aerobic and resistance exercises is 
theoretically poised to deliver superior improvements in 
sleep quality.

This review has several limitations. First, the modest sample sizes 
and limited number of eligible studies produced substantial 
heterogeneity, which may compromise the precision of our estimates; 
therefore, care should be used while interpreting the results. Secondly, 
due to the limited number and characteristics of the trials included, 
subgroup analysis could only account for a small portion of this 
heterogeneity. Particularly in terms of exercise modalities, the 
limitations in the characteristics of the included studies led to some 
discrepancies with previous research, thereby affecting the 
generalizability of the conclusions to a certain extent. Third, most 
trials did not employ double-blind designs, introducing potential bias 
in outcome assessment. Fourth, language and source bias resulted 
from our search strategy’s restriction to peer-reviewed English-
language publications. Future work should broaden the search to 
include studies in multiple languages and from diverse sources.

Conclusion

The findings of this study demonstrate that physical exercise 
can markedly enhance sleep quality in adolescents. A systematic 
exercise program lasting 3–12 weeks is beneficial for the sleep 
quality of adolescents, with the maximum benefit achieved at 
12 weeks. Conducting the exercise at an appropriate frequency and 
ensuring each session lasts more than 30 min can also yield the 
most favorable results. Both aerobic and resistance exercise 
produced significant benefits, whereas combined exercise displayed 
no clear effect. These results provide a robust evidence base for 
refining exercise prescriptions and health management strategies, 
offering a practical and promising approach to ameliorating sleep 
problems caused by academic stress and laying a theoretical 
foundation for future research in this field. Educators, parents, and 
school leaders should thoughtfully organize a range of suitable 
physical activities that align with the physical and mental traits of 
adolescents. Moreover, they should actively motivate students to 
engage in various physical and mental exercises during their free 
time or weekends.
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