
Contents lists available at ScienceDirect

Mental Health and Physical Activity

journal homepage: www.elsevier.com/locate/menpa

Physical activity and depression, anxiety, and self-esteem in children and
youth: An umbrella systematic review
Leila Pfaeffli Dalea,∗, Leigh Vanderloob,c, Sarah Moored,e, Guy Faulknera
a School of Kinesiology, Lower Mall Research Station 337, 2259 Lower Mall, University of British Columbia, Vancouver, V6T 1Z4, Canada
b ParticipACTION, 77 Bloor St W. Suite 1205, Toronto, M5S 1M2, Canada
c The Hospital for Sick Children, Peter Gilgan Centre for Research and Learning, 686 Bay St., Toronto, M5G 0A4, Canada
d Centre for Hip Health and Mobility, Vancouver Coastal Health Research Institute, 2635 Laurel St, Vancouver, V5Z 1M9, Canada
e Faculty of Child, Family, and Community Studies, Douglas College, 1250 Pinetree Way, Coquitlam, V2B 7X3, Canada

A B S T R A C T

Problem: A 2011 review of reviews reported small to moderate associations
between physical activity (PA) and depression, anxiety and self-esteem among children and youth (aged 5–17 years). Due to the increase in reviews examining PA
and mental health outcomes in children and youth over the past decade, we conducted an umbrella review to determine the current state of the literature, including
whether effects were moderated by dose and type of PA, age, sex, or severity of mental illness.
Methods: We systematically reviewed literature published from 2010 onwards from six online databases to identify and summarize findings from systematic reviews
examining PA and depression, anxiety, and self-esteem outcomes in children and youth. We assessed review quality using the AMSTAR 2 critical appraisal tool.
Results: We identified 26 reviews examining depression (n=16), anxiety (n=2), and self-esteem (n=14). Half of the eligible reviews were considered to be of low
or critically low quality (n=13). PA had positive mental health outcomes for children and youth, specifically for reduction in depression/depressive symptoms and
improvements in physical self-concept, a self-esteem sub-domain. Little research has examined PA and anxiety. The moderator analyses reviewed revealed stronger
effects in populations with clinical diagnoses (e.g. depression) and for interventions consisting of regular, supervised, group-based aerobic exercise.
Conclusions: PA appears to be an effective intervention for reducing depression/depressive symptoms and improving physical self-perceptions, although additional
high-quality research and moderator analyses are needed to determine what type of PA interventions may result in better mental health outcomes for children and
youth.

Mental health is a multidimensional state of well-being, with both
negative indicators, such as depression or anxiety, and positive in-
dicators, such as self-esteem and self-concept. Mental illness and the
negative consequences of poor mental health among children and youth
are a particular public health priority. The worldwide prevalence of
mental disorders in children and adolescents (aged 6–18 years) has
been estimated at 13.4% (CI 95% 11.3–15.9; k= 41; pooled sample size
87,742) (Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015), and there is
evidence that the prevalence of poor mental health is increasing. In
Ontario, Canada for example, psychological distress, which refers to
symptoms of anxiety or depression, has been rising steadily among all
Ontario students in Grades 7 to 12 since it was first monitored in 2013
(Boak, Hamilton, Adlaf, Henderson, & Mann, 2018).

Mental health promotion refers to the actions taken to strengthen
mental health for which all can benefit even in the presence of a mental
illness (Faulkner & Duncan, 2018). Physical activity (PA) participation
has been advocated as a mental health promotion approach, as well as

an adjunct treatment therapy for mental illness (Faulkner & Duncan,
2018). While the physical health benefits of PA are well documented
(Poitras et al., 2016; Warburton, Nicol, & Bredin, 2006), the mental
health benefits of PA for children and youth are less studied. Three
important outcomes that are of particular relevance for the mental
health of children and youth are depression, anxiety, and self-esteem.
Specific to adults, systematic reviews have linked PA with fewer
symptoms of depression or anxiety in clinical (Rosenbaum, Tiedemann,
Sherrington, Curtis, & Ward, 2014) and non-clinical populations (Rebar
et al., 2015), with some promising evidence also emerging from a meta-
analysis examining PA and depression and anxiety in children and
youth (Ahn & Fedewa, 2011). Self-esteem has been identified as a buffer
in the onset of mental illness in childhood (Ahn & Fedewa, 2011) and
an earlier systematic review showed a positive relationship between PA
and self-esteem among children and youth (Ekeland, Heian, & Hagen,
2005).

Systematic reviews are used by health care practitioners as an
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efficient way to gather evidence on a particular treatment or prevention
option. There is a danger in accepting the evidence of a single sys-
tematic review, without assessing its quality (Shea et al., 2017). An
umbrella review, or a review of reviews, summarizes all available evi-
dence, compares and contrasts findings, aids in understanding the
strength of the evidence, and identifies gaps in the literature
(Aromataris et al., 2015). A review of reviews examining the mental
health outcomes associated with PA in children and youth, in particular
depressive symptoms, anxiety, self-esteem, and cognitive functioning
was published in 2011 (Biddle & Asare, 2011). The strongest effects
were found for self-esteem. PA showed potential benefits on reduced
depression and small benefits for reduced anxiety, but both outcomes
were understudied (Biddle & Asare, 2011). Many gaps regarding the
effect of PA on mental health outcomes in children and youth were
identified, including whether the effects of PA were strongest for those
with poorer mental health at baseline (Biddle & Asare, 2011). The au-
thors argued additional research was needed as most studies were cross-
sectional, small scale, and lacked measurement consistency.

In Canada, a diverse group of paediatric researchers and practi-
tioners in neuroscience and exercise science recently collaborated to
develop an evidence-informed Expert Statement on Physical Activity and
Brain Health for Children and Youth (under 18 years) (Vanderloo et al.,
2018). The Expert Statement was created to highlight the positive re-
lationship between PA and brain health, capturing both cognitive
function and mental health, both within typically-developing children
and youth and those with neurodevelopmental disabilities. The launch
of the Expert Statement and the release of the ParticipACTION Report
Card on Physical Activity for Children and Youth took place on June 19,
2018. The expert statement was largely informed by a systematic re-
view conducted by Gunnell and colleagues (in press; registered with
PROSPERO, CRD42016042116), which examined the relationship be-
tween PA and cognition, brain function, and brain structure in children
with typical development (1 month–18 years).

To provide further supporting evidence underpinning the Expert
Statement, the purpose of this umbrella review was to determine the
current state of the literature, including how the field has progressed
and what gaps and inconsistencies remain in terms of the relationship
between PA and depression, anxiety, and self-esteem in children and
youth. More specifically, we were interested in determining: 1) if new
longitudinal evidence has emerged; 2) the intervention effects of dif-
ferent doses of PA (frequencies, intensity, duration, and types of PA);
and 3) whether effects were moderated by age, sex, or severity of
mental illness (e.g. prevention or treatment of depression or anxiety).
We also felt it was important to assess the methodological quality of the
systematic reviews included, as this was not done as part of the original
review (Biddle & Asare, 2011).

1. Methods

A review protocol was created by the lead author prior to con-
ducting the search and was agreed upon by all authors, which included
the review question, search strategy, and the inclusion/exclusion cri-
teria. Any changes in the methods that deviated from the guide are
described in the present paper.

1.1. Inclusion criteria

This umbrella review was designed with broad inclusion criteria.
Reviews were required to be a systematic review or meta-analysis de-
sign to ensure the highest possible level of evidence was summarized
(Aromataris et al., 2015). We followed the PICO format (Liberati et al.,
2009) as outlined below. A review was included if it contained at least
two studies that met the inclusion criteria. If the review included other
physical or mental health outcomes (e.g. bone health, academic
achievement), qualitative study designs, or adult populations, the re-
view was included if data from at least two eligible studies were able to

be extracted separately from other outcomes or populations.

1.1.1. Participants
We included reviews that assessed school-aged children and youth

who were apparently healthy with typical development (mean age
between 5 and 17.99 years old). Reviews that focused exclusively on
children and adolescents with cognitive, behavioural, or development
disabilities were excluded; however, in light of our research questions,
reviews with samples of children or adolescents clinically diagnosed
with depression or anxiety were included. Reviews of populations with
overweight/obesity were also included. If a review contained studies
with both typically-developing and children or youth with disabilities,
or if it included studies on adults, the review was included if the data
from populations with typical development could be extracted sepa-
rately or if the review included a moderator analysis on sample type
(e.g. sample type did or did not moderate the effect of PA on the mental
health outcome).

1.1.2. Interventions
We included reviews that reported chronic PA studies, including

interventions, using quantitative measures. Reviews of acute PA (e.g.
single bouts) studies were excluded unless any studies of chronic PA
(e.g. repeated bouts) could be extracted from the main results. We
distinguished PA from fitness and excluded reviews that examined the
relationship or effects of fitness on mental health outcomes. Reviews
that focused exclusively on yoga or mindfulness interventions were also
excluded. Reviews that included multiple healthy behaviours (e.g. PA
and diet) were included if data from studies that had PA as their main
intervention component could be extracted separately from the main
results.

1.1.3. Comparators
To keep the broad scope of this umbrella review, we accepted any

type of comparator group for reviews of chronic PA intervention stu-
dies.

1.1.4. Outcomes
We included studies that reported the relationship between PA and

at least one of the following quantitatively measured mental health
outcomes.

- Depression, including depressive disorder, depressive/depression
symptoms, or depressed mood.

- Anxiety, including general or social anxiety but excluding post-
traumatic stress disorder.

- Self-esteem, encompassing global or physical domains of self-worth
and self-concept, and the sub-domains of perceived competence and
perceived physical appearance/body image (Lubans et al., 2016).
General self-efficacy outcomes were excluded, as this is typically
defined as confidence to overcome barriers to PA participation, not
to perform PA itself (Babic et al., 2014).

A deviation from the review guide was the exclusion of reviews
examining PA and cognitive function. Appraisals of cognitive func-
tioning were synthesized in a separate review of reviews given the focus
of the Expert Statement and an additional systematic review examining
the effects of PA on brain function and structure (Gunnell et al., in
press).

1.2. Search strategy

To retrieve eligible reviews of studies examining the relationship or
effects of chronic PA and mental health in children and adolescents, the
following databases were searched from inception up to December
2017: Medline, PubMed, SPORTDiscus, PsychINFO, Web of Science,
and Cochrane Library. Terms that reflected the exposure variable of
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interest (e.g. PA, exercise, sport, fitness, dance, recreation, leisure,
physical education), mental health outcome variables of interest (e.g.
depression, anxiety, self-esteem), population (e.g. children, adolescents,
youth) and methods (e.g. systematic, narrative, review, meta-analysis)
were searched. Search results were then filtered by publication date,
from 2010 onwards. See Table 1 for an example of a complete elec-
tronic database search strategy.

The search and full-text review were conducted by the lead author;
a second author independently reviewed 20% of the full-text articles
and achieved good agreement, with all authors reaching consensus on
the final number of included reviews. Any reviews included in Biddle
and Asare (2011) were excluded during the full-text review, as well as
reviews written in a language other than English. Reviews not pub-
lished in a peer reviewed journal were excluded to ensure rigour. Ci-
tation tracking was used to examine the reference lists of included re-
views to check for any potential reviews not identified during database
searching.

1.3. Data extraction

All authors agreed on the variables to include in the data extraction
table, based on Biddle and Asare's (2011) review and items re-
commended by Aromataris et al. (2015), to aid in comparing our up-
dated results. Extracted data included the years of publication the re-
view covered, characteristics of the population, the PA exposure
variable, mental health outcome measured, types of study design, and
main findings. Data was extracted by one author; a second author in-
dependently checked 20% of the studies against the data extraction
tables and found no discrepancies. In addition, we classified the main
findings of reviews as positive, negative, uncertain, or no association,
adapting the method first developed by Sallis, Prochaska, and Taylor
(2000) (Table 2).

1.4. Quality assessment

Systematic reviews summarize the best available evidence on a
topic; however, the quality of the planning, conduct, and writing of a
systematic review should be appraised before basing decisions on its
results (Shea et al., 2017). AMSTAR 2 is a 16-point critical appraisal
tool of systematic reviews of randomized controlled trials and non-
randomized intervention studies (Shea et al., 2017). We used AMSTAR
2 to evaluate the quality of the systematic reviews that included at least
two intervention studies (e.g. RCTs, non-RCTs, experimental and quasi-
experimental study designs). The quality of systematic reviews that
only included cross-sectional or longitudinal studies (i.e. no interven-
tion studies) was not assessed. Two reviewers independently assessed
the quality of each included review that met the AMSTAR 2 criteria.
Any discrepancies were discussed, and consensus was reached.

1.5. Number of unique studies

We were also interested in determining the number of unique in-
dividual studies included in the reviews, to ensure that each review was
not simply reviewing the same studies. To calculate the frequency
counts, we kept a list of included studies in each review and counted the
number of unique studies published in 2007 or later, as the reviews
included in Biddle and Asare's (2011) review of reviews searched up to
2006.

2. Results

From the six databases searched, 26 distinct reviews met the in-
clusion criteria. Fig. 1 illustrates the search results.

In Biddle and Asare's (2011) review, four review articles were
identified concerning depression, four for anxiety and three for self-
esteem. Our search yielded 26 new reviews on PA and mental health
outcomes, specifically depression (n=16), anxiety (n=2), and self-
esteem (n=14). Four reviews included studies with data on more than
one relevant mental health outcome (Eime, Young, Harvey, Charity, &
Payne, 2013; Evans et al., 2017; Hermens, Super, Verkooijen, & Koelen,
2017; Lubans et al., 2016). A list of excluded reviews, with the reasons
for exclusion, can be found in Supplemental File 1. The data extraction
for each included review can be found in Tables 3–5. Of the 26 included
reviews, there were 150 unique studies published after 2006, the most
recent search date of reviews included in Biddle and Asare's (2011)
review, justifying the need to conduct an updated umbrella review.

2.1. Quality assessment

We classified seven reviews as moderate quality, and the remainder
as low (n=9), critically low (n=4), or not eligible to be assessed
(n= 6) (see Supplemental File 2). Items that were most frequently not
met or omitted in the reviews included item 2: establishment of review
methods prior to conducting the review; item 3: explanation of study design
selection; item 7: providing a list of excluded studies with justifications; item
10: reporting on the sources of funding for the included studies. Most re-
views (18/20; 90%) did use a satisfactory technique for assessing risk of
bias in the included individual studies (item 9) and discussed (16/20;

Table 1
Example of the search strategy used for the Medline database.

Search No. Search terms No. of records
found

1 (Physical activ* or exercis* or fitness or
sport*).ab,ti.

441976

2 (dance or recreation or leisure or play*).ab,ti. 1098963
3 Physical education and Training 14605
4 Or/1-3 1508685
5 (depress* or despair or despondency).ab,ti. 424421
6 (anxiety or anxious or stress*).ab,ti. 871963
7 (Self-esteem or self-worth).ab,ti. 19645
8 Cognition/ 90412
9 Mental health.mp or Mental Health/ 165851
10 Or/5-9 1399241
11 (Child* or youth or adolescent* or teen).ab,ti. 1447811
12 (boy* or girl*).ab,ti. 230455
13 (young person or young people).ab,ti. 23906
14 Or/11-13 1569824
15 (review or narrative or summary or systematic

or meta-analysis).ab,ti.
1752087

16 4 and 10 and 14 and 15 1405
Filter by publication date: 2010–2017 884

Table 2
Classification of included systematic reviews.

Rationale Classification

0–33.3% of studies reported a significant association, or no treatment effect observed in meta-
analysis

0= no association

34–59% of studies reported a significant association, or if less than four studies were included ?= inconsistent or uncertain association
60% of studies found a significant association, or treatment effect observed in meta-analysis + or - = positive or negative depending on the direction of the association
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80%) how bias may have affected the findings of the review (item 13).

2.2. Depression

Since Biddle and Asare's (2011) review, we found an additional 16
reviews of PA and depression in children and youth. Review char-
acteristics and main findings are presented in Table 3.

2.2.1. Study characteristics
2.2.1.1. Design. Of the 16 included systematic reviews, five conducted
meta-analyses and 11 conducted a qualitative summary only. The
design of studies included in the reviews varied; two meta-analyses
included only RCTs (Bailey, Hetrick, Rosenbaum, Purcell, & Parker,
2017; Carter, Morres, Meade, & Callaghan, 2016), four reviews
included intervention studies only (Ash, Bowling, Davison, & Garcia,
2017; Brown, Pearson, Braithwaite, Brown, & Biddle, 2013; Lubans
et al., 2016; Radovic, Gordon, & Melvin, 2017), four reviews included
only cross-sectional, observational or longitudinal designs (Dennison,
Sisson, & Morris, 2016; Eime et al., 2013; Hoare, Skouteris, Fuller-
Tyszkiewicz, Millar, & Allender, 2014; Korczak, Madigan, & Colasanto,
2017), and the remainder included a combination of design types
(n=6).

2.2.1.2. Population. All the reviews included studies of typically-
developing children and youth, with four reviews having more
defined populations. Data extracted from three reviews included only
samples of children and youth experiencing a clinical diagnosis or
threshold symptoms of depression (Ash et al., 2017; Bailey et al., 2017;

Radovic et al., 2017). Hermens et al. (2017) only included studies with
socially vulnerable youth (i.e. youth living in areas of low
socioeconomic status, living in residential care, or receiving
nonresidential counseling).

2.2.1.3. Variables. For the reviews that included experimental studies,
most PA interventions consisted of supervised, aerobic, and group-
based exercise. Four reviews (Eime et al., 2013; Evans et al., 2017;
Hermens et al., 2017; Johnson & Taliaferro, 2011) specifically
examined sports participation. When comparison groups were
mentioned, they mostly consisted of a combination of no treatment,
wait-list, or treatment as usual (Bailey et al., 2017; Carter et al., 2016).
Some reviews reported active comparison groups, such as groups
engaged in flexibility exercises (Janssen & Leblanc, 2010) or less
sport (Eime et al., 2013). Most reviews included self-report measures
of PA, with one review including studies that used objective measures
of PA only (Poitras et al., 2016).

Regarding the outcome variable of depression, some reviews in-
cluded studies with depression classification scores, such as major de-
pressive disorder, or with continuous scales of depressive symptoms or
depressed mood, or both. In this umbrella review, we used the general
term “depression,” which is comprised of all of the depression measures
from each included review (e.g. depression, major depressive disorder,
depressive/depression symptoms, depressed mood). We specified the
outcomes where possible in the findings and Table 3.

2.2.1.4. Overall findings. Overall, the reviews demonstrated PA was
inversely associated with depression. Twelve reviews (12/16; 75%)

Fig. 1. Flow diagram of included studies.
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were classified as showing a negative association, meaning that higher
levels of PA were associated with lower levels of depression. We
classified three reviews as uncertain (3/16; 19%), due to the small
number of studies in each review (range 1–3). One review was classified
as showing no association (1/16; 6%); interestingly, this was the sole
review to include studies with only objective measures of PA (Poitras
et al., 2016). All five meta-analyses showed PA reduced depressive
symptoms. Specifically, PA interventions had small (Brown et al., 2013)
to moderate (Carter et al., 2016) treatment effects on depressive
symptoms in children and youth with typical development. Two
reviews that included only populations with clinically diagnosed
depression found moderate (Radovic et al., 2017) to large (Bailey
et al., 2017) treatment effects. The meta-analysis examining cross-
sectional studies found small consistent relationships between PA and
depression/depressive symptoms (Korczak et al., 2017). The same
review also found a weak effect size for longitudinal associations
between PA and depressive symptoms, measured 2–17 years later
(Korczak et al., 2017). Three (Dennison et al., 2016; Hoare et al.,
2014; Korczak et al., 2017) of four (Poitras et al., 2016) reviews with
longitudinal studies showed PA protected against depression.

2.2.1.5. Moderators. Moderator analyses yielded mixed results. One
review concluded that PA may be more effective for populations with
clinical diagnoses (e.g. depression) compared to populations with
typical development (Carter et al., 2016), which corresponded with
the largest overall effect size found by Bailey et al. (2017), who only
included children and youth diagnosed with depression or experiencing
threshold level symptoms. Bailey et al. (2017) found that their effect
size did not differ by diagnostic status (threshold vs. diagnosed) or
depression severity.

One review found greater treatment effects for higher quality stu-
dies (clinical trials/RCTs) (Brown et al., 2013), which is important as
many reviews reported low quality of studies (Bailey et al., 2017; Carter
et al., 2016; Hoare et al., 2014; Radovic et al., 2017). Korczak et al.
(2017) found stronger effects in cross-sectional over longitudinal de-
signs, as well as in those studies using self-report of depressive symp-
toms compared to gold-standard diagnostic interview to diagnose de-
pression.

There were mixed findings in terms of the most effective type of PA
intervention; however, supervised, aerobic-based group exercise, en-
gaged in multiple times per week over at least 7–8 weeks appeared to be
most effective in reducing depression (Bailey et al., 2017; Carter et al.,
2016). Two reviews on populations with clinical depression found the
intensity (Bailey et al., 2017) or dose (Radovic et al., 2017) of PA had
no effect on the reduction of depressive symptoms. For sport-only re-
views, the level of sport involvement (intensity or frequency) was not
described (Eime et al., 2013; Evans et al., 2017; Hermens et al., 2017).
It was not possible to summarize the moderating effects of age (Bailey
et al., 2017; Dennison et al., 2016), sex, or weight status (overweight/
obese vs average weight) (Brown et al., 2013) as inconsistent effects
were found.

2.3. Anxiety

Since Biddle and Asare's (2011) review, two new systematic reviews
met our criteria for PA and anxiety in children and youth (Evans et al.,
2017; Hermens et al., 2017). Both reviews combined included a total of
five unique studies with anxiety outcomes (Table 4).

2.3.1. Study characteristics
2.3.1.1. Design. The design of the included studies in each review
varied, with one review including only cross-sectional, observational,
or longitudinal studies (Eime et al., 2013) and the other included all
design types, from qualitative to experimental (Hermens et al., 2017).

2.3.1.2. Population. One review included studies on children andTa
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youth, with few describing features (Eime et al., 2013), while the other
review focused on socially vulnerable youth (Hermens et al., 2017).

2.3.1.3. Variables. Both reviews included sport-only studies, excluding
other types of PA, and both included quantitative measures of anxiety
as part of a range of mental health outcomes (Eime et al., 2013;
Hermens et al., 2017).

2.3.1.4. Overall findings. Both reviews found a relationship between
increased sport participation and reduced anxiety; however, they were
classified as unclear associations due to the small number of studies
included (Eime et al., 2013; Hermens et al., 2017). There was
insufficient detail on the intensity or frequency of sport participation
(Eime et al., 2013; Hermens et al., 2017), although one longitudinal
study in Eime et al. (2013) found reduced anxiety over time in children
and youth taking part in team sport, while those who took part in
individual sport or did no sport showed increased anxiety over time.

2.4. Self-esteem

Fourteen reviews on PA and self-esteem in children and youth were
included. The updated findings of reviews examining the relationship
or effects of PA and self-esteem are provided in Table 5.

2.4.1. Study characteristics
2.4.1.1. Design. Two reviews limited their inclusion criteria to RCTs
only (Ruotsalainen, Kyngas, Tammelin, & Kaariainen, 2015; ten Hoor
et al., 2017), whereas five reviews included experimental and/or quasi-
experimental studies only (Liu, Wu, & Ming, 2015; Spruit, Rafferty,
(Lubans et al., 2016; Lubans, Plotnikoff, & Lubans, 2012). One review
examined only associations from cross-sectional, observational, or
longitudinal studies (Eime et al., 2013). The remaining six reviews
included a combination of cross-sectional, longitudinal, and
experimental designs.

2.4.1.2. Population. Most of the reviews included studies on children
and adolescents with typical development or not-specified (Babic et al.,
2014; Burkhardt & Brennan, 2012; Eime et al., 2013; Joronen, Aikasalo,
& Suvitie, 2017; Liu et al., 2015; Lubans et al., 2016; Rafferty, Breslin,
Brennan, & Hassan, 2016; Spruit, Assink, van Vugt, van der Put, &
Stams, 2016). One review included studies on youth sport participants
only (Evans et al., 2017). Two reviews limited their inclusion criteria to
socially vulnerable (Hermens et al., 2017) or ‘at-risk’ youth who live in
a negative environment and/or do not have the skills and values to help
them become responsible members of society. (Lubans et al., 2012).
Two reviews included only children or youth who were overweight/
obese (Ruotsalainen et al., 2015; ten Hoor et al., 2017). The final review
included studies examining the effects of PA on the self-esteem of boys
only (Bassett-Gunter, McEwan, & Kamarhie, 2017).

2.4.1.3. Variables. Nearly half of the reviews included any type of PA
intervention or measure (Bassett-Gunter et al., 2017; Liu et al., 2015;
Lubans et al., 2012, 2016; Ruotsalainen et al., 2015; Spruit et al., 2016).
One review included studies that measured leisure-time PA only (Babic
et al., 2014). Three reviews included sport-only studies (Eime et al.,
2013; Evans et al., 2017; Hermens et al., 2017), while one review each
included only strength training interventions (ten Hoor et al., 2017),
recreational dance interventions (Burkhardt & Brennan, 2012),
exergaming interventions (Joronen et al., 2017), or specifically
school-based PA interventions (Rafferty et al., 2016). Most reviews
included studies with a quantitative measure of global self-esteem or
self-worth, while one review exclusively focused on physical self-
concept (Babic et al., 2014) and another on body image only (Bassett-
Gunter et al., 2017).

2.4.1.4. Overall findings. Overall, evidence supported a small-to-Ta
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moderate relationship between increased PA and enhanced self-esteem,
with half of the reviews classified as showing positive associations. One
review was classified as non-associated (Rafferty et al., 2016). Six were
classified as uncertain: five reviews included less than four studies
(Burkhardt & Brennan, 2012; Evans et al., 2017; Joronen et al., 2017;
Ruotsalainen et al., 2015; ten Hoor et al., 2017) and one review found
mixed results (Lubans et al., 2016).

The included meta-analyses found PA had small associations on
physical self-concept (Babic et al., 2014), small-to-moderate associa-
tions on perceived physical appearance/body image (Babic et al., 2014;
Bassett-Gunter et al., 2017) and moderate associations on perceived
competence (Babic et al., 2014). For meta-analyses of interventions,
two reviews found small to moderate treatment effects of PA on self-
concept (Liu et al., 2015; Spruit et al., 2016), while one review found
small treatment effects of PA on self-worth (Liu et al., 2015). The same
review found no significant pooled effect on self-esteem (Liu et al.,
2015). One review found PA had no treatment effect on body image in
adolescent boys; however, the authors caution that only three inter-
vention studies were included in the analysis (Bassett-Gunter et al.,
2017). Two reviews found positive associations longitudinally between
PA and higher self-esteem (Eime et al., 2013) and physical self-concept
(Babic et al., 2014). The meta-analysis conducted by Babic et al. (2014)
showed the effect size estimates between PA and all self-concept do-
mains were similar between experimental, cross-sectional, and long-
itudinal study designs.

2.4.1.5. Moderators. Patterns among the systematic reviews were
difficult to identify as there were many types of PA and PA
interventions examined. Two reviews found the effects of PA were
not altered by PA intensity, frequency, or length of intervention (Liu
et al., 2015; Spruit et al., 2016). Spruit et al. (2016) found larger effects
when the intervention consisted of aerobic exercise vs sport. Liu et al.
(2015) found stronger effects with school/gymnasium settings
compared to clinic, family, or detention facility-based settings. In
contrast, the one review classified as non-associated, showing PA had
no effect on self-esteem outcomes, was a review limited to school-based
PA interventions only (Rafferty et al., 2016). Study design did not alter
the effects of PA in three reviews (Babic et al., 2014; Liu et al., 2015;
Spruit et al., 2016).

Sample type moderators were inconsistent. Babic et al. (2014) found
sex and age were significant moderators. Specifically, the authors found
stronger associations between PA and physical self-concept among boys
than girls, and stronger associations between PA and perceived ap-
pearance and perceived competence among early adolescents compared
to children. Spruit et al. (2016) found the PA interventions were equally
effective for children and youth of healthy weight as well as over-
weight/obese. Two reviews found no moderating effects of participant
type (typically-developing vs. children/youth with disabilities) (Liu
et al., 2015; Spruit et al., 2016).

3. Discussion

We found 26 reviews examining PA and the mental health outcomes
of depression (n=16), anxiety (n=2), and self-esteem (n=14) in
children and youth. In the case of depression and self-esteem, the
number of systematic reviews has quadrupled in eight years. To a
certain extent this reflects a rapidly maturing body of evidence with
150 new studies being assessed within those reviews. Since the Biddle
and Asare (2011) review, evidence supporting the associations between
PA and reduced depression or depressive symptoms, and improvements
in physical self-perceptions, has grown. Concerns that the evidence for
these associations is limited should be tempered; however, research
examining PA and anxiety has stagnated. The findings for each mental
health outcome will be discussed separately, followed by an overall
discussion of strengths and limitations.Ta
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3.1. Depression

Our umbrella review demonstrated that PA was inversely associated
with depression, with 12/17 (71%) reviews showing increased PA was
associated with or led to decreased depression or depressive symptoms.
The inclusion of five meta-analyses with small-to-moderate treatment
effects strengthens the evidence behind causality, although most re-
views concluded there were potential risks of bias. Larger effects of PA
were found for children and adolescents clinically diagnosed with de-
pression, with one review concluding that PA may produce a clinically
significant reduction in depressive symptoms (Bailey et al., 2017). Si-
milarly, exercise has also been shown to reduce depression in adults
(Schuch et al., 2017) and older adults (Catalan-Matamoros, Gomez-
Conesa, Stubbs, & Vancampfort, 2016). Meta-analyses of adult popu-
lations also saw larger effect sizes of PA on depression for populations
with clinical depression (Rosenbaum et al., 2014) compared to non-
clinical (Rebar et al., 2015).

The contrasting finding of the one review classified as showing no
relationship between PA and depression included studies that only used
objective measures of PA (Poitras et al., 2016), while all other reviews
included self-report. Studies in other reviews using self-report measures
of PA may have found greater effects due to social desirability and
could have risks of detection bias (Bailey et al., 2017). Notably, Poitras
et al. (2016) only reported results from four cross-sectional and one
longitudinal study, which limits their findings. Future research should
consider objective measures of PA; meta-analyses should conduct
moderator analyses to determine if type of PA measure (self-report or
objective) leads to different effects on depression. One review that did
look at the moderating effect of measurement type, albeit for depression
not PA, found larger effects for studies using self-report measures of
depressive symptoms compared to the gold-standard diagnostic inter-
view (Korczak et al., 2017). Only a small number of studies used the
interview assessment (n=4, compared to n=46 for self-report),
which also questions the strength of the current evidence. From the
evidence in this umbrella review it appears that PA was linked with
reduced depressive symptoms. It was difficult to determine if PA spe-
cifically affected depression diagnosis, as many reviews included stu-
dies measuring different presentations of depression and used the terms
depression and depressive symptoms interchangeably. Future studies
should consider using clinical interview to assess depression and be
specific with terminology.

We found inconsistent moderator analyses of PA dose and type;
however, interventions that included moderate-intensity, supervised
aerobic and resistance training appeared to be most effective (Bailey
et al., 2017; Carter et al., 2016; Janssen & Leblanc, 2010). One review
found even a modest amount of prescribed exercise (60–90min per
week) had a small treatment effect on depression (Janssen & Leblanc,
2010), while another review found the dose of exercise did not predict
reduction in depressive symptoms (Radovic et al., 2017). More dose-
response trials are needed before specific treatment guidelines for de-
pression can be made. For now, following the commonly recommended
national PA guidelines for children and youth (5–17 years) of 60 min-
utes of moderate-to vigorous-intensity PA per day and muscle and bone
strengthening activities three days per week (Tremblay et al., 2016)
may result in the greatest overall mental and physical health benefits.
Our review found evidence that lower doses of PA were still associated
with mental health benefits, thus simply ‘moving more’ is likely a good
starting message, as the most effective dose is likely the one that can be
maintained.

3.2. Anxiety

Our findings showed a relationship between increased PA and re-
duced anxiety; however, the evidence was limited to two reviews, and
we classified the overall relationship as unclear. Biddle and Asare
(2011) found a small-to-moderate effect on anxiety, summarized from

four reviews with individual studies published up to 2006. Since then,
there has been little advancement in the evidence base regarding PA
and anxiety in children and youth. A systematic review should be
conducted that specifically examines the effects of PA on anxiety in
children and youth from 2006 onwards in individual studies. Con-
sidering the wider literature, existing evidence suggests that PA inter-
ventions may have a broadly reductive effect on anxiety symptoms, but
this remains a relatively novel focus of research (Kandola et al., 2018).

One potentially informative review was excluded from this umbrella
review because studies with children/youth with disabilities and those
with typical development were considered (Ahn & Fedewa, 2011). The
authors found PA was associated with reductions in anxiety, measured
in 16 studies, although a list of included studies was not provided, thus
we were unable to tease out results from individual studies meeting our
criteria. The authors did not conduct moderator analyses specific to
differences in depression, anxiety, or self-esteem between population
groups. The authors’ findings did match some of the findings from other
included reviews, particularly that PA reduced depression and anxiety
and improved self-esteem in children and youth, and that PA was more
effective at improving mental health in clinical than non-clinical po-
pulations (Ahn & Fedewa, 2011).

3.3. Self-esteem

PA had a weak-to-moderate effect on self-esteem outcomes in chil-
dren and youth, and half of the reviews (7/14; 50%) showed positive
findings. Only one study reported no intervention effects on self-esteem
outcomes (Rafferty et al., 2016), but five reviews were classified as
uncertain due to the small number of included studies. In comparison,
Biddle and Asare's review (2011) also found small-to-moderate asso-
ciations or effect of PA on self-esteem. The most consistent evidence
was for self-concept, with three meta-analyses showing treatment ef-
fects of PA on improved physical self-concept (Babic et al., 2014; Liu
et al., 2015; Spruit et al., 2016). The findings should be interpreted with
caution; however, as many reviews rated individual study quality as
poor with high risk of bias (Burkhardt & Brennan, 2012; Lubans et al.,
2012; Rafferty et al., 2016; Spruit et al., 2016). More research with
larger samples, using robust methods (i.e. randomized controlled trials
with inactive comparison groups) are needed to advance the field and
truly examine causality.

Moderator analyses from included reviews revealed PA positively
influenced self-esteem outcomes in all types of populations, both typi-
cally-developing, overweight/obese, and in children and youth with
disabilities. As with depression, important questions remain on the type
and dose of PA intervention that are most effective. The PA interven-
tions were varied, but there was some agreement that supervised,
aerobic-based interventions were most effective.

One explanation for the conflicting findings could be due to the
wide range of terms used to describe self-esteem and self-concept (Liu
et al., 2015). As recommended by Biddle and Asare (2011), we included
self-esteem as well as its physical domains, including physical self-
concept, body image, and physical self-worth, as these may be more
proximal targets for PA interventions (Babic et al., 2014; Biddle &
Asare, 2011). Two reviews found inconsistencies in how self-esteem,
physical self-concept, and its sub-domains were defined and assessed
(Babic et al., 2014; Liu et al., 2015). Again, more research is needed to
determine how the “self” variables are affected by PA, in particular the
relationship between self-esteem and physical self-concept. As physical
self-concept is considered to be a mediator between PA and self-esteem
(Liu et al., 2015), improvements in physical self-concept should posi-
tively impact self-esteem when those improvements are valued (Babic
et al., 2014; Lubans et al., 2016); however, this was not observed in all
reviews (Liu et al., 2015). This is not unexpected theoretically given the
many other sources that could contribute to self-esteem (e.g. academic
performance; social relationships). Self-esteem is a multidimensional
mental health outcome and additional mediator and moderator
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analyses are needed to determine what intervention components work
best, and for whom, to improve physical self-concept and self-esteem
(Babic et al., 2014; Liu et al., 2015).

3.4. Strengths and limitations

Our research question and inclusion criteria allowed for a broad
scope, which is one reason we chose to conduct an umbrella review
(Aromataris et al., 2015). This format also allowed us to compare and
contrast findings from recent reviews published from 2010 onwards
and identify areas of future research. The use of AMSTAR 2 to assess the
quality of included reviews was a strength of our umbrella review.
Another strength of our umbrella review was the inclusion of reviews
on children, as many mental health reviews have included adolescents
only, as well as including longitudinal studies to determine if PA in
childhood could have potential protective effects on mental health in
adolescence. With the exception of one review (Poitras et al., 2016),
each review that examined longitudinal studies found associations be-
tween PA and lower depression (Dennison et al., 2016; Hoare et al.,
2014; Korczak et al., 2017), lower anxiety (Eime et al., 2013), higher
self-esteem (Eime et al., 2013) and higher physical self-concept (Babic
et al., 2014); however, the generally short follow-up (1–2 years) in-
dicate more longitudinal studies are needed.

We acknowledge the limitations to our review. We did not submit
our umbrella review protocol for peer-review; however, the review
protocol was reviewed, modified, and agreed upon by the Expert
Statement panel. We made peer-reviewed publication restrictions to
ensure rigor of the evidence; however, as all of our included reviews
also made this restriction, the findings may be susceptible to publica-
tion and selective reporting biases. Restrictions to the English language
were made for practical reasons (e.g. insufficient budget for article
translation), which also means some reviews on the topic may have
been missed. A potential limitation of umbrella reviews is overlap in
studies, although our assessment of the number of new unique studies
(n=150) indicated that this was not a large concern. A major limita-
tion to the findings in our umbrella review was the overall low quality
of the reviews, as well as the low quality of many of the individual
studies included in the reviews.

4. Conclusions

It is imperative to identify and implement effective interventions to
reduce the public health burden of mental illness in children and youth.
PA has been shown to have positive mental health outcomes in children
and youth. Specifically, the strongest evidence appears to be depres-
sion/depressive symptoms, in particular for those already diagnosed
with depression, although all participants would likely benefit from PA.
The inclusion of several meta-analyses examining intervention effects
have significantly advanced this field. There was also evidence sup-
porting the effectiveness of PA to improve the physical self-concept
domain of self-esteem. Notably in terms of testing potential causal
mechanisms in a recent systematic review, the strongest evidence has
been found for improvements in physical self-perceptions that accom-
panied enhanced self-esteem in the majority of studies measuring these
outcomes (Lubans et al., 2016). There is less certainty about the role of
PA in reducing anxiety among children and youth and research focus in
this area appears to have stagnated. Overall, PA appears to be an ef-
fective and low-risk intervention that can augment current therapies,
although more high-quality research, using robust designs, as well as
additional moderator analyses are needed to determine what type of PA
intervention may result in better mental health outcomes for children
and youth.
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