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ABSTRACT

Objective To update, synthesise and provide meta-
analytical evidence of the associations between domain-
specific physical activity (PA) and mental health and
mental ill-health outcomes.

Design Systematic review and multilevel meta-analysis.
Data sources In March 2024, we systematically
searched five databases.

Eligibility criteria Methods employed replicated those
of a previous review in 2017. All studies examining
associations between domain-specific PA and specified
mental health outcomes were included.

Results 372 studies met inclusion criteria and 361 were
included in the meta-analysis. Across the 372 studies
(combined sample size of 3 323 711), 338 examined
leisure-time PA, 54 work-related PA, 72 transport-related
PA, 44 household PA, 5 school sport and 8 physical
education. Multilevel meta-analyses showed that leisure-
time PA (r=0.205, 95% Cl 0.157 to 0.253), transport-
related PA (r=0.138, 95% Cl 0.042 to 0.231) and
household PA (r=0.096, 95% CI 0.025 to 0.165) were
positively associated with mental health. Leisure-time PA
(r=—0.149, 95% Cl —0.189 to —0.11) and school sport
(r=—0.096, 95% CI —0.115 to —0.077) were inversely
associated with mental ill health. However, work-related
PA (r=0.134 95% Cl 0.069 to 0.199) was positively
associated with mental ill health.

Conclusion The direction of the association between
PA and mental health/mental ill health is dependent

on the domain in which PA occurs. Promoting PA for
leisure purposes is likely to yield the greatest benefits for
both promoting mental health and preventing mental

ill health. As such, leisure-time PA should be prioritised
in messaging, guidelines and interventions/programmes
designed to support mental health through PA.
PROSPERO registration number CRD42024510303.

BACKGROUND

Mental ill health has emerged as one of the leading
causes of disease burden globally,' with the prev-
alence of diagnosed depression and anxiety alone
increasing from 366 million (in 1990) to 580 million
(in 2019)." Although first-line treatment currently
involves psychotherapy and/or pharmacology, the
use of physical activity as an effective strategy for
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Physical activity is associated with improved
mental health and a lower incidence of mental
ill health; however, the physical activity domain
(ie, the life context in which physical activity
is performed, including leisure time, transport,
work related, household) is likely to moderate
this relationship.

= Based on previous meta-analytical evidence
of n=98 studies, leisure-time physical activity
is most consistently associated with positive
mental health and inversely associated with
mental ill health.

= Limited evidence suggests that transport-
related physical activity is positively associated
with mental health; school sport is inversely
associated with mental ill health; and work-
related physical activity is positively associated
with mental ill health.

= Household physical activity is not associated
with mental health or mental ill health.

WHAT THIS STUDY ADDS

= New data (1160 effect sizes across 372
studies) confirm that the direction of the
association between physical activity and
mental health is clearly dependent on
the domain in which physical activity is
performed.

= Despite now having access to four times
more data, leisure-time physical activity
remains the only physical activity domain
that is associated with both better mental
health and a lower likelihood of mental
ill health. We confidently prioritise the
promotion of leisure-time physical activity
above all other domains when the objective
is improving mental health.

= Transport-related physical activity and
household physical activity are also
positively associated with mental health.

= School sport is inversely associated with mental
ill health, while conversely, work-related
physical activity is positively associated with
mental ill health.
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Participation in leisure-time physical activity, where
possible prioritising activities one enjoys or personally
chooses to undertake, should be prioritised in physical
activity messaging, guidelines, and intervention/program
development which aim to support mental health through
physical activity.

= Given that cultural, environmental and climatic contexts are
likely to influence associations between domain-specific
physical activity and mental health, there is clear need for
further longitudinal studies particularly in low- and middle-
income countries.

both prevention® and management® of mental ill health, as well
as for the promotion of mental health (ie, being a positive state
of well-being), has received substantial recognition.* Despite
gaining widespread acceptance as a mental health promotion
strategy, results of intervention studies examining the effect of
physical activity on mental health outcomes are usually highly
heterogenous, indicating that not all physical activities are of
equal value, in terms of the potential mental health benefits.’
Similarly, observational epidemiological studies (which make a
major contribution to the establishment of links between expo-
sures and disease at a population level)® have also demonstrated
that the association between physical activity and mental health
is largely heterogenous and likely dependent on certain contex-
tual factors of physical activity,” warranting further exploration
of the association between physical activity and mental health.

One contextual aspect of physical activity that could influ-
ence the strength and direction of the association between phys-
ical activity and mental health is the domain in which physical
activity occurs.* ®° Physical activity, when defined as any volun-
tary movement that expends energy,'® refers to a broad range
of movement behaviours that take place at varying times within
peoples’ lives. Physical activity domain refers to the life domain
(ie, life context/purpose) in which physical activity is performed,
including leisure time, transport, occupational, or school, and
domestic/household.” While it is widely assumed that all episodes
of physical activity are beneficial to mental health, it is plau-
sible that physical activity during people’s free time may provide
different psychological benefits than physical activity which may
be required due to work, transport or household duties, since
leisure-time physical activity may provide more opportunities to
foster self-efficacy, social connection, a sense of autonomy and
enjoyment.'! Recent prospective research has also demonstrated
that mechanisms (eg, self-efficacy, enjoyment, behavioural inten-
tions) explaining the association between physical activity and
mental health differ according to the domain in which physical
activity is performed,'? further underscoring the importance of
understanding domain-specific associations between physical
activity and mental health.

Furthermore, the physical activity paradox posits that while
leisure-time physical activity is strongly associated with improved
health outcomes (eg, reduced risk of cardiovascular disease
and premature mortality), occupational physical activity does
not confer the same benefits and may in fact be detrimental."
Explanations for this include occupational heavy lifting or static
postures elevating 24-hour blood pressure and occupational
physical activity being performed for long periods without suffi-
cient recovery time—leading to fatigue, exhaustion and subse-
quently increased risk of cardiovascular disease.® As such, this

paradox provides further rationale as to why the domain of
physical activity is an important consideration for mental health
outcomes.

In 2017, members of our research group published a system-
atic review and meta-analysis comparing the relationship
between physical activity and mental health outcomes, across
different domains. The results indeed reported that the direction
and strength of associations between physical activity and mental
health/mental ill health were domain dependent.” Specifically,
leisure-time physical activity and transport-related physical
activity were positively associated with mental health; leisure-
time physical activity and school sport were inversely associated
with mental ill health, while work-related physical activity was
positively associated with mental ill health.” This review remains
the most comprehensive review and meta-analysis to examine
the associations between different domains of physical activity
and mental health/mental ill health.

Despite robust evidence showing that physical activity domain
influences the association between physical activity and mental
health being published in 2017, there were limitations to the
previous review and advancements in the field that warrant
reconsideration. While the previous review included 98 studies,
most studies (n=93) examined leisure-time physical activity,
meaning evidence was limited for all other domains. Further, the
studies included in the 2017 review were predominantly cross-
sectional, which precluded determining the direction of relation-
ships or causality.” Since the publication of this review,” there
has been a sizeable increase in the number of studies that have
investigated the domain-specific relationship between physical
activity and mental health/mental ill health.

Given the sizeable increase in studies examining associations
between multiple domains of physical activity and mental health
since 2017, and the increasing number of prospective and exper-
imental studies, the primary aim of this paper was to update our
previous review, providing up-to-date meta-analytical evidence
of the associations between domain-specific physical activity and
mental health/mental ill-health outcomes.

METHODS

The protocol of our systematic review and meta-analysis was
registered with PROSPERO (ID: CRD42024510303), and
reporting follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. The methods of this
‘review update’ replicated those of our ‘original’ (2017) system-
atic review’ to enable a comprehensive, combined evidence
synthesis and meta-analysis of all studies to date, including those
captured in the original review (from inception to 20135).

Equity, diversity and inclusion statement

The author group is gender balanced and consists of early, mid-
career and senior researchers from four different countries
(Australia, UK, USA, Brazil). Our study population included
participants of all genders and age groups across multiple
countries.

Patient and public involvement
Patients or the public were not involved in this study.

Eligibility criteria

Replicating the inclusion/exclusion criteria employed by White
et al,” studies were eligible if they met the criteria outlined in
box 1.

268 Teychenne M, et al. Br J Sports Med 2026;60:267—-285. doi: 10.1136/bjsports-2025-109806

saibojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 pale|al sasn Joj Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aqg 920z ‘o€ Jequaldas uo /woo fwg wslg//:diy woly pepeojumod ‘SZ0z 18quwisldss € uo 90860T-G20Z-S110ds[g/9eTT 0T Se pays!jgnd 1si1y :psy s10dS [ 19


http://bjsm.bmj.com/

Systematic review

Box 1 Inclusion and exclusion criteria
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Inclusion criteria

= Quantitative assessment of physical activity within at least
one specified domain (eg, leisure time, work, physical
education, active commuting, or household or domestic
duties), unless an experimental study was carried out within a
specific domain (then, no domain-specific measure of physical
activity was required).

= Quantitative assessment of at least one mental health
outcome variable (ie, mental health, mental well-being,
psychological well-being, subjective well-being, life
satisfaction, positive affect, negative affect, depression,
anxiety, stress or psychological distress).

= Quantitative assessment of the relationship between physical
activity in a specified domain and mental health.

= Cross-sectional, longitudinal or experimental design.

= Full-text, peer-reviewed journal articles.

Exclusion criteria

= Participants from special populations (eg, physically frail/
cognitive impairment).

= Measured only total physical activity, or did not specify the
physical activity domain.

= Measured sedentary behaviour but not physical activity.

= Measured mental health in relation to a particular setting or
circumstance (eg, job strain, academic anxiety).

= Solely reported qualitative data.

= Published in language other than English.

Search strategy and selection
In March 2024, we systematically searched five databases
(PubMed, Scopus, PsycINFO, SPORTDiscus, Web of Science)
for articles published between February 2015 (ie, the date the
last search was conducted in the original review’) and March
2024. Given the original White et al review only searched the
first four of the five databases named above, Web of Science was
also searched from inception to 2015. Keywords/search terms
pertaining to three key concepts (physical activity terms; mental
health terms; domain-specific terms) were used, replicating
those employed by White et al,” and exclusion terms were also
specified to reduce the number of irrelevant articles. The full
search strategy can be found in online supplemental table 1.
Papers identified in this search were exported to EndNote
(V.9.3.3) and uploaded to Covidence software (www.covidence.
org). Aligned with the methods used by White ez al,’ titles and
abstracts of each paper were screened by two independent
reviewers. Records recommended for exclusion by both reviewers
were removed. Following this, two reviewers independently
screened all remaining full-text papers. Records recommended
for exclusion by both reviewers were then removed. Discrepan-
cies were assessed by a third independent reviewer (MT/RLW—
lead and senior author), where a consensus was then reached.

Data extraction

Data were independently extracted from each included article
into a predefined data extraction table, and a second reviewer
checked the extracted data for accuracy. All discrepancies were
discussed and resolved. Data items extracted included: author,
year of publication, study design, sample characteristics (size,
age, sex, country), measures of physical activity and mental
health/mental ill health, method of data analysis and statistical

Box 2 Risk of bias criteria

= Random selection of schools/participants (sampling
procedures appropriate and adequately described, including
randomisation for experimental studies).

= Participant eligibility criteria clearly stated and adequately
described, and appropriate to the aims of the research.

= Power calculation reported, and the study was adequately
powered to detect hypothesised relationships.

= Valid measure of physical activity used. Objective measures
of physical activity, self-reported measures with cited validity
and reliability or experimental studies in which participants
are allocated to a physical activity intervention relative to
a control condition are all considered a valid assessment of
physical activity.

= Valid measure used for the mental health/mental ill-health
outcome variable, or psychometric characteristics of the
outcome variable reported and within accepted ranges (eg,
Cronbach’s alpha and test-retest reliability >0.60).

= Confounding factors/covariates adjusted for in analyses (eg,
sex, age).

results (eg, correlation, ORs, prevalence ratios, B values, F-sta-
tistic, M and SD).

Study quality assessment

We used the risk of bias criteria developed for the original
review’ to assess the quality of the included studies because it
was designed to be suitable for both observational and exper-
imental studies, by assigning either a 1 (present and explicitly
explained) or a 0 (absent or inadequately described) to six crite-
rion (see box 2 for full risk of bias criteria). To ensure robust-
ness of the criteria, and its use among the research team, two
researchers independently assessed 28 studies (10%) against the
six criteria. We then calculated the percentage agreement (0.89)
and Cohen’s kappa coefficient (0.77)."* Given an acceptable
kappa coefficient, the remaining studies were divided, with each
assigned to a single researcher for risk of bias assessment. Scores
were then summed for each study and categorised as follows:
(a) high (maximum of one criterion not met/score of 5 or 6); (b)
acceptable (most criteria met/score of 4); (c) low quality (some
criteria met/score of 3 or less).

Once data extraction and quality assessments were complete,
datasheets from both the ‘original’ review’ and the ‘updated’
search were combined to create one datasheet with all studies
published between inception and 2024, enabling a comprehen-
sive, combined meta-analysis.

Statistical analysis

To enable comparison of findings, we followed the same statis-
tical analysis strategy employed in the original review.” Correla-
tion effect sizes were either extracted or calculated from each
individual study.” '® If a correlation coefficient was reported in
the study, this was simply extracted to use in the meta-analysis. If
no correlation was included in the study, the result was extracted
in the form in which it was reported in the study. Published
formulas were then used to calculate a correlation from the
published results. For example, r=v#*/#*+dfcan be used to calcu-
late a correlation from a t-test.’® '® Similarly, Cohen’s d can be
calculated by using x,—x/SD,_,,,,» where x, represents the mean
of the treatment condition and x_represents the mean of the
control condition,” and r can then be calculated from Cohen’s
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d.” ' Internal consistency scores (eg, Cronbach’s alpha) were
also extracted for the physical activity (self-reported measures
only) and mental health variables used to correct each correla-
tion for attenuation.'® ' When internal consistency was missing,
the score reported in a similar literature was used. A conserva-
tive score of 0.70 was used® if an internal consistency score was
not obtainable, or the study used a single-item measure. Where
physical activity was device measured, or an experimental design
was used, a score of 1.0 was used. Lastly, since r becomes more
skewed as the value moves away from zero, all r values were
transformed to Fisher’s adjusted Z scale (z), which is almost
normally distributed.'® '® The variance (v) and SE of each effect
size were then calculated."

Two random-effects meta-analyses (ie, one for mental health
and one for mental ill health) were conducted. To account for
dependent effect sizes (ie, multiple effect sizes within a single
study), three-level meta-analyses were conducted using struc-
tural equation modelling, where multiple effect sizes (level 2)
were clustered within studies (level 3).*! 2% This was completed
using the metaSEM package (version 1.5.0) in R (V.4.4.0). The
weighted average effect sizes (r) and 95% ClIs have been reported
in line with Cohen’s guideline for interpreting the strength of
correlations: r=0.1 was interpreted as weak, r=0.3 as moderate
and r=0.5 as strong.”

The 12 statistic indicates the percentage of the total variation
in effect sizes that is due to genuine differences between the
individual study results as opposed to chance.”* However, as 12
increases rapidly towards 100%, as the number of participants
within the primary studies increases, 12 is interpreted as possible
heterogeneity that may be relevant.” According to Cochrane’s
overlapping criteria, an 12 statistic between 0% and 40% may
not be important, 30-60% may represent moderate heteroge-
neity, 50-90% may represent substantial heterogeneity and 75%
considerable heterogeneity.?®

Next, mixed-effects meta-analyses were conducted as they
extend the random-effects meta-analyses by including fixed and
random components within the one model in order to test study
characteristics as potential predictors.”” Study characteristics
tested as potential moderators included physical activity domain,
the specific mental health outcomes, age, sex, study design, type
of physical activity measure and risk of bias. Age was catego-
rised as children (1-9 years), adolescents (10-19 years), adults
(20-64 years) and older adults (=65 years).”” 2 The regression
coefficient (B) was reported for each mixed-effects meta-analysis
to indicate whether the moderator was a positive or negative
predictor of the effect size. The R2, which demonstrates the
proportion of heterogeneity explained by the moderator vari-
able, is also reported.?! Moreover, an omnibus analysis of vari-
ance was performed to test whether the mixed-effects model was
significantly different from the random-effects model (tables 1
and 2). When the mixed-effects meta-analysis was significantly
different, the effect size and 95% CI within each subgroup were
included.

Rosenthal’s fail-safe N was calculated to indicate the number
of unpublished studies with a null effect needed to cause the
meta-analysis effect to become non-significant (p=0.05)." A
larger fail-safe N suggests that unpublished studies not included
in the review would be unlikely to overturn the effect reported.?’
To assess the risk of bias across studies, Egger’s regression asym-
metry tests were conducted on the two overall meta-analyses (ie,
mental health and mental ill health). However, Egger’s test was
not conducted for the meta-analyses on each physical activity
domain, since 10 or more studies are required to distinguish
chance from real asymmetry.?® *

RESULTS

The current literature search yielded 21555 articles. After
title/abstract screening, 1780 full-text papers were assessed
for eligibility. A total of 284 studies met the inclusion criteria
(for list of excluded studies see online supplemental file 4).
We then combined the 284 studies and the original 98 and
checked across the combined 382 studies for any duplicates. We
removed 10 studies that were included in the current search,
which were included in the initial review.” This led to a total
of 372 studies'? *'*** being included in this updated systematic
review (98 from the original review and 274 additional studies).
In the original review, two included studies used the same data,
meaning only one study was included in the meta-analysis, and
a correlation could not be calculated from 10 studies in the
current search. This led to 361 studies being included in the
meta-analysis (see figure 1).

Study characteristics

Online supplemental table 2 presents the study characteristics
of the n=372 studies included in the updated review. Publica-
tion dates ranged from 1988 to 2024. Studies were predomi-
nantly cross-sectional (n=2661; 72%), while n=85 (23%) were
longitudinal, and n=21 (6%) were experimental. Sample sizes
ranged from n=14to n=500199 (total sample=3 323 711).
Studies included children (n=13; 4%), adolescents (n=63;
18%), adults (n=231; 64%) and older adults (n=48; 13%),
with n=6 (2%) not reporting age. A total of 338 studies exam-
ined leisure-time physical activity, with 54 measuring work-
related physical activity, 72 transport-related physical activity,
44 household physical activity, 5 school sport and 8 physical
education. With many studies measuring multiple physical
activity domains and multiple mental health-related outcomes,
1160 effect sizes were either extracted or calculated and used
in the meta-analysis. Across these 1160 effects, 811 represented
leisure time, 93 work related, 150 transport related, 71 house-
hold, 10 school sport and 25 physical education. A total of 408
effect sizes represented mental health, while 752 effect sizes
represented mental ill health, with depression/depressive symp-
toms accounting for 391 of those effects. A total of 581 effect
sizes cross-sectionally assessed leisure-time physical activity, 185
effect sizes longitudinally assessed leisure-time physical activity
and 41 effect sizes assessed leisure-time physical activity via
an experimental study design. Work-related physical activity
(cross-sectional =85, longitudinal =6), transport physical activity
(cross-sectional=121, longitudinal=27), household physical
activity (cross-sectional=61, longitudinal=10) and school sport
(cross-sectional=7, longitudinal=3) were all only assessed via
observational studies. A total of 22 effect sizes assessed physical
education cross-sectionally, and three effect sizes (ie, one study)
assessed physical education via an experimental design. Further,
288 (77%) studies (n=199 cross-sectional; n=74 longitudinal;
n=15 experimental) were conducted among high-income coun-
tries (HIC); 78 (21%) among middle-income countries (n=60
cross-sectional; n=11 longitudinal; n=7 experimental); three
(19%) among combined middle- and high-income countries (all
cross-sectional); and three (1%) among low-income countries
(all cross-sectional).*°

Risk of bias

The mean risk of bias was 3.28+1.26, with most studies
scoring 4 in risk of bias (n=110; 30%). Scoring for all criteria
across all studies is presented in online supplemental table 3.
Egger’s regression test was non-significant for mental ill health
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Table 1 Domain-specific physical activity and mental ill health meta-analyses and moderator analyses w
Predictor ANOVAP R’ <

Variable k ES (n) Participants (n) r (95%Cl) 1% % Fail-safe N coefficient B value % -g)
Leisure-time PA 230 539 2654746 —0.149 (-0.189 to -0.11) 57.01 13835 g
Outcome 0.02 31 =
Psychological distress 40 89 —0.113 (-0.198 to —-0.027) 37.21 0.06 e
Perceived stress 34 54 —0.052 (-0.102 to -0.002) 39.41 0.10 :h

Life dissatisfaction 1 1 —0.046 (-0.591 to 0.500) nla n/a Q
Negative affect 21 34 —0.069 (-0.185 to 0.048) 29.49 0.09 '8
Depression 147 270 —-0.182 (-0.235 to -0.129) 47.172 0.00 i c__)'
Anxiety 45 91 —0.136 (-0.192 to -0.078) 65.45 0.04 % %

Age 0.998 2 28
Sex 0.002 9 ]
Both 184 402 —0.134 (-0.174 to 0.094) 78.60 ‘2— B
Female 50 65 —-0.174 (-0.276 to -0.069) 83.59 8 l':
Male 34 43 —0.168 (-0.292 to -0.039) 0 g 8
Study design 0.004 11 «_}g
Cross-sectional 162 381 —0.133 (-0.172 to -0.094) 41.13 0.08 -:"8
Longitudinal 57 131 —0.114 (-0.204 to -0.023) 60.98 0.10 ‘3 a
Experimental 16 27 —0.403 (-0.563 to -0.214) 75.94 -0.21 g_ '8

Risk of bias 1.0 0 5 m
Work-related PA 36 61 470768 0.134 (0.069 to 0.199) 24.55 253 ‘15:" '|C_\>
Outcome 0.52 13 ; g
Psychological distress 8 14 0.125 (0.017 to 0.230) 71.96 0.04 <£ 8
Depression 25 37 0.103 (0.053 to 0.153) 53.72 0.03 (_’: g
Anxiety 3 5 0.122 (-0.073 to 0.308) 0.00 0.07 % w

Age 0.85 8 g‘é’
Sex 1.0 0 S7
Study design 0.47 14 -3
o

Risk of bias 0.20 8 x @
Transport-related PA 46 95 714884 —0.012 (-0.061 to 0.037) 84.41 % B
Outcome 0.98 12 ok
Age 0.18 13 % g
Sex 1.0 0 3=
Study design 0.84 1 =) %
Risk of bias 0.66 0 ag
Household PA 27 43 965027 0.041 (-0.084 to 0.165) 18.06 _> 8
Outcome 0.21 0 ==
Age 0.91 3 2 S
Sex 0.83 8 g =
Study design 0.99 0 » E
Risk of bias 0.48 0 25
School sport 3 5 9259 —0.096 (-0.115 to -0.077) 0 16 0. g
Outcome 0.33 0 2 o
Age 0.999 0 2 é
Sex 0.999 0 g3
Study design 0.93 0 =3 3
Risk of bias 0.47 0 S S
Physical education 4 5 14413 —0.069 (-0.168 to 0.031) 96.43 Q %
Outcome 0.01 100 2=
Negative affect 1 2 —0.085 (-0.103 to —0.068) 0 g
Depression 2 2 0.045 (0.023 to 0.067) 0 g
Anxiety 1 1 —0.274 (-0.443 to —-0.106) 50 8

Age 0.12 58 ~
Sex 0.12 58 S
Study design 0.12 58 g
Risk of bias 4 5 n/a 0.059 0.05 76 ;
Boldface indicates statistical significance. S
ANOVA, analysis of variance; ES, effect size; 12, 12-statistic, indicating the proportion of variation due to heterogeneity; k, number of studies; PA, physical activity; r, correlation ﬂ

effect size; R?, proportion of heterogeneity that can be explained by the moderator variable; B, standardised regression coefficient.
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Table 2 Domain-specific physical activity and mental health meta-analyses and moderator analyses

Variable k ES (n)  Participants (n) r(95%Cl) 1> (%) Fail-safe N Predictor coefficient p ANOVA P value R? %
Leisure-time PA 135 268 1175311 0.205 (0.157 to 0.253) 41.50 5057
Outcome 0.39 1
Age 0.95 2
Sex 1.0 0
Study design 0.56 2
Risk of bias 0.90 0
Work-related PA 20 30 54063 0.113(-0.006 t0 0.232) 82.29 6
Outcome 0.68 9
Age 0.98 1
Sex 0.96 0
Study design 0.009 48
Cross-sectional 17 27 0.046 (-0.0121t0 0.104) 0 -0.11
Longitudinal 3 3 0.472 (-0.038 t0 0.787) 49.84 0.36
Risk of bias 0.41 4
Transport-related PA 31 53 273366 0.138 (0.042 to 0.231) 89.56 100
Outcome 0.58 10
Age 0.99 2
Sex 0.96 0
Study design 0.96 0
Risk of bias 0.24 5
Household PA 18 28 541429 0.096 (0.025 to 0.165) 84.21 28
Outcome 0.44 22
Age 0.62 13
Sex 0.48 3
Study design 0.78 3
Risk of bias 18 28 n/a -0.048 0.02 32
School sport 2 5 5611 —0.037 (-0.2691t0 0.199) 0
Outcome 0.65 0
Age 1.0 0
Sex 0.25 0
Study design 0.65 0
Risk of bias 1.0 0
Physical education 5 20 132710 0.029 (-0.002 to 0.060) 0
Outcome 0.56 0
Age 0.34 0
Sex 0.78 0
Study design 0.87 0
Risk of bias 0.82 0

Boldface indicates statistical significance.

ANOVA, analysis of variance; ES, effect size; I, 2

-statistic, indicating the proportion of variation due to heterogeneity; k, number of studies; PA, physical activity; R?, proportion of

heterogeneity that can be explained by the moderator variable.; r, correlation effect size; B, standardised regression coefficient.

(z=—1.36, p=0.173), suggesting no publication bias, but signif-
icant for mental health (z=36.3, p<0.001).

Mental ill health
Overall, there was a significant weak negative association
between physical activity and mental ill health (r=-0.11,
95%CI —0.15 to —0.07, p<0.001). Physical activity domain
moderated the association between physical activity and mental
ill health (B=0.056, p<0.001), with negative prediction of
the effect size by leisure-time physical activity (B=-0.177,
p<0.001), and positive predictions by work-related phys-
ical activity (B=0.195, p<0.001), transport-related physical
activity (=0.066, p=0.038) and household physical activity
(B=-0.118, p=0.004).

Leisure-time physical activity was inversely and weakly associ-
ated with mental ill health (r=0.149, 95% CI —0.189 to -0.11,

p<0.001), with moderate heterogeneity (figure 2, table 1).
Across the different outcome variables, the association was
significantly different, with the outcome accounting for 31% of
the explained variance, where leisure-time physical activity had
weak inverse associations with psychological distress, perceived
stress, depression and anxiety, but not with negative affect
(table 1). An inverse association was also found for school sport
(r=—0.096, 95%CI —0.115 to -0.077) (figure 2, table 1), but
no effect of outcome was found (table 1). In contrast, for work-
related physical activity, a weak positive association was found
(r=0.134, 95%CI 0.069 to 0.199, p<0.001) (figure 2, table 1),
with an effect of outcome, where work-related physical activity
positively predicted psychological distress and depression, but
not anxiety (table 1). No association was found for transport
physical activity, household physical activity and physical educa-
tion. Although no association was found for physical education,
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Figure 1
Systematic Reviews and Meta-Analyses.

across the different outcome variables, the association was
significantly different, with the outcome accounting for 100%
of the explained variance. Physical education was inversely asso-
ciated with negative affect and anxiety, but positively associated
with depression.

Study design was a significant moderator of leisure-time
physical activity; while significant effects were found for cross-
sectional (p<0.001), longitudinal (p=0.014) and experimental
(p<0.001) studies, the latter had a higher effect size. Sex was
also a significant moderator of leisure-time physical activity and
mental ill health, accounting for 9% of explained variance, with
larger effects among females than males (table 1). In addition,
the association between physical education and mental ill health

PRISMA diagram of articles throughout the updated systematic review. PA, physical activity; PRISMA, Preferred Reporting Items for

was moderated by risk of bias (3=0.059, p=0.013), whereby a
lower risk of bias was associated with stronger (more negative)
effect sizes (table 1).

Mental health

For mental health, a weak association was found overall
for all physical activity (r=0.198, 95% CI 0.155 to 0.241,
p<0.001). Physical activity domain moderated the associa-
tion between physical activity and mental health (B=-0.028,
p=0.016), with only leisure-time physical activity being a
positive predictor of the effect size (=0.082, p=0.010).
Overall, leisure-time physical activity (r=0.205, 95% CI
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Figure 2 Correlation and 95% Cl within specific physical activity domains for mental health and mental ill health.

0.157 to 0.253, p<0.001), transport-related physical
activity (r=0.138, 95% CI 0.042 to 0.231, p=0.005) and
household physical activity (r=0.096, 95%CI 0.025 to
0.165, p=0.008) (figure 2, table 2) all had a weak posi-
tive association with mental health, while no association
was found for work-related physical activity, school sport or
physical education (table 2).

Risk of bias also moderated the association between
household physical activity and mental health (B=-0.048,
p=0.013), where a lower risk of bias predicted stronger
(more positive) effect sizes. Study design moderated the
association between work-related physical activity and
mental health, although no significant effects were found
for the subcategories (cross-sectional, p=0.121; longitu-
dinal, p=0.068) (table 2).

Studies not included in the meta-analysis

The 10 studies that could not be meta-analysed reported 40
individual effects. 19 of these effect sizes reflected leisure-time
physical activity, with all 19 effects indicating a significant posi-
tive association with mental health or inverse association with
mental ill health, therefore mirroring the meta-analytical results.
Six effects were reported across two studies for transport-related
physical activity, with four results reflecting a positive association
with mental health and two indicating no significant association
with mental ill health. Two studies reported no significant associ-
ation for work-related physical activity, and two studies reported
no significant association for household physical activity. One
study reported eight different effects for school sport, four indi-
cating a positive association with life satisfaction and four indi-
cating an inverse association with depressive symptoms.

DISCUSSION

Our updated review and meta-analysis both confirms and
extends the findings of the original 2017 review,” as the asso-
ciation between physical activity and mental health/mental ill-
health outcomes is clearly dependent on the domain in which
physical activity occurs. Acknowledging that studies were
predominantly cross-sectional and focused on associations, key
findings were: (1) leisure-time physical activity was associated
with both better mental health and a lower likelihood of mental
ill health; (2) transport-related physical activity and household
physical activity were positively associated with mental health;
(3) school sport was inversely associated with mental ill health;
and (4) work-related physical activity was positively associated
with mental ill health.

Specifically, we found that leisure-time physical activity was the
only domain weakly associated with both higher levels of mental
health and lower levels of mental ill health, suggesting that phys-
ical activity during people’s free time is likely to play the most
substantial role in mental health promotion and mental ill-health
prevention. This finding is important, but may be unsurprising,
given a recent review of (n=247) observational and experi-
mental studies showed that the mechanisms via which phys-
ical activity is associated with mental health are predominantly
psychological or social,'” and these mechanisms may indeed be
more easily activated during leisure-time physical activity. For
example, one of the strongest mediators of physical activity and
mental health is affect."’ Although affect can be influenced by
any physical activity experience, it is likely that physical activity
during one’s own free time is more likely to be chosen, or be
in line with one’s values, and therefore more likely to generate
positive affective states than other forms of physical activity
such as walking, either for transport or as part of one’s occu-
pation or household duties. Not only are leisure-time activities
more likely to be autonomously driven behaviours, but a sense
of ‘autonomy’ (ie, personally choosing to do a physical activity)
is fundamental to human functioning and well-being,*** *** and
evidence suggests that both autonomy and enjoyment are key
aspects of physical activity that support mental health.*” 12

While autonomy and enjoyment are more obviously tied
to leisure-time physical activity than other physical activity
domains, strong evidence also suggests that self-esteem, self-
efficacy and physical self-worth mediate the association between
physical activity and mental health. Physical activity during
leisure time is more likely to be task or goal oriented. While
people can attach goals to, or derive joy and a sense of pride
from, walking a certain distance or completing a certain amount
of gardening, many leisure-time activities, whether sport or
exercise based in nature, provide opportunities to develop skills
and improve competence. Qualitative research has detailed how
crucial this sense of achievement is to postexercise mood, and
findings have explained how mastery, accomplishment and pride
experienced in a leisure-time physical activity context trans-
late into broader perceptions of confidence and self-esteem in
everyday life,*® and moderate evidence suggests mastery is an
important mechanism."* Social support, a sense of belonging
and time spent socialising are also important mechanisms''
which may explain why leisure-time physical activity is so valu-
able. These factors are more likely to be activated when under-
taking physical activity for leisure purposes, as opposed to active
travel which can often be completed in isolation (particularly

274 Teychenne M, et al. Br J Sports Med 2026;60:267—-285. doi: 10.1136/bjsports-2025-109806

saibojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 pale|al sasn Joj Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aqg 920z ‘o€ Jequaldas uo /woo fwg wslg//:diy woly pepeojumod ‘SZ0z 18quwisldss € uo 90860T-G20Z-S110ds[g/9eTT 0T Se pays!jgnd 1si1y :psy s10dS [ 19


http://bjsm.bmj.com/

Systematic review

for adults), and household physical activity which is influenced
by those in the same household. While other domains can be
completed with other people, and leisure-time physical activity
can be completed alone, group-based sport and exercise settings
have the ability to unite people with similar interests and can
create a fun social atmosphere, which may help develop a sense
of belonging, leading to increased social support.*®

Consistent with White et al’s findings,” transport-related
physical activity was weakly positively associated with mental
health, although there was no association with mental ill health.
Transport-related physical activity is unequivocally undertaken
in outdoor environments, which may also offer opportunities for
connecting with nature (ie, blue space, green space) and people
(ie, social connection via walking to school or work), both of
which have been strongly linked to positive mental health and
well-being.****%¢ Therefore, undertaking physical activity for
transport purposes may be able to provide mental health bene-
fits above and beyond those elicited via other physical activity
domains that do not provide these opportunities. However,
some physical environments in which transport-related physical
activity occurs (eg, urban man-made environments that may be
characterised by busy traffic, pollution and safety concerns) have
been suggested to have negative impacts on mental health,*”
which may explain why the association between transport-
related physical activity and mental health and mental ill-health
outcomes was not consistent in our meta-analysis. This premise
aligns with that of a recent Australian consensus statement’
which posited that for optimising the mental health benefits of
physical activity: “Where possible and appropriate, some physical
activity be undertaken outside in pleasant natural environments
(eg, green or blue spaces).”

Collectively, our findings complement/confirm recommen-
dations provided in a recent ‘call to action’ and consensus
statement,® 7 which suggest: “At least some physical activity
be undertaken during leisure-time or via active travel, where
possible prioritising activities one enjoys or personally chooses
to undertake.”

Consistent with the original review,” work-related phys-
ical activity was weakly positively associated with mental
ill health. This may suggest that the physical activity
performed for work purposes (eg, carrying building mate-
rials (builders), walking around a hospital (nurses)) could
increase the likelihood of experiencing symptoms of
psychological distress or depression. This could partly be
explained by hypotheses described above, whereby factors
important to elicit mental health benefits of physical activity
(eg, enjoyment, autonomy) may not be present (or in fact
adversely impacted) in physical activity undertaken for
work-related purposes in which individuals have no voli-
tion over their behaviour.* 7 Further, aligned with biolog-
ical mechanisms posited to explain the physical activity
health paradox, occupational physical activity may result
in increased heart rate/blood pressure, increased stress
and insufficient recovery time from physical exertion, all
of which could plausibly adversely impact mental health."
Conversely, since a large proportion of studies were cross-
sectional, it is plausible that those experiencing mental ill
health are more likely to work in occupations that require
higher levels of work-related physical activity (eg, blue-
collar jobs that involve manual labour), which could also be
an indicator of the well-established socioeconomic dispari-
ties in mental health.**®® However, in contrast to this argu-
ment, our previous research among a large sample of women
aimed to disentangle this relationship®”® and found that

work-related physical activity (walking) was associated with
lower psychological distress in those with trade, labour or
transport-related occupations (ie, blue collar), but not those
with ‘professional’ or ‘sales and service’ (ie, white-collar
workers) occupations. Therefore, one’s occupation/occu-
pational status may play an important role in explaining
the association between work-related physical activity and
mental ill health, yet more research is clearly needed in this
space.

In contextualising the mixed findings regarding transport-
related and work-related physical activities, it is note-
worthy to consider the role of choice (ie, an autonomous,
non-coercive decision whereby other options are feasible)
versus necessity.*”” For many, and particularly those living
in low- and middle-income countries (LMICs), individuals
may engage in transport-related or occupational phys-
ical activity as they have no alternative (ie, out of neces-
sity),*®” while others may choose to ride to work because
they consider cycling to be an enjoyable activity. Despite
both possibly occurring in outdoor environments and in
the same domain, these two behaviours represent funda-
mentally different motivations, and previous research has
shown that more autonomously motivated active travel can
be beneficial to mental health, while active travel under-
taken for controlled reasons can be detrimental.*'® More-
over, occupational physical activity can vary depending on
the country in which it is performed (eg, LMICs vs HICs),
such as involving more manual labour and occurring under
different conditions. Given that only a small proportion of
studies in our review were from LMICs (~22%), this is an
important consideration for future research, with particular
need for further longitudinal studies in LMICs and appro-
priately controlling for factors such as leisure-time physical
activity and socioeconomic position. Physical activity and
public health promotion efforts (including programmes and
messaging) need to be relevant, responsive and respectful to
local contexts—and as such should consider being grounded
in ‘necessity-versus choice-based physical activity models’,
which consider important contextual characteristics such
as the job market, crime and violence, infrastructure and
traffic safety.*”’

In contrast to the original review,” this meta-analysis
found that household physical activity was weakly positively
associated with mental health. Although this finding is based
on a smaller number of studies relative to other domains,
this suggests that undertaking physical activity for domestic
purposes (eg, cleaning the house, gardening, mowing the
lawns) could provide benefits for mental health. Given that
these activities could possibly bring about a sense of achieve-
ment and satisfaction,*'" which in turn could support mental
health, this is a plausible explanation. Acknowledging the
potential for a bidirectional relationship, it is also highly
likely that those who are experiencing poorer mental health
are less likely to undertake household physical activity,
due to symptoms such as low mood, low motivation and
fatigue.*'? Further, aligned with previous methods,*'* our
definition of household physical activity was consistent
with the one used in the International Physical Activity
Questionnaire (long form), that is, physical activity under-
taken ‘in and around your home, like housework, gardening,
yard work, general maintenance work, and caring for your
family*® (which excludes leisure activities). However,
there are nuances between possible definitions of household
physical activity, as one may distinguish household activities
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as those that are required (eg, household chores) rather than
others that are undertaken by choice and for enjoyment
(eg, gardening). Moreover, changes in lifestyle and exer-
cise behaviour may have led to more individuals exercising
at home through enjoyable activities such as gardening or
exercising with children via online mechanisms, and while
these activities are not domestic, they do occur in the home,
and they overlap with household physical activity related
to caring for a house or caring for children. Therefore, as
human behaviour changes, the physical activity behaviours
being detected by measures of household physical activity
could change. Further prospective research is warranted
to better understand the direction of these relationships
and the mechanisms explaining this association. It is also
possible that deeper analysis of leisure-time and household
physical activities using different definitions of household
activity (eg, choice based vs necessity based)**” may help
untangle this new result.

Acknowledging that only a small number of studies (n=35)
examined this domain, we found that school sport was
weakly inversely associated with mental ill health. School
sport can be cocurricular (undertaken during the school
day) or extracurricular (typically outside of school hours).
It is often delivered by teachers (or external coaches with
varying levels of expertise and qualifications) that may aim
to support students’ psychosocial factors such as social
connection, mastery and self-efficacy, and could provide
mental health benefits.” Furthermore, children and adoles-
cents typically ‘choose’ to participate in school sports they
enjoy, suggesting that in this domain they may be ‘autono-
mously motivated’.*” In contrast, participation in physical
education was not associated with either mental health or
mental ill health in the eight studies included in our review.
Given that physical education is generally a mandatory part
of the school curriculum (ie, all students are required to
participate and are often not given a choice in the physical
activities they perform),*!* the lack of autonomy associated
with this domain could help explain the result. Although
physical education was not associated with mental ill health
with studies combined, it is important to note that physical
education was inversely associated with anxiety but posi-
tively associated with depressive symptoms. However, rather
than larger amounts of physical education indicating lower
levels of anxiety, it is possible that students with higher
symptoms of anxiety, embarrassment or self-consciousness
do less physical education because they actively disengage
and avoid participation.*">™"” Physical education is one
of the only subjects at school where effort and ability are
on public display. Therefore, it has been argued that for
some students, physical education can be quite an anxiety-
inducing subject.*'® **? Because of these complexities, and
the small number of studies informing these results relative
to other domains, further research is needed to understand
the impact of physical activity throughout the school day on
mental health.

Strengths and limitations

Our meta-analysis provides the most systematic and compre-
hensive synthesis of the evidence to date, investigating the
domain-specific associations between physical activity and
mental health/mental ill health. Specifically, included studies
(n=360) resulted in a high volume (n=1160) of effect sizes
being analysed (significant power), using sophisticated

multilevel meta-analysis techniques. By replicating the
methods of the original review,” this enabled a coherent
and robust update of the evidence base. For example, since
the 2017 paper,’ there has been a threefold increase in the
number of studies published, with substantial increases in
the number of prospective/longitudinal (n=85) and exper-
imental (n=21) study designs, as well as studies exploring
domains outside of simply leisure time (n=183). However,
limitations include that study designs are predominantly
observational, limiting ability to draw firm conclusions
regarding the causality and direction of relationships. This
limitation is particularly prominent in studies examining
non-leisure-related domains. Given the evident challenges
of designing interventions that target increasing physical
activity in domains other than leisure time, such as work-
related physical activity (ie, increasing the physical activity
performed for the purpose of the job), this is unsurprising.
Moreover, domain-specific physical activity measures varied
significantly. For example, for transport-related physical
activity, some measures combined walking and cycling,
while others assessed these modes individually. Some
included walking and cycling as part of public transporta-
tion use, while others focused exclusively on active travel
modes. It is likely that this large heterogeneity in measures
may impact findings. Therefore, it may be important for
future research to consider combining both self-reported
measures of physical activity (which capture domain) and
device-based measures. Future studies should also consider
using other novel methods (eg, ecological momentary assess-
ment) to test the acute effects of domain-specific physical
activity on a range of more transient emotional and affective
states such as vitality and anxiousness. Further, less than
39 of included studies demonstrated a high methodological
quality (score of 6) in risk of bias assessments, suggesting
focus should be on conducting methodologically rigorous
high-quality studies (over quantity). This includes using
prospective and/or randomised controlled trial designs,
use of reliable and valid measures of domain-specific phys-
ical activity and mental health outcomes, controlling for
important confounding factors (eg, socioeconomic position)
and recruitment of large representative samples. Finally, it
is important to acknowledge that cultural, environmental
and climatic contexts are likely to influence associations
between domain-specific physical activity and mental health
outcomes (eg, active transport in Europe vs USA; house-
hold physical activity in LMICs vs HICs, etc), and there-
fore generalisability may be limited across settings and
contexts, particularly given that only ~22% of studies were
conducted in LMICs. Indeed, our findings highlight a clear
need for further longitudinal studies, particularly in LMICs.

CONCLUSIONS

Our findings confirm that the direction of the associa-
tion between physical activity and mental health/mental ill
health is dependent on the domain in which physical activity
occurs, rather than being a ‘one-size-fits-all’. While global
physical activity recommendations currently encourage
adults to be physically active in any life domain,**° our
findings suggest that promoting physical activity for leisure
purposes is likely to yield the greatest benefits for both
promoting mental health and preventing mental ill health.
As such, participation in leisure-time physical activity (where
possible prioritising activities one enjoys or personally
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chooses to undertake) should be prioritised in physical
activity messaging, guidelines and intervention/programme
development which aim to support mental health through
physical activity.
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