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Association Between Physical Activity and Risk of Depression
A Systematic Review and Meta-analysis
Matthew Pearce, PhD; Leandro Garcia, PhD; Ali Abbas, PhD; Tessa Strain, PhD; Felipe Barreto Schuch, PhD;
Rajna Golubic, PhD; Paul Kelly, PhD; Saad Khan, MB,BChir; Mrudula Utukuri, MB,BChir; Yvonne Laird, PhD;
Alexander Mok, PhD; Andrea Smith, PhD; Marko Tainio, PhD; Søren Brage, PhD; James Woodcock, PhD

IMPORTANCE Depression is the leading cause of mental health–related disease burden and
may be reduced by physical activity, but the dose-response relationship between activity
and depression is uncertain.

OBJECTIVE To systematically review and meta-analyze the dose-response association
between physical activity and incident depression from published prospective studies
of adults.

DATA SOURCES PubMed, SCOPUS, Web of Science, PsycINFO, and the reference lists of
systematic reviews retrieved by a systematic search up to December 11, 2020, with no
language limits. The date of the search was November 12, 2020.

STUDY SELECTION We included prospective cohort studies reporting physical activity
at 3 or more exposure levels and risk estimates for depression with 3000 or more adults
and 3 years or longer of follow-up.

DATA EXTRACTION AND SYNTHESIS Data extraction was completed independently
by 2 extractors and cross-checked for errors. A 2-stage random-effects dose-response
meta-analysis was used to synthesize data. Study-specific associations were estimated using
generalized least-squares regression and the pooled association was estimated by combining
the study-specific coefficients using restricted maximum likelihood.

MAIN OUTCOMES AND MEASURES The outcome of interest was depression, including (1)
presence of major depressive disorder indicated by self-report of physician diagnosis,
registry data, or diagnostic interviews and (2) elevated depressive symptoms established
using validated cutoffs for a depressive screening instrument.

RESULTS Fifteen studies comprising 191 130 participants and 2 110 588 person-years were
included. An inverse curvilinear dose-response association between physical activity and
depression was observed, with steeper association gradients at lower activity volumes;
heterogeneity was large and significant (I2 = 74%; P < .001). Relative to adults not reporting
any activity, those accumulating half the recommended volume of physical activity
(4.4 marginal metabolic equivalent task hours per week [mMET-h/wk]) had 18% (95% CI,
13%-23%) lower risk of depression. Adults accumulating the recommended volume of 8.8
mMET hours per week had 25% (95% CI, 18%-32%) lower risk with diminishing potential
benefits and higher uncertainty observed beyond that exposure level. There were
diminishing additional potential benefits and greater uncertainty at higher volumes of
physical activity. Based on an estimate of exposure prevalences among included cohorts,
if less active adults had achieved the current physical activity recommendations, 11.5%
(95% CI, 7.7%-15.4%) of depression cases could have been prevented.

CONCLUSIONS AND RELEVANCE This systematic review and meta-analysis of associations
between physical activity and depression suggests significant mental health benefits from
being physically active, even at levels below the public health recommendations.
Health practitioners should therefore encourage any increase in physical activity to improve
mental health.

JAMA Psychiatry. doi:10.1001/jamapsychiatry.2022.0609
Published online April 13, 2022.
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D epression is the leading cause of mental health–
related disease burden and a major cause of disability
worldwide, affecting approximately 280 million people

and accounting for more than 47 million disability-adjusted
life-years in 2019.1 Depression is also associated with prema-
ture mortality from other illnesses2 and suicide.3

Prevention of depression requires effective interven-
tions, including modification of established risk factors.4 Nar-
rative reviews have concluded that physical activity can pre-
vent future depression.5,6 One meta-analysis of prospective
studies reported that compared with people with low levels
of physical activity, those with higher levels had 17% (95% CI,
12%-21%) lower odds of developing depression,7 while an-
other meta-analysis reported 21% (95% CI, 18%-25%) lower
odds when synthesizing 106 associations from 65 studies using
diverse exposure definitions.8 To our knowledge, no study has
yet synthesized the evidence to describe the strength or shape
of the association by conducting a dose-response meta-
analysis using harmonized exposure estimates.

Estimating the dose-response relationship between physi-
cal activity and any health outcome using meta-analysis is
challenging because of the diversity of assessment and incon-
sistent reporting. Most often, the harmonization of different
estimates of physical activity exposure is achieved using bi-
nary categorization of low vs high activity, but this approach
results in loss of information and does not tell us about the
variation in risk across a range of physical activity doses. In con-
trast, previous work has shown that by using more detailed ex-
posure harmonization, it is possible to investigate the shape
of the association between physical activity and type 2 diabe-
tes using dose-response meta-analytical techniques.9 Exam-
ining the association between the dose of physical activity and
depression in this way allows approximation of the reduction
in risk associated with different levels of activity. By combin-
ing estimates of reduction in risk with population prevalence
estimates of activity, it is possible to quantify the population
burden of depression related to insufficient physical activity
and the potential public health impact of activity-related
interventions.

The aim of this systematic review and meta-analysis was
to investigate the dose-response association between physi-
cal activity and depression. We also assessed the potential
population changes in depression that may be preventable by
higher physical activity levels.

Methods
The study protocol is available at PROSPERO
(CRD42018095507) and followed Meta-analysis of
Observational Studies in Epidemiology (MOOSE) reporting
guidelines.

Eligibility Criteria
We included prospective cohort studies of adults (≥18 years of
age) that reported any dimension of physical activity at 3 or
more exposure levels and reported risk estimates for depres-
sion. Studies were excluded if the sample size was fewer than

3000 participants (to limit small-study effects indicative of
publication bias) or if the follow-up period was less than 3 years
(to minimize reverse causality bias from undiagnosed depres-
sion at baseline). Full details are provided in eTable 1 in the
Supplement. Studies were eligible if the exposure included
leisure-time physical activity, either alone or combined with
other activity domains. The outcome of interest was depres-
sion, including (1) presence of major depressive disorder in-
dicated by self-report of physician diagnosis, registry data, or
diagnostic interviews using DSM criteria or International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision, codes F32 through F33; (2) elevated de-
pressive symptoms established using validated cutoffs for a
depressive screening instrument, eg, Center for Epidemio-
logic Studies Depression scale.

Search and Selection
We searched PubMed, SCOPUS, Web of Science, PsycINFO, and
the reference lists of systematic reviews and articles re-
trieved from the search or known to the authors. Specific search
strings are available in eMethods 1 in the Supplement. We con-
sidered peer-reviewed articles published in academic jour-
nals until November 12, 2020. No language limits were set.
Titles and abstracts and subsequently full-text articles were
screened by 2 independent reviewers for eligibility, with
disagreements resolved by a third reviewer (eFigure 1 in
the Supplement).

Data Extraction
Data extraction was carried out using a standardized extrac-
tion form and conducted independently by 2 researchers, with
disagreements resolved by a third researcher. For each expo-
sure category, we extracted information to estimate physical
activity volume if not reported directly, number of depres-
sion cases, number of participants and person-years of follow-
up, and the effect estimate with 95% CIs. Effect estimates from
the most adjusted model were used. Results reported sepa-
rately for men and women, or for multiple cohorts within a
study, were extracted as separate associations.

When the data required for exposure harmonization or
meta-analysis were not reported in the original articles, nor ob-
tainable through other publications from the same cohort,

Key Points
Question What is the dose-response association between
physical activity and incident depression in adults?

Findings This systematic review and meta-analysis
of 15 prospective studies including more than 2 million
person-years showed an inverse curvilinear association between
physical activity and incident depression, with greater differences
in risk at lower exposure levels. Adults meeting physical activity
recommendations (equivalent to 2.5 h/wk of brisk walking)
had lower risk of depression, compared with adults reporting
no physical activity.

Meaning In this study, relatively small doses of physical activity
were associated with substantially lower risks of depression.
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we contacted authors before imputing critical information if
necessary (eMethods 2 in the Supplement).

Physical Activity Exposure Harmonization
We harmonized reported exposure levels to a common met-
ric of physical activity volume in marginal metabolic equiva-
lent task hours per week (mMET-h/wk), reflecting the energy
expended above the resting metabolic rate (1 MET). Combina-
tions of harmonization techniques were used depending on
what was reported or obtained from authors and availability
of validation work (details of the original exposure data, har-
monization methods, and harmonization flowchart are avail-
able in an Open Science Framework10 repository).

Frequency, Duration, and Intensity Assumptions
Studies that described physical activity exposure as fre-
quency and duration were converted to a measure of weekly
duration. If session duration was not provided, a session du-
ration of 0.75 hours was assumed. Weekly durations were then
converted to activity volume in mMET hours per week by mul-
tiplying by intensity values of 1.5 mMET for light, 3.5 mMET
for moderate and moderate to vigorous, and 7.0 mMET for vig-
orous physical activity.11 A score of 3.5 mMET corresponds to
the midpoint of the range for moderate-intensity activity
(≥2 to <5 mMETs). Vigorous was scored at 7 mMET because ac-
tivity of this intensity contributes twice as much toward meet-
ing physical activity guidelines compared with moderate ac-
tivity (the World Health Organization advises 150-300 minutes
of moderate intensity activity or 75-150 minutes of vigorous
intensity activity per week12). Light activities are those in the
range of 0.5 to 2 mMETs; however, these were scored slightly
higher than the midpoint at 1.5 mMET to reflect the intensity
of behaviors commonly referred to as light activity in ques-
tionnaires (eg, light housework, light gardening).

Converting Energy Expenditure to MET Units
One study reported energy expenditure without adjustment
for body weight (kcal/wk). Weight was calculated using body
mass index and height from national survey data.13 The expo-
sure in kcal per week was then divided by derived weight and
further converted to MET hours using 1 kcal/kg = 1 MET hour.

Removing the Resting Energy Expenditure Component
of Physical Activity
For studies reporting physical activity volume and correspond-
ing duration data, 1 MET hour per week was subtracted for each
hour of activity undertaken; this is equivalent to the original
studies having multiplied activity duration with net (mMET)
rather than gross (MET) intensity values. If duration for each
volume level was not reported or obtainable from authors,
we used a prediction equation derived from studies where
both volume and duration were available (eMethods 3 in the
Supplement).

Removing Occupational Component of Aggregate
Physical Activity Estimates
Nonoccupational physical activity was used as the exposure
in all but 1 study14 that used total physical activity, including

leisure-time, domestic, occupational, and transport domains.
Given no domain-specific activity results were available for this
study, we assumed occupational activity to be 40 hours per
week at 1.25 METs (or 0.25 mMETs, ie, equivalent to sedentary
office work) and estimated nonoccupational physical activity
by subtracting this assumed occupational volume.

Analyses
We conducted dose-response meta-analyses for outcomes with
at least 4 independent studies available. For studies report-
ing only sex-stratified results, strata-specific risks were
combined using fixed-effect meta-analysis. Sex-stratified
meta-analyses were not conducted because only 2 sets of
sex-stratified results were available.

A 2-stage random-effects meta-analysis was used to model
the dose-response association between physical activity and
depression. First, study-specific associations were estimated
using generalized least-squares regression.15,16 Second, we es-
timated the pooled association by combining the study-
specific coefficients using restricted maximum likelihood.17

We assumed the dose-response associations were nonlinear
and modeled them by fitting restricted cubic splines with 3
knots at the 0, 37.5th, and 75th percentiles of person-years. If
the statistical model was unable to converge for these knots,
we increased the percentile for the upper knot until it did.

Estimated Population Risk
To provide a population perspective of the relative impor-
tance of the estimated dose-response associations, potential
impact fractions (PIFs) were calculated based on the expo-
sure prevalence in the populations of included cohorts.18

PIFs were calculated for 3 exposure levels based on the World
Health Organization recommendations for adults12: the mini-
mum recommended level of 8.8 mMET hours per week (vol-
ume equivalent to approximately 2.5 h/wk of physical activ-
ity at moderate intensity of 3.5 marginal METs), the level
recommended for additional health benefits of 17.5 mMET
hours per week, as well as 4.4 mMET hours per week (half the
minimum recommended level).

Sensitivity and Subgroup Analysis
We conducted 2 sensitivity analyses. First, we assigned 2.5 and
6 mMET to moderate and vigorous physical activity, respec-
tively, when intensity had to be assumed for physical activity
exposure harmonization; for studies requiring assumptions
about duration of sessions, we assigned a 0.5-hour duration
(rather than 0.75-hour duration). Second, we tested the use of
knots at the 0, 42.5th, and 85th percentiles in the cubic spline
functions.

We conducted subgroup analyses by depression diagno-
sis method using 2 outcome subtypes: (1) major depression
from registry data, self-report of physician diagnosis, or
diagnostic interview; (2) use of a screening tool for elevated
depressive symptoms with validated cutoffs.

Analysis of Heterogeneity
Cochran Q test and I2 statistic were used to assess heteroge-
neity of effect measures between studies. We also conducted
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random-effect meta-regressions (at the physical activity level
of 8.8 mMET-h/wk) using restricted maximum likelihood to
identify how much of the variance in effect measures was due
to proportion of men and women (women only, men only,
mixed), outcome ascertainment (registry data, self-report of
physician diagnosis, diagnostic interview, Center for Epide-
miologic Studies Depression scale, other depressive symp-
toms scale), duration of follow-up (above or below median of
8.5 years), exclusion of prevalent cases at baseline (yes, no),
handling other morbidities at baseline (exclusion of partici-
pants, statistical adjustment), and our exposure harmoniza-
tion approaches (measurement unit conversion, measure-
ment unit conversion plus occupational physical activity
assumption, duration/intensity/frequency assumptions). See
eTable 2 in the Supplement for more details. We conducted a
leave-one-out sensitivity analysis to investigate the influ-
ence of each study on the overall effect-size (at the physical
activity level of 8.8 mMET-h/wk).

Software, Data, and Code Availability
Analyses were performed using R, version 4.0.5, and the dos-
resmeta package,19 version 2.0.1. An interactive interface to vi-
sualize dose-response curves was developed using the Shiny
package, version 1.0.5. Codes for all analyses and the inter-
active interface are available in a repository on GitHub20

(see README file).

Results
Literature Search
The systematic literature search yielded 19 175 results follow-
ing removal of duplicates. After excluding 18 827 records based
on title and abstract screening, 348 full-text articles were re-
viewed. Full-text screening identified 15 eligible publications
reporting 15 associations including 191 130 participants con-
tributing 28 806 incident depression events and 2 110 588
person-years. Approximately 64% of participants in the stud-
ies were women. All but 1 of the included studies originated
in high-income countries: 6 from the United States,21-26 6 from
Europe,27-32 1 from Australia,33 1 from Japan,34 and 1 study
that included data from India, Ghana, Mexico, and Russia.14

Study characteristics are described in Table 1.14,21-43

Dose-Response Analyses
The majority (78%) of participants reported exposure levels be-
low 17.5 mMET hours per week, with almost all (95%) data be-
low 35 mMET hours per week; participants in studies of el-
evated depressive symptoms tended to be less active than those
in studies of major depression (eFigure 2 in the Supplement).
Figure 1 shows an inverse, curvilinear dose-response associa-
tion between physical activity and depression, with greater
differences in risk in the lower-dose region. Relative to adults
not reporting any activity, those accumulating half the recom-
mended volume of physical activity (4.4 mMET-h/wk) had 18%
(95% CI, 13%-23%) lower risk of depression. Adults accumu-
lating the recommended volume of 8.8 mMET hours per week
had 25% (95% CI, 18%-32%) lower risk with diminishing po-

tential benefits and higher uncertainty observed beyond that
exposure level (Table 2). Interactive dose-response curves and
exposure distributions are available online.44 The dose-
response curves for major depression and elevated depres-
sive symptoms showed similar curvilinear relationships
(Table 2 and Figure 2).

Estimated Population Risk
Based on PIF analyses of prevalences of physical activity and
depression outcomes in the included cohorts, 11.5% (95% CI,
7.7%-15.4%) of incident depression could have been pre-
vented if all adults had achieved at least 8.8 mMET hours per
week of physical activity (Table 2). PIFs were approximately
twice as high for elevated depressive symptoms than for ma-
jor depression at both 8.8 and 17.5 mMET hours per week and
approximately 3 times higher at 4.4 mMET hours per week
(Table 2).

Sensitivity Analyses
Using alternative assumptions of 0.5 hours for session dura-
tion and 1 MET lower-intensity values for moderate and vig-
orous physical activity (only when those assumptions were
necessary) or alternative placement of knots for the splines did
not materially alter dose-response associations (eTable 3 in the
Supplement) or PIFs (eTable 4 in the Supplement).

Analysis of Heterogeneity
Differences between proportion of women, exposure harmo-
nization method, outcome ascertainment, duration of follow-
up, exclusion of prevalent cases at baseline, or managing
other morbidities at baseline did not significantly explain vari-
ance in the effect measures of associations between physical
activity and depression (eFigure 3 in the Supplement).
The leave-one-out sensitivity analysis did not identify any out-
liers (eFigure 4 in the Supplement).

Discussion
This study reports the first dose-response meta-analysis of as-
sociations between physical activity and incident depression
to our knowledge. Our results show an inverse curvilinear as-
sociation with the greatest differences in risk observed be-
tween low doses of physical activity, suggesting most ben-
efits are realized when moving from no activity to at least some.
Accumulating an activity volume equivalent to 2.5 hours of
brisk walking per week was associated with 25% lower risk of
depression, and at half that dose, risk was 18% lower com-
pared with no activity. Only minor additional benefits were
observed at higher activity levels.

Previous meta-analyses have shown lower risks of depres-
sion among adults reporting high vs low physical activity7 and
suggested a dose-response association using meta-
regression without quantifying the association.8 Our study di-
rectly models how risk of depression varies across the physi-
cal activity exposure range using a continuous scale rather
than cruder categories. We also found that even small vol-
umes of activity were beneficial but go further by quantifying
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differences in risk for these doses. Our findings therefore
have important new implications for health practitioners
making lifestyle recommendations, especially to inactive in-
dividuals who may perceive the current recommended target
as unrealistic.

The associations we observed are likely explained by more
than 1 mechanism. Proposed pathways include acute neuro-
endocrine and inflammatory responses to activity such as ac-
tivation of the endocannabinoid system (“runner’s high”)45 and
longer-term adaptations, including changes in the brain’s neu-
ral architecture.46 Psychosocial and behavioral explanations
have also been suggested, including improved physical self-
perceptions and body image, more social interactions, and the
personal development of coping strategies.46 The social as-
pect of activity participation may operate even at relatively low
doses, consistent with the dose-response curve we observed.
The role of the environment as a potential moderator of the
association between physical activity and depression should
also be considered. For example, the use of green space is as-
sociated with lower risk of depression,47 with mediation analy-
sis suggesting only part of the association is explained by physi-
cal activity.48 Conversely, noise pollution49 and neighborhood
deprivation50 might diminish the mental health benefits of ac-
tivity. Such contextual factors may have contributed to the high
level of heterogeneity we observed between studies. The above
mechanisms may not operate to the same degree across dif-
ferent types, frequencies, intensities, and contexts of activity,51

and measurement of these activity subdimensions may also
differ between studies, potentially resulting in higher hetero-
geneity. Future work should therefore explore the shape of the
dose-response relationship for these aspects of activity in
addition to total volume.

In subgroup analyses using results from different cohorts
for each outcome, we observed that the dose response with
physical activity was similar for major depression and ele-
vated depressive symptoms, as has been reported using binary
exposure expressions.7 However, PIFs for elevated depressive
symptoms were higher; this is because participants in thoseTa
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Figure 1. Association Between Physical Activity and Incidence
of Depression
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Dark line represents the meta-analytical dose-response curve (constrained to
be linear beyond upper knot at 75% of person-years). Shaded area displays
95% CI. Vertical dotted lines indicate knots at the 37.5th and 75th percentiles
of person-years. I2 = 73.7%; P < .001. Interactive dose-response curves and
exposure distributions are available online.44
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studies were generally less active than participants in the stud-
ies examining major depression. Examining depressive symp-
toms on a continuous scale instead of using dichotomized out-
come variables may provide further insight regarding the
benefits of physical activity to alleviate depressive symptoms,
but no study that we reviewed reported results in this way.

To conduct nonlinear dose-response analyses, we only in-
cluded studies with at least 3 levels of physical activity expo-
sure, a requirement that limited the number of eligible re-
sults compared with previous meta-analyses.7,8 Physical
activity exposures in primary studies were classified using a
variety of methods and expressed in different formats, and this
could have resulted in excluding even more studies. A key
strength of the present meta-analytical work is our extensive

exposure harmonization, maximizing the inclusion of the ex-
isting evidence. We did observe high heterogeneity between
study estimates, but differences in method of exposure har-
monization did not explain variation in effect sizes. Duration
of follow-up, proportions of men and women, original ana-
lytical choices relating to the handling of other morbidities
or prevalent depression at baseline, and method of depres-
sion diagnosis were not statistically significant predictors of
effect size.

It is still possible that the associations observed in the pre-
sent analyses could overestimate the role of physical activity
because of reverse causality. That is, depression at baseline re-
sults in lower physical activity in participants who then go on
to record depression during follow-up. For depression diag-
nosed at baseline, this bias is often mitigated by excluding these
prevalent cases from analyses. Two of the studies included in
our meta-analysis did not exclude participants with depres-
sion at baseline or adjust for these statistically,24,33 and our sub-
group analysis indicated (although not statistically signifi-
cantly so) that effect sizes of this subgroup were stronger than
those from studies that excluded prevalent cases. Reverse cau-
sality bias may also result from depression that is undiag-
nosed at baseline, particularly given the often recurring na-
ture of the condition.52 To limit risk of bias from undiagnosed
depression, we only included studies with at least 3 years of
follow-up. This does not rule out the possibility that physical
activity may be causally associated with depression on a shorter
time scale. Two studies included in our full-text screening were
excluded solely based on follow-up time. A study of 108 000
South Korean adults reported an inverse association for physi-
cal activity in the exposure range approximating 7 to 40 mMET
hours per week, but no association at very high activity levels.53

A study of 4600 Irish adults reported lower (albeit not statis-
tically significant) odds of depression in those meeting physi-
cal activity guidelines compared with those who did not.54

Longer follow-up time limits the risk of reverse causality
affecting the results but can also introduce regression dilu-
tion bias owing to exposure measurement error caused by true
variation in physical activity behavior during follow-up.55 For
example, in a recent study, mortality associations estimated
using 28 years’ follow-up with a single measure of physical ac-
tivity at baseline were 2- to 3-fold weaker than those esti-
mated using repeated measures.56 We did not include results
using more than 1 measure of physical activity because none
were identified that met our inclusion criteria. However,
we did observe weaker associations in studies with longer

Figure 2. Associations Between Physical Activity and Incidence
of Major Depression and Elevated Depressive Symptoms
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Dark lines represent the meta-analytical dose-response curve (constrained to
be linear beyond upper knot at 75% of person-years). Shaded area displays
95% CIs. Vertical dotted lines indicate knots at the 37.5th and 75th percentiles
of person-years. A, Major depression I2 = 54.2%; P = .01. B, Elevated depressive
symptoms I2 = 81.3%; P < .001.

Table 2. Relative Risk and Potential Impact Fractions of Incident Depression, Major Depression, and Elevated Depressive Symptoms
at 3 Physical Activity Levelsa

Risk association by activity volume [mMET-h/wk],
RR (95% CI)

Population impact by activity volume [mMET-h/wk],
PIF (95% CI), %

4.4 8.8 17.5 4.4 8.8 17.5
Depression 0.82 (0.77-0.87) 0.75 (0.68-0.82) 0.72 (0.64-0.81) 6.38 (4.25-8.63) 11.53 (7.69-15.43) 13.89 (8.44-19.25)

Major depression 0.83 (0.75-0.92) 0.75 (0.64-0.87) 0.74 (0.61-0.88) 2.97 (1.27-4.91) 7.28 (3.36-11.44) 8.04 (2.38-13.82)

Elevated depressive
symptoms

0.80 (0.73-0.88) 0.73 (0.64-0.84) 0.70 (0.59-0.84) 9.45 (5.19-13.86) 14.44 (7.88-20.92) 17.01 (8.39-25.24)

Abbreviations: mMET, marginal metabolic equivalent of task; PIF, potential impact fraction; RR, relative risk.
a Risks are expressed relative to accumulating 0 mMET-h/wk.
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follow-up times, although again, this meta-regression result
was not statistically significant. Given the recurrent nature of
depression and engagement in physical activity as a treat-
ment for this condition,57 use of repeated measures may be par-
ticularly important and would strengthen the evidence base
for evaluating the dose-response relationship. Further work
is required to understand the effects of different strategies for
managing reverse causality and exposure measurement error
in studies of depression.

Limitations
A limitation of these analyses is that included studies only used
self-reported measures of physical activity, which are subject
to recall and social-desirability biases. Our analyses also in-
cluded relatively limited data at higher physical activity doses.
Studies using device-based measures of activity capturing a
wider range of exposure and with longer follow-up of incident

depression are therefore warranted. There were insufficient
studies with stratified results to examine sex, age, or geo-
graphical subgroups, and notably, lower- and middle-income
countries were underrepresented in included studies.

Conclusions
This meta-analysis found an association between physical
activity and incident depression. This suggests substantial
mental health benefits can be achieved at physical activity lev-
els even below the public health recommendations, with ad-
ditional benefit for meeting the minimum recommended tar-
get but limited extra benefit beyond that. Assuming causality,
1 in 9 cases of depression might have been prevented if every-
body in the population was active at the level of current health
recommendations.
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