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j Abstract Background Promotion of physical
activity (PA) is at the top of the public health agenda.
However, there are few longitudinal studies investi-
gating the relationship between PA and children’s
mental health. Therefore, we aimed to investigate the
association between self-reported physical activity
(PA) and emotional problems 1-year later in a cohort
of schoolchildren. Methods A total of 1,446 children
aged 11–14 years from 39 schools in the North West
of England completed a self-report questionnaire in
class. Each child reported the total number of sessions
of sporting activities (lasting more than 20 min) in
which they participated during the previous week,
including activities both in school and out of school.
This total was averaged for the week in order to
determine whether the child was physically active at
recommended levels (1 h per day). Childhood emo-
tional problems were measured using the Strengths and
Difficulties Questionnaire (SDQ) (self-report) at base-
line and 1-year later. Data on potential confounders
were also collected by self-report questionnaire at

baseline. Results In unadjusted analyses, children
who, on average, participated in at least 1 h of
sporting activity on a daily basis had fewer emotional
problems at 1-year follow-up. This attenuated sub-
stantially after adjustment for gender (girls were less
active but more likely to report emotional problems
than boys). After adjustment for additional con-
founders including emotional problems at baseline,
children who met recommended levels for PA had, on
average, a score on the emotional problems sub-scale
that was 0.29 units lower ()0.29 (95%CI: )0.61,
0.022)) at 1 year follow-up compared to children
who did not undertake recommended levels of PA.
Children who were physical activity also had higher
scores on the hyperactivity sub-scale of the SDQ
1 year later, but there was no evidence to support an
association between PA and other behavioural prob-
lems. Conclusions Children who met recommended
levels for PA had fewer emotional problems 1-year
later, although the magnitude of this difference was
reduced after adjustment for confounders, particu-
larly gender. Future longitudinal studies need to
record both PA and emotional problems at more
frequent intervals in order to enable us to determine
the effect of maintaining a physically active lifestyle
on adolescent mental health outcomes.

j Key words physical activity – exercise – child
behaviour – depression

Introduction

Promotion of physical activity (PA) is at the top of the
public health agenda and current recommendations
state that children should accumulate (at least) 1 h of
moderate intensity activity every day [3, 6, 38]. How-
ever, there is little evidence for health benefits of the
recommended levels of PA in children and adolescents
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[32, 40], particularly in terms of mental health [40].
Amongst children, most of the evidence on PA and
mental health is based on cross-sectional studies [1, 9,
13, 18, 21, 28–30, 37, 41]. These support an association
between more frequent PA and lower levels of
depression, emotional problems or psychological
distress amongst adolescents [9, 18, 21, 28–30, 37, 41],
although some cannot rule out the possibility of no
association [13] and one study found that adjustment
for confounders substantially attenuated the effect [1].
In many cases, the correlation between PA and
depressive symptoms is modest (r = )0.14 to )0.18)
[21, 28–30]. Few studies adjusted for confounders,
with those that did mostly limiting this to age, gender
and socio-economic background [1, 13, 37]. Other
important confounders that should be taken into
account include adiposity and parental mental health.
Three studies report gender differences [10, 24, 31].
Two studies found an association between self-
reported PA and depressive symptoms in boys, but not
girls [10, 24]; whereas another study found an asso-
ciation amongst girls but not boys [31]. However,
none of these studies formally tested an interaction
between gender and PA.

Of particular importance, the cross-sectional
design of most studies to date limits the conclusions
that can be drawn about the temporal nature of the
association and there is little published longitudinal
evidence to determine this. Lewinsohn et al. [20]
examined predictors of depression amongst US high
school students (mean age 16 years) over a 1-year
interval and found that frequency of PA was not
associated with incident depression. Similarly, in a
representative sample of UK adolescents, Clark et al.
[5] found that exercising for more than twice a week
for an hour was not associated with the likelihood of
depressive symptoms after 2 years follow-up. In con-
trast, Motl et al. [25], using latent growth modelling,
found that changes in the frequency of PA outside
school were inversely associated with changes in
depressive symptoms in US students (mean age
13 years) over a 2-year period, although concurrent
measurement of depression and PA precludes infer-
ence of the direction of causality. More recently,
Sagatun et al. [33] found a reduction in emotional
problems and peer problems amongst more physically
active boys, but no differences in mental health out-
comes by levels of physical activity for girls. However,
no formal test of interaction on the effect of physical
activity by gender was conducted. A recent systematic
review examined the evidence for PA reducing or
preventing common mental health disorders (specifi-
cally, anxiety and depression) amongst children and
adolescents [19] and concluded that, whilst there was
some evidence for a beneficial effect, there was little
robust evidence given the substantial heterogeneity in
the populations studied and interventions [19].

Given the paucity of evidence, we therefore aimed
to determine whether there was an association

between self-reported physical activity and emotional
problems 1-year later in a longitudinal study of
schoolchildren.

Methods

j Description of cohort

Data for this analysis were collected as part of a study of low back
pain amongst schoolchildren. Full details are described elsewhere
[16, 43]. In brief, 39 schools were randomly selected from all sec-
ondary schools in Cheshire and North Derbyshire, UK between
November 1999 and July 2000. The schools were from both urban
and rural communities and were mixed socio-demographically,
including both state funded and independent (fee-paying) schools.
Children aged 11–14 years were eligible to take part in the study
and each school was asked to select between one and three classes.
Parent and child consent was obtained before study participation
and permission to approach schools in the study area was obtained
from the appropriate regional directors of education.

At baseline, from a total population of approximately 36,000
children, 1,496 children were invited to take part in the study, of
whom 1,446 participated (97%). These children completed a self-
report questionnaire during class, with a further questionnaire
completed 1 year later (November 2000 to July 2001). They were
then followed up a second time approximately 4 to 4.5 years after
baseline (November 2003 to October 2004) [8].

j Childhood behavioural problems

Childhood behavioural problems were measured using the Strengths
and Difficulties Questionnaire (SDQ) [11] at baseline and 1-year
follow-up. The validity and reliability of the SDQ have been estab-
lished and reported previously [12]. The SDQ comprises five 5-item
subscales covering emotional problems, conduct problems, hyper-
activity, peer problems and prosocial behaviour. Each item is rated
not true (zero), somewhat true (1) or certainly true (2), giving sub-
scale scores from zero to 10. A score for total difficulties (range: 0–40)
can be derived from the sum of scores for the first four sub-scales.
Higher scores denote more problems except on the prosocial sub-
scale, which is reverse scored. A priori, we focussed on the emotional
problems sub-scale score.

j Measurement of physical activity

Participation in sporting activities (in school and outside of school)
was recorded, as part of the baseline questionnaire, using a grid
that listed 16 sporting activities (including football, tennis, and
swimming). Children were asked to indicate the number of times
that they took part in such activities, that lasted for more than
20 min, during the previous week.

The total number of sessions of sporting activity in the previous
week was calculated for each child. No data were available on par-
ticipation in sports on a daily basis. Therefore in order to determine
whether children met recommended levels of PA (at least 1 h per
day [3, 6, 38]), the total was divided by seven to obtain the average
number of sessions of sporting activity per day. Those children who,
on average, participated in at least three sessions of sporting activity
per day (3 · 20 mins) were regarded as meeting recommended
levels of PA. Children were divided into those who did or did not
meet recommended daily activity levels for further analyses.

j Measurement of confounders

Data on age and gender were available from the baseline self-report
questionnaire. Socio-economic deprivation was measured using the
Townsend score [39] for the child’s home address. Measurements of
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each child’s weight and height recorded at the time of the baseline
survey were used to calculate the child’s body mass index (BMI)
[weight (in kg)/height2 (in m)].

j Statistical analysis

All analyses were conducted in Stata Version 9.2 [36].
A random effects linear regression model was used to examine the

relationship between baseline PA (defined as whether the child met
recommended levels for PA) and emotional problems at follow-up
allowing for any clustering by school. Coefficients and their 95%
confidence intervals (95% CI) are reported. Univariable models were
adjusted for potential confounders: firstly, gender, then baseline
emotional problems, followed by age, socio-economic deprivation,
and BMI.

Further analyses examined the association between participa-
tion in sporting activity and scores on the other sub-scales of the
SDQ and total difficulties. In addition, separate analyses were
conducted to examine the effect of participating in sporting activity
in school and outside of school. For each child, the number of
sessions of sporting activity (lasting more than 20 min) taking
place in-school or out-of-school was calculated. The association
between in-school and out-of-school sports (in units of 20 mins per
day) and behavioural problems (for all sub-scales of the SDQ and
total difficulties) was examined.

j Missing data

Sensitivity analyses were conducted to examine the effect of miss-
ing data on the results obtained. Missing data were imputed using
the method of multiple imputations by chained equation (MICE)
[42] in Stata (ice procedure: 16 March 2007 Version 1.4.0). The
imputation model included all potential confounders, school status
(state or fee-paying school), sporting activity (number of sessions
per week) together with all SDQ sub-scale scores at baseline. When
SDQ sub-scale scores were imputed, the imputation model included
sub-scale scores available at all time points (baseline, 1-year and
4-year follow-up, as appropriate), together with scores on the other
SDQ sub-scales at the same time point. We generated 25 datasets
and undertook 10 switching procedures. Analyses were repeated
including imputed data and compared with the results of the
complete-case analyses.

Results

j Description of the cohort

At baseline, just over half the cohort (53.9%; n = 780)
were girls, and the mean age was 12.9 years (SD 0.8).
Twenty percent of children attended fee-paying
schools.

Of the 1,424 children with data on both participa-
tion in sporting activity (in-school and out-of-school
activities) and emotional problems at baseline, 1,218
(86%) had data on emotional problems at 1-year
follow-up. In total, 1,135 children (80%) had complete
data including information on confounders.

j Participation in sporting activities at baseline

At baseline, on average, children participated in a
total of 9 sessions of sporting activities (each lasting
more than 20 min) in the previous week (Table 1).
Boys were more active than girls (Kruskal–Wallis test:

P < 0.001) and older children were less active
(Kruskal–Wallis test: P = 0.001). Only 193 children
(13.4%) met recommended levels for PA (1 h per
day). This figure was substantially higher for boys
(n = 142; 21.3%) compared to girls (n = 51; 6.5%)
(Chi-squared test: P < 0.001).

j Behavioural problems at baseline and 1-year
follow-up

The mean scores on the five sub-scales of the SDQ and
for total difficulties at both baseline and 1-year follow-
up are presented in Table 2. Girls had more emotional
problems than boys (t test: P < 0.001). Boys were
more likely to have conduct problems and to score
lower on prosocial behaviour (t test: P < 0.001).
Overall, girls scored higher on total difficulties (t test:
baseline P = 0.03; follow-up P < 0.001). There were
no other consistent differences by gender.

j Sporting activity at baseline and emotional
problems at 1-year follow-up

Our a priori focus was in examining the association
between PA at baseline and emotional problems at
1-year follow-up. In unadjusted analyses, children
who, on average, participated in at least 1 h of
sporting activity on a daily basis had fewer emotional
problems at 1-year follow-up (Table 3). This effect
attenuated substantially after adjustment for both
gender and score on the emotional problems sub-
scale at baseline. Additional adjustment for other
potential confounders (age, deprivation and BMI) had
little effect. In the fully adjusted model, children who
met recommended levels for PA had, on average, a
score on the emotional symptoms sub-scale that was
0.29 units lower at 1-year follow-up compared to
children who did not undertake recommended levels
of PA. When this difference is related to the mean
baseline emotional symptom score, it equates to a 9%
reduction in symptoms (coefficient divided by mean
baseline symptom score). However, the confidence
interval surrounding the estimate just spanned the
null (coefficient = )0.29 (95% CI: )0.61, 0.022)).
There was no evidence of an interaction by gender
(test for interaction, P = 0.79). There was no evidence
of an effect of school (data not shown).

Table 1 Participation in sporting activity at baseline

Number of sessions
of sports lasting
more than 20 min
in the last week

All children
n = 1,446

Boys n = 666 Girls n = 780

Median 9 12 8
IQR [5, 15] [7, 19] [4, 12]
Range 0–72 0–72 0–56
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j Sporting activity at baseline and other behavioural
problems at 1-year follow-up

After adjustment for confounders, those children who
met recommended levels for PA had higher scores on
the hyperactivity sub-scale at 1-year follow-up
(Table 3). The increase of 0.39 units on the SDQ
hyperactivity sub-scale equates to a 9% increase in
average symptoms compared to baseline. There was
little evidence to support an association between
recommended levels of PA at baseline and scores on
the other sub-scales of the SDQ or for total difficulties
(Table 3). Again, there was no evidence for an inter-
action by gender (P values for test for interaction:
0.12–0.81).

When the analyses were repeated using physical
activity as a continuous variable (sessions of sporting
activity), results were consistent. There was no evi-
dence of any non-linear effects (data not shown).

j Sporting activities in- and out- of school and
behavioural problems at 1-year follow-up

The association between sporting activities and later
behavioural problems may differ according to whe-
ther the activity takes place in school or outside of
school. Given the small percentage of children who,
overall, met recommended levels for daily PA, it was
only feasible to examine the association based on the
number of sessions of sporting activity either in
school or out of school (Table 4). At baseline, on
average, children undertook 0.6 sessions (lasting
more than 20 min) of sporting activity per day in
school (range: 0–5.2) and 0.9 sessions per day out of
school (range: 0–6.6).

In Table 4, the coefficients represent the mean
(adjusted) change in symptom score at 1-year follow-
up for every session of sports participation (lasting at
least 20 min). A negative coefficient therefore repre-

Table 3 Mean difference in SDQ scores at 1-year follow-up according to PA levels at baseline

Outcome Meets
recom-
mended
levels of
PA
(1 h/day)*

Unadjusted Adjusted for confounders

Gender + Baseline symptoms + Age, Deprivation
(Townsend score)
& BMI

n Coeff 95% CI Coeff 95% CI Coeff 95% CI Coeff 95% CI

Emotional problems (n = 1,135) Yes 143 )0.71 )1.08, )0.34 )0.37 )0.003, )0.74 )0.29 )0.60, 0.018 )0.29 )0.61, 0.022
Conduct problems (n = 1,127) Yes 148 0.31 0.071, 0.55 0.20 )0.046, 0.45 0.077 )0.15, 0.31 0.057 )0.17, 0.29
Hyperactivity (n = 1,113) Yes 146 0.39 0.11, 0.66 0.47 0.19, 0.75 0.38 0.11, 0.65 0.39 0.12, 0.67
Peer problems (n = 1,104) Yes 143 )0.029 )0.24, 0.18 )0.071 )0.29, 0.15 )0.035 )0.24, 0.17 )0.014 )0.22, 0.19
Total Difficulties (n = 1,013) Yes 131 )0.020 )0.76, 0.72 0.28 )0.49, 1.04 0.061 )0.61, 0.73 0.098 )0.58, 0.78
Prosocial behaviour (n = 1,139) Yes 146 )0.32 )0.65, 0.0004 0.084 )0.24, 0.40 )0.23 )0.51, 0.050 )0.23 )0.51, 0.049

The coefficients in the above table represent the mean difference in symptom scores at 1-year follow-up
*Referent group for all comparisons is the group of children who did not undertake the recommended levels of PA at baseline (<1 h/day)

Table 2 Mean (SD) scores on the SDQ at baseline and 1 year follow-up

Boys and girls Boys Girls

n Mean (SD) n Mean (SD) n Mean (SD)

Emotional problems
Baseline 1,424 3.1 (2.3) 655 2.4 (2.0) 769 3.6 (2.3)
1 year 1,235 2.9 (2.1) 568 2.3 (1.9) 667 3.3 (2.1)

Conduct problems
Baseline 1,430 2.5 (1.8) 661 2.7 (1.9) 769 2.3 (1.7)
1 year 1,221 2.7 (1.4) 561 2.9 (1.4) 660 2.5 (1.3)

Hyperactivity
Baseline 1,416 4.2 (2.3) 653 4.3 (2.3) 763 4.2 (2.3)
1 year 1,219 4.7 (1.6) 566 4.6 (1.5) 653 4.8 (1.6)

Peer problems
Baseline 1,414 1.8 (1.7) 655 1.8 (1.6) 759 1.7 (1.8)
1 year 1,209 4.3 (1.2) 557 4.3 (1.3) 652 4.3 (1.2)

Total Difficulties
Baseline 1,365 11.5 (5.2) 634 11.2 (5.1) 731 11.8 (5.4)
1 year 1,146 14.6 (4.1) 531 14.1 (3.9) 615 15.0 (4.2)

Prosocial behaviour
Baseline 1,422 7.1 (1.9) 654 6.4 (1.9) 768 7.6 (1.7)
1 year 1,239 6.9 (1.8) 570 6.3 (1.9) 669 7.4 (1.7)
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sents a reduction in problems at follow-up. There was
some evidence that participation in out-of-school
sporting activities was associated with a larger
reduction in emotional problems at 1-year follow-up
(regression coefficient = )0.14) compared to partici-
pation in in-school sports (regression coeffi-
cient = )0.065) (Table 4). However, the confidence
intervals surrounding these estimates overlapped
considerably. There was little difference between the
regression coefficients for in school and out of school
sports participation for the other four SDQ sub-scales.

j Missing data

Of the 1,424 children with data on emotional prob-
lems and participation in sporting activities at base-
line, 206 were missing outcome data at 1-year follow-
up. Imputing missing data using MICE suggested that
those imputed were more likely to have higher scores
at follow-up. Sensitivity analyses including imputed
data were consistent with the results of the complete-
case analyses suggesting that missing data had not
biased the results (Table 5).

Discussion

Children who undertake PA at recommended levels
(1 h per day) had fewer emotional problems 1-year
later, although this effect attenuated markedly after
adjustment for gender and baseline symptoms. Whilst
the effect was small, it represented a 9% reduction in

average symptoms compared to baseline, which may
be important from a population perspective. We
could not exclude the possibility of no association, or,
given the lack of data on parental mental health,
residual confounding.

Children who were physically active were also
more likely to have higher scores on the hyperactivity
sub-scale of the SDQ 1-year later; this finding pro-
viding some validation of our measure of physical
activity. There was no evidence to support an asso-
ciation between PA and other behavioural problems.

The main strength of this study is the longitudinal
design that eliminates the possibility of recall bias and
that exposure measurement preceded outcome
assessment. Although not a national sample, SDQ
scores in this cohort were broadly similar to data
representative of the British population (http://
www.sdqinfo.com/bba3.pdf) [23], although this North
West based cohort had slightly more problems.

Children were asked to report their participation in
sporting activities as part of the baseline question-
naire. Ideally, measurement of PA should incorporate
information on the frequency, duration and intensity
of such activity [17], and should include general daily
activities (such as walking to and from school, or
playing outdoors). There are concerns about the
ability of children to accurately recall PA [14]. How-
ever, this particularly relates to younger children who
are frequently active in short bursts [2] and are less
likely to engage in structured activities. Using a list of
activities to prompt the child may aid their recall [14],
although we acknowledge that some children may
have participated in sports other than those listed and

Table 5 Sensitivity analysis comparing results of complete-case analysis with analyses including imputed data

Outcome Meets recommended
levels of PA (1 h/day)

Complete-case analysisa Including missing data imputed using MICEa

n Coeff 95% CI n Coeff 95% CI

Emotional problems Yes 1,135 )0.29 )0.61, 0.022 1,424 )0.32 )0.62, )0.024
Conduct problems Yes 1,127 0.057 )0.17, 0.29 1,430 0.086 )0.14, 0.32
Hyperactivity Yes 1,113 0.39 0.12, 0.67 1,416 0.34 0.086, 0.59
Peer problems Yes 1,104 )0.014 )0.22, 0.19 1,414 )0.030 )0.23, 0.17
Total Difficulties Yes 1,013 0.098 )0.58, 0.78 1,365 0.005 )0.61, 0.62
Prosocial behaviour Yes 1,139 )0.23 )0.51, 0.049 1,422 )0.21 )0.48, 0.069

aAdjusted for gender, baseline symptoms, age, deprivation (Townsend score) and BMI

Table 4 Association between sporting activity in- and outside school at baseline and behavioural problems at 1-year follow-up

Outcome Sporting activity (per
session of 20 min/day)

PA in school and outside of
school combined

PA in school PA outside of school

Coeff* 95% CI Coeff* 95% CI Coeff* 95% CI

Emotional problems (n = 1,135) per 20 min/day )0.10 )0.19, )0.015 )0.065 )0.21, 0.081 )0.14 )0.25, )0.028
Conduct problems (n = 1,127) per 20 min/day )0.003 )0.069, 0.063 0.011 )0.098, 0.12 )0.011 )0.096, 0.074
Hyperactivity (n = 1,113) per 20 min/day 0.14 0.063, 0.22 0.18 0.049, 0.31 0.15 0.053, 0.25
Peer problems (n = 1,104) per 20 min/day 0.030 )0.029, 0.088 0.047 )0.050, 0.14 0.029 )0.046, 0.10
Total Difficulties (n = 1,013) per 20 min/day 0.049 )0.14, 0.24 0.17 )0.14, 0.49 0.007 )0.23, 0.25
Prosocial behaviour (n = 1,139) per 20 min/day )0.050 )0.13, 0.031 )0.054 )0.19, 0.080 )0.060 )0.16, 0.044

The coefficient represents the mean (adjusted) change in symptom score at 1-year follow-up for every 20 min increase in sports participation. This is adjusted for
gender, baseline symptoms, age, deprivation (Townsend score) and BMI
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hence we may be under-estimating their levels of
activity. Similarly, we did not incorporate time
walking to and/or from school, or non-sporting
activities. Nonetheless, others have also reported low
levels of PA using objective measurements based on
accelerometry (average of 20 min of moderate-vigor-
ous PA (MVPA) per day in the ALSPAC birth cohort
at age 12, with 75% of the cohort undertaking 30 mins
or less of MVPA per day) [27]. In order to estimate
their daily level of PA, we had to take an average of
the child’s weekly sports participation. Hence, we had
a relatively crude measure of PA. Whilst this has
enabled us to examine the association between PA
and behavioural problems from a public health per-
spective, it is likely that this will have led to a mis-
classification, which may have attenuated any effect.
However, we did find a significant association be-
tween the number of sessions of sporting activity in
the previous week and the number of days in which
the children reported participating in physical activity
outside their home (Kruskal–Wallis P < 0.001), which
provides some evidence for the validity of our mea-
sure of PA. An objective measure of PA would provide
more accurate estimates.

We adjusted for a number of potential confound-
ers. Boys were more active than girls and adjustment
for gender substantially attenuated the observed
activity-behaviour association. Adjustment for base-
line symptoms also further attenuated the effect. We
cannot rule out the possibility of residual confound-
ing (e.g., by parental mental health or family socio-
economic position), although adjustment for other
potential confounders (including area-level depriva-
tion) had little effect. Moreover, it is plausible that if
PA is associated with behavioural problems, then
scores on the SDQ at baseline will lie on a causal
pathway between PA at an earlier age and later
behavioural problems, and as such, adjustment for
baseline symptoms may represent an over-adjust-
ment.

The proportion of children who met recommended
levels was low (13%). This will have reduced the
precision of our effect estimates. In addition, emo-
tional problems are less common in younger adoles-
cents, which means that we may have under-
estimated the effect. Moreover, any benefit of PA may
be greater amongst those who maintain a physically
active lifestyle and thus examining the association
over a shorter interval or in datasets with repeated
measurements of PA may be useful.

Nonetheless, as highlighted earlier, there is little
existing longitudinal data. In a US study of 1,500 high
school students, the relationship between a wide
range of psychosocial variables and current, past and
incident depression was examined [20]. This study
found that frequency of exercise was not significantly
associated with incident depression over the 14-
month follow-up period. However, a detailed
description of the single-item question used to

ascertain exercise frequency was lacking and no data
were presented to permit examination of the effect
size that was excluded. A more recent study of a
representative sample of UK adolescents also found
no association between exercising habits at baseline
and depressive symptoms after 2-years follow-up [5].
However, the definition of exercise in that study, as in
ours, was relatively crude in that it described those
children who exercised ‘‘more or less than twice a
week for an hour’’. Assuming two hours exercise per
week, this equates to 17 min per day, considerably
less than the recommended levels.

One previous longitudinal study, using a latent
growth modelling approach, found that changes in
physical activity were associated with a reduction in
depressive symptoms over a 2-year period [25].
However, the authors acknowledged that the direction
of causality could not be inferred because of the
concurrent measurement of PA and depressive
symptoms. In common with the findings from our
study, they also remarked that the magnitude of the
change was small, with a one SD change in PA asso-
ciated with a 0.25 SD decrease in depressive symp-
toms [25]. Others have found an association between
physical activity and emotional problems amongst
boys [33] but not girls, but we found little evidence
for a differential effect when testing formally for an
interaction by gender.

Whilst at present, there is only weak evidence to
support an association between PA and emotional
problems amongst children, in part this reflects the
dearth of longitudinal studies with very good quality
data in this area. Furthermore, little is understood
about the mechanisms that may underlie an associa-
tion between PA and mental health, although the
existing evidence points towards a link with the
pathophysiology of depression. This is in agreement
with our finding that the association between PA and
mental health was specific to emotional problems
rather than other childhood behavioural problems
(conduct problems, peer problems or prosocial
behaviour). In animal studies, exercise has been
shown to increase levels of brain-derived neurotro-
phic factor [44], cell proliferation [4] and 5-
hydroxytryptamine release [22]. Reductions in corti-
sol may also be implicated [26]. Other studies have
suggested a mediating role for psychosocial factors
such as body image [15] and self-esteem [7, 35], and
mechanisms operating via social support may also be
relevant [34].

Any benefits derived from leading a physically active
lifestyle could depend on the context in which this PA is
accumulated. In England, it is recommended that
children aged 11–14 years (key stage 3) should receive
90 min of physical education each week (http://
www.teachernet.gov.uk/teachingandlearning/subjects/
pe/curriculum). Extramural activities are therefore
essential to meeting recommended daily levels of PA.
Voluntary participation in sporting activities outside of
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school could increase social networks, which in turn
could provide the child with better social support,
which may protect against the development of emo-
tional problems. Exploratory analyses examining the
association between sporting activities undertaken in
school and those out-of-school sessions in our study
provided some evidence of a larger effect from partic-
ipation in out-of-school sports. However, no firm
conclusions could be drawn given the overlapping
confidence intervals surrounding effect estimates.
Nonetheless, this warrants further investigation.

Conclusions

Children who met recommended levels for PA had
fewer emotional problems 1-year later. Future longi-
tudinal studies need to record both PA and emotional
problems at frequent intervals (every 3 or 4 months)
in order to enable us to examine the effect of main-
taining a physically active lifestyle on adolescent
mental health outcomes. In addition, such studies
need to focus on examining potential mediators of
this relationship.
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