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Abstract
Background  Evidence suggests that participation in physical activity may support young people’s current and future mental 
health. Although previous reviews have examined the relationship between physical activity and a range of mental health 
outcomes in children and adolescents, due to the large increase in published studies there is a need for an update and quan-
titative synthesis of effects.
Objectives  The objectives of this study were to determine the effect of physical activity interventions on mental health 
outcomes by conducting a systematic review and meta-analysis, and to systematically synthesize the observational evidence 
(both longitudinal and cross-sectional studies) regarding the associations between physical activity and sedentary behavior 
and mental health in preschoolers (2–5 years of age), children (6–11 years of age) and adolescents (12–18 years of age).
Methods  A systematic search of the PubMed and Web of Science electronic databases was performed from January 2013 
to April 2018, by two independent researchers. Meta-analyses were performed to examine the effect of physical activity on 
mental health outcomes in randomized controlled trials (RCTs) and non-RCTs (i.e. quasi-experimental studies). A narra-
tive synthesis of observational studies was conducted. Studies were included if they included physical activity or sedentary 
behavior data and at least one psychological ill-being (i.e. depression, anxiety, stress or negative affect) or psychological 
well-being (i.e. self-esteem, self-concept, self-efficacy, self-image, positive affect, optimism, happiness and satisfaction with 
life) outcome in preschoolers, children or adolescents.
Results  A total of 114 original articles met all the eligibility criteria and were included in the review (4 RCTs, 14 non-RCTs, 
28 prospective longitudinal studies and 68 cross-sectional studies). Of the 18 intervention studies, 12 (3 RCTs and 9 non-
RCTs) were included in the meta-analysis. There was a small but significant overall effect of physical activity on mental 
health in children and adolescents aged 6–18 years (effect size 0.173, 95% confidence interval 0.106–0.239, p < 0.001, 
percentage of total variability attributed to between-study heterogeneity [I2] = 11.3%). When the analyses were performed 
separately for children and adolescents, the results were significant for adolescents but not for children. Longitudinal and 
cross-sectional studies demonstrated significant associations between physical activity and lower levels of psychological 
ill-being (i.e. depression, stress, negative affect, and total psychological distress) and greater psychological well-being (i.e. 
self-image, satisfaction with life and happiness, and psychological well-being). Furthermore, significant associations were 
found between greater amounts of sedentary behavior and both increased psychological ill-being (i.e. depression) and lower 
psychological well-being (i.e. satisfaction with life and happiness) in children and adolescents. Evidence on preschoolers 
was nearly non-existent.
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Conclusions  Findings from the meta-analysis suggest that physical activity interventions can improve adolescents’ mental 
health, but additional studies are needed to confirm the effects of physical activity on children’s mental health. Findings 
from observational studies suggest that promoting physical activity and decreasing sedentary behavior might protect mental 
health in children and adolescents. PROSPERO Registration Number: CRD42017060373.

Key Points 

Physical activity interventions have a small positive 
effect on mental health in adolescents; however, well-
designed intervention studies are needed to confirm 
these findings.

The majority of studies in this review involved adoles-
cent populations; therefore, future research should focus 
on preschoolers and children.

Observational evidence suggests that promoting physical 
activity and decreasing sedentary behavior might support 
mental health in children and adolescents. Additional 
studies answering the questions when, where, what, how 
much and with whom are needed to better understand the 
relationship between physical activity, sedentary behav-
ior and mental health in young people.

1  Introduction

Mental disorders are expected to be one of the main causes 
of disability in developed countries by 2020 [1]. Prevention 
of mental disorders not only depends on the absence of psy-
chological ill-being but also on the presence of psychological 
well-being. For the purpose of this review, the term psycho-
logical ill-being will be used to represent unpleasant feelings 
or emotions that impact the level of functioning, as well as 
preclinical and clinically diagnosed psychological disorders 
(e.g. depression and anxiety) [2, 3]. Conversely, psycho-
logical well-being is the combination of positive affective 
states and functioning with optimal effectiveness in personal 
and social life [2, 3]. Childhood and adolescence represent 
periods of rapid growth and development characterized by 
neuronal plasticity [4, 5], development of identity [6], and 
the establishment of behavioral patterns that may enhance or 
diminish mental health [7]. Thus, it is of interest to identify 
environmental exposures during these ages that may decrease 
the development of mental health disorders later in life [8].

Physical activity and sedentary behavior are two inde-
pendent but related lifestyle behaviors that occupy all wak-
ing hours of a day. Physical activity is defined as any bodily 
movement that increases energy expenditure above resting 
energy expenditure [9]. Exercise is a subset of physical 
activity that is planned, structured, repetitive and purposeful 
that might have a different effect on mental health depending 

on the constituent elements (e.g. competitive vs. non-com-
petitive) [10]. Sedentary behavior is defined as any wak-
ing behavior characterized by an energy expenditure ≤ 1.5 
metabolic equivalents (METs), while in a sitting, reclining 
or lying posture [11].

The underlying mechanisms responsible for the effects of 
physical activity and sedentary behavior on mental health are 
unclear; however, several hypotheses have been proposed. 
For instance, it seems that participation in physical activity 
might enhance mental health via the release of endorphins 
[12], increases in brain-derived neurotrophic factor [13] and 
growth of new capillaries [14], which in turn might enhance 
the structural and functional composition of the brain. Other 
theoretical frameworks propose that increased levels of 
physical activity and reduced sedentary behavior might help 
to satisfy basic psychological needs (e.g. social connected-
ness, self-acceptance, and purpose in life), and consequently 
improve overall mental health in young people [15].

The recently published second edition of the Physical 
Activity Guidelines for Americans highlights that moving 
more and sitting less have enormous benefits for everyone 
[16]. However, the benefits of physical activity for mental 
health has received less attention in comparison to the physi-
cal health benefits. A previous review of reviews, published 
in 2011, showed that physical activity has beneficial effects 
on mental health in children and adolescents [17]. Neverthe-
less, the majority of included reviews were considered to be 
of low quality [17]. From 2010 to 2017, several systematic 
reviews and meta-analyses on this topic were published [18]. 
Most of the studies concluded there was a small significant 
overall association between physical activity and indicators 
of mental health [10, 19–24]; however, these systematic 
reviews and meta-analyses were focused on specific mental 
health outcomes (e.g. depression) [19–21, 24, 25], specific 
activities [26], mechanisms (i.e. neurobiological, psychoso-
cial, and behavioral) [15] or specific age ranges (e.g. adoles-
cents) [10]. Therefore, it is important to examine the overall 
effect of physical activity on the mental health of young 
people in order to guide health policies for this population.

Sedentary time has become a central component of our 
daily lives [27]. A review of reviews demonstrated that screen 
time was negatively associated with young people’s men-
tal health in cross-sectional studies [17]. A recent system-
atic review in adolescents showed that leisure screen-based 
sedentary behaviors were related to higher psychological 
distress and lower self-esteem [28]. However, time spent in 
leisure screen-based activities is only a small part of the total 
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sedentary time, and each sedentary activity may have a dif-
ferent effect on mental health [29]. For example, playing an 
instrument or reading a book may positively influence mental 
health, while excessive television viewing may diminish men-
tal health. A previous systematic review concluded that, due 
to the low quality of the research conducted, the relationship 
between sedentary behavior and indicators of mental health in 
school-aged children and adolescents was indeterminate [30].

In summary, systematic reviews and meta-analyses have 
focused on specific lifestyle behaviors, mental health outcomes 
or a narrow age range, which dramatically limits their conclu-
sions [31]. Therefore, it is imperative to extend and update all 
relevant literature, mapping the links between physical activity, 
sedentary behavior and mental health in preschoolers, children 
and adolescents. Although intervention studies can provide 
evidence for cause and effect, observational longitudinal stud-
ies provide complementary information, particularly about the 
longer-term effects of physical activity and sedentary behavior. 
Therefore, an integrated review of both intervention and obser-
vational studies is needed.

The aims of this review were to (1) determine the overall 
effect of physical activity on mental health in preschoolers, 
children and adolescents by conducting a systematic review 
and meta-analysis of available intervention studies; and (2) 
systematically synthesize recent observational evidence 
(both longitudinal and cross-sectional) on the association 
between physical activity and sedentary behavior with men-
tal health in various pediatric age groups.

2 � Methods

This study follows the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA) guidelines [32]. 
Inclusion and exclusion criteria, as well as analytical meth-
ods, were specified in advance and registered in the PROS-
PERO (http://www.crd.york.ac.uk/PROSP​ERO) database, an 
international database of systematic reviews (PROSPERO 
reference number, CRD42017060373).

2.1 � Search Strategy and Inclusion Criteria

The search was conducted in the PubMed and Web of Sci-
ence electronic databases, and the dates of the published 
articles included in the search were from 1 January 2013 to 
9 April 2018. Search terms were selected based on the eligi-
bility criteria and outcomes of interest described in the fol-
lowing paragraph (see electronic supplementary Table S1). 
Two researchers (MRA and NEM) independently identified 
relevant articles by screening the titles and reviewing the 
abstracts. Full-text articles deemed eligible for review were 
examined to determine final eligibility; this process was 
conducted by the same two individuals (MRA and NEM).

Inclusion criteria were (1) design: intervention studies 
(randomized controlled trials [RCT], non-RCTs), and pro-
spective longitudinal and cross-sectional studies focused 
on physical activity, sedentary behavior and mental health; 
(2) language criterion: articles only published in English or 
Spanish; (3) age criterion: preschoolers (2–5 years of age), 
children (6–11 years of age) and adolescents (12–18 years of 
age); and (4) topic criterion: articles examining the associa-
tion between physical activity and/or sedentary behavior and 
at least one psychological ill-being (i.e. depression, anxiety, 
stress or negative affect) and/or psychological well-being 
(i.e. self-esteem, self-concept, self-efficacy, self-image, 
positive affect, optimism, happiness and satisfaction with 
life) outcome. With regard to exclusion criteria, we did not 
include conference proceedings and other types of grey liter-
ature because of the feasibility and limitations in the quality 
of reporting in conference abstracts [33]. Studies including 
individuals with physical or psychological disorders diag-
nosed by medical records, elite athletes, and animals were 
also excluded. Lastly, multiple health behavior intervention 
studies were excluded (e.g. co-interventions such as a dietary 
program combined with physical activity) because they pre-
clude drawing conclusions on the isolated effect of physical 
activity or sedentary behavior on mental health outcomes.

2.2 � Data Extraction

One author (MRA) extracted the following information 
from each eligible study: study background (name of the 
first author, year, and study location), sample characteristics 
(number of participants, age of participants, and number of 
girls and boys), design (intervention [RCT or non-RCT], 
or observational [cross-sectional or longitudinal]), and 
instruments used to assess physical activity and/or seden-
tary behavior and mental health outcomes. For intervention 
studies (RCTs and non-RCTs), we also extracted weeks of 
intervention, description of the program, intensity, duration 
and frequency. For longitudinal studies, we also extracted 
years of follow-up.

To reduce heterogeneity, sedentary behavior data were 
combined into three groups: recreational screen time (i.e. 
viewing television, using computer games, playing video 
games, using a mobile phone, using the internet), non-rec-
reational screen time (i.e. homework using a screen) and 
non-screen time (i.e. music, passive transport, homework, 
reading, creative hobbies, talking). In regard to physical 
activity, data from general physical activity, outdoor play 
and sport participation were combined.

2.3 � Meta‑Analysis of Intervention Studies

All statistical analyses were performed using the Compre-
hensive Meta-Analysis software (version 3; Biostat Inc., 
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Englewood, NJ, USA). A p value < 0.05 was accepted to 
indicate statistical significance. The meta-analysis of the 
intervention studies (RCTs and non-RCTs) was performed 
comparing the intervention versus control groups. Mean dif-
ference (post-test minus baseline values) and standardized 
mean difference were calculated for each group.

We also calculated the effect size (ES) using Cohen’s d 
and 95% confidence intervals (CIs) for standardized mean 
difference (post minus pre) on overall mental health (i.e. 
psychological ill-being and psychological well-being out-
comes). For overall analyses, we reversed the ES obtained in 
studies focused on psychological ill-being in order to present 
results in the same direction (the higher the ES, the better the 
effect, as occurs with psychological well-being outcomes). 
Pooled ES of the effect of physical activity on psychological 
ill-being and psychological well-being was obtained using 
random-effects models. Heterogeneity was measured using 
the I2 statistic (total variability attributed to between-study 
heterogeneity, i.e. I2 < 25%, 50% and 75% was considered 
as low, moderate and high heterogeneity, respectively) [34]. 
In addition, we examined how the duration of the physical 
activity interventions (grouped as < 60 or ≥ 60 min) could 
influence mental health. Funnel plots were calculated and 
the Egger’s test was conducted to assess risk of publica-
tion bias. The trim and fill procedure was also performed to 
adjust for the suspected publication bias where the pooled 
ES was recalculated to incorporate hypothetical missing 
studies if necessary.

Subgroup analyses were performed comparing the RCT 
and non-RCT studies. In addition, we performed a sensi-
tivity analysis excluding those studies categorized as high 
risk of bias. As secondary analysis, we performed one meta-
analysis of only those studies that measured psychological 
ill-being outcomes and another meta-analysis of only those 
studies that measured psychological well-being outcomes. 
Lastly, we performed a subgroup analysis examining pre-
schoolers, children and adolescents, separately.

2.4 � Data Synthesis of Observational Studies

Findings from observational studies were rated using the 
method first employed by Sallis et al. [35], and more recently 
used by Lubans et al. [36] and Smith et al. [37]. If 0–33% of 
studies reported a statistically significant association for the 
outcome of interest, the result was classified as no associa-
tion (Ø); if 34–59% of studies reported a significant associa-
tion, or if fewer than four studies reported on the outcome, 
the result was classified as being inconsistent/uncertain (?); 
and if ≥ 60% of studies found a statistically significant asso-
ciation, the result was classified as positive (+) or negative 
(−), depending on the direction of the association. When the 
association was examined only in girls or boys, we speci-
fied it as ‘♀’ or ‘♂’, respectively. If the association between 

independent and dependent variables was tested or was sig-
nificant in only one sex (girls or boys), we quantified it with 
a 0.5 score instead of 1.

2.5 � Criteria for Risk of Bias Assessment

Risk of bias was individually assessed for each eligible study 
by two researchers (MRA and FEL) and disagreements were 
solved in a consensus meeting. Inter-rater agreement for the 
risk of bias assessment was determined by the percentage 
agreement between evaluators (MRA and FEL). Further-
more, an intraclass correlation coefficient (ICC) analysis was 
conducted using SPSS software, version 21.0 (IBM Corpo-
ration, Armonk, NY, USA).

Different checklists, depending on the study design, were 
used to assess the risk of bias. First, the Cochrane Collabora-
tion’s tool was used for assessing risk of bias in RCTs. The 
scores for each criterion were summed to provide a total 
score out of 7, using the following categories: 1–2 ‘low risk’, 
3–4 ‘medium risk’, and 5–7 ‘high risk’ [38]. The criteria for 
assessing risk of bias in non-RCTs, prospective longitudinal 
studies and cross-sectional studies were created based on 
the STrengthening the Reporting of OBservational studies 
in Epidemiology (STROBE) criteria [39] and the Effective 
Public Health Practice Project (EPHPP) [40]. A risk of bias 
score was calculated based on the following five criteria, 
first employed by Smith and Madden [41]: (1) adequate 
description of the study sample (i.e. number of participants, 
mean age and sex); (2) adequate assessment/reporting of 
physical activity (i.e. validity/reliability of physical activ-
ity measurement reported and/or detailed description of 
the testing protocol); (3) adequate assessment of the men-
tal health outcomes (i.e. validity/reliability of the outcome 
measure reported and/or measurement procedure adequately 
described); (4) adequate adjustment of confounders (i.e. age 
and sex); and (5) description of both the numbers and rea-
sons for withdrawals and dropouts. Based on previous meth-
odology, the scores were summed to provide a total score 
out of 5, using the following categories: 0–2 ‘low risk’, 3 
‘medium risk’, and 4–5 ‘high risk’.

3 � Results

3.1 � Selection Process

The search yielded 4624 original articles, from which 282 
were screened in full-text (see Fig. 1 for full search details). 
Finally, a total of 114 original articles were included in the 
systematic review: 4 RCTs, 14 non-RCTs, 28 prospective 
longitudinal studies and 68 cross-sectional studies. Of the 
18 intervention studies, 12 (3 RCTs [42–44] and 9 non-
RCTs [45–53]) were included in the meta-analysis and 6 
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were excluded (3 did not report the ES data needed [54–56], 
2 included an active control group performing other types 
of physical activity [57, 58] (i.e. yoga vs. combined exercise 
[57] and Tai-Chi vs. gymnastics [58]) and 1 did not include a 
control group [59]). The list of excluded articles categorized 
based on the exclusion criteria can be seen in electronic sup-
plementary Table S2.

3.2 � Summary of Included Studies

A detailed description of the intervention studies (RCTs and 
non-RCTs) is provided in Table 1. We conducted a meta-
analysis of the RCT and non-RCT studies (see Fig. 2) to 
determine the overall effect of physical activity on mental 
health in different pediatric age groups. A summary of the 
associations of different types of physical activities (i.e. 
physical activity, sport participation and outdoor play) and 
different types of sedentary behaviors (i.e. recreational 
screen time, non-recreational screen time and non-screen 
time) with psychological ill-being and psychological well-
being in the different pediatric age groups is reported in 
Tables 2 and 3, respectively. Further details on the study 
characteristics of prospective longitudinal studies and cross-
sectional studies are presented in electronic supplementary 
Tables S3 and S4, respectively. Moreover, the results of the 
risk of bias assessment can be found in electronic supple-
mentary Tables S5–S8.

3.3 � Characteristics of Intervention Studies 
(Randomized Controlled Trials [RCTs] 
and Non‑RCTs)

3.3.1 � Sample Characteristics

Sample sizes of intervention studies (n = 18) ranged from 
20 [48] to 420 [50]. One study did not have a control group 
[59], while two studies included an active control group per-
forming other types of physical activity [57, 58] (i.e. yoga 
vs. combined exercise [57] and Tai-Chi vs. gymnastics [58]). 
Lastly, 10 studies included adolescents [42–46, 49–52, 58], 
while 8 studies included children [47, 48, 53–57, 59], of 
whom 4 were focused on overweight/obese adolescents [43, 
46] or children [48, 55]. We did not find any studies focused 
on preschoolers (2–5 years of age).

3.3.2 � Outcome Characteristics

Of the 18 studies included in the systematic review, 8 pro-
vided data on psychological ill-being [44, 45, 47, 49, 51, 
54, 55, 58]. Specifically, 5 studies provided data on generic 
psychological ill-being [44, 47, 49, 51, 54], 2 on depression 
[49, 55], 3 on anxiety [49, 55, 58] and 1 on stress [45]. On 
the other hand, 13 studies provided data on psychological 

well-being [42–44, 46, 48, 50–53, 56–59]. Specifically, 1 
study focused on a total score of psychological well-being 
[44], 7 on self-esteem [42, 43, 46, 48, 51, 53, 57], 6 on 
self-image [43, 44, 48, 52, 58, 59], 1 on self-concept [56], 
1 on self-efficacy [50, 56], 2 on happiness [53, 58] and 2 on 
positive emotions [43, 44].

3.3.3 � Exposures and Comparison Conditions

Most of the study interventions ranged from 8 to 28 weeks 
[42–46, 48, 49, 51–57, 59]; however, two studies lasted 
for more than 28  weeks [47, 58] and one study lasted 
for < 8 weeks [50]. Of note, our search also included physi-
cal activity and sedentary behavior interventions, yet only 
exercise and sport interventions were available: mind-body 
exercise programs [45, 50, 52, 53, 57, 58], aerobic exercise 
programs [43, 44, 55], resistance exercise programs [43], 
combined exercise programs (aerobic + resistance) [42–44, 
47, 49, 56], football [48, 59], exergames [46, 54] and Cross-
Fit [51]. The majority of the studies (80%) implemented 
exercise sessions for 60 min [42, 46, 48, 51, 52, 55, 58], two 
to three times per week (80%) [42–44, 46–49, 51–53, 56, 
59]. Finally, only five studies reported the intensity during 
the program (50–80% maximum heart rate) [42, 44, 48, 49, 
51]; however, none of them controlled individual intensity, 
for instance by heart rate monitors, to estimate the time spent 
in 50–80% of their maximum heart rates.

3.4 � Synthesis of Findings

3.4.1 � Meta‑Analysis of Intervention Studies

Figure 2 presents the meta-analysis of the exercise versus 
control effects, showing a small significant pooled ES for the 
efficacy of the exercise on overall mental health (ES = 0.173, 
95% CI 0.106–0.239; p < 0.001, I2 = 11.3%). No signifi-
cant publication bias was detected based on Egger’s test 
(p = 0.139) and visual inspection of the funnel plot (Fig. 3). 
Moreover, the trim and fill procedure showed that the ES 
estimate was not changed, and thus no correction for poten-
tial publication bias was needed. The analysis conducted 
by meeting the physical activity recommendations during 
the exercise program (< 60 or ≥ 60 min) showed that those 
programs with ≥ 60 min of exercise activities significantly 
improved the overall mental health compared with those 
peers who engaged in an exercise program of < 60 min 
(ES = 0.277, 95% CI 0.138–0.415; p < 0.001, I2 = 37.22%) 
(Fig. 4).

When the analyses were performed separately for 
RCTs and non-RCTs, the results were ES = 0.094, 95% CI 
0.017–0.172; p = 0.017, I2 = 0% for RCTs, and ES = 0.269, 
95% CI 0.137–0.400; p < 0.001, I2 = 31.8% for non-RCTs. 
Furthermore, after removing the studies with a high 
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risk of bias, the result was similar (ES = 0.165, 95% CI 
0.098–0.232; p < 0.001, I2 = 10.3%) [data not shown].

Secondary analyses showed that exercise improved 
psychological ill-being (ES = 0.130, 95% CI 0.036–0.224; 
p = 0.007, I2 = 0%) and psychological well-being 
(ES = 0.189, 95% CI 0.084–0.294; p < 0.001, I2 = 32.3%) 
when they were considered as two independent constructs 
(electronic supplementary Figs. S1a and b, respectively). No 
significant publication bias was observed for either psycho-
logical ill-being or psychological well-being (Egger’s test, 
p = 0.906 and 0.138, respectively). Funnel plots are shown 

in electronic supplementary Fig. S2a and b. Therefore, the 
trim and fill procedure showed no correction for potential 
publication bias for psychological ill-being and psychologi-
cal well-being, respectively.

Lastly, when the analyses were performed separately 
for children and adolescents (no studies were found in 
preschoolers), the results were similar for adolescents 
(ES = 0.181, p ≤ 0.001; I2 = 15.7%) and children (ES = 0.209, 
p = 0.141; I2 = 0%); however, the summary effect for children 
was not statistically significant.

Fig. 1   Results of the study 
selection process. RCT​ rand-
omized controlled trial

Full-text articles included in synthesis
(N=114) 

RCTs (N=4)
Non-RCTs (N=14)

Prospective longitudinal studies (N=28)
Cross-sectional studies (N=68)

Full-text articles excluded (N=168)
Reasons for exclusion:

Design (N=6)
Language (N=5)

Age (N=24)
Healthy criterion (N=9)

Relationship topic (N=105)
Meeting abstract (N=19)

Articles after duplicates removed
(N=4624)

Duplicates removed (N=401)

Articles screened
(N=282)

Excluded articles at title and abstract 
level (N=4342)

Full-text articles excluded (N=102)
Reasons for exclusion:

Design (n=96)
No effect size data (n=3)

Active control group (n=2)
No control group (n=1)

Intervention studies included 
in the meta-analysis

(N=12)

Articles identified from database search
(N=5025)

PubMed N=1091
Web of Science N=3934
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Role of Physical Activity and Sedentary Behavior in Mental Health

3.4.2 � Summary of Findings from Observational Studies: 
Prospective Longitudinal and Cross‑Sectional Studies

3.4.2.1  Association Between Physical Activity and  Men‑
tal Health  The association between physical activity and 
psychological ill-being components (i.e. depression, anxi-
ety, stress, negative affect, total psychological distress) was 
investigated in 52 studies, of which 13 studies were lon-
gitudinal, 35 were cross-sectional, and 4 studies reported 
both longitudinal and cross-sectional data. Furthermore, 
the association between physical activity and psychologi-
cal well-being components (i.e. self-esteem, self-concept, 
self-efficacy, self-image, positive affect, satisfaction with 
life and optimism) was investigated in 39 studies, of which 
8 were longitudinal and 31 were cross-sectional.

No studies were conducted on preschoolers, while 11 
studies were conducted on children, 63 studies were con-
ducted on adolescents, and three studies were conducted on 
children and adolescents together. Only five studies evalu-
ated objectively measured physical activity by accelerom-
etry [60–63]. Depression was the most studied psychological 
ill-being outcome (80%), while self-esteem, self-image and 
satisfaction with life were the most studied psychological 
well-being outcomes (28%, 23%, and 30%, respectively).

There was evidence for a statistically significant asso-
ciation between physical activity and depression (28.5 of 
43 studies, 66.3%), stress (6 of 6 studies, 100%), negative 
affect (3 of 4 studies, 75%) and a total psychological dis-
tress (5 of 8 studies, 62.5%). There was an unclear associa-
tion between physical activity and anxiety (7 of 12 studies, 
58.3%) in children and adolescents. Regarding psychological 
well-being outcomes, there was evidence for a statistically 
significant association between physical activity and self-
image (6.5 of 9 studies, 72.2%), satisfaction with life (10 
of 12 studies, 83.3%) and total psychological well-being (7 
of 7 studies, 100%). There was also an unclear association 
between physical activity and self-esteem (5 of 11.5 studies, 
43.5%). Lastly, there were insufficient studies (< 4 studies) 
to determine the association between physical activity and 
self-concept, self-efficacy, positive affect and optimism in 
children and adolescents.

3.4.2.2  Association Between Sedentary Behavior and Men‑
tal Health  The association between sedentary behavior and 
psychological ill-being outcomes (i.e. depression, anxi-
ety, stress, negative affect) was investigated in 32 studies, 
of which 8 were longitudinal, 19 were cross-sectional, and 
5 reported both longitudinal and cross-sectional data. The 
association between sedentary behavior and psychological 
well-being outcomes (i.e. self-esteem, self-concept, self-
efficacy, self-image, positive affect, satisfaction with life 
and optimism) was investigated in 16 studies, of which 3 
were longitudinal and 13 were cross-sectional.

Only 3 studies were conducted on preschoolers, 8 stud-
ies were conducted on children, 28 studies were conducted 
on adolescents, and 3 studies were conducted on children 
and adolescents. Only 3 studies evaluated objectively sed-
entary behavior by accelerometry [64–66]. Depression was 
the most studied psychological ill-being outcome examined 
(65%), while self-esteem and self-image were the most 
studied psychological well-being outcomes (35% and 32%, 
respectively).

There was only evidence for a statistically significant 
positive association between sedentary behavior and depres-
sion (35 of 21.5 studies, 61.4%). However, the associations 
between sedentary behavior and anxiety (4.5 of 10 stud-
ies, 45%) and total psychological distress (7 of 17 studies, 
41.1%) were considered to be unclear. Insufficient studies 
were found testing the association between sedentary behav-
ior and stress [67] and negative affect [68] in children and 
adolescents. Regarding psychological well-being, there was 
evidence for a statistically significant inverse association 
between sedentary behavior and satisfaction with life (4 of 
5 studies, 80%). There was an unclear association between 
sedentary behavior and self-esteem (7 of 14.5 studies, 48%), 
self-image (5 of 13.5 studies, 37%) and total psychological 
well-being score (4 of 9 studies, 44.4%). There were insuf-
ficient studies (< 4 studies) testing the association between 
sedentary behavior and self-concept, self-efficacy, and posi-
tive affect, and optimism in children and adolescents.

3.5 � Risk of Bias Assessment

There was a strong agreement among researchers in the risk 
of bias assessment (ICC 0.80). Overall, three RCTs showed 
medium risk of bias [43, 44, 57], while only one RCT 
showed a high risk of bias [42]. Furthermore, eight non-
RCTs showed low risk of bias [45, 46, 48, 49, 51, 52, 54, 
58], three showed medium risk of bias [50, 53, 55] and three 
showed high risk of bias [47, 56, 59]. Most studies included 
an adequate description of the study sample (95%), as well 
as an adequate assessment of outcome measures (93%).

In addition, 20 prospective longitudinal studies showed 
a low risk of bias (71.4%), and 8 studies showed a medium 
risk of bias (28.6%). Additionally, 33 cross-sectional stud-
ies showed a low risk of bias (48.5%), 19 cross-sectional 
studies showed a medium risk of bias (28%) and 16 cross-
sectional studies showed a high risk of bias (23.5%). Only 
46.5% of longitudinal cohort studies used a validated and/
or reliable tool to evaluate physical activity or sedentary 
behavior, while 44% of cross-sectional studies used a vali-
dated and/or reliable tool to evaluate physical activity or 
sedentary behavior.
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4 � Discussion

The aims of this review were to (1) determine the overall 
effect of physical activity on mental health in preschoolers, 
children and adolescents; and (2) synthesize recent observa-
tional evidence (both longitudinal and cross-sectional stud-
ies) examining the association between physical activity, 
sedentary behavior and mental health in these pediatric age 
groups. The main findings of this review are as follows: (1) 
there was a small positive effect of exercise interventions 
on mental health outcomes (i.e. psychological ill-being and 
psychological well-being) in adolescents; (2) physical activ-
ity was inversely associated with psychological ill-being 
(i.e. depression, stress, negative affect, total physiological 
distress) and positively associated with psychological well-
being (i.e. self-image, satisfaction with life and happiness, 
and psychological well-being); and (3) there was a positive 
association between sedentary behavior and depression, and 
an inverse association between sedentary behavior and satis-
faction with life and happiness in children and adolescents. 
Therefore, findings from the present research suggest that 
increased physical activity and decreased sedentary behav-
ior may enhance mental health in children and adolescents.

4.1 � Effects of Intervention Studies on Mental Health

Our meta-analytical approach allowed us to determine the 
overall effect of exercise interventions on mental health in 
children and adolescents. The results suggest that there are 
small significant effects of exercise on reducing psycholog-
ical ill-being and improving psychological well-being, as 
separate effects. Larger effects may not be expected due to 
the good levels of mental health experienced by the major-
ity of young people. Future interventions are warranted to 
determine if physical activity effects are consistent in youth 
with poor mental health. It is important to note that not all 
young people will experience increased physical compe-
tence or improved perceived appearance after completing 
a physical activity regimen (e.g. by not gaining strength, 
not experiencing weight loss, or losing games all the time). 
Indeed, poorly designed physical activity interventions may 
thwart the satisfaction of young people’s needs and lead to 
decreases in perceived competence and global self-esteem 
[71]. Therefore, future intervention studies might consider 
the use of evidence-based physical activity strategies to 
maximize the positive effect of physical activity on mental 
health outcomes, e.g. the Supportive, Active, Autonomous, 

Fig. 2   Forest plot of the pooled effect size and confidence intervals of exercise on overall mental health. RCT​ randomized controlled trial, Std 
Diff standard difference, CI confidence interval
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Fair, Enjoyable (SAAFE) principles and practical strategies 
designed by Lubans et al. [72].

Of note, when the analyses were performed separately 
for children and adolescents (no studies were found in pre-
schoolers), the results were similar. However, the summary 
effect was not statistically significant for children. This 
finding is likely due to the small number of studies includ-
ing children (only three studies). As such, more studies 
are needed in preschoolers (2–5 years of age) and children 
(6–11 years of age) to test the effect of physical activity on 
mental health.

The relationship between interventions and overall mental 
health (i.e. both psychological ill-being and psychological 
well-being) has not been previously studied using meta-
analyses. As such, this work complements previous meta-
analyses and reviews focused on specific mental health com-
ponents. For instance, our findings are consistent with the 
meta-analysis published by Brown et al. [19], who found a 
small positive effect of exercise on depression. Similarly, our 
findings are in accord with the review conducted by Larun 
et al. [69], who found a significant moderate effect of exer-
cise on depressive symptoms. The larger ESs observed in 
the review by Larun et al. [69] may be explained by their 
inclusion of children and adolescents with major depres-
sion symptoms, who were not included in this review. This 
hypothesis is consistent with the findings of Carter et al. 
[70], who found that exercise appears to improve depres-
sive symptoms in adolescents, especially in clinical samples 
diagnosed with major psychological disorders.

In the present review, we found that compared with those 
peers who engaged in exercise activities for < 60 min/day, 
participants who met the physical activity recommenda-
tions significantly improved their overall mental health. In 
the context of the literature, this review expands on the com-
pelling evidence of general cardiometabolic health benefits 
of physical activity recommendations by providing further 
evidence for the mental health benefits for children and ado-
lescents [73]. However, it is important to note that most of 
the intervention studies were non-RCTs (9 of 13 studies, 
70%) and none had a low risk of bias. Moreover, most of 
the intervention studies included adolescents (11 of 13 stud-
ies, 85%). Therefore, well-designed intervention studies are 
needed to confirm our findings, especially in preschoolers 
and children.

4.2 � Observational Studies on the Association 
Between Physical Activity and Mental Health

Physical activity was inversely associated with psychologi-
cal ill-being (i.e. depression, stress, negative affect, over-
all physiological distress) and positively associated with 
psychological well-being (i.e. self-image, satisfaction with 
life and happiness, and overall psychological well-being) 

in children and adolescents. Therefore, findings from the 
present systematic review suggest that increased levels of 
physical activity may have a positive effect on mental health 
in children and adolescents.

Each type of physical activity (e.g. sports participation, 
outdoor play or active commuting) may contribute in dis-
tinct ways to mental health in children and adolescents. 
For instance, Schneider et al. [74] found that adolescents 
who participated in non-aesthetic sports (e.g. swimming, 
horseback, judo or hockey) were satisfied with their physi-
cal appearance, while participation in aesthetic activities 
such as ballet and rhythmic gymnastics was significantly 
correlated with body dissatisfaction [74]. This is perhaps 
not surprising considering the strong focus on physical 
appearance inherent in aesthetic activities. In addition, it 
seems that adolescents who continue to participate in team 
sports during high school report lower levels of depression 
in early adulthood [75, 76]. In contrast, number of years 
participating in individual sports was not significantly asso-
ciated with depressive symptoms in early adulthood [76, 77]. 
Moreover, Brunet et al. [78] found that sport participation 
during adolescence, but not overall physical activity, was 
associated with decreased levels of depression in adulthood. 
Therefore, it seems that sport participation, especially team 
sports without any aesthetic implication, is the type of physi-
cal activity most strongly associated with mental health in 
young people. This result may be explained by the fact that 
team sports provide important peer support during childhood 
and adolescence, which might help to buffer the effects of 
stressful life events that occur during adolescence [79]. Of 
note, the relationship between sport and mental health might 
be potentially bidirectional [80]. Specifically, it seems that 
young people who experience greater levels of psychological 
ill-being have lower subsequent levels of sport participation 
[80]. Therefore, experimental studies on sport participation 
and mental health are required to draw conclusions about the 
causality of our findings.

Interestingly, the relation between physical activity and 
mental health may be influenced by several potential mod-
erators and mediators. For instance, Adachi and Willoughby 
[81] suggested that enjoyment of physical activity positively 
influences self-esteem, while Wagnsson et al. [82] demon-
strated that perceived sport competence plays an important 
mediating role in the relationship between sport participa-
tion and self-esteem. In addition, Reigal et al. revealed that 
the association between physical activity and satisfaction 
with life may be influenced by the social context [83]. More-
over, Ho et al. [84] found that resilience was a significant 
mediator of the association between physical activity and 
psychological well-being in young people.

In the present review, we observed a paucity of studies 
analyzing the relationship between physical activity and anx-
iety, self-esteem, self-concept, self-efficacy, positive affect 
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and optimism. Although experimental studies are considered 
to provide the highest level of evidence, observational stud-
ies may be useful for determining the relationship between 
physical activity and less-studied mental health outcomes. 
Of note, type of physical activity (e.g. sports participation, 
outdoor play or active commuting) might be considered 
when studying the relationship between physical activity and 
mental health in young people. Lastly, further studies might 
consider the interrelationship between other environmental 
factors, such as enjoyment or perceived sport competence, 
that could differently influence the mental health of children 
and adolescents.

4.3 � Possible Mechanisms for the Role of Physical 
Activity in Mental Health

While the evidence examining the relationship between 
physical activity and mental health is growing, the under-
lying plausible mechanisms of this association cannot be 
elucidated in our review. In this context, a range of neuro-
biological, psychosocial and behavioral mechanisms have 
been previously proposed by Lubans et al. [15].

First, physical activity may have a positive effect on the 
structure and function of the brain, which is now quantifi-
able as a result of technological advancement (e.g. mag-
netic resonance imaging [MRI]). Using this technology, for 
instance, a recent RCT in children showed that a 9-month 
physical exercise intervention improved the structure and 
function of brain networks related to cognitive function [85]. 
Therefore, it is possible that physical activity changes brain 
structure and function, which in turn has a positive effect on 
mental health. Regarding the cellular and molecular bases 
of mental health, it is well-known that decreased levels of 
brain-derived neurotrophic factor (BDNF), which plays a 
crucial role in the growth and healthy maintenance of neu-
rons [86], is associated with increased levels of anxiety and 
depression [87]. Exercise is known to increase BDNF levels 
in the central nervous system, which may improve anxiety 
and depressive symptoms [13]. Another explanation might 
be that exercise, by increasing brain dopamine, serotonin, 
and noradrenaline concentrations, might not only improve 
mood but also protect against the onset of mental disorders 
[88]. More research is needed to understand the neurobio-
logical mechanisms that elicit the positive effects of physical 
activity on mental health in young people.

Second, evidence suggests a causal link between physi-
cal self-concept (i.e. perceived appearance, perceived fit-
ness and perceived competence) and mental health (e.g. 
global self-concept, self-esteem) [15]. Social support and 
autonomy are also plausible psychosocial contributors to 
mental health in young people [89]. Therefore, the effects 
of physical activity on mental health in young people might 
be mediated by several psychosocial paths.

Finally, a range of potential behavioral mechanisms might 
explain the effect of physical activity on mental health out-
comes, including sleep duration, sleep efficiency, sleep onset 
latency, and reduced sleepiness [15]. However, there are 
insufficient studies to draw firm conclusions about any of 
these behavioral mechanisms.

4.4 � Observational Studies on the Association 
Between Sedentary Behavior and Mental 
Health

Significant associations were found between higher time 
spent in sedentary behaviors and higher depression, lower 
satisfaction with life and lower happiness in children and 
adolescents, while other psychological ill-being and psy-
chological well-being outcomes (i.e. stress, anxiety, nega-
tive affect, self-esteem, self-concept, self-efficacy, positive 
affect and optimism) have not been studied. Therefore, the 
present research suggests that decreasing sedentary behavior 
may have a positive effect on depression, satisfaction with 
life and happiness in children and adolescents [67, 90, 91]. 
There is a lack of data for preschoolers (2–5 years of age). 
Given that there are a variety of developmental changes hap-
pening in the brain during the early stages of human life [5], 
more studies involving preschoolers are warranted.

The findings of this systematic review are consistent with 
those from Hoare et al. [28], who provided strong evidence 
for the positive relationship between sedentary behavior 
and depressive symptoms among adolescents [28]. These 
findings were also reported by Liu et al. [92] in a meta-
analysis of observational studies in children and adolescents. 
However, these investigators found that compared with the 
reference group who had no sedentary behavior, there was a 
non-linear dose–response association of screen time-based 
sedentary behavior (i.e. watching television, computer/inter-
net use, and video gaming) with a decreasing risk of depres-
sion at sedentary time < 2 h/day, with the lowest risk being 
observed for 1 h/day. These findings suggest that recrea-
tional screen time in moderation is not harmful. On the other 
hand, a number of longitudinal studies suggested that lower 
levels of sedentary behavior were weakly associated or not 
associated with lower levels of anxiety [67, 93], stress [67] 
and total psychological distress [94]. A stronger association 
between sedentary behavior and anxiety [93, 95] and total 
psychological distress [96, 97] was found in cross-sectional 
studies. Moreover, as discussed for physical activity, the 
association between sedentary behavior and psychological 
distress may be bidirectional. Therefore, experimental stud-
ies on sedentary behavior and mental health are required to 
elucidate the causality of these associations.

While the eligibility criteria allowed for a broad range 
of sedentary behaviors, the most frequently examined 
behavior in children and adolescents was a measure of total 
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recreational screen time (i.e. recreational use of computer 
and television viewing) [76, 91, 97–99]. It is widely known 
that prolonged television viewing is the most prevalent and 
pervasive sedentary behavior in developed countries and has 
been associated with morbidity and mortality [100]. This 
finding is consistent with that of Bickham et al. [101] who 
found that television viewing, and not recreational use of 

computers during adolescence, was associated with depres-
sive symptoms over time. In addition, similar findings were 
reported by Grøntved et al. [102] for children. However, this 
finding is contrary to other studies that have suggested that 
recreational use of computers was more strongly associated 
with poorer mental health than television viewing in chil-
dren and adolescents [95, 103]. In addition, social media 

Fig. 3   Funnel plot to assess 
publication bias in the effects 
of exercise on overall mental 
health. Diagonal lines repre-
sent pseudo-95% confidence 
intervals. The y-axis represents 
the standard error (weight in the 
pooled analysis), and the x-axis 
shows the effect size; thus, 
the vertical line represents the 
calculated estimated effect of 
overall mental health
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Fig. 4   Grouping analysis of not meeting (< 60  min) and meeting 
(≥ 60  min) the physical activity recommendations against the effect 
size on overall mental health. The more positive the effect size, the 
better the changes in overall mental health. Overall effect size for 

each group (meeting or not meeting the recommendations) is shown 
in grey. RCT​ randomized controlled trial, Std Diff standard difference, 
CI confidence interval
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technology commonly used by young people on tablets/
mobile phone (e.g. Facebook, Instagram and Snapchat) may 
encourage adolescents to compare themselves with their 
peers [104], and consequently increase their body dissatis-
faction when discrepancies are found between perceived and 
ideal body shape. Therefore, research is required to examine 
if the type (e.g. watching television, using the computer/
internet, or playing video games) of sedentary behavior 
versus sedentariness itself explains the association between 
sedentary behavior and mental health in young people.

Due to the lack of research, it was not possible to deter-
mine the strength of association between sedentary behav-
ior and stress, anxiety, negative affect, self-esteem, self-
concept, self-efficacy, positive affect and optimism; more 
research (including observational studies) is warranted. As 
such, experimental research is needed to elucidate the effect 
of reducing sedentary behavior on young people’s mental 
health. Future studies are encouraged to explore the fol-
lowing: (1) how much screen time is acceptable for young 
people (e.g. > 2 h vs. < 2 h); (2) to what extent does screen-
time content influence young people’s mental health (e.g. 
violence vs. non-violence); and (3) are the effects of screen 
time consistent if young people are watching or playing with 
others (e.g. gaming alone vs. gaming with friends).

4.5 � Possible Mechanisms for the Role of Sedentary 
Behavior in Mental Health

Although the underlying mechanisms responsible for the 
effects of sedentary behavior on mental health in children 
and adolescents are still unclear, several hypotheses have 
been proposed. First, given that it often takes place alone, 
sedentary behavior may elicit feelings of loneliness and, 
consequently, negatively impacts on mental health [105]. 
Thus, it seems that higher levels of screen time (e.g. time 
spent watching television and using the internet) may lead to 
social isolation, and hence to mental health problems [107]. 
Second, cultural messages transmitted through media may 
affect other behaviors related to mental health (e.g. eating 
disorders and aggressive behavior) [106]. Third, excessive 
media exposure often occurs at day or night. During the 
day, time spent on screen-based activities may replace time 
participating in more productive and/or active activities, 
especially activities involving physical activity [107] and 
interpersonal communication [108]. At night, screen-based 
activities can displace sleep, which is crucial for normal 
cognitive and emotional development [106]. In both sce-
narios, the replacement of healthy with unhealthy behav-
iors may have negative consequences on the mental health 
of young people. Given the limited evidence, more studies 
focused on potential mechanisms explaining the relationship 
between sedentary behavior and mental health are needed 
to confirm these hypotheses. Since nothing is known about 

them, studies focusing on neurobiological mechanisms are 
of particular interest.

4.6 � Literature Gaps and Future Research

•	 Most of the studies included in this review were focused 
on adolescents. Therefore, future research is required, 
especially in preschoolers and children.

•	 Well-designed physical activity interventions are needed 
to confirm our findings. In addition, experimental studies 
on sedentary behavior and mental health are required to 
draw conclusions in regard to cause and effect.

•	 Mediation models are needed to identify the mechanisms 
(i.e. neurobiological, psychological and behavioral) 
responsible for any changes in mental health resulting 
from physical activity and sedentary behavior.

•	 Type of physical activity (e.g. sports participation, out-
door play or active commuting) and type of sedentary 
behavior (e.g. television viewing, playing video games, 
social media technology) might be considered when the 
relationship between physical activity, sedentary behav-
ior and mental health is studied in young people.

•	 More studies focused on the relationship between physi-
cal activity and mental health (i.e. anxiety, self-esteem, 
self-concept, self-efficacy, positive affect and optimism), 
for which we currently have minimal or unclear evidence, 
are required. Likewise, research focused on the relation-
ship between sedentary behavior and mental health (i.e. 
stress, anxiety, negative affect, self-esteem, self-concept, 
self-efficacy, positive affect and optimism), for which 
there is also minimal evidence, are also needed. Even 
observational studies may be worthwhile, given the lack 
of research to date.

4.7 � Limitations and Strengths

Our review has several limitations. First, the so-called grey 
literature (i.e. System for Information on Grey Literature 
in Europe [SIGLE] database, dissertations, conference pro-
ceedings, and trial registries) was not included in the review. 
Second, the search was conducted in only two databases 
(PubMed and Web of Science), although this is consist-
ent with the AMSTAR critical appraisal tool for system-
atic reviews, i.e. at least two electronic sources should be 
searched to perform a comprehensive literature search. How-
ever, we could have missed eligible studies from other data-
bases. Third, studies written in languages other than English 
and Spanish were excluded from our review. In addition, 
because of the heterogeneity of the outcome measures, it was 
not possible to conduct a meta-analysis of the prospective 
longitudinal studies. Lastly, because most of the intervention 
studies were focused on adolescents (12 in adolescents vs. 3 
in children), and no studies were found in preschoolers, we 
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cannot rule out a cause and effect relationship between phys-
ical activity and mental health in preschoolers and children.

The present review also has several strengths. First, this 
review employed stringent systematic review methodology 
as per the PRISMA guidelines to ensure relevant literature 
was identified and evaluated with the greatest possible sci-
entific rigor. Second, this review provided an a priori design 
registered in the Prospero database. Therefore, research 
questions and inclusion criteria were established before 
conducting this review. Third, two electronic sources were 
searched, and the search strategies are reported in this arti-
cle. Moreover, we provided a list of the studies included and 
excluded (together with the specific reason for exclusion per 
study) in electronic supplementary Table S2. In addition, 
the quality of the included studies was examined, and hence 
conclusions drawn by this review are strengthened by the use 
of the quality assessment tool. Finally, a meta-analysis was 
performed including intervention studies (RCTs and non-
RCTs), making it possible to map the link between exercise 
and global mental health across childhood and adolescence 
for the first time.

5 � Conclusions

Findings from the present research suggest that physical 
activity has a small but significant positive effect on ado-
lescents’ mental health. Due to the small number of stud-
ies, it was not possible to determine the effect of physical 
activity on preschoolers’ and children’s mental health. In 
addition, physical activity (i.e. active commuting, outdoor 
play or sport participation) may influence mental health in 
children and adolescents. In regard to the type of physical 
activity, participation in team sports was found to be a con-
sistent positive correlate of mental health in children and 
adolescents. Conversely, sedentary behavior was negatively 
associated with mental health in children and adolescents. 
In particular, higher levels of recreational screen time (i.e. 
beyond 2 h/day of recreational screen time) were associated 
with poorer mental health outcomes in children and adoles-
cents. In summary, there is sufficient evidence to conclude 
that interventions targeting increases in physical activity, 
and decreases in sedentary behavior, are justified and will 
support the current and future mental health of children and 
adolescents.
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