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ABSTRACT 

Background: Sleep and physical exercise represent two fundamental pillars of human health. 

The relationship between movement and sleep becomes particularly interesting when we 

consider how timing and intensity work together. While each factor independently affects sleep, 

their combined influence is increasingly recognized as crucial for understanding how physical 

activity impacts our nightly rest.  

Aim: To summarize current evidence on how different times of day and exercise intensities 

affect sleep quality, latency, and duration in healthy adult populations. 

Material and Methods: A narrative review was conducted using 32 peer-reviewed articles 

published in English. Sources were identified from PubMed, Web of Science, Google Scholar, 

and ScienceDirect. Inclusion criteria focused on healthy adult participants. 

Results: Exercise in the morning and afternoon was generally related to better sleep, but 

vigorous activity performed close to nighttime had mixed or bad effects. Moderate-intensity 

physical activity, especially when done over a long period of time, always made sleep better 

and made it take longer to fall asleep. Age, chronotype, and fitness level were some of the 

individual factors that changed the effects that were seen. However, differences in methods 

between studies, especially in how they measured sleep and how they did exercises, make it 

hard to compare them directly. 

Conclusions: Timing and intensity are critical modifiers of the sleep benefits of exercise.  

While moderate, earlier-in-the-day exercise appears most beneficial, tailored interventions 

based on individual characteristics may enhance sleep optimization strategies. Future research 

should prioritize standardized protocols and consider individualized approaches to optimize 

exercise timing and intensity for sleep health. 

Keywords: physical activity; sleep quality; sleep latency; circadian rhythm;  

 

1. Introduction 

Sleep is one of the most fundamental biological needs - critical for cognitive function, physical 

restoration, metabolic regulation, and emotional well-being. Yet in today's world, constant 

stress, endless screen time, and unpredictable routines are leaving more and more people 

struggling with poor sleep, even among those who are otherwise healthy. That's why researchers 

are paying close attention to exercise as a simple, drug-free way to help people fall asleep faster 

and sleep more soundly. 

 

The connection between working out and sleeping well isn't as straightforward as you might 

think. While regular physical activity generally helps people sleep longer, fall asleep quicker, 

and spend more of their time in bed actually sleeping [1,2,3], the benefits aren't the same for 

everyone. The advantages of exercise for sleep seem to vary depending on a number of factors: 

the type (aerobic, resistance, or combined), intensity (light, moderate, vigorous) and critically 

the timing of exercise relative to habitual bedtime. 
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Traditional sleep hygiene guidelines often advise against evening exercise, based on the 

assumption that late-day physical exertion increases physiological arousal and interferes with 

sleep initiation. However, recent evidence has begun to challenge this notion, suggesting that 

exercise performed in the evening, when properly timed and dosed, may not necessarily impair 

sleep and may, in some cases, enhance it [4,5,6,7]. Conversely, other studies still report adverse 

outcomes depending on the intensity and proximity of the exercise to bedtime [8,9,10]. 

 

Circadian biology adds another layer of complexity to this relationship. Physical activity is 

capable of shifting the circadian rhythm depending on the time of day it is performed [11,12]. 

Therefore, understanding the circadian effects of exercise timing could inform strategies to 

align physical activity with individual sleep-wake patterns for optimal outcomes. 

 

Given the variability in findings and the growing body of literature on this topic, the present 

narrative review aims to synthesize current evidence on how the timing and intensity of physical 

exercise influence sleep onset and quality in healthy adults. We focus on distinguishing the 

differential effects of morning versus evening exercise, as well as light versus vigorous intensity, 

and their combined impacts on key sleep parameters. By critically examining over 30 studies, 

this review intends to clarify whether certain exercise regimens may serve as effective 

behavioral tools for improving sleep without pharmacological intervention. 

 

2. Materials and Methods 

2.1. Study Design and Research Approach 

This study was conducted as a narrative review, designed to synthesize and critically evaluate 

existing research on how the timing and intensity of physical exercise influence sleep onset 

latency and sleep quality in healthy adult populations.. The primary objective was to identify 

consistent patterns, discrepancies, and moderating factors across a wide range of research 

findings. The central research questions guiding the review were: 

● How does the time of day at which exercise is performed influence sleep outcomes? 

● What is the impact of exercise intensity on sleep parameters? 

● Do timing together with intensity interact in meaningful ways to affect sleep quality or 

sleep onset? 

 

 



4 

 

2.2. Participants and Study Inclusion Criteria 

This review focused primarily on healthy adults 18-65 years old. To be eligible for inclusion, 

studies had to meet the following criteria: 

● Peer-reviewed and published in English-language journals between 1995 and 2025, 

● Involving original empirical data (randomized controlled trials, crossover designs, 

cohort studies, or large-scale observational research), 

● Evaluating the relationship between exercise timing and/or intensity and sleep-related 

outcomes, 

● Reporting data on subjective and/or objective sleep parameters, such as sleep onset 

latency, total sleep time, sleep efficiency, or sleep architecture, 

● Excluding participants with chronic medical conditions, psychiatric disorders, or 

professional athletic status, unless data from healthy subgroups were separately reported. 

Studies focused on children, adolescents, adults over 65, or populations with clinical sleep 

disorders were excluded from this review unless they reported clearly segregated data relevant 

to healthy adults [1.2,13]. 

 

2.3. Literature Search and Data Sources 

This review is based on publicly available medical databases: PubMed, Web of Science, 

ScienceDirect, and Google Scholar. The search strategy was Boolean operators and key terms 

included in Abstract. Additional to database queries, reference lists from relevant systematic 

reviews and meta-analyses were manually screened to identify additional eligible studies 

[2,7,10]. The final selection consisted of 32 studies, representing a diverse range of 

methodologies, populations, and outcome measures, all of which are cited in the order of 

appearance using bracketed reference numbers. 

 

2.4. Data Extraction and Classification 

For each study, the following key variables were extracted: 

● Study characteristics (year, country, design type), 

● Participant demographics (sample size, age range, sex distribution), 

● Exercise characteristics (type of exercise, timing relative to sleep, intensity, frequency, 

and duration), 
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● Sleep outcomes measured (e.g., sleep onset latency, sleep efficiency, total sleep time, 

REM or slow-wave sleep), 

● Measurement tools used (e.g., polysomnography, actigraphy, Pittsburgh Sleep Quality 

Index, Epworth Sleepiness Scale), 

● Main findings and conclusions. 

Studies were then organized and thematically categorized along four primary analytical axes: 

exercise timing (morning, afternoon, evening, or pre-sleep), exercise intensity (light, moderate, 

vigorous), combined effects of timing and intensity, impact on specific sleep parameters. 

This classification guided the structure of the results section, which integrates and compares 

findings across studies to identify converging patterns, contradictions, and gaps in the existing 

literature. 

 

3. Results 

3.1. Influence of timing on sleep 

The timing of physical activity has a huge role in modulating its effects on sleep. Traditionally, 

evening exercise has been discouraged due to concerns about increased sympathetic arousal 

and delayed sleep onset. However, new research challenges this generalized view. They suggest 

that the time of day at which exercise is performed interacts with other variables, like intensity 

and individual chronotype, to influence sleep outcomes [14]. 

 

Several large-scale and ecologically valid studies have shown that evening exercise does not 

necessarily impair sleep. For instance, observed that higher levels of physical activity, 

regardless of the time of day, were positively associated with same-day and next-day sleep 

efficiency, total sleep time, and reduced wake after sleep onset (WASO) [4]. Similarly, in 

another study, analyzed over 150,000 nights of data and found no adverse effects of evening 

activity on either objective or subjective sleep parameters [5]. On the contrary, their results 

indicated that individuals who engaged in light to moderate evening exercise reported slightly 

improved sleep quality compared to sedentary evenings. 

 

Additional evidence supports the notion that morning and evening exercise may have distinct, 

but not necessarily detrimental, effects. A study was conducted - morning versus evening 

sessions and found that morning exercise was more likely to shorten sleep onset latency, while 

evening sessions were associated with prolonged total sleep time, suggesting a possible 
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redistribution rather than deterioration of sleep architecture [15]. In a randomized controlled 

trial noticed that both morning and evening exercises at home, improved sleep quality in older 

adults, but evening exercise led to significantly longer total sleep duration without negatively 

affecting sleep efficiency [16].Interesting conclusions were found after examining the effect of 

resistance exercise on sleep: morning resistance training improved sleep quality more than 

evening sessions in trained individuals [17] 

 

Nonetheless, the proximity of exercise to habitual bedtime may modulate its impact. Examined 

high endurance runners performing night high intensity training and found alterations in sleep 

architecture, including reduced REM sleep and prolonged sleep onset latency [8]. Meta-analysis 

revealed that high intensity exercise, 1 hour before bedtime, may impair sleep initiation in some 

individuals, but heterogeneity across studies was high [9]. In the next study found that 

individuals, who exercised earlier in the day, had better sleep quality and hygiene compared to 

those engaging in late-evening activity, highlighting the negative impact of delayed exercise 

timing [18]. 

 

Interestingly, research presents a more nuanced picture of evening exercise. One study [6] 

found that moderate-intensity workouts completed at least 90 minutes before bedtime didn't 

negatively affect sleep in healthy men, showing no meaningful differences in how quickly they 

fell asleep or sleep efficiency compared to rest days. Large-scale survey data [19] further 

supports this, revealing that people who exercised in the evening - sometimes as close as one 

hour before bed - actually reported better sleep quality than non-exercisers. 

 

Controlled intervention studies provide deeper insights. A 12-week trial [20] comparing 

morning and evening aerobic exercise found both timings improved sleep, but evening 

workouts led to faster sleep onset, particularly for night owls. This suggests our natural sleep-

wake preferences might influence how we respond to exercise timing. Similarly, another 

investigation [21] showed that light-to-moderate evening activity benefited sleep, while very 

intense late-night exercise had minimal or slightly negative effects. 

 

The biological mechanisms behind these effects may involve our circadian rhythms. Some 

evidence [22] indicates that  late-day exercise increased nocturnal secretion of cortisol and 

growth hormone, potentially contributing to arousal states that could delay sleep onset, though 

this was not necessarily associated with reduced sleep quality. 
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In summary, the collective evidence suggests that exercise timing alone is not a universal 

predictor of sleep impairment. Rather, its effects depend on exercise intensity, timing relative 

to sleep, and individual differences, including chronotype and training status. While vigorous 

late-night activity may disrupt sleep for some, moderate evening exercise, especially if 

performed earlier in the evening, can be neutral or even beneficial. Morning exercise, while 

generally sleep-promoting, may be less feasible for some due to scheduling or chronobiological 

preferences. 

 

3.2. Influence of intensity on sleep 

The intensity of physical exercise, ranging from light to vigorous, has emerged as a key 

determinant of its effects on sleep onset and quality. Research consistently shows moderate-

intensity exercise offers the most reliable sleep benefits, though these effects depend on timing, 

duration, and individual fitness levels. 

 

Multiple analyses confirm that moderate exercise enhances sleep quality, helps people fall 

asleep faster, and increases total sleep time [2,3]. These benefits appear strongest when 

maintaining consistent exercise habits over several weeks. Interestingly, the effects of high-

intensity workouts - especially near bedtime - are more variable. While some individuals 

experience delayed sleep onset, most maintain normal sleep patterns, with fitness level and 

training experience likely providing protection against potential disruptions [8,9]. 

 

Evening exercise presents an interesting case. Lower to moderate intensity workouts 

consistently improve sleep onset and efficiency [10,23]. Resistance training at moderate 

intensity also shows promise, particularly for middle-aged and older adults [24]. Vigorous 

activity within an hour of bedtime produces mixed results - potentially beneficial for trained 

individuals but problematic for sedentary people. However, when completed at least 90 minutes 

before sleep, even high-intensity exercise rarely causes issues [10,24]. 

 

On the other end of the spectrum, light-intensity exercise such as stretching, yoga, or walking 

has also been shown to benefit sleep, particularly among individuals with low baseline fitness 

levels or sedentary lifestyles. In review of physical activity programs for older adults and noted 

that low-impact, light-intensity movement significantly enhanced sleep satisfaction and 

reduced nighttime awakenings [13]. While not all studies in their review included younger 
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healthy adults, the physiological mechanisms, such as parasympathetic activation, are likely to 

generalize to broader populations. In a randomized trial found that 16 weeks of moderate 

walking led to significant improvements in self-reported sleep quality in sedentary older adults, 

even though objective measures (e.g., total sleep time) showed minimal change, highlighting 

the value of sustained exercise routines [25]. 

 

Notably, the dose–response relationship between exercise intensity and sleep remains a point 

of debate. In a large-scale observational analysis demonstrated that moderate levels of evening 

physical activity had the most consistently favorable impact on sleep quality, while both 

insufficient and excessive intensity showed diminishing returns [21]. Their results support a U-

shaped curve, whereby very low and very high intensities may offer fewer sleep benefits 

compared to moderate effort. 

 

Controlled studies reveal that moderate-intensity aerobic sessions improved nocturnal heart rate 

variability (HRV) and subjective sleep quality, while vigorous exercise increased sympathetic 

activity and led to fragmented sleep in some individuals [26]. Similarly, others [27] found that 

perceived exertion levels immediately before bedtime correlated positively with sleep 

efficiency in highly trained individuals but had no such benefit among untrained participants, 

suggesting that exercise tolerance modulates physiological arousal responses. 

 

In sum, the intensity of physical activity is a critical variable influencing sleep outcomes. While 

moderate-intensity exercise remains the most consistently beneficial across studies, vigorous-

intensity activity may either help or hinder sleep depending on fitness level, timing, and 

recovery capacity. Light-intensity exercise also holds value, particularly as a low-barrier 

intervention for promoting sleep among less active populations. However, the optimal intensity 

appears to be context-dependent and must be interpreted within the broader framework of 

individual characteristics and behavioral routines. 

 

3.3. Combined effects: timing × intensity 

A growing number of studies highlight that the combination of timing and intensity determines 

whether exercise enhances or disrupts sleep [28]. 

 

An analysis of evening exercise intensities [10] found that light and moderate intensity exercise 

in the evening significantly improved sleep onset latency and overall sleep efficiency, whereas 
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vigorous evening exercise (especially performed <1 hour before bedtime) tended to impair sleep, 

particularly in untrained or sedentary individuals. However, if high-intensity training was 

conducted at least 90 minutes before sleep, its negative effects were often diminished or absent. 

 

Further investigation [21] revealed a non-linear interaction, whereby moderate-intensity 

evening exercise was associated with optimal sleep quality, while both low- and high-intensity 

activity showed less consistent results. These effects were also dependent on the time interval 

between exercise and bedtime with sessions completed earlier in the evening (e.g., 2–3 hours 

before sleep) generally resulting in better outcomes. 

 

In a randomized controlled trial [20] compared the effects of morning versus evening aerobic 

training and found that evening moderate-intensity exercise significantly reduced sleep latency, 

especially in evening-type individuals, whereas morning exercise had more variable effects on 

sleep continuity. These findings support the idea that chronotype interacts with both exercise 

timing and intensity in shaping sleep responses. 

 

Miller et al. [6] provided further nuance by examining moderate-intensity evening exercise 

performed 90 minutes before bed. Their results showed no detrimental impact on sleep latency 

or efficiency, suggesting that moderate-intensity activity may be safely performed in the 

evening under appropriate temporal conditions. In contrast, Aloulou et al. [8] reported that 

vigorous endurance training in the late evening, performed by well-trained athletes, was 

associated with decreased REM sleep and delayed onset, reinforcing the role of both timing 

proximity and intensity load. 

 

Frimpong et al. [9] offer a comprehensive meta-analytical perspective on this interaction, 

highlighting that high-intensity exercise within 1 hour of sleep is the most likely to disrupt sleep 

onset. However, when performed earlier in the evening or at reduced intensity, these effects 

become negligible or even beneficial, especially among physically active individuals. 

 

Interestingly, Brand et al. [27] observed that subjective perception of exertion may further 

modify this interaction. High perceived effort close to bedtime improved sleep efficiency in 

trained individuals but showed no benefit or even slight disruption in untrained participants, 

suggesting that training adaptation modulates how the body tolerates late-day physical stress. 
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The study by Kahn et al. [5], analyzing over 150,000 nights of real-world data, found that 

evening exercise was not associated with poor sleep regardless of intensity, but light to 

moderate exercise was consistently linked with better sleep ratings, underscoring the relative 

safety of such combinations. 

 

Together, these findings support a nuanced but actionable conclusion: 

● Light to moderate exercise in the evening, especially when performed at least 1–2 hours 

before bedtime, is generally sleep-promoting. 

● High-intensity exercise late in the evening may be detrimental to sleep onset and 

architecture, unless the individual is highly trained and allows sufficient recovery time 

before sleep. 

● Morning vigorous exercise appears neutral or beneficial for sleep, possibly due to 

circadian alignment and lower interference with nocturnal recovery mechanisms 

[11,12,29]. 

In sum, timing and intensity should be considered jointly when prescribing exercise as a 

behavioral intervention for sleep optimization. The “one-size-fits-all” advice to avoid evening 

workouts may be overly simplistic; a context-sensitive approach that accounts for intensity, 

chronotype, and training history is more appropriate. 

Table 1.  Comparative of the impact of physical exercise on sleep 

No. Authors Exercise 

Timing 

Exercise 

Intensity 

Main Findings 

1 Dolezal et al. 

(2017) 

Various Various Exercise improves sleep across 

multiple domains, especially sleep 

onset and duration. 

2 Kredlow et al. 

(2015) 

Various Various Physical activity is associated with 

improved sleep quality and 

moderate effects on sleep onset 

latency 

3 Wang & Boros 

(2019) 

Not specified Moderate Physical activity positively affects 

sleep quality; more consistent 

benefits with moderate intensity. 



11 

4 Alismail et al. 

(2024) 

Not specified Not specified Daily physical activity is positively 

associated with same-day and next-

day sleep duration 

5 Kahn et al. 

(2021) 

Evening Moderate to 

Vigorous 

Evening exercise did not impair 

sleep and may improve it for some 

individuals. 

6 Miller et al. 

(2020) 

Evening Moderate Evening moderate exercise does 

not disrupt sleep in healthy men 

7 Stutz et al. 

(2019) 

Evening Moderate to 

Vigorous 

Evening exercise does not 

negatively affect sleep, especially 

when done ≥1 hour before bedtime. 

8 Aloulou et al. 

(2019) 

Night-time High Night-time high-intensity running 

delayed sleep onset but increased 

REM sleep. 

9 Frimpong et al. 

(2021) 

Evening High Evening high-intensity exercise 

slightly impairs sleep onset but 

effects vary across individuals. 

10 Yue et al. 

(2022) 

Evening Light to 

Vigorous 

Light and moderate evening 

exercise improve sleep quality; 

vigorous may impair it if too close 

to bedtime. 

11 Kim, Ka & Park 

(2023) 

Various Various Evening moderate exercise 

improves sleep efficiency; 

vigorous intensity near bedtime 

may impair sleep. 

12 Uchida et al. 

(2012) 

Not specified Moderate Exercise alters sleep architecture 

and promotes deeper stages of 

sleep 

13 Vanderlinden et 

al. (2020) 

Not specified Light to 

Moderate 

Physical activity improves sleep in 

older adults, with consistency 

being key. 

14 Korkutata et al. 

(2025) 

Various Various Exercise improves sleep quality 

and can alleviate sleep disturbances 
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across populations 

15 Goldberg et al. 

(2023) 

Morning, 

Evening 

Moderate Evening exercise associated with 

higher subjective sleep quality, 

especially for active individuals. 

16 Seol et al. 

(2020) 

Morning, 

Evening 

Home-based, 

Moderate 

Morning exercise had stronger 

effects on objective sleep quality in 

older adults. 

17 Burgess et al. 

(2020) 

Morning, 

Evening 

Resistance vs 

Endurance 

Evening resistance training 

improved sleep quality more than 

morning sessions. 

18 Altunalan et al. 

(2024) 

Evening  Various Late exercise was associated with 

lower sleep quality and hygiene. 

19 Buman et al. 

(2014) 

Evening Various Most evening exercisers reported 

no negative effects on sleep; timing 

alone not predictive. 

20 Shen et al. 

(2025) 

Morning, 

Evening 

 

Aerobic Morning exercise improved deep 

sleep, evening enhanced REM 

sleep; both beneficial. 

21 Leota et al. 

(2025) 

Evening Dose-response Moderate evening exercise 

improved sleep; vigorous intensity 

close to bedtime reduced 

efficiency. 

22 Kern et al. 

(1995) 

Daytime Vigorous Daytime intense exercise elevated 

nocturnal cortisol and growth 

hormone levels. 

23 Youngstedt et 

al. (1997) 

Any time Acute exercise Acute exercise had small but 

positive effects on total sleep time 

and efficiency. 

24 Kovacevic et al. 

(2018) 

Various Resistance Resistance training improved 

subjective sleep quality and latency 

across studies. 
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25 King et al. 

(1997) 

Afternoon Moderate 16-week moderate exercise led to 

improved self-rated sleep in older 

adults. 

26 Myllymäki et 

al. (2012) 

Evening Moderate vs 

Vigorous 

Vigorous evening exercise delayed 

parasympathetic recovery, 

impacting sleep onset. 

27 Brand et al. 

(2014) 

Evening (self-

reported) 

High exertion High perceived exertion before bed 

associated with better sleep 

efficiency. 

28 Chennaoui et al. 

(2015) 

General Various Bidirectional effects: exercise 

promotes sleep, but 

timing/intensity critical for benefit. 

29 Chtourou & 

Souissi (2012) 

Morning, 

Evening 

 

Training studies Performance and some adaptations 

vary by time; implications for 

circadian sleep regulation. 

30 Alnawwar et al. 

(2023) 

General Various Physical activity generally 

improves sleep quality and reduces 

disorders. 

31 Li et al. (2024) General Aerobic Aerobic exercise most effective in 

improving overall sleep outcomes. 

 

3.4. Sleep parameters  

Across the reviewed literature, physical exercise has been shown to affect multiple quantitative 

and qualitative sleep parameters. However, the magnitude and direction of these effects are 

moderated by both the timing and intensity of the activity, as well as individual characteristics 

such as chronotype, baseline fitness, and age. The most consistently reported parameters 

influenced by exercise include sleep onset latency (SOL), total sleep time (TST), sleep 

efficiency (SE), and in some cases, sleep architecture, including the proportion and duration of 

specific sleep stages. 

 

SOL - defined as the time required to transition from wakefulness to sleep, is among the most 

sensitive parameters to physical activity. Multiple studies report shortened SOL following both 

morning and evening exercise, particularly at moderate intensities and when performed at least 
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1–2 hours before bedtime [6,10,15,20,21]. For example, was found a significant reduction in 

SOL in participants who engaged in evening aerobic exercise compared to morning exercisers 

[20]. Similarly, moderate-intensity evening exercise significantly reduced SOL compared to 

sedentary controls [10]. However, high-intensity exercise too close to bedtime may prolong 

SOL, especially among less-adapted individuals [8,9]. These findings suggest a U-shaped 

relationship, where SOL benefits are maximized at moderate intensities and compromised at 

very low or high ends of exertion. 

TST - shows consistent benefits from regular physical activity, particularly when exercise is 

maintained long-term. Research [2,3] demonstrates modest but statistically significant 

improvements in TST among those who stick to their workout routines. Interestingly, some 

studies [15] suggest evening exercise may actually lead to longer sleep duration, possibly as the 

body compensates for increased energy expenditure. This finding is supported by another study 

[16] where participants exercising in the evening showed significantly longer TST compared to 

morning exercisers. However, acute vigorous exercise immediately before sleep may reduce 

TST or cause fragmented sleep, especially if sympathetic activation remains elevated into the 

night [8,22,26]. These findings underscore the importance of exercise timing and the post-

exercise recovery window in optimizing sleep duration. 

SE - defined as the percentage of time spent asleep while in bed, serves as a reliable measure 

of sleep quality. Multiple studies indicate that moderate-intensity exercise enhances SE, 

particularly among previously inactive individuals [2,4,13]. One study found that days with 

increased physical activity correlated with improved SE that same night, regardless of exercise 

timing [4]. Interestingly, for trained individuals, perceived exertion, rather than actual workout 

intensity, appears linked to better SE, suggesting psychological factors influence sleep response 

[27]. However, vigorous exercise performed late in the evening (particularly within 60 minutes 

of bedtime) may temporarily reduce SE [9,10]. These effects diminish when adequate recovery 

time is allowed between exercise and sleep [6,21]. 

 

Sleep architecture - effects of exercise on particularly REM and slow-wave sleep (SWS), show 

more variability across studies, making patterns harder to establish. Some research suggests 

that intense evening workouts in endurance athletes may reduce REM sleep duration and delay 

its onset, potentially affecting cognitive recovery [8]. Other studies have found that daytime 

exercise alters hormone levels (such as cortisol and growth hormone), which could influence 

sleep structure [22].On the other hand, moderate evening exercise has been linked to increased 
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parasympathetic activity during sleep, possibly improving SWS and overall restorative benefits 

[26]. However, differences in measurement techniques (e.g., polysomnography vs. actigraphy) 

and small sample sizes make it difficult to draw definitive conclusions about exercise’s impact 

on specific sleep stages. 

 

In summary: 

● Sleep onset latency and sleep efficiency are the most consistently improved parameters 

following moderate physical activity, particularly when timed properly. 

● Total sleep time may also increase, especially after evening sessions that avoid 

excessive intensity. 

● Effects on REM and SWS are more variable and seem to depend heavily on intensity 

and individual fitness. 

● Very late or intense training may temporarily impair sleep architecture, while moderate, 

earlier exercise appears safe or even beneficial. 

3.5. Heterogeneity in Study Design and Measures 

A major limitation in drawing firm conclusions from the current literature lies in the substantial 

heterogeneity across study designs, participant characteristics, exercise protocols, and sleep 

measurement tools [30]. This variability complicates both direct comparisons and the 

generalizability of findings, particularly regarding how timing and intensity of physical exercise 

affect sleep onset and quality. 

Study Design and Population Differences 

The reviewed studies encompass a wide array of design types, including randomized controlled 

trials (RCTs) [8,20], cross-sectional observational studies [4,5,15], and systematic reviews and 

meta-analyses [2,10,17]. Each of these designs carries different strengths and limitations.  

Furthermore, participant populations vary widely across studies, ranging from young, healthy 

athletes [8,27,31] to sedentary adults or general populations [4,9,16]. Chronotype, fitness level, 

gender distribution, and habitual sleep patterns are often not uniformly reported or controlled 

for, despite being critical moderators of sleep response to exercise [11,12,20]. This limits the 

extent to which findings from one subgroup (e.g., trained males) can be extrapolated to others 

(e.g., sedentary females). 
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Variability in Exercise Modalities and Timing Definitions 

The type of physical activity evaluated also varies significantly: some studies focus on aerobic 

training [9,20], others on resistance training [31], high-intensity interval training (HIIT) [8,10], 

or combinations thereof [2,32]. Moreover, definitions of “moderate” or “vigorous” intensity are 

not standardized across studies, often being based on self-report, heart rate zones, or perceived 

exertion, which complicates aggregation and comparison. 

 

Timing classifications also differ: while some studies use precise time intervals (e.g., exercise 

at 19:00 vs. 21:00) [6,8], others group activity more broadly as “morning,” “afternoon,” or 

“evening” [5,16]. The interval between exercise cessation and sleep onset is not always clearly 

reported, despite being a key determinant of its physiological impact [10,21]. 

 

Differences in Sleep Measurement Tools 

Sleep outcomes are assessed using a range of tools, each with distinct strengths and limitations. 

Polysomnography (PSG) remains the gold standard, but its use is limited due to cost and 

participant burden [8,26]. Actigraphy is more commonly employed in field studies [4,5,32], 

though it is less precise in distinguishing sleep stages. Self-report measures such as the 

Pittsburgh Sleep Quality Index (PSQI) [16,19] or sleep diaries provide subjective perspectives 

but are prone to bias.This methodological variability affects not only the detection of sleep 

changes but also the classification of outcomes. For example, “sleep quality” may refer to 

subjective perception, objective efficiency, or latency, depending on the study [2,3,19]. These 

inconsistencies further reduce comparability between findings. 

 

Analytical and Statistical Inconsistencies 

Finally, analytical approaches vary widely. Some studies adjust for confounding variables such 

as age, sex, BMI, chronotype, or baseline sleep quality [4,11], while others report unadjusted 

associations. Similarly, meta-analyses apply different statistical models (fixed vs. random 

effects) and include divergent criteria for study inclusion, leading to different pooled estimates 

even when analyzing overlapping data [2,10,19]. 

In summary, the literature exhibits substantial heterogeneity across multiple dimensions, 

including study design, participant demographics, exercise modalities, timing definitions, and 

sleep outcome measures. These inconsistencies limit the strength of direct comparisons and 
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meta-analytic conclusions but also underscore the importance of standardized protocols and 

transparent reporting in future research. Greater methodological consistency would 

significantly improve the ability to identify optimal exercise prescriptions for sleep 

enhancement. 

 

4. Conclusions 

This narrative review highlights the multifaceted relationship between physical exercise and 

sleep outcomes in healthy adults, emphasizing the roles of exercise timing and intensity as key 

modulators. Overall, the evidence supports the notion that regular physical activity contributes 

positively to sleep onset and quality, but these benefits are not uniform and depend strongly on 

when and how intensely exercise is performed. 

 

The most consistent improvements were observed in sleep onset latency (SOL) and sleep 

efficiency (SE) following moderate-intensity exercise, particularly when performed in the late 

afternoon or early evening, with at least a 60–120-minute buffer before bedtime. Morning 

exercise may also enhance sleep, especially in individuals with delayed sleep phase tendencies, 

but tends to produce smaller or more variable effects. 

 

Conversely, high-intensity exercise performed less than an hour before bedtime may delay sleep 

onset and disrupt REM sleep, particularly among individuals unaccustomed to vigorous 

exertion. However, when sufficient recovery time is allowed, even late-day high-intensity 

training does not necessarily impair sleep and may offer neutral or even positive effects in well-

conditioned individuals. 

 

Despite these trends, findings across the literature remain heterogeneous, driven by variability 

in study design, participant characteristics, measurement tools, and definitions of timing and 

intensity. While meta-analytic evidence supports modest positive effects of exercise on total 

sleep time and perceived sleep quality [2,10,19], methodological inconsistency continues to 

hinder precise recommendations. 

 

In practical terms, for healthy adults aiming to optimize sleep: 

● Moderate aerobic activity, conducted in the afternoon or early evening, appears most 

consistently beneficial; 
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● Vigorous exercise should ideally be completed at least 90 minutes before bedtime, 

particularly for sensitive sleepers. 

● Individual factors such as chronotype, fitness level, and sleep baseline should guide 

personalized exercise timing. 

Future research should prioritize standardization of exercise protocols, longitudinal designs, 

and the use of both objective and subjective sleep metrics. Such approaches will allow more 

definitive guidance on how to tailor physical activity to improve sleep in both the general 

population and at-risk subgroups. 
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