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Objectives: To compare the effect of a single bout of morning vs. evening exercise on cardiovascular risk factors in
adults.
Design: Systematic review and meta-analysis.
Methods: A systematic search of studies was conducted using PubMed and Web of Science from inception to June
2022. Selected studies accomplished the following criteria: crossover design, acute effect of exercise, blood pressure,
blood glucose, and/or blood lipids as the study's endpoint, awashout period of at least 24 h, and adults.Meta-analysis
was performed by analyzing: 1) separated effect of morning and evening exercise (pre vs. post); and 2) comparison
between morning and evening exercise.
Results: A total of 11 studies were included for systolic and diastolic blood pressure and 10 studies for blood glucose.
Meta-analysis revealed no significant difference between morning vs. evening exercise for systolic blood pressure
(g Δ= 0.02), diastolic blood pressure (g Δ= 0.01), or blood glucose (g Δ= 0.15). Analysis of moderator variables
(age, BMI, sex, health status, intensity and duration of exercise, and hour within the morning or evening) showed
no significant morning vs. evening effect.
Conclusions: Overall, we found no influence of the time of the day on the acute effect of exercise on blood pressure
neither on blood glucose.
© 2023 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Practical implications

A single bout of exercise causes a short-term decrease in systolic
blood pressure independently of the time of the day.

A single bout of exercise produces a short-term increase in blood
glucose independently of the time of the day.

We cannot make robust conclusions since the available literature is
heterogenous and of frequent unclear methodological quality.

1. Introduction

Mammalian cells possess an internal molecular clock that controls
metabolic processes through the so-called “clock genes”, regulated in
a transcriptional-translational feedback loop.1 This feedback loop con-
sists of an autonomous central clock placed in the suprachiasmatic
ente).

on behalf of Sports Medicine Austral
nucleus of the hypothalamus that, affected by endogenous and external
cues (e.g., exercise), regulates peripheral clocks.2 In animal models, the
alteration of the molecular clock has been associated with the occur-
rence of obesity and type II diabetes mellitus.3 Similarly, in humans,
shifted sleep patterns seem to interfere with several metabolic
pathways.4 Shifted working, short sleep duration, exposure to artificial
light, inadequate eating time window, and lack of physical activity, are
some characteristics of the modern lifestyle that contributes to the
occurrence and worsening of cardiovascular disease (CVD).5

Exercise is a well-known protective factor against CVD and can re-
duce all-cause mortality by 50%.6 Recent epidemiological studies high-
light the relevance of the time of exercise on its cardiovascular and
metabolic effects7–9. To understand these adaptations, it is of interest
to define the physiological acute response to exercise at different
times of the day. Savikj et al.10 reported that a single bout of evening
high-intensity exercisewasmore efficacious at improvingblood glucose
in men with type 2 diabetes than morning exercise (although they did
not control previous diet). Jones et al.11,12 found that the acute hypoten-
sive effect of exercise was more significant in the evening compared to
ia. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
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morning in normotensive men. In contrast, Brito et al.13 found a
greater hypotensive effect of morning than evening exercise in pre-
hypertensivemen. Given the current contradictionwould be of great in-
terest to systematically review the literature and synthesize the results
with a standardized protocol (i.e., meta-analysis) to respond whether
exercise has a different impact on CVD risk factorswhen performed dur-
ing the morning or the evening. This finding would be of clinical and
public health interest contributing to optimize the effects of exercise
in the prevention of CVD. Thus, the objective of this systematic review
and meta-analysis is to analyze the time of the day of exercise-
induced effects on CVD risk factors in adults.

2. Methods

To follow the quality of the design, implementation, and reporting of
this meta-analysis, we adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines14 (see
Table S1) and relevant methodological references15–17 throughout the
entire process.

2.1. Search strategy and information sources

Weperformed a systematic search of studies in PubMed andWeb of
Science databases, from inception to June 2022. We used the following
terms for that purpose: exercise, time of day, diurnal variation, circadian
rhythm, morning, afternoon, evening, glucose, triglycerides, blood
lipids, high-density lipoprotein (HDL) cholesterol, low-density lipopro-
tein (LDL) cholesterol, total cholesterol, blood pressure with synony-
mous and truncation operators adapted to each database (see Table S2
for specific search strategies).

2.2. Eligibility criteria

Studies were eligible to be included upon meeting the following
criteria: (a) crossover design studies investigating the effect of morning
vs. evening exercise; (b) to include at least one cardiovascular risk factor
as a study's endpoint (i.e., blood glucose, blood pressure, total choles-
terol, HDL, LDL, or triglycerides); (c) to investigate the acute effect of ex-
ercise before and in between 15 to 60 min; (d) to consider a washout
period of at least 24 h between exercise sessions; (e) to include adults
above 18 years old regardless of their health or physical condition;
(f) manuscripts written in English or Spanish; (h) to provide statistical
indicators that allow calculating the effect size; and (j) not to include
any type of drug, dietary supplement or equipment before exercising
that could affect exercise effects.

2.3. Selection and data collection process

Based on the selection criteria, screening by title and abstractwas in-
dependently performed by two authors (R.S.L. and F.A.G.) using End-
Note. Disagreements between authors were resolved by discussion
and, if needed, a third author's (J.R.R.) final decision was required. Full
manuscripts of potential studies were obtained and screened for final
inclusion and data extraction following the same procedure. Data ex-
traction of the included studies was performed through a codebook
and a coding protocol previously created for this purpose in a standard-
ized form. The standardized form included the authors' names, and year
of publication (extrinsic variables); participants and treatment charac-
teristics (substantive variables); and methodological variables, in addi-
tion to the study outcomes. We contacted the authors of studies when
required data of their works were not explicitly found. Outcomes of in-
terest were systolic (SBP), diastolic (DBP) and mean blood pressure
(MBP), blood glucose, total cholesterol, HDL cholesterol, LDL choles-
terol, and triglycerides. We extracted data from pre and 15 to 60 min
post-exercise at both moments of the day (morning and evening). If a
study had several points of measurements post-exercise, data closer to
170
60 min post were selected. We discarded data coming from immedi-
ately post-exercise measurements because exercise is a stressor that
acutely elevates blood glucose and blood pressure while occurring,18,19

and could mask the cardiovascular benefits coming later. Exercise per-
formed from wake up to 12:00 was considered “morning exercise”,
and the one performed from 14:00 to bedtimewas considered “evening
exercise”. If a study was designed with several morning and/or evening
trials (e.g., 8:00 vs. 12:00 vs. 15:00 vs. 18:00), we chose for morning the
one closer to 8:00 and for evening, the one closer to 18:00. These were
the most common exercise times in the included studies and we de-
cided to harmonize the data as much as possible. Lastly, if the same
data/study was used in different original articles for different purposes,
only the report that provides more detailed information on the subject
of this systematic review-meta-analysis was included.

2.4. Study risk of bias assessment

Included studies were assessed for crossover design methodological
quality using relevant items, based on the Cochrane handbook and ex-
pert comments.20 Nine standard items were used to evaluate the risk
of bias: 1) to follow an appropriate cross-over design; 2) to randomize
the order of receiving treatment; 3) to account for the carry-over ef-
fects; 4) participants blinding (this was always considered as low risk
of bias since morning and evening conditions cannot be blinded);
5) to apply blindingmethods to researchers; 6) if an appropriate statis-
tical analysis was performed; 7) to provide information about incom-
plete outcome data; 8) to avoid selective outcome reporting; and 9) to
measure outcomes appropriately (i.e., to control previous conditions
to exercise: physical activity, fasting hours and diet). All of them were
judged as high, unclear, or low risk of bias based on the study methods
reported in the original articles.

2.5. Effect measures and synthesis methods

Wecalculated two effect sizes: 1) separated effect ofmorning and eve-
ning exercise (pre vs. post); and 2) comparison between morning and
evening exercise. To compare the separated effect of exercise during
both morning and evening, we followed the approach by Kebede et al21

First, we calculated Cohen's d for repeated measures (Cohen's dRM)
taking into consideration baseline imbalance and pre/post correlation.22

Pre/post correlations were computed from standard deviations (SDpre

and SDpost), and standard deviation values for change scores.21 Second,
we calculated the Hedges' g for repeated measures since all of the
studies included less than 20 participants.22 To compare morning and
evening's effect sizes we used the formula reported by Madeyski et al23

Standard errors of the effect sizes presented in the forest plot were
calculated from the variance following previously published formulas.24

Table S3 summarizes the equations used to calculate the effect sizes. The
effect sizes can be interpreted according to the standard benchmarks:
values around 0.2 are considered a small effect size, 0.5 is considered a
medium effect, and above 0.8 is considered a large effect size.25 Using R
software, the random-effect model of the inverse variance method was
used to calculate the pooled Hedges' g and the corresponding 95% CI. Het-
erogeneity was assessed with the Higgins I2 statistic and P values, being
classified as not important (0%–40%), moderate (30%–50%), substantial
(50%–75%), or considerable (75%–100%).26

We also performed a sensitivity analysis to determine whether po-
tential moderators are influencing the effect sizes. For that purpose,
we used meta-regression analyses for continuous variables and analy-
ses of variance for the categorical variables. The moderators included
were sex, BMI, age, health status (i.e., healthy and unhealthy), hour in
the morning, hour in the evening, duration of exercise, and intensity
(i.e., low to moderate and moderate to high) of exercise. Moderation
of the hour within the morning and the hour within the evening were
only possible to be analyzed from the separate meta-analyses of
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morning and evening exercise. Potential publication bias was assessed
using Egger's test and the Rosenthal method (fail-safe N index).

3. Results

3.1. Search results

The systematic search yielded 1273 studies. After removal of dupli-
cates and screening by title and abstract, 177 eligible full-text docu-
ments were evaluated for inclusion in the meta-analysis. The
flowchart of the search and selection of studies is shown in Fig. 1. A
total of 28 crossover studies 10,11,33–42,12,43–50,13,27–32 were selected for
inclusion. Of those, 6were excluded because they did not provide statis-
tical data to calculate effect size or full text was not available. Thus, a
total of 22 studies were finally included in the meta-analysis.

3.2. Studies characteristics

The general characteristics of all included studies are summarized in
Table 1. For SBP and DBP, the total sample was composed of 144 partic-
ipants (9.03%women), themedian agewas of 29 years (Q1=22.3, Q2=
29, Q3= 49), and themean bodymass index (BMI) was 25.95 kg/m2±
3.62. Most of the study's participants were healthy (61.11%), being the
rest hypertensives (27.78%) or pre-hypertensives (11.11%). For MBP,
the total sample was composed of 103 participants, 0% women, with a
median age of 29 years (Q1 = 26, Q2 = 29, Q3 = 49) and a BMI of
26.38 ± 3.32 kg/m2. Most of the participants were healthy (56.31%),
the others were hypertensives (28.16%) or pre-hypertensives
(15.53%). Regarding blood glucose, the total sample was composed
of 91 participants, 27.47% women, with a median age of 30.5 years
(Q1 = 25, Q2 = 30.5, Q3 = 49) and a mean BMI of 25.61 ± 1.93 kg/m2.
Part of the participantswas healthy (42.86%) or had nometabolic disease,
i.e., mild sleep apnea (13.19%),44 the others presented type 1 or type 2 di-
abetes (43.96%). with regard to blood lipids, we did notfind enough stud-
ies to meta-analyze this outcome: only 1 of the studies met the inclusion
criteria determining blood triglycerides.33
Fig. 1. Flowchart of the search

171
Considering the total of the included studies, most of them
were originally from the United Kingdom (n = 6), the United
States of America (n = 4), and Brazil (n = 3); the others were
conducted in Australia, Canada, Italy, Japan, Sweden, Tunisia,
and Turkey. Exercise interventions were mainly aerobic exercise
sessions (n = 19) 10,11,40,42–44,46–48,51,52,12,13,33,35–39; the rest ap-
plied strength training (n = 2)41,49 or combined strength and
aerobic exercise (n = 1)34; exercise sessions had a mean duration
of 27.25 ± 15.03 min. Respectively, median morning and evening hours
for SBP and DBP were 8:00 a.m. (min = 7:00, max = 9:00 a.m.) and
6:00 p.m. (min = 4:00, max = 8:00 p.m.). For blood glucose, median
hours were 7:00 a.m. (min = 6:00, max = 8:00 a.m.) and 4:00 p.m.
(min = 3:00, max 7:00 p.m.). Outcomes were evaluated at rest previous
to exercise and post-exercise within a period of 15 to 60 min.

3.3. Acute effect of morning vs. evening exercise on cardiovascular disease
risk factors

Meta-analysis of the acute effect of the time of day of exercise on SPB
(11 studies), DBP (11 studies), and blood glucose (10 studies) are
shown in Fig. 2.Meta-analysis of the acute effect of the timeof day of ex-
ercise on MPB (6 studies) is shown in Fig. S3. We found no significant
differences in the morning vs. evening effect of exercise on SBP (Hedges'
g Δ: 0.02 favor morning [−0.22, 0.26]; p = 0.88), DBP (Hedges' g Δ:
0.01 favor morning [−0.26, 0.23]; p = 0.95) or blood glucose (Hedges' g
Δ: 0.15 [−0.22, 0.53]; p = 0.42). Mean changes expressed in mmHg
and mmol/L are reported in Table 2. Heterogeneity was low for SBP
and DBP (I2 ≤ 21.42%, p > 0.05), and moderate for blood glucose (I2 =
34.73%, p = 0.13).

Blood lipids could not bemeta-analyzed because only one studywas
reporting this outcome. Aldemir et al.33 explored thediurnal variation of
the effect of exercise on blood lipids, specifically on triglycerides. They
reported that triglycerides levels 30 min after evening exercise were
significantly lower from baseline (from 20.07 ± 5.08 to 15.52 ± 4.41
UI/l) but not after morning exercise (from 22.61 ± 7.49 to 20.20 ±
6.29 UI/l).
and selection of studies.

Image of Fig. 1
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Fig. 2. Forest plot of the standardized effect sizes (hedges' g) for a) systolic bloodpressure (SBP), b) diastolic bloodpressure (DBP) and c) blood glucose. A negative valuemeans the effect of
exercise performed in the evening is greater than the effect of exercise performed in the morning. CI = confident interval.
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3.4. Analysis of potential moderator variables

The moderation from sex, BMI, age, health status, exercise intensity,
andduration did not reach statistical significance for any outcomewhen
comparing morning vs. evening effects (all P > 0.05).

From the separate meta-analyses of morning and evening exercise
we found that none of the outcomes were affected by the hour within
the morning or within the evening in which exercise was performed
(P ≥ 0.05). For blood glucose in the morning, we observed that the
176
exercise-induced increase was not significant in healthy participants
(g = 0.27) but significant in non-healthy participants (i.e., type 1 and
type 2 diabetes, and mild sleep apnoea) (g = 0.74).

3.5. Risk of bias and quality assessment

Themethodological quality of all trials included in themeta-analysis
was assessed considering specific biases to cross-over design based on
Cochrane's risk of bias tool.20 According to these criteria, 47.5% of the

Image of Fig. 2


Table 2
Acute change in SBP, DBP and blood glucose after morning, evening, and morning vs.
evening exercise.

Morning
MD

Evening
MD

Morning vs. Evening
MD

mmHg mmHg mmHg
SBP −5.54

[−8.58, −2.49]
−6.43
[−9.29, −3.56]

1.43
[−1.47, 4.34]

DBP
−1.17
[−3.10, 0.76]

−0.92
[−2.16, 0.32]

0.02
[−1.37, 1.42]

mmol/L mmol/L mmol/L
Blood glucose 0.43

[0.09, 0.77]
0.04
[−0.12, 0.19]

0.32
[−0.11, 0.76]

Legend: SBP: systolic blood pressure; DBP: diastolic blood pressure;MD:mean difference.
A negative value in morning vs. evening MD means favoring evening.
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total items were categorized as having a low, 44.9% unclear, and 7.6%
high risk of bias. Details of this quality assessment can be found in
Table S4. The analyses of this variable as a potential moderator of effect
sizes revealed non-significant results (P > 0.05 for all groups and out-
comes), so the methodological quality of studies did not affect effect
sizes on cardiovascular risk factors.

3.6. Sensitivity analysis

Only 1 studywas influencing exercise effect on SBP in themorning,41

1 study was influencing exercise effect on MBP in the morning and
evening39 and 1 study was influencing exercise effect on blood
glucose in the evening and morning vs. evening.44 Yet, the reductions
of pooled effects after excluding them from analyses were not signifi-
cant (Δg = ≤ 0.14), so we decided to include them in the total effect
size calculation. Lastly, we found no risk of publication bias (fail-safe N
index range from 0 to 100 Egger's test: P > 0.05).

4. Discussion

We systematically reviewed and meta-analyzed the results of 22
studies aiming to better understandwhether the acute effect of exercise
on cardiovascular disease risk factors in adults differs when it is per-
formed in the morning vs. the evening. Overall, we found no influence
of the time of the day (i.e., morning vs. evening) on the effect of a single
bout of exercise on blood pressure neither on blood glucose.

The results of this systematic review and meta-analysis should
however be taken with caution. Although a total of 22 studies have
been included, we present 4 different meta-analyses each one corre-
sponding to a different outcome: SBP (11 studies) 11–13,34–38,41,47, DBP
(11 studies) 11–13,34–38,41,47, MBP (7 studies)11–13,33,37,39 and blood
glucose (10 studies).10,40,42–46,48,49,51 Further, qualitative differences
between studies do exist (e.g., exercise protocols, health and training
status, or sex). It should be noted as a limitation that the lack of
statistical heterogeneity in any of the meta-analyses performed may
be explained by the small sample size of included studies.

Exercise protocols consisted of aerobic training inmost of the studies
except for two of them, which used strength training,41,49 and a single
study that used a mixed strength and aerobic training protocol.34 Im-
portantly, exercise intensity and duration differ between them. Also,
some protocols were performed under hot and humid conditions.35,43

We considered data measured between 15 to 60 min post-exercise,
which is a relatively wide range in which results may differ. Likewise,
not all exercise protocols were performed at the same hour but within
a wide range of hours differing in each study (i.e., 6:00 to 9:30 a.m. for
morning exercise and 3:00 to 9:00 pm for evening exercise). Blood glu-
cose and blood pressure present diurnal rhythmicity themselves53–55

and therefore their response to exercise may be different even within
the same time slot. Of the 22 studies, only 6 included female
177
participants.34,38,42,46,48,49 We found few studies including trained par-
ticipants 35,36,38,40 while most studies included sedentary or
recreationally active people. About half of the studies included partici-
pants with normal-weight 12,33,47,35,36,38–43, the rest included partici-
pants with overweight and obesity.11,13,34,37,44–46,49,56 Participants also
differed in age, being the youngest sample of 21 years average35 and
the oldest of 65 years average.46 A minor part of the total sample was
composed of patients with pre-hypertension,13 hypertension,34,37

mild-sleep apnoea,44 type I diabetes,48,49 and type II diabetes,10,46

being the rest healthy participants. However, when analyzing themod-
erator effects of exercise intensity and duration, hour within the morn-
ing and evening, sex, BMI, age, and health status we found no influence
of any of the variables regarding the effect of morning vs. evening exer-
cise. The lack of significantmoderator effectsmay be due to the reduced
number of studies included in each moderator level and, in the case of
sex, to the reduced number of women participating in the studies.

The results of this meta-analysis indicate that morning and evening
exercise produces similar acute hypotensive effects. This is in line with
most of the studies 33–36,38,39,41,47. Discrepancies with other studies
can be explained by health status (pre-hypertension),13 medication,37

or inappropriate analysis (not taking into account baseline circadian
rhythmicity).11,12 Albalak et al.8 found an association between morning
physical activity and lower risk of CVD in general population. Interest-
ingly, their resultsweremostly driven bywomen (58%),which is a lack-
ing population in our meta-analysis. Differences in the studies' design
need also to be considered. In epidemiological studies7–9 participants
are organized into clusters according to the time of the day they are
physically active, which is probably related to their individual circadian
rhythmicity (i.e., chronotype). In contrast, in crossover studies each
participant's chronotype may influence the response to morning and
evening exercise. Sex and chronotype seem to be important when
studying the effect of the time of the day of exercise.

In the present study, we did not find significant differences when
comparing the acute effect of morning vs. evening exercise on blood
glucose. However, the increase in blood glucose tended to be bigger
after morning exercise. The rhythmicity of skeletal muscle's clock
genesmay explain these responses. Glucose uptake of the skeletal mus-
cle cell dependent on the glucose transporter 4 is regulated by clock
genes (specifically CLOCK and ARNTL genes57). Interestingly, in animal
models, CLOCK has been described to peak during the light phase in ret-
ina cells and to peak later, during the dark phase, in the skeletal
muscle.58 Therefore, glucose uptake by the skeletal muscle cells (and
consequently clearance of blood glucose) may be enhanced in the
dark phase (i.e., in the evening hours). Although health status did not
moderate themorning vs. evening response of blood glucose, in the sep-
arate meta-analyses of morning exercise we observed a significant in-
crease in non-healthy participants (most with diabetes mellitus) but
not in healthy. We speculate cortisol and insulin circadian rhythmicity
are involved in the mentioned dissimilarity. Free cortisol and insulin
levels are higher in the morning.40,59 Cortisol is expected to produce
an elevation in plasma glucose that results not notorious in healthy (be-
cause of the counteractive effect of insulin), but notorious in patients
with type I or type II diabetes where insulin function is altered. Only
studies that included participants with diabetes mellitus reported sig-
nificant time-of-day differences in blood glucose response to exercise:
an increase after morning but not after evening exercise,10,48,49 except
for Munan et al.,46 in which patients presented well-managed diabetes
and were taking lowering-glucose medication (not an accurate repre-
sentation of the average population with diabetes). Thus, it may well
be that exercising in the morning should be avoided by patients with
diabetes mellitus.

4.1. Future perspectives

There is no available evidence to clarify whether health status, age,
BMI, type of exercise, and hour within the morning and evening
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influence the response to exercise at different times of the day. Simi-
larly, we still need to elucidate whether this response is dependent on
sex since studies includingwomen are scarce.We neither found enough
studies investigating blood lipids. Additionally, it would be of interest to
investigate the acute response of other cardiovascular risks factors such
as insulin or inflammatory markers.

We suggest some points to consider for future research. First, the
resting diurnal rhythmicity present in blood pressure and blood glucose
needs to be considered. Some studies highlight the importance of
accounting for differences in initial values across conditions and the re-
peated measure design.38,47 For example, when data from the studies
that reported diurnal differences in the hypotensive acute effect of
exercise11–13,37 were analyzed in this meta-analysis, we found very
small effect sizes when comparing morning and evening exercise ef-
fects. We recommend controlling for chronotype, as performed in a
few of the included studies.13,37,40,41,45,47 It may also be interesting to
control for peripheral temperature since changes in this factor can be
attributed to alterations in circadian clocks.60

5. Conclusion

The present preliminary findings reveal that exercise produces an
acute reduction of systolic blood pressure independently of the time
of the day at which it is performed. Similarly, exercise produces an
acute increase in blood glucose independently of the time of the day.
With the available literature, we could not make robust conclusions
about the acute effect of the time of the day of exercise on cardiovascu-
lar disease risk factors. Further research is required to establishwhether
there is a diurnal variation of exercise on cardiovascular health and how
it is related to health status, sex, or the type of exercise.
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