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SYSTEMATIC REVIEW/META-ANALYSIS

Affective Responses to Acute Exercise: A Meta-Analysis of the
Potential Beneficial Effects of a Single Bout of Exercise on General
Mood, Anxiety, and Depressive Symptoms

Ali A. Weinstein, PhD, Robbie C.M. van Aert, PhD, Kiersten Donovan, BA,
Lotte Muskens, MSc, and Willem J. Kop, PhD

Objective: Acute exercise elicits various biobehavioral and psycho-
logical responses, but results are mixed with regard to the magnitude
of exercise-induced affective reactions. This meta-analysis examines
the magnitude of general mood state, anxiety, and depressive symp-
tom responses to acute exercise while exploring exercise protocol
characteristics and background health behaviors that may play a role
in the affective response.

Methods: A total of 2770 articles were identified from a MEDLINE/
PubMed search and an additional 133 articles from reviews of reference
sections. Studies had to have measured general mood before the acute
exercise bout and within 30 minutes after exercise completion. Effect
sizes were estimated using Hedges' g, with larger values indicating im-
provement in the outcome measure.

Results: A total of 103 studies were included presenting data from
4671 participants. General mood state improved from preexercise to
postexercise (g = 0.336, 95% confidence interval [CI] = 0.234-0.439).
Anxiety (g=0.497, 95% CI = 0.263-0.730) and depressive symptoms
(g = 0.407, 95% CI = 0.249-0.564) also improved with exercise.
There was substantial and statistically significant heterogeneity in
each of these meta-analyses. This heterogeneity was not explained
by differences in participants’ health status. Meta-regression analyses
with potential moderators (intensity of exercise, mode of exercise,
usual physical activity level, or weight status of participants) also did
not reduce the heterogeneity.

Conclusion: This meta-analysis shows significantly improved general
mood, decreased anxiety, and lower depressive symptoms in response
to an acute bout of exercise. There was substantial heterogeneity in the
magnitude of the effect sizes, indicating that additional research is
needed to identify determinants of a positive affective response to
acute exercise.
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Negative Affect Scale, POMS = Profile of Mood States
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INTRODUCTION

Acute exercise induces a wide range of biobehavioral and
psychological responses. The acute response to a single bout of
exercise (either aerobic or anaerobic) has been examined in
hundreds of studies, but the nature and magnitude of the affec-
tive response to exercise vary across studies (see reviews (1-5)
among others). In general, acute aerobic exercise is followed
by reductions in negative affective states (e.g., reduced feelings
of anxiety and depression) (2) and increases in positive affec-
tive states (e.g., vigor and energy) (3). However, there is no
overall comprehensive meta-analysis that quantifies the effect
size of the affective response (i.e., improvements in general
mood and reductions in anxiety and depressive symptoms) to
acute aerobic or anaerobic exercise. In addition, little is known
about which exercise protocol features (e.g., in terms of dura-
tion, intensity, and type of exercise) or participant background
factors (e.g., health status or health behavior-related measures)
are consistently associated with the affective response to acute
exercise. The short-term affective response to exercise is im-
portant to investigate because it is likely to play a role in the ini-
tiation and maintenance of health-promoting exercise habits
(4). Furthermore, withdrawal of routine exercise habits has ad-
verse consequences on mental well-being (6). The present arti-
cle provides a meta-analysis to quantify the magnitude of the
affective response to an acute bout of exercise and to determine
which factors (e.g., participant health status, specifics of the
exercise protocol, and background health behaviors) play a role
in the affective response to exercise.

The affective responses to exercise have primarily been in-
vestigated in healthy individuals. People with clinical condi-
tions such as medical diseases or psychological disorders
might have an attenuated affective response to exercise relative
to healthy individuals (7). For example, individuals with de-
pression benefit from acute exercise, but these positive effects
on mood states are smaller than in the general healthy popula-
tion (for a review, see (8)). The same pattern of results seems to
apply for individuals who are physically inactive (9) or who are
overweight or have a weight in the obese range (10). These
studies indicate that medical morbidity, psychological disor-
ders, and adverse health behaviors might be associated with a
reduced positive affect response to acute exercise, although
these issues still require further research.

In addition to individual background factors, the nature of
the exercise protocol might contribute to the affective response
to a single bout of exercise. Evidence indicates that the intensity
of exercise is an important factor in this context, with lower pos-
itive affect in response to (very) high exercise levels (i.e., inten-
sities above lactate or ventilation threshold) (11). A recent meta-
analysis (12) has shown that high-intensity interval exercise
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may be more beneficial to postexercise affective responses than
continuous moderate or high-intensity exercise, further demon-
strating the importance of protocol factors when examining af-
fective responses. Other evidence suggests that the duration of a
bout of exercise needs to exceed 20 minutes in order to be
followed by a reduction in anxiety (5). Only a few studies have
addressed differences in affective responses to aerobic versus
anaerobic exercise protocols, and results have been mixed (13).

Multiple pathways have been posited, both psychological
and biological, to explain the potential affective responses to a
bout of exercise. Psychological pathways include a) a sense of
accomplishment, enhancements of self-esteem, self-efficacy,
and self-image; b) distraction; and c) social interaction related
to performing the exercise (14). These factors are hypothesized
to produce positive affective states and distract individuals from
negative states such as worries, anxiety, and depressing thoughts
(15). One study, using an experimental manipulation, demon-
strated that participants who had an enjoyable distraction during
an exercise bout had an augmented positive affective state after
exercise (16). Biological pathways include a) increased cerebral
blood flow, b) exercise-induced neurohormonal responses that
produce an arousal response (e.g., catecholamines), ¢) increases
in B-endorphins, d) increased brain-derived neurotropic factor,
e) elevations in levels of serotonin, f) increased core body tem-
perature, g) suppression of pain sensation, and h) attenuation of
physiological responsivity to mental stress (14). Although evi-
dence for each of these pathways is mixed, it is likely that a com-
bination of these pathways contributes to the short-term affective
response to an acute bout of exercise.

The purpose of the present meta-analysis is to quantify the
effect size of the affective response to an acute bout of exercise
and to identify factors that are associated with an enhanced or
attenuated affective response to acute exercise. The analyses
first focus on the overall effect of exercise on general mood
state, anxiety, and depressive symptoms. For each of these out-
comes, it will be examined to what extent the findings are signif-
icant and consistent (i.e., lack of heterogeneity) across studies.
Analyses will then be stratified by clinical status, such that results
of healthy participants can be compared with findings in partici-
pants with a clinical disorder and/or participants who engage in
adverse health behaviors. We also evaluate whether the nature
of the exercise protocol (intensity of exercise and whether the ex-
ertion was aerobic or anaerobic) and health behavior-related
measures (usual activity level and weight status) play a role in
the affective response to acute exercise in healthy individuals.

METHODS

The present meta-analysis includes experimental, longitudi-
nal, and intervention studies. The main outcome variable was the
change in general mood state (primary outcome measure), with
additional analyses for anxiety and depressive symptoms when
these measures were reported—together with general mood state
measures—in the same paper. Based on prior literature, it was
expected that an acute bout of exercise would be followed by
improvements in general mood state and also by reductions
in anxiety and depressive symptoms. The meta-analysis was
conducted using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (17), and

© 2024 Lippincott Williams & Wilkins

the study protocol was registered with Prospero (protocol num-
ber: CRD42020189581) (18).

Inclusion Criteria

The following inclusion criteria were used: a) studies must
have more than five participants; b) the average age of the
study participants was 13 years or older; ¢) exercise must have
been performed in an “unaltered state” (e.g., the exercise ses-
sion could not coincide with medication administration, medi-
cation withdrawal, or behavioral modification such as smoking
cessation); d) the investigation must include measurement of
“acute” exercise, defined as a single bout of exercise; e) the
measurement of the general mood state was not limited to only
a rating of perceived exertion; f) self-report of general mood
state must have been used (e.g., eye movement and face reader
were not included); g) data included are independent (if paper
presents a subanalysis of a larger study, the original article was
included but not the subanalysis paper); and h) articles published
in 1999 and later. We used a cutoff of 1999 to focus on the last
approximately 20 years of research in this area, as knowledge of
exercise and standards for measurement of mood have changed
from earlier research periods. Studies were limited to samples
with an average age of 13 years or greater because a previous
meta-analysis has shown that physical activity is significantly
associated with better mental health in adolescents, whereas this
association is less clear in children (19). For that reason, the
present study focuses on adolescents and adults. Although there
are no clear cutoffs for defining adolescence, a majority of ado-
lescent samples included in the meta-analysis (19) were 13 years
or older, so we adopted this criterion.

Exclusion Criteria

Studies with the following characteristics were excluded
from this review: a) the full-text article was not written in En-
glish; b) no measurements of general mood state prior to the
onset of acute exercise were obtained; c) no measurement of
general mood state after completion of exercise but only at
peak exercise were obtained; and d) postexercise responses
were obtained with a longer delay than 30 minutes after com-
pletion of exercise. Exclusion criteria b, ¢, and d were not antic-
ipated prior to the literature review and not mentioned in the
Prospero protocol. The reason for adding these criteria was to
ensure that there was a clear baseline measure of the affective
state prior to starting exercise and that there was also a clear
postexercise measure of affective state that occurred after the
completion of exercise but within 30 minutes of completion.
This approach ensures that the measurement was in response
to the bout of exercise.

Search Strategy

The search was conducted in MEDLINE/PubMed with
the following search strategy: (acute OR bout OR pre-exercise)
AND (exercise OR bicycle OR treadmill) AND (mood OR af-
fect OR emotion). The search was completed on October 2,
2020, and revealed a total of 2770 articles. In addition, the ref-
erence sections of all papers that underwent full-text review
were reviewed to identify additional articles. Figure 1 displays
the PRISMA flow diagram of study selection. Based on the in-
clusion and exclusion criteria, a total of 103 articles were
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FIGURE 1. PRISMA flowchart.

selected for the final set of studies included in this meta-analy-
sis (see Figure 1 and the Results section for details).

Coding Procedures

The coding process began with ensuring that coding
would be consistent across coders. All four coders (A.A.W.,
B.L., L.M., and W.J.K.) extracted data and coded variables
from a randomly selected set of 10 articles. These were com-
pared, and any discrepancies were discussed to ensure consis-
tency before moving forward with data extraction.

The following variables were extracted from each study, if
the data were available: a) sample size; b) recruitment-based
participant characteristics with regard to health status (i.e.,
nonclinical versus clinical condition such as multiple sclerosis,
spinal cord injury, depression, etc.) and/or usual activity levels
(e.g., sedentary individuals, athletes, etc.); ¢) age (mean or me-
dian); d) participants’ sex (% women); ¢) outcome(s) (e.g., gen-
eral mood state, anxiety, depressive symptoms, etc.); f) body
mass index (mean kg/m?); g) instruments used to measure
mood responses (e.g., questionnaires or interviews); h) dura-
tion of exercise; 1) intensity of exercise; j) mode of exercise:
aerobic (e.g., treadmill, track running, cycling) or anaerobic
(e.g., weight training, stretching); k) timing of the mood as-
sessment postexercise (in minutes); 1) study quality rating,
and m) if data were derived from figures or from written text
in the manuscript or tables.

In defining clinical conditions, it was assumed that the
sample was “healthy” if the enrollment criteria did not state a
specific condition (disease, disorder, or adverse health behav-
ior) as inclusion criterion. If participants were “athletes,” then
they were considered healthy; all other disorders or behavioral
inclusion characteristics (e.g., current smokers or alcohol use
disorders) were categorized under “clinical conditions.”
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With regard to the intensity of the exercise protocol, if spe-
cific intensity of exercise was categorized by the original study
(low, moderate, or high), then that categorization was used in
the present analyses. If the original study did not categorize
the intensity, the following definitions were used: low-intensity
exercise was defined as exercising at less than 50% of maximum
heart rate (or equivalent), moderate-intensity exercise was
exercising from 51% to 70% of maximum heart rate (or equiv-
alent), and high-intensity exercise was exercising above 70%
of maximum heart rate (or equivalent). These intensity ranges
are based on current guidelines with regard to exercise testing
(20). Data from low-intensity exercise studies were collapsed
with the moderate-intensity category because there were less
than five studies that involved low-intensity exercise. Usual
physical activity levels were categorized as sedentary if partic-
ipants engaged in <1 day a week of moderate-intensity exercise
or equivalent.

Study Quality

The Quality Assessment Tool for Quantitative Studies, a
component of the Effective Public Health Practice Project
(21), was used to rate study quality as strong, moderate, or
weak, derived from ratings of selection bias, study design, as-
sessment of confounders, data collection methods, and proce-
dures related to dropout and missing data.

Handling of Studies With Complex Designs

The number of effect sizes (k) included in the present
meta-analysis can be greater than the number of articles (»),
because within an individual article, there could be multiple,
independent groups of participants that could be included to
generate effect sizes: for example, an article that examined
the change in general mood state in response to moderate-

© 2024 Lippincott Williams & Wilkins
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intensity exercise compared to high-intensity exercise with
separate participants. Such an article would then have two ef-
fect sizes entered into the analyses, one for the moderate-inten-
sity exercise condition and one for the high-intensity exercise
condition. In addition, if studies involved multiple exercise
bouts within the same participants, then only one exercise con-
dition was used for the meta-analyses (see below for details).

Deviations From Preregistration

The preregistration for this investigation was submitted
prior to the search and data extraction. A few minor alterations
were made to the registered protocol (18):

(1) One of the original inclusion criteria was that a study had
to have an assessment of mood within 2 hours after exercise.
For the current investigation, we modified that criterion to a
postexercise assessment of mood within 30 minutes after ex-
ercise. Upon identifying, reviewing, and extracting data from
hundreds of articles, it became clear that the “state of the sci-
ence” in the acute mood reactions to exercise had postexercise
assessments at 30 minutes or less. Any article that had only re-
ported postexercise mood at greater than 30 minutes was not
designed to investigate acute reactions to exercise and thus
was out of scope for the purposes of the present review.

(2) In the plan of analyses of the preregistered protocol, addi-
tional potential moderators were mentioned that are not re-
ported in the current analyses (i.e., duration between exercise
completion and postexercise mood assessment and type of
study design). Because the analyses conducted were all on re-
peated measures (pre/post mood assessments), the inclusion
of study design was no longer considered relevant because
data from other designs (e.g., ambulatory monitoring or pop-
ulation-based studies) were not included. With the restricted
range of postexercise affective state assessments (from 0 to
30 minutes), there was a small amount of variability in duration
between exercise completion and postexercise mood assess-
ment. Adding the duration (between immediate postexercise
to 30 minutes) is unlikely to provide valid analyses that would
result in a meaningful interpretation.

(3) The original preregistration mentions using PsycINFO as an
additional database for the search process. For the current in-
vestigation, we searched MEDLINE/PubMed and reviewed
all reference sections of articles that underwent full-text review.
Because virtually all exercise-related research is covered in the
MEDLINE/Pubmed database, it is very unlikely that relevant arti-
cles were missed in the present extensive database of references.

Data Analysis Strategy

The effect size measure of interest was Hedges' g for a pre-
test and posttest design with raw score standardization, using
the equations described by Borenstein et al. (section 11.2.2.2)
(22) for computing Hedges' g and the corresponding sampling
variance. Based on prior literature (23,24), a correlation of 0.5
between the pretest and posttest scores was assumed to compute
the sampling variances because this information was not rou-
tinely reported in the studies included in this meta-analysis. In ad-
dition, sensitivity analyses using correlations of 0.3 and 0.7 for
pretest and posttest associations were conducted, which revealed

© 2024 Lippincott Williams & Wilkins

similar results (data available in Ref. (25)). All effect sizes were
calculated such that a larger Hedges' g was indicative of improve-
ment in the dependent measure (i.e., more positive general mood
state, decreased anxiety, and decreased depressive symptoms).

As mentioned in the Handling of Studies With Complex
Designs section, several studies reported data for more than
one effect size on the relationship between acute exercise on
mood. If multiple effect sizes could be calculated without re-
peated measures within participants (i.e., studies that had multi-
ple between-subject conditions), all effect sizes were included. If
the conditions of the study involved repeated measures within
participants (i.e., studies that had multiple within-subject condi-
tions), we selected one effect size per study based on choosing
the condition that represented the most commonly used exercise
parameters (i.e., acrobic exercise condition, moderate-intensity
exercise condition).

Meta-Analysis of Overall Effect Size Estimates

Meta-analyses were first conducted for all studies com-
bined, and overall effect sizes were estimated for each of the
three outcome measures separately: general mood state, anxiety,
and depressive symptoms. The random-effects meta-analysis
model was fitted to the data, because our goal was to generalize
the conclusions to the population of studies in this research area
(26). The between-study variance in true effect size was esti-
mated using the restricted maximum likelihood estimator. The
QO-profile method was used to calculate 95% confidence inter-
vals (CIs) of the between-study variance (27). The prediction in-
terval was computed to examine what the expected true effect
size would be in a new study (28).

Publication Bias and the Role of Figure-Derived
Data

The impact of publication bias on the results was exam-
ined by applying the step function selection model approach
by Vevea and Hedges (29) and p-uniform* (30) to correct the
estimates for publication bias. When applying these methods,
it was assumed that studies with a right-tailed p value smaller
than .025 would have a different probability of getting pub-
lished than studies with a larger p value.

We also compared the effect sizes of data that were ex-
tracted from figures versus data that were extracted from tables
or in-text values, because figure-derived data could have re-
sulted in less precise estimates.

Meta-Analyses Stratified by Clinical Status
(Healthy Participants Versus Participants With a
Clinical Condition or Adverse Health Behaviors)

Subsequently, meta-analyses were conducted for studies
that enrolled nonclinical “healthy” participants and for studies
that enrolled participants with a clinical condition. A study was
categorized as investigating a “clinical condition” if partici-
pants had a medical disease, had a psychological disorder,
and/or engaged in adverse health behaviors (e.g., smokers as
study inclusion). The reason why the analyses were stratified
for the absence of a clinical condition (i.e., healthy partici-
pants) versus presence of a clinical condition (rather than using
this variable in meta-regression) is that the presence of a clini-
cal condition is likely to alter the nature of the exercise protocol
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and also that the affective response might be influenced by the
clinical condition; it would therefore not be possible to address
both confounding and effect modification of this factor by
statistical methods.

Meta-Regression Examining Moderating
Variables

We fitted random-effects meta-regression models when
examining moderator variables. The meta-regression analyses
were only conducted for the studies with healthy participants,
because data of the studies with participants with a clinical con-
dition were based on a small number of studies. After calculating
average effect sizes for the full set of studies, we evaluated to
what extent adding the control variables, average age and per-
centage of women, in the samples to the models as moderators
would change the overall effect size. As moderator variables,
we included the intensity of the exercise (categories low to mod-
erate versus high), and whether participants in a study did aerobic
or anaerobic exercise, were on average sedentary (<1 day a week
of moderate-intensity exercise or equivalent), or were overweight
(i.e., body mass index larger than 25 kg/m?). Missing data on the
moderators were prevalent. Hence, we first examined one moder-
ator at a time in the random-effects meta-regression models and
then entered all potential moderators simultaneously for the
subset of studies that investigated all four moderators.

To evaluate whether moderators played a role in the aver-
age effect sizes, two-tailed tests were conducted in the meta-re-
gression using the Knapp-Hartung/Sidik-Jonkman adjustment
with &= .05 (31). Heterogeneity in the meta-regression models
with regard to the true effect sizes was quantified by estimating
the residual between-study variance, testing the null hypothesis
of homogeneous true effect sizes using the Q test (32), and
computing the  statistic (33) (i.e., percentage of total variance
that can be attributed to residual between-study variance).

The analyses were conducted using the statistical software
R (version 4.3.2 (34)). The packages “metafor” (version 4.2-0
(35)) and “puniform” (version 0.2.7 (36)) were used for addi-
tional analysis of the data. Data and R code are available in
an open access repository (25).

RESULTS

Study Characteristics

Summary characteristics of the included studies are shown
in Table 1, with detailed information about the included studies
presented in Table S1 (Supplemental Digital Content 1, http://
links.lww.com/PSYMED/B28). From the 103 included studies
(37-139), a total of 4669 unique participants contributed to the
results presented in this review. The sample size of the studies
ranged from 8 to 331 participants (median sample size of all in-
cluded studies = 22; mean = 38.2 [SD = 49.9] participants).
The overall average age of participants across all samples
was 29.9 (SD = 11.7) years (seven samples did not provide
the participants’ age). The average percentage of women par-
ticipants in the studies was 57.1%.

The majority of the samples (107/126; 84.9%) included in
this meta-analysis examined healthy participants (i.e., without
a medical or psychological disorder or presence of an adverse
health behavior as part of the study selection criteria), and only
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TABLE 1. General Characteristics of Samples Included in the Meta-
Analysis (k= 126)

Age, mean (SD), y 299 (11.7)
Women participants 57.1%
Health status of participants

Nonclinical (healthy) sample 84.9%

Sample with clinical condition 15.1%
Exercise intensity level

Low to moderate exercise intensity 46.0%

High-intensity exercise protocol 15.1%

Not reported 38.9%
Type of exercise

Anaerobic exercise 11.9%

Aerobic exercise 69.8%

Not reported 18.3%
Usual activity level

Nonsedentary participants 63.5%

Sedentary (physically inactive) participants 21.4%

Not reported 15.1%
Overweight status

Not overweight (BMI <25 kg/m?) 62.7%

Overweight/Obese (BMI 225 kg/m?) 15.1%

Not reported 22.2%
Affective outcome measure

Analysis on general mood responses 100%

Analysis on anxiety responses 43.6%

Analyses on depressive symptom responses 25.4%

SD = standard deviation; BMI = body mass index.
A total of 126 effect sizes were obtained from 103 studies.

19 (15.1%) of studies were based on participants with a clinical
condition. Clinical conditions included depressive disorder,
dysthymia, bipolar disorders, anxiety disorders, and/or adjust-
ment disorders (k = 8), smokers and/or alcoholic use disorder
(k = 5), multiple sclerosis (k = 3), spinal cord injury (k = 2),
and type 2 diabetes mellitus (k = 1). The distinction between
studies examining nonclinical (“healthy”) samples and sam-
ples with a clinical condition was based on the recruitment
strategies of the original study. In order to investigate the po-
tential moderating effect of exercise intensity, mode of exer-
cise, usual activity levels, and weight status of participants,
studies were categorized by these parameters (see Table 1 and
S-T1 for details).

Based on the 103 included studies, data for the three out-
come measures of this review—i.e., general mood, anxiety, and
depressive symptom responses to acute exercise—were based
on a total of k = 213 effect sizes. Specifically, 126 effect sizes
involved general mood responses (this number is higher than
103 because studies with multiple exercise conditions could re-
veal more than one effect size; see Methods for details). These
studies also reported data on anxiety (k =55, 43.6%) and de-
pressive symptoms (k = 32, 25.4%).

General Mood State Responses to Acute Exercise

The questionnaires that were most often used to assess
general mood responses were as follows: Feeling Scale

© 2024 Lippincott Williams & Wilkins
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(k=45), Profile of Mood States (POMS )—Total Mood Distur-
bance (k = 39), Positive and Negative Affect Scale (PANAS)
(k= 18), and the Positive Affect Balance sub-scale of the Acti-
vation Deactivation Checklist (k = 4).

Table S2 (Supplemental Digital Content 2, http://links.
Iww.com/PSYMED/B29) shows that general mood states im-
proved significantly from preexercise to postexercise (g = 0.336,
95% CI = 0.234-0.439, based on k = 126 effect sizes). Table
S2, http://links.lww.com/PSYMED/B29, also shows the results
of the O test, P statistic, and the 95% prediction interval, and these
data indicate large heterogeneity when examining all studies com-
bined (7 statistic = 88.9%), resulting in a wide prediction interval
(-0.644 to 1.316).

Including mean age in the model did not markedly al-
ter the results. Specifically, the average effect size was
0.003 larger if the mean age of the sample increased 1 year
(#(114) =0.663, p = .509). The average effect size was 0.003
larger if the percentage of women in the sample increased 1%
(#(123) = 2.001, p = .048).

The results were not different when corrections for pub-
lication bias were conducted (p-uniform*: g = 0.301, 95%
CI 0.149-0.456; selection model: g = 0.302, 95%
CI 0.151-0.454) (Table S3, http://links.lww.com/
PSYMED/B29). It was also examined whether effect sizes
differed depending on whether data were extracted from text
or table versus from the figures presented in the article. When
data were extracted from a figure (k = 25), the average effect
size was 0.299 lower (g = 0.096) than if data were not extracted
from a figure (g = 0.395), and this difference was statistically
significant (#(123) = 2.321, p = .022).

Differences Between Clinical and Nonclinical
Samples in General Mood State Responses to
Acute Exercise

No evidence was found for a differential effect of acute exer-
cise on affective responses with regard to health status (i.e., studies
focusing on a clinical condition versus studies focusing on healthy
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FIGURE 2. Forest plot of general mood responses to acute exercise for studies with (A) healthy participants and (B) participants with clinical conditions.
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participants) on changes in general mood state (#(124) =—0.164;
p = .870). The average effect size was g = 0.339, 95%
CI=0.220-0.458, k= 107) for the studies conducted in nonclin-
ical (healthy) participants; and for participants with a clinical
condition, the average effect size was similar (g = 0.337,
95% CI = 0.185-0.489, k = 19) (Table S2, http://links.lww.
com/PSYMED/B29).

The forest plots of these studies are presented in Figure 2
(Figure 2A presents data for the healthy participants and
Figure 2B for participants who were enrolled based on a clini-
cal condition). As described in the Methods section, the effect
sizes for specific clinical conditions were derived from studies
that specifically recruited for a particular clinical diagnosis (e.g., de-
pressive mood disorder or adverse health behavior (e.g., smoking));
the nonclinical (healthy) samples were from studies that did
not recruit for a specific clinical condition or health behavior.

Meta-Regression Analyses for General Mood State
Responses to Exercise

Table S4, http://links.lww.com/PSYMED/B29, shows the
results of the meta-regression analyses based on only the studies
with nonclinical (healthy) participants (see Methods for ratio-
nale). The results show that a higher intensity of exercise was as-
sociated with a lower positive general mood response to acute
exercise (using low to moderate exercise intensity as reference),
but this association was not statistically significant. In addition,
mode of exercise (aerobic versus anaerobic), usual activity level
of the participants (sedentary versus nonsedentary), and the
weight status of the participants (overweight/obese versus
non-overweight) did not significantly alter the improvement in
general mood from preexercise to postexercise in studies with
healthy participants (Table S4, http://links.Iww.com/
PSYMED/B29). Supplemental Table S5, http://links.lww.com/
PSYMED/B29, presents the findings for when meta-regression
was conducted on all variables simultaneously (for studies where
all measures were available), with consistent results as described
above (i.e., no significant moderators). Table S4, http://links.lww.
com/PSYMED/B29, also shows that the heterogeneity in the true
effect size was hardly reduced when including the moderators
in the meta-regression analyses.

Difference Between Exercise and Control Condition
for the General Mood State Responses

To investigate the difference in general mood state responses
to an acute bout of exercise versus a control condition in which
participants did not exercise (e.g., a resting or reading condition),
arandom-effects meta-analysis was done for the subset of stud-
ies where such a comparison could be made (k = 17)
(38,47,49,60,62,70,72,78,98,104,131,134). The average effect size
estimate for these studies was g = 0.371 (95% CI = 0.088-0.64),
and this effect was statistically significant (#(16) = 2.782,
p = .013). The estimated between-study variance was 0.152,
and the * statistic was 62.7%. The magnitude of this effect size
is similar to the g = 0.336 observed for the full sample (see above)
and indicates that a comparison with a nonexercise control condi-
tion did not markedly change the average effect size estimate.

One of the studies (70) included two exercise conditions
but only one control condition. Computing the difference be-
tween each exercise condition and the control condition yields
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dependence between the effect sizes. Because this is a violation
of the independence assumption of the random-effects model,
a subsequent sensitivity analysis was conducted where this
study was excluded from the analysis. The average effect size
estimate of this analysis was g =0.447 (95% CI=0.139-0.756),
and this effect was significant (#(14) = 3.115, p = .008; be-
tween-study variance = 0.156 and I* = 62.2%).

Anxiety Responses to Acute Exercise

A total of 55 effect sizes were available for the meta-analysis
on anxiety. Changes in anxiety in response to exercise were
mainly assessed using the Anxiety subscale of the POMS
(k= 30), State Trait Anxiety Inventory (k= 13), and the Tension
sub-scale of the Activation Deactivation Checklist (k = 3).

As shown in Table S6, http://links.lww.com/PSYMED/
B29, a statistically significant decrease in anxiety from
preexercise to postexercise was found (g = 0.497, 95%
CI = 0.263-0.730). Heterogeneity in the true effect size was
large and statistically significant (* = 95.3), and the 95% pre-
diction interval was wide (—1.112 to 2.106).

When correcting the average effect size estimates for publi-
cation bias, the improvement in anxiety from preexercise to post-
exercise was attenuated (p-uniform*: g=0.236,95% CI=-0.170
to 0.601; selection model: g = 0.234, 95% CI =—0.145 to 0.613)
and became statistically nonsignificant (p = .226) (Table S7,
http://links.lww.com/PSYMED/B29). Studies that extracted data
from a figure (k = 11) revealed a larger average effect size than
studies from which data were extracted from tables or text
(g =0.966 versus g = 0.381, #(53) = 2.0606, p = .044).

Differences Between Clinical and Nonclinical
Samples in Anxiety Responses to Acute Exercise

For the studies that included nonclinical (healthy) partici-
pants, the average effect size was g = 0.505 (95%
CI = 0.202-0.808, k = 43). For the studies with participants
with clinical conditions, the average effect size was lower
(2=0.469, 95% CI=0.356-0.581, k= 12), and this difference
was not statistically significant (#53) =—0.216, p = .830). The
heterogeneity of effect sizes in studies with healthy participants
was high (7 = 95.9%), whereas it was small for the studies in
clinical samples (= 19.7%). Forest plots are presented in Figure
S-1, http://links.lww.com/PSYMED/B29 (Figure S-1.a. presents
data for the healthy participants and Figure S-1.b. for participants
who were enrolled based on a clinical condition).

Meta-Regression Analyses for Anxiety Responses
to Exercise

Table S8, http://links.lww.com/PSYMED/B29, presents
the meta-regression analyses for the anxiety response to acute
exercise (in studies that enrolled healthy participants). The
meta-regression analyses showed that the intensity of exercise
(high versus low to moderate), mode of exercise (acrobic versus
anaerobic), usual activity level of the participants (sedentary
versus nonsedentary), and the weight status of the participants
(overweight/obese versus non-overweight) did not significantly
affect the reduction in anxiety preexercise to postexercise (Table
S8, http://links.lww.com/PSYMED/B29). Heterogeneity of the
effect size was reduced when intensity of exercise was included
as a moderator (/> = 72.3), but the O test was still statistically
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significant (Q(22) = 95.132, p < .001). The other moderators
did not reduce the heterogeneity (see Table S8). Analyzing the
potential moderators simultaneously provided the same pattern
of findings (Supplemental Table S9).

Effects of Acute Exercise on Depressive Symptoms

The effects of exercise on depressive symptoms were reported
in 32 effect sizes. Depressive symptoms were almost exclusively
assessed using the Depression subscale of the POMS (k = 31).

Table S10, http:/links.lww.com/PSYMED/B29, shows
that acute exercise resulted in a statistically significant reduc-
tion in depressive symptom severity (g = 0.407, 95%
CI=10.249-0.564). The heterogeneity was large and statistically
significant (2 = 79.6), resulting in a wide prediction interval
(=0.343 to 1.156).

Adjusting for publication bias did not affect the average
effect size estimates for the exercise-induced decrease in de-
pressive symptoms (Table S11, http://links.lww.com/
PSYMED/B29). There was also no significant difference (¢
(30)=10.428, p = .672) in the effect sizes of studies from which
data were extracted from figures (k= 6, g = 0.475) versus data
extracted from tables or the article’s text (k = 26, g = 0.390).

Differences Between Clinical and Nonclinical
Samples in Depressive Symptom Responses to
Acute Exercise

There was a statistically significant decrease in depressive
symptoms in the 30 effect sizes obtained from healthy partici-
pants (g = 0.390, 95% CI = 0.224-0.557), and the forest plot is
presented in Figure S-2, http://links.lww.com/PSYMED/B29.
The heterogeneity was large and statistically significant for
the studies conducted in healthy participants (7 = 80.7), and
the prediction interval was wide (—0.382 to 1.162). There were
only two studies with participants with clinical conditions that
assessed depressive symptoms, precluding reliable assessment
of the effect size (the per-study effect sizes were g = 0.84 [95%
CI=0.35-1.34] (47) and g =0.46 [95% CI = 0.06-0.87] (64)).

Meta-Regression Analyses for Depressive Symptom
Responses to Exercise

The meta-regression showed that the intensity of exercise
(high versus low to moderate), mode of exercise (aerobic versus
anaerobic), usual activity level of the participants (sedentary ver-
sus nonsedentary), and the weight status of the participants
(overweight/obese versus non-overweight) did not significantly
affect how depressive symptom levels changed from preexercise
to postexercise in the studies with healthy participants (Table
S12, http:/links.lww.com/PSYMED/B29). The heterogeneity
of the effect size was reduced when including intensity of exer-
cise in the meta-regression analysis (7 = 70.8), but the Q test
was still statistically significant (Q(13) = 52.553, p < .001).
A similar pattern was found when examining potential moder-
ators simultaneously (Supplemental Table S13, http://links.
Iww.com/PSYMED/B29).

Quality Assessment of Studies Included in the
Meta-Analysis

The study quality of all studies is presented in Table S1.
For the majority of effect sizes on general mood changes

© 2024 Lippincott Williams & Wilkins

(k = 126), study quality was strong (51.6%), with 34.1% of
moderate quality and 14.3% of weak quality.

DISCUSSION

The present meta-analysis shows that a single bout of exer-
cise produces statistically significant increases in positive mood
states and reductions in anxiety and depressive symptoms. A
total of 103 studies were included in this review, and the overall
study quality was moderate to strong. The magnitude of the
observed effects sizes is moderate and does not markedly differ
between healthy individuals and individuals with a clinical
condition or adverse health-related behaviors. There was sub-
stantial heterogeneity in the effect sizes of the studies. Adjusting
for the intensity of the exercise protocol as a moderator in
meta-regression analysis had the strongest effect on reducing
heterogeneity, but substantial differences between studies re-
mained. Other moderators (i.e., whether the exertion was aero-
bic or anaerobic, the usual activity level of study participants,
and weight status) did not explain the heterogeneity in the affec-
tive response to acute exercise. Overall, these findings indicate
that acute exercise produces a short-term improvement in a per-
son’s positive mood state and reductions in anxiety and depres-
sive symptoms. However, the large heterogeneity indicates that
there are substantial differences between studies such that the ef-
fect may also be absent in some settings and larger than ob-
served in this meta-analysis in other settings. These findings
might be useful to further develop exercise-based interventions
to improve mental well-being in a wide range of clinical and
nonclinical settings.

The observed positive general mood responses are consis-
tent with a meta-analysis by Reed and Ones (3), who demon-
strated increases in vigor and energy. However, the effects of a
single bout of exertion on energy are not consistently paralleled
by a decrease in fatigue. Fatigue may be a distinct component of
the exercise response, and it might be necessary to differentiate
between mental and physical fatigue to evaluate this (energy-
related) aspect of the affective response to exercise.

Enhancing general mood in response to acute exercise can
be an effective strategy for increasing initiation of and adher-
ence to long-term exercise (92,139). Therefore, understanding
the components of the exercise activity itself (i.e., intensity)
and attributes of the exerciser (i.e., individual characteristics
such as usual exercise activity) that can affect the general mood
response is essential for promoting adherence. However, the
heterogeneity of the literature and the lack of studies that sys-
tematically manipulate these factors have limited the ability
to boost the general mood benefits of exercise.

Anxiety improved significantly with exercise, but this ef-
fect became nonsignificant when adjusting for publication
bias. Depressive symptoms also showed a significant improve-
ment following an acute bout of exercise, and this effect re-
mained significant when adjusting for publication bias. Several
studies have demonstrated that regular physical activity is asso-
ciated with relatively low levels of depressive symptoms (140).
In addition, physical activity—based interventions have shown
beneficial effects on depression, whereas withdrawal of regular
physical activity is associated with reduced mental well-being
and increased depressive symptoms (6). A meta-analysis on
the acute affective responses in individuals with depression
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has indicated a small but significant effect on depressive symp-
tom levels (8). It is possible that repeated experiences of short-
term reductions in depressive symptoms might contribute to
improvements in mental well-being over time in individuals
with depression or other mental disorders (141). These find-
ings indicate that acute exercise could have clinical utility, also
in people with clinical major depressive disorder.

The intensity of the exercise protocol appeared to be the
strongest moderator of the affective response to exercise, based
on the results of the meta-regression models presented in this
systematic review. This observation is consistent with prior
work by Ekkekakis and Petruzzello (4) and others (118,142).
However, these findings primarily reflect the potentially ad-
verse affective consequences following high-intensity exercise
and may not reflect variations on low to moderately high levels
of exertion. In addition, substantial heterogeneity remained
when including exercise intensity in the meta-regression
models. The mode of the exercise protocol (aerobic versus an-
aerobic) was not markedly related to the affective response to
exertion. These results indicate that other factors need to be con-
sidered to better understand the affective response to exercise.

No evidence was found for a strong contribution of partic-
ipant background characteristics (e.g., healthy participants
versus participants with a clinical condition) on the exercise-
induced affect response. The interpretation of this finding is
complicated by our combination of very different clinical con-
ditions (e.g., multiple sclerosis, diabetes mellitus, depressive
mood disorder) into one category. However, the heterogeneity
of the models examining studies in participants with clinical
disorders was not systematically larger than the heterogeneity
in studies that enrolled healthy participants. We also did not
find evidence that a sedentary lifestyle or being overweight
played a moderating role in the exercise-induced affective re-
sponse. These observations are in contrast to the notion that
“deconditioned” individuals show less affective benefits from
an acute bout of exercise compared to physically active indi-
viduals (9). This finding may be explained by a lack of studies
that investigate the combination of exercise protocol compo-
nents with participant background characteristics. For example,
the effect of intensity of exercise protocol may have a differen-
tial impact on affective responses to exercise in individuals of
different weight statuses (143). Individuals who are obese
may experience “moderate”-intensity exercise differently from
those who are overweight or normal weight. The literature has
not reached a point where the complex interplay of exercise pa-
rameters and participant characteristics is meaningfully ad-
dressed, which may lead to heterogeneous findings.

In addition to the exercise activity itself and the attributes
of the exerciser, it is essential that the literature progresses in
the area of individual differences. Several studies have shown
large individual differences in the physiological responsiveness
to exercise programs (i.e., fitness changes, exercise-induced
changes in heart rate) (144). Most likely, there is a corollary
with potential individual differences in mood responsiveness
to exercise. For maximal O, uptake response to standardized
exercise training programs, associations with single-nucleotide
polymorphisms have been observed (145). In order to harness
the power of exercise for improving general health, individuals
have to adhere long-term to regular exercise. The enhancement
of general mood and positive affect might be an important tool
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to help encourage adherence. However, there is a need to better
understand individual differences in the heterogeneity of affec-
tive changes in response to acute exercise, as these differences
could be used to develop person-tailored interventions.

The findings of the present meta-analysis need to be consid-
ered in the context of a few limitations. Our search strategy fo-
cused on one database only (MEDLINE/PubMed), which might
have resulted in non-inclusion of articles published outside the
health-related literature. This limitation was compensated by
carefully reviewing all reference lists of the included papers,
and it is therefore unlikely that many relevant studies were missed
in this review. In addition, the primary outcome was general
mood state and that was used as the initial selection criterion
for the studies covered in this review. For the analyses on anxiety
and depressive symptoms, those were analyses of the studies that
had also assessed general mood state responses. There are several
other studies that evaluated the acute impacts of exercise on anx-
iety and/or depressive symptoms that did not assess general
mood state. These studies were not included in the present inves-
tigation, and this may have limited the number of studies/effect
sizes included in the anxiety and depressive symptoms analyses.

A limitation with regard to the design of this meta-analysis
is that we did not compare the effects of exercise to a nonexercise
control condition. Although it is not likely that a neutral
nonexercise control condition will elicit a strong affective re-
sponse, taking this issue into account could have altered the
observed effect sizes in both directions (e.g., potential positive
affect related to a neutral stimulus or potential negative affec-
tive responses to boredom related to exposure to a neutral stim-
ulus). However, a subset analysis was conducted on studies that
had unique individuals in a control condition (k= 17) and found
that the effect of exercise remained statistically significant even
when comparing to the control condition and the magnitude of
effect was similar to the analyses that did not include a com-
parison to the control condition. We used data extraction
from figures, tables, or text, and figure-based data extraction
might have been less precise. Data that were extracted from
figures (rather than from text or tables) showed a smaller ef-
fect size for the general mood increases but a larger improve-
ment in anxiety in response acute exercise. It is unclear why
this is the case, and future research reports could be improved
by presenting the actual data in text form (in the main text or
supplemental materials) in order to reduce this source of
reporting bias.

Another limitation is that we had to assume a value for the
correlation between preexercise and postexercise and ran sen-
sitivity analyses assuming different values, because only a
few studies reported this metric. This meta-analysis only ana-
lyzed the intensity and mode (aerobic versus anaerobic) of
the exercise protocol and no other aspects such as the duration
or mode of exercise. The current literature did not report many
of the exercise and/or participant characteristics, so the meta-
regression analyses were conducted on smaller numbers of
studies reducing the detectability of small (but potentially reli-
able) effects sizes related to these factors. This meta-analysis
also has several unique strengths, including the inclusion of var-
ious exercise protocols, the large number of included studies,
adjustment for publication bias, and the potential relevance of
the findings for public health and exercise interventions in
clinical settings.
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Future studies are needed to more consistently report the
participants’ background data, including age, health status,
and health behaviors. In addition, the details of the exercise pro-
tocol parameters (intensity, duration, mode) need to be consis-
tently reported and with sufficient details. The literature will ad-
vance if these essential components are consistently reported.
Intensity of exercise is typically categorized into low, moderate,
and high categories; however, the experience of intensity may
be quite different within these categories. There is also a need
to report pretest-posttest correlations so that future meta-ana-
lytic summaries can accurately estimate effect sizes.

The present findings support the benefits of acute exercise
on general mood state, reducing anxiety and improving depres-
sive symptoms. However, the field needs to move forward by
better investigating the parameters of the exercise protocol
and the characteristics of individuals that experience these ex-
ercise-induced mood benefits. In addition, there are few, if any,
data investigating the interaction of exercise protocol parame-
ters with individual characteristics with regard to the exer-
cise-induced affect response. Carefully designed studies could
help to understand these multifactorial relationships. This infor-
mation could be used to tailor exercise interventions to individ-
ual person or patient characteristics with the goal to maximize
the benefits of exercise interventions and enhance long-term ad-
herence to exercise and physical activity programs.
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