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IMPORTANCE Depression is the secondmost prevalent mental disorder among children and

adolescents, yet only a small proportion seek or receive disorder-specific treatment. Physical

activity interventions hold promise as an alternative or adjunctive approach to clinical

treatment for depression.

OBJECTIVE To determine the association of physical activity interventions with depressive

symptoms in children and adolescents.

DATA SOURCES PubMed, CINAHL, PsycINFO, EMBASE, and SPORTDiscus were searched from

inception to February 2022 for relevant studies written in English, Chinese, or Italian.

STUDY SELECTION Two independent researchers selected studies that assessed the effects of

physical activity interventions on depressive symptoms in children and adolescents

compared with a control condition.

DATA EXTRACTION AND SYNTHESIS A random-effectsmeta-analysis using Hedges gwas

performed. Heterogeneity, risk of bias, and publication bias were assessed independently by

multiple reviewers. Meta-regressions and sensitivity analyses were conducted to substantiate

the overall results. The study followed the PRISMA reporting guideline.

MAIN OUTCOMES ANDMEASURES Themain outcomewas depressive symptoms asmeasured

by validated depression scales at postintervention and follow-up.

RESULTS Twenty-one studies involving 2441 participants (1148 [47.0%] boys; 1293 [53.0%]

girls; mean [SD] age, 14 [3] years) were included. Meta-analysis of the postintervention

differences revealed that physical activity interventions were associated with a reduction in

depressive symptoms compared with the control condition (g = −0.29; 95% CI, −0.47 to

−0.10; P = .004). Analysis of the follow-up outcomes in 4 studies revealed no differences

between the physical activity and control groups (g = −0.39; 95% CI, −1.01 to 0.24; P = .14).

Moderate study heterogeneity was detected (Q = 53.92; df = 20; P < .001; I2 = 62.9% [95%

CI, 40.7%-76.8%]). The primary moderator analysis accounting for total physical activity

volume, study design, participant health status, and allocation and/or assessment

concealment did not moderate themain treatment effect. Secondary analyses demonstrated

that intervention (ie, <12 weeks in duration, 3 times per week, unsupervised) and participant

characteristics (ie, aged �13 years, with a mental illness and/or depression diagnosis) may

influence the overall treatment effect.

CONCLUSIONS AND RELEVANCE Physical activity interventionsmay be used to reduce

depressive symptoms in children and adolescents. Greater reductions in depressive

symptoms were derived from participants older than 13 years and with a mental illness and/or

depression diagnosis. The association with physical activity parameters such as frequency,

duration, and supervision of the sessions remains unclear and needs further investigation.
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D
epression is the secondmost prevalent mental disor-

der among children and adolescents, with an esti-

mated prevalence rate of 6.2% globally.1 Early child-

hooddepression is associatedwith severe adverse outcomes,

includingdifficultieswith social functioning, poormental and

physical health, and suicide.2,3 The incidence of depressive

symptoms at a young age is a strong predictor of futuremen-

tal disorders, as it hasbeenshownthatup to67%ofyouthwith

depressive symptoms are at risk of developing full-syndrome

depressive or anxiety disorders in adulthood.4-6

The available clinical practice guidelines suggest the use

of psychotherapy and/or pharmacotherapy to alleviate

depressive symptoms in children and adolescents.7-9

However, both approaches have limitations that can reduce

treatment adherence. Lack of time, fear of stigmatization, pa-

rentalmistrustof the therapist, andnoperceivedneedfor treat-

ment can be strong barriers to childhood psychotherapy,10

whereas adverse effects, including sleep disturbances,

gastrointestinal distress, and even suicide, have been associ-

atedwith antidepressantuse inpediatric patients.11Data from

a national survey in the US indicated that only 34% of com-

munity-dwellingchildrenandadolescentsseekandreceivedis-

order-specific treatment or help from the mental health

sector.12Data fromprevious surveys are evenmore alarming,

as they showed that nearly 80% of children and adolescents

needingmental health treatment did not receive appropriate

medical care.13There is anurgent need to explore novel treat-

mentapproaches that canbesafely, feasibly, andwidely imple-

mented in the daily routine of children and adolescents with

depression. Physical activity interventions are potential

complementary or alternative treatments for depression in

youth, as theyhavebeen shown to alleviate depressive symp-

toms in adults14,15 and have been endorsed by international

guidelines (eg,EuropeanPsychologicalAssociation, theUKNa-

tional Institute of Health and Care Excellence, Canadian Net-

work for Mood and Anxiety Treatments) as an official treat-

ment for adult depression.16-18Furthermore, physical activity

is generally safer and more accessible than other clinical de-

pression treatments.

Previousmeta-analyseshave attempted to synthesize the

potential benefits of physical activity on depressive symp-

toms in younger cohorts,19-22 but several limitations under-

mine the interpretation of the findings. Three of these re-

views excluded studies of participants with somatic or

psychiatric comorbidities, which can seriously challenge the

generalizability of the results to everyday settings.20-22 Chil-

dren and adolescents with depression are at high risk of de-

veloping comorbidities, as researchhas shown that up to 75%

of children with depression reported a comorbid anxiety dis-

order andup to 57%developedattention-deficit disorder.23,24

In addition, all reviews based their results on generally small

sample sizes, with the largest review including 15 studies in

its analysis.20

With this systematic reviewandmeta-analysis,we aimed

togatherawider rangeof studies toprovidecritical insight into

theassociationbetweenphysical activity interventionsandde-

pressive symptoms in children and adolescents. Further-

more, we aimed to identify possible participant- and trial-

related characteristics that might moderate the overall

treatment effect.

Methods

Thismeta-analysis followed thePreferredReporting Items for

Systematic Reviews andMeta-Analyses (PRISMA) guidelines

andwas registered at the International ProspectiveRegister of

Systematic Reviews (CRD42021287944).

Search Strategy and Selection Criteria

We searched PubMed, CINAHL, PsycINFO, EMBASE, and

SPORTDiscus from inception to February 2022 for relevant

articles written in English, Chinese, or Italian. The search

terms used are available in eAppendix 1 in the Supplement.

References of previous meta-analyses were also examined.

Two authors (F.R. and J.D.K.B.) independently scrutinized

each study using preestablished criteria. Any disagreement

on the inclusion of a study was arbitrated by a third author

(P.M.S.) and resolved by consensus.

We included published randomized clinical trials (RCTs)

and studies with a quasi-experimental design (nonrandom-

ized clinical trials [NRCTs]) investigating the effects of an

aerobic-type physical activity intervention on depressive

symptoms in children and adolescents (aged <19 years).

Aerobic-type physical activity was defined using World

Health Organization guidelines as “an activity in which the

body’s large muscle groups move in a rhythmic manner for a

sustained period of time.”25(p1452) The intervention could be

conducted in a laboratory setting or integrated as part of a

school curriculum and could be implemented as mono-

therapy or added to the current physical education routine,

as an education component, or to treatment as usual. We

included studies that implemented a control condition in

the form of no treatment, waiting list, education/attention

control, or treatment as usual. Only studies with an inter-

vention that was at least 4 weeks long were included. To

increase the generalizability of the results, studies with par-

ticipants with somatic or psychiatric disorders were also

included.

Key Points

Question Can physical activity interventions alleviate depressive

symptoms in children and adolescents?

Findings This systematic review andmeta-analysis included 21

studies involving 2441 participants. The results indicate that

physical activity interventions were associated with significant

reductions in depressive symptoms compared with the control

condition.

Meaning The available evidence supports physical activity

interventions as an alternative or adjunctive approach to alleviate

depressive symptoms in children and adolescents, substantiating

the beneficial influence of physical activity on themental health of

pediatric populations.
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Main Outcome

The primary outcome was depressive symptoms as assessed

using a validated depression rating scale at the end of the in-

terventionperiod andat the last available follow-up. For stud-

ies using multiple scales, observer-rated scales were pre-

ferredover self-reportedscales. Ifmore than 1depressionscale

was reported, we chose themost commonly used scale to re-

duce heterogeneity.

Data Extraction

Two investigators (F.R. and J.D.K.B.) independently ex-

tracted relevant data from the selected studies using prees-

tablishedcriteria.Foreachstudy,samplesize,depressivesymp-

toms mean scores, and SDs were extracted to calculate the

effect size. When relevant data were not clearly reported, we

contacted theauthors.Whenauthorswereunresponsiveorun-

reachable, we used previously validated methods to extract

means and SD; namely, data were computed from the

P values or CIs provided in the study or from the included

graphs.26Data frommultiarmtrialswere combinedandadded

as a single comparisongroup.26 Inconsistencies in thedata ex-

tractionbetween the2 investigatorswere resolvedby consen-

sus after consulting with a third investigator (P.M.S.).

Additional informationregardingparticipantandtrial char-

acteristics was collected to determine their association with

physical activity interventions and depressive symptoms.

Thesecharacteristics includedparticipants’age, sex,andhealth

status; intervention frequency, intensity, duration, and over-

all volume; type of control; whether the interventionwas su-

pervised and used asmonotherapy or as an integrated part of

an education program; and whether intention-to-treat out-

comeswere available.Data on race andethnicitywerenot col-

lected as they were not within the objectives of this study.

Risk-of-Bias Assessment

Risk of bias was assessed using the Cochrane risk-of-bias tool

for randomized trials.27 Two investigators (F.R. and J.D.K.B.)

independently assessed each study as having low risk of bias,

some concerns, or high risk of bias. Any discrepancies be-

tween the2evaluationswere resolvedbyconsensus after con-

sulting a third investigator (P.M.S.). The criteria used for the

risk-of-bias assessment are available in eAppendix 2 in the

Supplement.

Data Analysis

The meta-analysis was performed using R, version 4.2.0

(RFoundation for StatisticalComputing). Toaccount for varia-

tions in the included studies regarding participants and in-

struments used to assess depressive symptoms, a random-

effectsmodel (Hartung-Knappmethod)wasused to calculate

pooled estimates (Hedges g) and the95%CI.Hedges gwas cal-

culated from the postintervention or follow-up means, SDs,

and sample sizes for each comparison of interest. A negative

effect size indicates a beneficial effect of the physical activity

intervention comparedwith the control condition. CochranQ

testwasused to assess between-studyheterogeneity.Higgins

I2 statisticwasused todefine thepercentageof variability that

was due to between-study heterogeneity rather than sam-

Table 1. Study Characteristics

Source
Age, mean
(SD or range), y Sexa Participant characteristics Control Intensity Duration, wk

Bonhauser et al,35 2005 15.5 (0.9) Mixed Low socioeconomic status Usual care V 40

Daley et al,36 2006 13.1 (11.0-15.2) Mixed Obesity Usual care L/M 8

Goldfield et al,37 2015 15.6 (1.4) Mixed Obesity No intervention L/M 22

Hughes et al,38 2013 17.0 (16.1-17.9) Mixed Depression Stretching V 12

Lin et al,39 2020 12.6 (0.6) Mixed Subthreshold mood syndromes Attention control L/M 12

Mohammadi,40 2011 NR Mixed Depression No intervention NR 8

Nabkasorn et al,41 2006 18.8 (0.7) Female Depressive symptoms Waiting list L/M 8

Norris et al,42 1992 16.8 (NR) Mixed Healthy No intervention L/M – V 10

Olive et al,43 2019 8.1 (0.4) Mixed Midrange socioeconomic status Usual care V 144

Peng et al,44 2015 14.2 (2.4) Mixed Left-behind school children No intervention L/M 12

Petty et al,45 2009 9.35 (1.1) Mixed Overweight No intervention V 13

Romero-Pérez et al,46 2020 10.0 (0.8) Mixed Obesity Usual care NR 20

Roshan et al,47 2011 16.9 (0.9) Female Depression No intervention L/M 6

Roth et al,48 1987 18.9 (1.3) Mixed Stressful life events No intervention V 11

Silva et al,49 2020 12.0 (1.5) Mixed ADHD No intervention NR 8

Talakoub et al,50 2012 17.4 (2.2) Female T1D No intervention L/M 6

Weintraub et al,51 2008 9.9 (0.7) Mixed Obesity Attention control V 26

Williams et al,52 2019 9.7 (0.9) Mixed Overweight Attention control V 35

Wunram et al,53 2018 15.9 (1.2) Mixed Depression Usual care NR 6

Yu et al,54 2020 9.8 (0.7) Mixed Obesity Usual care V 30

Zhang and Ji,55 2021 14.4 (2.2) Mixed Depression Usual care V 16

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; L/M, low tomoderate; NR, not reported; T1D, type 1 diabetes; V, vigorous.

aMixed indicates both boys and girls.
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pling error. The I2 values of 25%, 50%, and 75%were taken to

represent low, moderate, and high levels of heterogeneity,

respectively.28

Theoverall effect of thephysical activity interventions on

reducingdepressive symptomswasused tocalculate thenum-

ber needed to treat.29 Publication bias was assessed by a vi-

sual examination of the funnel plot symmetry and by Egger

regression test, for which P < .10 indicates significant publi-

cation bias.30 Sensitivity analyses were conducted by recal-

culating the effect size after excluding potential outliers. We

defined outliers as studies with an effect size where the 95%

CI did not overlap with the 95% CI of the aggregated effect

size.31

Meta-regressionswere performed to assess the influence

ofpotentialmoderatorson theoverall effect size toexplainany

possible heterogeneity. Four primary moderators were cho-

senapriori: total physical activityvolume,participants’ health

status, whether the allocation and/or assessments were con-

cealed, andwhether the studywas anRCTorNRCT.We chose

these moderators based on their possible associations with

physical activity, depressive symptoms, or both and because

previous meta-analyses on exercise for depressive symp-

toms in adults showed significant associations with similar

moderators.32,33 Multiple linear regression analyses using a

mixed-effects model with maximum likelihood estimation

were performed using the 4 primary moderators.34 Univari-

able analyses were performed to explore whether the poten-

tial participant and trial characteristics moderated the over-

all effect. The threshold for significancewas a 2-sidedP < .05.

Definitionsof allmoderators and the codesused for each level

are included in eTable 1 in the Supplement.

Results

The database search identified 9153 unique records. After as-

sessment of titles and abstracts, 104 full texts were screened,

and21 studies involving2441participantswere included in the

meta-analysis.35-55 A visual description of the search results

is available in the PRISMA flowchart in eFigure 1 in the

Supplement.

Study Characteristics

A summary of the characteristics of the included studies is

presented in Table 1. Of the 21 studies included, 17 were

RCTs,36-41,43-49,51,52,54,55 and 4 were NRCTs,35,42,50,53 and

included 2441 participants (1148 [47.0%] boys; 1293 [53.0%]

girls). The mean (SD) age of participants at baseline was 14

(3) years. Eighteen studies35-40,42-46,48,49,51-55 included both

boys and girls, and 3 studies41,47,50 included female partici-

pants only.

Twelvestudies includedparticipantswithasomaticorpsy-

chiatric disorder, such as depression, obesity, attention defi-

cit hyperactivitydisorder, anddiabetes.36-38,40,46,49-51,53-55The

meandurationof theprescribedphysical activityprogramwas

22weeks (range, 6-144weeks). The frequency of the physical

activity sessions ranged from 2 to 5 days per week, with 3

days per week being the most commonly used frequency

(8 studies35,36,38,40,47,48,50,55). The mean duration of the

physical activity sessions was 50 minutes (range, 30-120

minutes). Most interventions were fully supervised

(16 studies35-37,39,41-43,45,47-49,51-55), and 2 did not report any

supervision.40,50 Physical activity was prescribed as amono-

therapy in 17 studies35,38-53 and implemented in a multi-

modal intervention in4 studies.36,37,54,55More information re-

garding the interventions of the included studies is available

in eTable 2 in the Supplement.

Mean Effect Size, Heterogeneity, and Bias

A visual representation of the distribution of the study

effect sizes is provided in the Figure. Seventeen of the 21

effect sizes (81%) were smaller than 0, indicating larger

reductions in depressive symptoms for physical activity

interventions.35-38,40,41,43-45,47-53,55 The physical activity in-

terventions had amean effect size of −0.29 (95% CI, −0.47 to

−0.10; P = .004). Overall, the reduction in depressive symp-

toms after a physical activity intervention resulted in a num-

ber needed to treat of 6.

Only4 studies36,48,52,53 assessed theeffects of physical ac-

tivity interventionsondepressive symptomsat follow-up.The

mean follow-upperiodpostinterventionwas 21weeks (range,

6-48 weeks). No association of physical activity interven-

tions with depressive symptoms was detected at follow-up

(g = −0.39; 95% CI, −1.01 to 0.24; P = .14) (eFigure 2 in the

Supplement).

There was evidence of moderate heterogeneity at post-

intervention (Q = 53.92;df = 20;P < .001; I2 = 62.9% [95%CI,

40.7%-76.8%]) and at follow-up (Q = 7.85; df = 3; P = .04;

I2 = 61.8% [95% CI, 0.0%-87.2%]). Egger regression test re-

vealedsignificant funnelplotasymmetry (intercept,−1.87 [95%

Figure. Forest Plot of the Distribution of Effect Sizes

After Physical Activity Intervention
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CI, −3.20 to−0.55]; t = −2.77;P = .01) (eFigure 3 in the Supple-

ment). Three outlierswere detected. Thedifferences in effect

sizesmay be attributed to different research designs40,50 or a

different study intervention.47Weconductedsensitivityanaly-

ses after excluding these studies, resulting in a smaller effect

size that remained significant (g = −0.15; 95% CI, −0.26 to

−0.03; P = .02; I2 = 25.8% [95%CI, 0.0%-58.1%]). Risk of bias

was determined to be low in 6 studies,36,38,51-54 moderate in

13 studies,35,37,39-41,43-48,50,55 and high in 2 studies42,49 (eFig-

ure 4 in the Supplement). We repeated the analyses after re-

moving studies with high risk of bias, which did not change

the overall effect size (g = −0.29; 95% CI, −0.48 to −0.10;

P = .005; I2 = 65.4% [95% CI, 43.7%-78.7%]).

Moderator Analyses

Theprimarymoderator analysisdidnot showsignificantmod-

eration effects (QM = 8.12, df = 4, P = .09; R2 = 49.0%;

QE = 39.32, P = .001; I2 = 42.8%) (Table 2). Total physical ac-

tivity volume, study design, participant health status, and al-

locationand/or assessment concealmentdidnotmoderate the

main treatment effect. Results of the secondary analyses are

summarized inTable 3. In brief, interventions showedgreater

benefits in participants aged 13 years or older and those with

amental illness and/or depression diagnosis. Participant sex,

supervision, and frequency and duration of the intervention

also moderated the overall effect.

Discussion

In thismeta-analysis,we investigated theassociationofphysi-

cal activity interventions with depressive symptoms in chil-

dren and adolescents. The results showed that physical activ-

ity interventions produced greater reductions in depressive

symptoms compared with the control conditions. However,

these differenceswere not detected after amean follow-upof

21 weeks, possibly due to the limited number of studies with

follow-up outcomes.

Comorbid psychiatric conditions develop in up to 90%of

childrenandadolescentswithdepression,and2comorbidcon-

ditions develop in up to 50%.24As such, pediatric depression

isoftenunderdiagnosedandundertreated,withresearchshow-

ing that only 50% of children and adolescents with

depression receive an adequate diagnosis before reaching

adulthood.56Physical activity, particularly aerobic exercise, is

suitable for children, as it is amajor component ofmost sports

activities and can easily be implemented in physical educa-

tion classes. Increased levels of physical activity can reduce

the riskof cardiovascular disease,57which is the leading cause

ofdeath in individualswithdepression,58 and improveexecu-

tive function,59 which is greatly impaired in youth with

depression.60Mostof the studies in this systematic reviewand

meta-analysis involved a supervised school intervention tar-

geted at increasing students’ physical activity levels through

a wide range of activities, including sport games and simple

aerobic exercises (eg, running, jumping). The findings of this

systematic review and meta-analysis strengthen the role of

physical activity for depressive symptom management and

highlight the potential of structured physical education pro-

grams in primary and secondary schools for improving the

mental health of children and adolescents.

While the association between physical activity and de-

pression is strong,61,62 the mechanisms underlying the anti-

depressant properties of physical activity remainunclear. Po-

tentialpathways includetheactivationof theendocannabinoid

system to stimulate the release of endorphins,63 an increase

in the bioavailability of brain neurotransmitters (eg, seroto-

nin, dopamine, noradrenaline) that are reduced with

depression,64 and long-termchanges inbrainplasticity.65Psy-

chosocial andbehavioral hypotheseshavealsobeenmade, as-

serting that physical activity can lead to improvements in self-

perception,social interactions,andself-confidence.65However,

thedepressivephenomenology ismultifaceted, includingcog-

nitive, emotional, interpersonal, andsomatic symptoms,66and

isolating theeffects thatphysical activityhasonspecific symp-

toms is seemingly impossibledue to individual variability.Evi-

dence on the benefits of physical activity in conjunctionwith

traditional depression treatments is evenmore sparse, though

it seems that physical activity can enhance the treatment of

cognitive and affective symptoms in depression.67 Further-

more, the combination of physical activity and pharmaco-

therapy may reduce relapse risk, improve adherence to anti-

depressants, and promote better management of adverse

effects compared with pharmacotherapy alone.67 The ben-

efits of physical activity are not restricted to depression treat-

ment but extend tovarioushealthdomains, includingpsychi-

atric, neurologic, cognitive, somatic, and psychosocial.68

Therefore, a combination of biologic, psychological, and psy-

chosocial factorsmaymediate the relationshipbetweenphysi-

cal activity and depression.More research iswarranted to ex-

plainwhether andhowthesemechanismsmoderate theeffect

of physical activity and whether these changes are also pre-

sent in younger populations.

Our moderator analyses showed that participants with a

mental illness and/or a clinical diagnosis of depression ben-

efitted more from the physical activity interventions com-

pared with those who were healthy or had a physical illness.

Similar results were observed in a meta-analysis on exercise

for adult depression.14 As the authors concluded, partici-

pants showed greater depressive symptoms at baseline and

Table 2. PrimaryModerator Analysis

Primary moderator β (95% CI) SE P value

Participant health status −0.16 (−0.44 to 0.13) 0.15 .28

Total physical activity volume 0.00 (−0.00 to 0.00) 0.00 .07

Allocation and/or assessment concealment 0.08 (−0.19 to 0.36) 0.14 .56

Study design 0.14 (−0.21 to 0.49) 0.18 .42
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may have had more potential for improvement than those

whose symptomswere not indicative of a depression diagno-

sis. Our findings suggest that physical activity interventions

may be particularly helpful in children and adolescents with

elevated depressive symptoms.

Physical activity had greater benefits in participants aged

13 years or older than in younger participants. A recent cohort

study reported that between the ages of 12 and 16 years, the

physical activity levels of children start to decreasewhile sed-

entary time increases, and this was associated withmore de-

Table 3. Secondary Analyses

Moderator K Hedges g (95% CI) I2, %

P valuea

Moderator Contrast

Sex

Both males and females 18 −0.19 (−0.35 to −0.04) 49 .01
.03

Female 3 −0.90 (−2.26 to 0.45) 64 .10

Age, y

<13 8 −0.05 (−0.18 to 0.09) 6 .44
.002

≥13 13 −0.44 (−70 to −0.19) 62 .003

Health status

Healthy 9 −0.09 (−0.18 to −0.00) 0 .05

<.001Physical illness 6 −0.22 (−0.71 to 0.28) 74 .31

Mental illness 6 −0.74 (−1.01 to −0.47) 0 <.001

Depression diagnosis

Yes 5 −0.75 (−1.09 to −0.41) 0 .004
<.001

No 16 −0.13 (−0.28 to 0.01) 41 .07

Monotherapy

Yes 17 −0.33 (−0.55 to −0.11) 63 .006
.39

No 4 −0.16 (−0.68 to 0.35) 71 .38

Supervision

Fully supervised 16 −0.17 (−0.33 to −0.02) 44 .03

<.001Partially supervised 3 −0.20 (−1.01 to 0.61) 44 .40

Not supervised 2 −1.06 (−1.95 to −0.18) 0 .04

Control

Usual care 7 −0.11 (−0.38 to 0.16) 59 .34

.11
No intervention 9 −0.50 (−0.87 to −0.13) 67 .01

Attention 4 −0.13 (−0.54 to 0.28) 7 .38

Waiting list 1 −0.34 (−0.91 to 0.23) NA .25

Study design

RCT 17 −0.25 (−0.43 to −0.06) 37 .01
.56

NRCT 4 −0.42 (−1.31 to 0.47) 81 .23

Intention to treat

Yes 6 −0.15 (−0.30 to 0.01) 0 .06
.12

No 15 −0.36 (−0.62 to −0.10) 72 .01

Frequency, d/wk

2 5 −0.06 (−0.25 to 0.12) 5 .39

.033 8 −0.57 (−1.00 to −0.14) 74 .02

≥4 8 −0.19 (−0.43 to 0.04) 51 .09

Session, min

<45 10 −0.27 (−0.54 to −0.01) 49 .04
.83

≥45 11 −0.31 (−0.61 to −0.01) 72 .04

Duration, wk

<12 9 −0.58 (−0.96 to −0.20) 59 .008
.01

≥12 12 −0.12 (−0.27 to 0.02) 37 .08

Intensity

Low to moderate 7 −0.41 (−0.89 to 0.08) 67 .09

.65Vigorous 10 −0.13 (−0.31 to 0.04) 41 .11

Not reported 4 −0.53 (−1.32 to 0.25) 75 .12

Abbreviations: NA, not applicable;

NRCT, nonrandomized clinical trial;

RCT, randomized clinical trial.

a Themoderator P value indicates the

P value for the pooled estimate

effect of the subgroup defined by

the level of themoderator; the

contrast P value indicates the P

value of the effect of themoderator

in the corresponding

meta-regression.
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pressive symptoms.69 It is possible that younger children are

sufficiently active tobedesensitized to additional physical ac-

tivity, whereas their older and more sedentary counterparts

might be more responsive to the intervention.

Three physical activity sessions per week and interven-

tions that were shorter than 12 weeks induced greater ben-

efits on depressive symptoms compared with other frequen-

cies and durations. These findings are reflected in the results

of previousmeta-analyses on the association between physi-

cal activity and depression,61,70 suggesting that increasing

amounts of physical activitymaynot translate into greater re-

ductions in depressive symptoms. A recent cross-sectional

study found a U-shaped association between physical activ-

ity frequency and mental health, such that 10 to 15 sessions

permonth inducedthegreatestmentalhealth improvements.71

In contrast, there is evidence that increasingamountsofphysi-

cal activityhavebeneficial effects onmental health.72With re-

gard to overall intervention duration, Bailey et al73 discussed

the challenges inmaintaining long-term benefits in interven-

tional studieswith childrenandadolescents anddescribed the

factors and skills needed to preserve these benefits. Securing

participants’ attention throughout a trial can be difficult, and

researchersmay need to consider loss of interest in the inter-

vention as a potential factor influencing the treatment effect.

More research is needed to explain these findings and to es-

tablish the optimal physical activity parameters for depres-

sive symptommanagement.

We found differences in the effect sizes of studies involv-

ing female-only participants and studies with unsupervised

interventions compared with studies on both males and fe-

males and studieswith supervised or partially supervised in-

terventions. These findings are surprising andmay be attrib-

uted to a discrepancy among the number of studies used to

assess each moderator. Eighteen studies included boys and

girls35-40,42-46,48,49,51-55 and 3 included female participants

only,41,47,50and16studies35-37,39,41-43,45,47-49,51-55 reported fully

supervised interventions, whereas 2 did not report any

supervision.40,50 Among the studies recruiting females only

and thestudieswithunsupervised interventions, all but 1were

identified as potential outliers because of their substantially

largereffect sizes.40,47,50Thus, their effect sizesmayhavebeen

overestimated and may have influenced our estimate of the

true difference betweenmoderators.

Limitations

This study has some limitations. First, we did not screen for

study quality in our inclusion criteria, and it is possible that

poorly conducted studiesmayhave influenced the overall re-

sults. Second, there was a notable lack of complete reporting

regardingparticipant and trial characteristics. Specifically, in-

formation regarding the blinding of participants and asses-

sors, exercise intensity, exercise type, and degree of supervi-

sion was often absent and had to be extrapolated from the

article, requested from authors, or otherwise excluded from

theanalyses. Future research should includemore rigorous re-

porting of study design and characteristics to allow for the

analysis of potential moderators on the treatment effects.

Third, because of the exploratory nature of our univariable

meta-regression analyses, other confounding variables could

notbecontrolled for,which limits the interpretationofour find-

ings and warrants further validation.

Conclusions

The results of this systematic review and meta-analysis sug-

gest that physical activity interventions can alleviate symp-

toms of depression in children and adolescents. Results were

corroborated by stringent sensitivity andmoderator analyses

that revealedgreater reductions indepressivesymptomsinpar-

ticipants aged 13 years or older and in those with amental ill-

ness and/or depression diagnosis. Future studies should in-

vestigate the influenceof physical activity parameters suchas

frequency, duration, and supervisionof the sessions to deter-

mine the optimal dose andmode of delivery of the interven-

tion for depressive symptommanagement.
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