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Exercising at different times of the day can produce different phys-
iological responses,1​, ​2​ as the various physiological activities of the 
body, such as glucose and lipid metabolism and muscle oxidative 
capacity, are influenced by the biological clock and exhibit regular 
circadian rhythms.3​ Exercising at an appropriate time can serve as 
an external regulatory mechanism to improve the amplitude of 
circadian rhythms, influencing metabolic processes and health.4​​–​6​ 
Therefore, selecting the optimal timing for exercise is one crucial 
factor among others, such as intensity and duration, that may en-
hance exercise intervention effectiveness7​ and contribute to pre-
cision in exercise prescriptions. However, compared to factors like 
“exercise type” and “exercise intensity,” the factor of “exercise tim-
ing” is more likely to be overlooked in the process of formulating 
exercise prescriptions. This has not been sufficiently researched, 
and most published exercise guidelines lack precise recommenda-
tions on exercise timing,2​, ​6​ which limits the scientific and precise 
formulation of exercise prescriptions.

The optimal exercise timing should be chosen based on specif-
ic goals of exercise interventions. However, there is a lack of com-
prehensive analysis of the multidimensional health effects of ex-
ercise timing. Although existing studies suggest that exercise tim-

ing may yield varying benefits, the recommended optimal exercise 
timing varies across studies depending on the specific goals and 
populations targeted.8​, ​9​ Moreover, most studies to date have fo-
cused on acute interventions with short-term monitoring, limiting 
insights into the effects of exercise at different times of day across 
variables. To address these gaps, it is necessary to systematically 
summarize the multidimensional health effects of exercise timing 
to identify critical directions for future research and to integrate 
these findings with exercise intervention objectives. This will pro-
vide more comprehensive evidence for selecting optimal exercise 
timing in exercise prescriptions.

In summary, this study aims to determine whether the exercise 
timing influences different health indicators. To achieve this, this 
study systematically reviews the literature on the health effects of 
different exercise timing across five dimensions: glucose metabo-
lism, body composition, sleep quality, hemorheology, and sports 
performance. The findings underscore the need for rigorous research 
to determine the effects and mechanisms of exercise timing in dif-
ferent populations, which is helpful to enhance the effectiveness of 
exercise interventions and personalize exercise prescriptions.
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Methods
The study protocol was prospectively registered on PROSPERO (ID: 
CRD42024595984). This systematic review followed the PRISMA 
2020 guidelines,10​ and the completed checklist is available in Sup-
plementary Files S1 and S2 (available in the online version only).

Search strategy
We conducted a systematic search in PubMed, Web of Science, 
EBSCO, China National Knowledge Infrastructure (CNKI), and Wan-
fang databases from inception to May 2025. The search terms were 
“Exercise,” “Time,” and their free words. The full search strategies 
for all databases are available in Supplementary File S3 (available 
in the online version only).

Selection criteria
We included (1) randomized controlled trials (RCTs) that (2) were 
written in English, and (3) explored the appropriate timing to ex-
ercise for different groups of people. To be considered, (4) subjects 
could be any population (including the general population, indi-
viduals with chronic diseases, athletes, and so on). We excluded 
studies that did not specify an exercise intervention timing or had 
a nonfixed intervention timing for the exercise group. Animal ex-
periments were also excluded. Conference papers, dissertations, 
and articles of lower quality were excluded. Furthermore, litera-
ture from the same sample source was only taken from the largest 
sample size.

Data extraction
Title/abstract and full-text screening were conducted inde-
pendently and in duplicate by two investigators, with disagree-
ments resolved by discussion or adjudication by the third author. 
From each included study, we extracted basic information (au-
thors, publication year) and characteristics of the study population 
(study population, sample size, age). We also extracted the char-
acteristics of the intervention program (exercise type, intensity, 
timing, duration, frequency, and period) and the study results. All 
extracted information is presented in tabular form.

Risk of bias assessment for included studies
The risk of bias in the included studies was evaluated using the 
Cochrane Risk of Bias 2 (RoB2) tool.11​ The assessment was conduct-
ed independently and in duplicate by two investigators, with dis-
agreements resolved by discussion or adjudication by the third au-
thor. The assessment covered biases related to the randomization 
process, deviations from intended interventions, missing outcome 
data, outcome measurement, and selection of the reported result. 
For randomized crossover trials, the supplementary RoB2 tool was 
used to assess the risk of bias specifically related to potential car-
ryover effects.12​ Additionally, the risk of bias assessment figures 
will be generated using the Excel tool provided on the Cochrane 
Risk of Bias website.

Results

Article selection

A total of 2,937 articles were obtained through search strategies 
and deduplication. After screening, 43 articles were included, all 
of which were RCTs. The articles were excluded for the following 
reasons: not reporting exercise timing or having nonfixed exercise 
intervention timing, incorrect research topic, animal studies, in-
correct language, and non-RCT designs. The flow and details of the 
literature screening process are shown in Fig. 1.

Characteristics of included studies
Of the 43 articles included, 28 employed a single acute exercise in-
tervention, 4 conducted short-term interventions lasting less than 
2 weeks, and 9 involved long-term exercise interventions exceed-
ing 8 weeks. Each study clearly established different exercise inter-
vention timing groups. The characteristics of the included studies 
are summarized in Table 1.

Risk of bias assessment
The study by Chtourou et al.48​ did not report the randomization 
process, so it had a higher risk of bias in randomization. The risk of 
bias in other studies was generally low. Fig. 2 shows the risk of bias 
assessment results for the included studies.

Results of literature integration
After organizing the included literature, current studies related to 
the health effects of different exercise timing were summarized 
into the following five dimensions (Fig. 3).

Exercise timing and glucose metabolism
A total of 13 studies1​, ​2​, 6​​, 28​​​​​​​​​​–​37​ reported the effects of different ex-
ercise timing on glucose metabolism, including 2,591 participants. 
Among them, 2,544 were patients with metabolic disorders (type 
1 diabetes, type 2 diabetes, overweight or obesity, nonalcoholic 
fatty liver), 24 were night shift workers, and 23 were healthy men.

Four studies28​, ​29​, 32​​, ​34​ investigated the effects of acute exercise 
performed before and after meals on diabetes patients using a ran-
domized crossover design. Two studies suggested that exercising 
earlier after breakfast or dinner is more beneficial in reducing post-
prandial blood sugar levels in patients.32​, ​34​ Regarding lunch, for 
the same total amount of exercise, dividing exercise into sessions 
before and after lunch had a similar overall effect on 24-hour blood 
glucose levels as continuous exercise after lunch, but with lower 
glucose variability.28​ Additionally, exercising after dinner was more 
beneficial than exercising before dinner in reducing postprandial 
risk factors (such as lowering lipid peroxidation).29​

Nine studies1​, ​2​, 6​​, 30​​, ​31​, 33​​, 35​​​–​37​ explored the effects of exercising 
at different times of day on glucose metabolism in various popu-
lations. Four of these studies1​, 33​​, 35​​, ​36​ found that afternoon exer-
cise was more effective in lowering blood glucose levels and pro-
moting glucose adaptation in individuals with metabolic disorders. 
Two studies30​, ​37​ reported no statistically significant differences in 
blood glucose control or insulin sensitivity in type 2 diabetes pa-
tients based on different exercise timing. One study31​ found no 
statistically significant effect of low-intensity exercise before night 
shifts on glucose tolerance in healthy night shift workers. One 

D
ow

nl
oa

de
d 

by
: A

LL
 IN

D
IA

 IN
S

T
IT

U
T

E
 O

F
 M

E
D

IC
A

L 
S

C
IE

N
C

E
S

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



© 2025. Thieme. All rights reserved.Wang W et al.  2026; 47: 243–254 doi: 10.1055/a-2684-9245 245

  International Journal of Sports Medicine

study6​ suggested that afternoon exercise results in more unstable 
glucose levels and higher insulin levels in healthy men compared 
to morning exercise, while a different study2​ found that afternoon 
exercise more effectively improves glucose and lipid metabolism 
in healthy men.

Exercise timing and body composition
Eleven studies5​, 13​​​​​​​​​​–​22​ reported the effects of different exercise tim-
ing on body composition, including 413 participants, of whom 185 
were overweight or obese patients, 14 were metabolic syndrome 
patients, and 214 were healthy individuals. Five studies5​, 14​​, ​15​, 18​​, ​20​ 
explored the impact of exercise timing on appetite, indicating that 
exercise before a meal increases postprandial satiety, and the clos-
er the exercise time is to lunch, the lower the energy intake. In ad-
dition, moderate morning exercise seems to help reduce excessive 
attention to food. Three studies13​, 16​​, ​17​ found no statistically sig-
nificant differences in fat loss effects based on different exercise 
timing. A study19​ on patients with metabolic syndrome showed 
that afternoon exercise significantly increases maximal fat oxida-
tion during exercise, while another study21​ on healthy adults sug-

gested that morning exercise might be more effective in mobiliz-
ing fat as an energy source compared to the afternoon. In addition, 
one study22​ suggests that morning and evening exercise have dif-
ferent beneficial effects on fat metabolism. Morning exercise is 
more conducive to acute fat oxidation than evening exercise, while 
evening exercise enhances fat metabolism the next morning.

Exercise timing and sleep quality
Six studies13​, 23​​​​​–​27​ reported the effects of different exercise timing 
on sleep quality, including 181 participants: 33 overweight or 
obese individuals, 68 healthy young adults, 23 male runners or 
males with exercise habits, and 57 healthy elderly individuals. Four 
studies13​, 23​​​–​25​ found that evening exercise can effectively improve 
sleep quality. One study26​ indicated that afternoon exercise might 
suppress melatonin secretion, recommending morning exercise 
for individuals with sleep disorders. Another study27​ noted that for 
individuals with an evening chronotype, both morning and evening 
exercise could have beneficial effects on sleep, whereas evening 
exercise could have negative effects for individuals with a morning 
chronotype.

Identification of studies via databases
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Articles obtained through database
searching:

PubMed (n = 732)
EBSCO (n = 850)
Web of Science (n = 1424)
CNKI (n = 73)
Wanfang (n = 26)

Articles removed before screening:
Duplicate records removed
(n = 168)

Articles excluded after title and
abstract screening
(n = 2854)

Remaining articles after removed
duplication
(n = 2937)

Remaining articles after the first
round of screening
(n = 83)

Articles included
(n = 43)

Articles excluded after full-text
screening
(n = 40)
Reason:
1. not reporting exercise timing or
having non-fixed exercise intervention
timing (n = 4)
2. non-randomized controlled trial
designs (n = 12)
3. incorrect research topic (n = 13)
4. incorrect language (n = 6)
5. same sample source (n = 5)

Fig. 1	 Flowchart of the article selection process following the Preferred Reporting Items for Systematic Review.
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Fig. 2	 Results of risk of bias assessment for included studies. Figure created with the Excel tool provided on the Cochrane Risk of Bias website.11​, 12
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Exercise timing and hemorheology
Six studies38​​–​40​, 44​​​–​46​ reported the effects of different exercise tim-
ing on hemorheology, including 89 healthy adults and 139 meta-
bolic syndrome patients. Three studies38​, 40​​, ​46​ found that while ex-
ercise significantly increased hematocrit and plasma viscosity, 
these measures returned to normal after rest, and there were no 
statistically significant differences in hemorheological indicators 
between exercise groups at different timing. One study39​ noted 
that morning exercise led to a greater reduction in flow-mediated 
vasodilation compared to afternoon exercise, which could poten-
tially increase the incidence of adverse cardiovascular events. Ad-
ditionally, one study45​ found that afternoon exercise has a greater 
effect than morning exercise in lowering systolic blood pressure 
and insulin resistance in patients with metabolic syndrome.

Exercise timing and sports performance
Eight studies41​​–​43​, 47​​​–​49​ reported the effects of different exercise 
timing on sports performance, including 163 participants: 8 cy-
clists, 54 males with exercise habits, 11 male undergraduates, 20 
healthy adolescent boys, 10 individuals with prehypertension, 30 
football players, and 30 volleyball players. One study42​ found that 
individuals accustomed to evening exercise had higher cortisol lev-
els in the morning compared to those accustomed to morning ex-
ercise, but there were no statistically significant differences be-
tween the two groups during evening exercise. Two studies41​, ​48​ 
indicated that training at the same time as the competition period 
improved sports performance. Two studies47​, ​49​ found that after-
noon exercise has better performance and recovery than morning 
exercise, while two others50​, ​51​ indicated morning training brings 
more adaptive changes and improves exercise performance than 
evening training. One study43​ noted that autonomic recovery 
speed after evening exercise was slower than after morning exer-
cise in individuals with hypertension.

Discussion
This study categorizes the included literature into the effects of 
different exercise timing on five health dimensions: glucose me-
tabolism, body composition, sleep quality, hemorheology, and 
sports performance. The optimal exercise timing varies across 
these dimensions based on intervention goals and population char-
acteristics. Therefore, exercise timing should be carefully consid-
ered and recommended in line with specific objectives and the 
traits of the target population during prescription formulation.

Reducing fasting blood glucose levels and postprandial hyper-
glycemic fluctuations are key treatment targets in type 2 diabetes 
management.28​, ​52​ The circadian rhythm of insulin sensitivity and 
secretion influences blood glucose fluctuations,2​, ​3​ and since exer-
cise enhances insulin sensitivity, its effect on blood glucose also 
varies over the day.53​, ​54​ This study synthesizes multiple findings, 
indicating that afternoon exercise may be more beneficial for en-
hancing fasting blood glucose control and lipid metabolism in pa-
tients with metabolic disorders such as type 2 diabetes.1​, 33​​, 35​​, ​36​ 
While Tanaka et al.6​ reported that afternoon exercise may not be 
advantageous for glucose stability in healthy males, this contrasts 
with Kim et al.2​ demonstrating improved glucose and lipid metabo
lism through afternoon interventions in the same population. The 
contradictory findings underscore the need for more in-depth 
verification.

For postprandial control, exercise is an important method for 
stabilizing postprandial blood glucose.55​ Although acute exercise 
around mealtimes generally lowers postprandial blood glucose in 
type 2 diabetes patients,56​, ​57​ this response also exhibits hetero-
geneity, with some patients showing no beneficial changes in glu-
cose metabolism after premeal exercise.58​ Exercise timing differ-
ences may cause some patients to be “insensitive” or “nonre-
sponsive” to acute exercise.2​, ​30​ Heden et al.52​ noted that acute 
postprandial exercise offers greater blood glucose control benefits 
than premeal exercise due to increased insulin levels and skeletal 
muscle glucose uptake, consistent with the results of this study. 
The included RCTs found that short-duration exercise after dinner 
was more effective in controlling blood glucose than predinner ex-
ercise.29​ Meanwhile, starting exercise earlier after breakfast or din-
ner may be more beneficial for stabilizing postprandial blood glu-
cose metabolism.32​, ​34​ For patients exercising during the lunch pe-
riod, exercising both before and after meals may be more beneficial 
in reducing postprandial glucose variability and stabilizing glucose 
fluctuations.28​ Additionally, although relevant studies28​, ​29​, ​32​ re-
ported no nocturnal hypoglycemic events, Li Zheng et al.55​ indi-
cated that prolonged or high-intensity postprandial exercise might 
increase hypoglycemia risk. Thus, future research should focus on 
determining the optimal postprandial exercise duration and inten-
sity for diabetic patients to clarify the relationship between exer-
cise timing and postprandial blood glucose response.

Exercise timing impacts on body composition primarily through 
appetite control and individual compensatory mechanisms.5​, 13​​, ​16​ 
Exercise not only increases energy expenditure but also influences 
subjective appetite level and energy intake.59​, ​60​ This study shows 
that exercise before meals reduces fat intake14​, ​15​ and increases 
postprandial satiety and that closer to mealtime more pronounc-
edly reduces daily energy intake.18​ Additionally, evening exercise 
is associated with greater spontaneous energy consumption de-

glucose metabolism

body composition

sleep quality

Exercise

Morning

Afternoon

Night

hemorheology

sport performance

Fig. 3	 The multidimensional impact of different exercise timings on health.
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spite comparable appetite scores.5​ Therefore, for clinical imple-
mentation, exercising before lunch may be an optimal time for 
overweight and obese patients. Notably, Methnani et al.19​ demon-
strated enhanced maximal fat oxidation during afternoon exercise, 
contrasting with the finding of Kang et al.,21​ who discovered bet-
ter fat mobilization during morning aerobic exercise. These con-
flicting temporal patterns in fat utilization require further mecha-
nistic study. Moreover, while the included studies did not report 
differences in patient adherence or time reallocation across differ-
ent exercise timing,13​, ​17​ these studies supervised and controlled 
the intervention process. Exercise prescription strategies should 
therefore prioritize individual preferences to avoid compensatory 
increases in intake or decreases in exercise volume.

Exercise can improve sleep quality across populations,61​, ​62​ but 
the circadian impact of nighttime exercise remains debated. 
Though evening exercise may disrupt circadian rhythms by delay-
ing melatonin secretion and increasing nocturnal core tempera-
ture,63​ several included RCTs in this study demonstrate its superi-
or sleep benefits compared to morning exercise, particularly in 
poor sleepers.13​, 23​​​–​25​, ​27​ This contradiction may stem from varia-
tions in chronotypes. Early chronotypes might experience sleep 
deterioration with evening exercise.27​, ​64​ Therefore, morning exer-
cise may be more suitable for them, potentially explaining some 
previous research discrepancies and requiring further in-depth 
study. Moreover, Saidi et al.23​ indicated that exercising within 2 
hours of bedtime might reduce the benefits of exercise but does 
not affect sleep quality. Because of that, it may be more advisable 
for nonearly chronotype individuals to complete exercise at least 
2 hours before bedtime. For those without exercise habits, choos-
ing moderate-intensity exercise at night may avoid excessive acti-
vation of the sympathetic nervous system before sleep,25​ which is 
consistent with Alkhaldi et al.65​

Acute exercise leads to various blood rheology changes, such 
as increased hematocrit and decreased plasma viscosity.66​ Both 
healthy individuals and those with chronic diseases exhibit circa-
dian rhythm variations in the primary determinants of blood rhe-
ology.38​, ​40​ Since fluctuations in these determinants are linked to 
higher cardiovascular risk factors,67​ selecting appropriate exercise 
timing for individuals with chronic diseases or cardiovascular risk 
can lower the risk of adverse events during exercise. While multi-
ple studies reported similar effects of different exercise timing on 
indicators such as plasma viscosity, hematocrit, and systolic blood 
pressure during exercise,38​, 40​​, 44​​, ​46​ Ballard et al.39​ found that morn-
ing exercise was more likely to reduce flow-mediated dilation of 
the brachial artery compared to afternoon exercise, Bommarito  
et al.44​ also noted that morning exercise in women may increase 
the nighttime blood pressure response. Therefore, caution must 
be exercised when prescribing morning exercise to patients with 
cardiovascular disease, though current recommendations remain 
provisional pending broader validation across exercise modalities 
and risk profiles.

Research on the impact of exercise timing on sports perfor-
mance is divided into athletic performance and recovery speed for 
ordinary individuals. For competitive athletes, time-matched train-
ing (aligning practice with competition schedules) may enhance 
performance,41​, ​48​ though empirical evidence remains limited. In 
addition, there seems to be a contradiction in research between 

athletes and the general population regarding specific exercise tim-
ing. Yan et al.50​ and Zhu et al.51​ reported that morning exercise is 
more conducive to improving the athletic performance of football 
or volleyball players. These findings contrast with the benefits of 
afternoon exercise for healthy individuals, who can get higher 
recovery speed compared to the morning,47​, ​49​ consistent with the 
conclusions of Noone et al.54​ Moreover, prehypertension individ-
uals exhibit slower autonomic recovery after evening exercise than 
morning exercise.43​ Considering their higher cardiovascular risk, 
afternoon training might suit them better, but this hypothesis lacks 
empirical evidence and requires further study to confirm.

This study indicates that optimal exercise timing varies across 
populations due to different training goals and precautions. A re-
view published in Cell Metabolism highlighted that any physical ac-
tivity requiring energy can have positive effects on the body 
through circadian rhythm amplitude, and personalized exercise 
timing can maximize physiological benefits, which is crucial for 
personalized exercise prescriptions.54​ Some scholars suggest ex-
tending the FITT-VP principle (frequency, intensity, time, type, vol-
ume, progression) by adding a third “T” to emphasize the signifi-
cance of exercise timing.58​ This study synthesizes existing empir-
ical evidence to help different populations choose suitable exercise 
timing: (1) afternoon exercise may optimize glucose and lipid me-
tabolism in individuals with metabolic disorders. (2) People with 
type 2 diabetes may achieve better immediate blood glucose con-
trol with short-term exercise after dinner than before, and start-
ing exercise early after the meal may be more beneficial for stabi-
lizing postprandial blood glucose metabolism. For lunch, splitting 
exercise sessions before and after the meal may be more appro-
priate. (3) Premeal exercise appears to enhance appetite control 
for weight management. However, there is controversy over the 
exercise timing that leads to maximum fat oxidation. (4) Evening 
exercise might improve sleep quality in individuals with sleep dis-
orders but could exacerbate sleep issues in early chronotypes. (5) 
Morning exercise may be associated with adverse cardiovascular 
responses in high cardiovascular risk groups. (6) Morning exercise 
seems to be more beneficial for athletes to improve their perfor-
mance, while afternoon exercise appears more conducive to the 
recovery of ordinary individuals.

In conclusion, this study offers helpful information for selecting 
optimal exercise timing across populations and health dimensions. 
While conflicting data exist, future research should aim to resolve 
these inconsistencies and explore underlying mechanisms. Incor-
porating animal studies could enhance our understanding of po-
tential human mechanisms, supporting the development of more 
precise exercise prescriptions.

Strengths and limitations
This study systematically evaluates the effects of exercise timing 
across five health dimensions: glucose metabolism, body compo-
sition, sleep quality, hemorheology, and sports performance, of-
fering valuable information for individuals with various health con-
ditions. The included articles demonstrate high methodological 
quality, which significantly strengthens the robustness of this sys-
tematic review. Moreover, contradictions persist in research find-
ings across these dimensions, underscoring the need for further 
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studies. In the discussion, we summarize these conflicting results 
to propose clear directions for future research on exercise timing.

This study has certain limitations. Although it systematically re-
views the effects of different exercise timings on various health di-
mensions, the number of RCTs in each topic is limited, and the out-
come measures and exercise timing categorizations are inconsistent. 
The research focus is scattered, and some studies are pioneering. 
As a result, this review can only offer a qualitative summary of the 
health benefits of exercise timing, without quantitative network 
meta-analysis or a more systematic recommendation system. 
Moreover, while exercise timing is gaining attention, most studies 
are still cross-sectional surveys, and the available evidence remains 
limited. Future research should refine study designs, conduct more 
prospective RCTs in diverse populations,54​ and emphasize exercise 
timing in program development. This will strengthen evidence for 
improving exercise intervention outcomes and developing precise 
exercise prescriptions.

Conclusion
Current evidence suggests that exercise timing may differentially 
impact health dimensions, including glucose metabolism, body 
composition, sleep quality, blood rheology, and sports perfor-
mance. Optimal exercise timing may vary across different popula-
tions due to these diverse effects. However, most conclusions are 
based on studies with single acute exercise sessions, and conflict-
ing results exist in some health dimensions, limiting our compre-
hension of how exercise timing affects health. More rigorous long-
term and animal studies are needed to confirm the effects and 
mechanisms of exercise timing on health and to clarify its implica-
tions for exercise prescriptions.
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