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ABSTRACT

Objectives To examine relationships between fitness,
physical activity and psychosocial problems among English
secondary school pupils and to explore how components of
physically active lifestyles are associated with mental health
and well-being.

Methods A total of 7385 participants aged 11-13 took

a fitness test and completed self-reported measures of
physical activity, attitudes to activity, psychosocial
problems and self-esteem during the Fit to Study trial.
Multilevel regression, which modelled school-level cluster
effects, estimated relationships between activity, fitness
and psychosocial problems; canonical correlation analysis
(CCA) explored modes of covariation between active lifestyle
and mental health variables. Models were adjusted for
covariates of sex, free school meal status, age, and time
and location of assessments.

Results Higher fitness was linked with fewer internalising
problems (B=-0.23; 95% Cl —0.26 to —0.21; p<0.001).
More activity was also related to fewer internalising
symptoms (B=-0.24; 95% Cl —0.27 to —0.20; p<0.001);
the relationship between activity and internalising problems
was significantly stronger for boys than for girls. Fitness and
activity were also favourably related to externalising
symptoms, with smaller effect sizes. One significant CCA
mode, with a canonical correlation of 0.52 (p=0.001), was
characterised high cross-loadings for positive attitudes to
activity (0.46) and habitual activity (0.42) among lifestyle
variables; and for physical and global self-esteem (0.47 and
0.42) among mental health variables.

Conclusion Model-based and data-driven analysis
methods indicate fitness as well as physical activity are
linked to adolescent mental health. If effect direction is
established, fitness monitoring could complement physical
activity measurement when tracking public health.

INTRODUCTION

The youth inactivity crisis, and poor adoles-
centmental health, are pressing public health
challenges. Only 22% of boys and 15% of girls
achieve the daily hour of moderate-to-
vigorous physical activity (MVPA) recom-
mended by the WHO,1 2 and up to one in

What are the new findings

» Cardiorespiratory fitness, as well as physical
activity, is linked to adolescent mental health.

» Fitness is more strongly associated with internalising
than externalising symptoms of psychological distress.

» Physically active lifestyles incorporating positive
attitudes to activity are linked to better mental
health, characterised by higher self-esteem and
fewer internalising problems.

How might findings impact practice in the future

» Paediatric public health surveillance could include
measures of fitness as well as physical activity.

» Interventions targeting adolescent fitness could be
tested for effects on both mental and physical health.

five young people will experience mental ill-
health®: half of all disorders are established by
age 14.*

Regular physical activity has a positive impact
on mental health, but the relationship is com-
plex and not fully understood.” Poor mental
health has numerous causes including biologi-
cal, psychological and social-environmental fac-
tors, such as social and economic deprivationG:
the benefits of exercise for mental health may
depend on how individuals experience activity,
and the context in which it takes place.7 In
adolescent clinical samples, aerobic exercise
programmes can treat depression and improve
self-esteem, which can protect against the onset
of disorders.® ¥ In the general adolescent popu-
lation, evidence of links between physical activ-
ity and mental health, while promising, is
inconclusive.'” Studies involving large commu-
nity samples have found variously that vigorous
activity is unrelated to anxiety and depression
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but linked with better social functioning''; MVPA is asso-
ciated with lower (but not clinically meaningful) levels of
depression and anxiety, and greater well—beingm; MVPA is
linked to fewer emotional and peerrelated problems in
primary school children but more conduct and hyperactiv-
ity-inattention difficulties'’; and meeting daily MVPA guide-
lines is related to fewer global psychosocial problems at
clinically meaningful levels."* Girls and boys appear to
respond differently: more peer and emotional problems
have been linked with lower activity among boys, but not
girls.lS

Cardiorespiratory fitness (CRF) is a modifiable risk fac-
tor linked to current and future physical health among
adolescents, independent of physical activity.“"_17 Much
less is known about the role of CRF in adolescent mental
health,18 although it has been linked to a reduced inci-
dence of depression in young people, potentially via better
brain health.'” ' Research linking fitness and psychosocial
problems in community samples are sparse: two very
recent studies found small but significant negative associa-
tions between fitness and psychosocial problems: the rela-
tionship was stronger among girls than boys.20 21

Evidence linking fitness and mental health would sup-
port calls to extend paediatric public health surveillance to
include measures of both fitness and physical activity.22 =
Fitness tests linked to peak oxygen consumption provide
objective, clearly defined measures capturing long-term
active lifestyles, whereas accelerometry or self-report mea-
sures of physical activity provide 7-day snapshots influ-
enced by circumstances, activity type and recall bias.**
Fitness also has potential to capture the interplay of
other factors linked to mental health, including obesity.*

Understanding more about relationships between activity,
fitness and mental health in young adolescents is therefore
important. Our objectives in this study were to examine
associations between psychosocial problems and physical
activity, and, separately, psychosocial problems and CRF in
a community sample of adolescents. Because evidence sug-
gests these relationships might differ between girls and boys,
and because deprivation can impact mental health, we also
wished to explore whether associations vary with sex and
socioeconomic status. Given the complex relationship
between activity, fitness, contextual factors and mental
health, we also used a data-driven approach to explore
whether physically active lifestyles, including positive atti-

Participants

Baseline assessments of pupils aged 11-13 from British
state secondary schools took place between June and
September 2017, at the end of Year 7 and the start of
Year 8. Schools provided participants’ sex, birth date and
their eligibility for free school meals (eFSM), an indicator
of socioeconomic disadvantage. The full sample recruited
at baseline was n=16 017; male=7056; eFSM=3068.

Outcome measures

Cardiorespiratory fitness was assessed during school physi-
cal education (PE) lessons with the 20 m Multistage Fitness
Test,27 validated in numerous studies.?® Scores were num-
ber of laps completed: pupils scoring at or above normative
50th percentile scores for boys and girls aged 12 were
considered fit.*

Physical activity (past week) was measured with a validated,
single-item measure.* Participants reporting at least 60 min’
MVPA for each of the past 7 days were considered active; all
others were inactive. Habitual physical activity (past 6
months) was measured with a single selfreport item.*" In
line with established methods,* attitude to physical activity
was the mean score of three items on a visual analogue scale
(boring—fun;  stressful-relaxing;  dissatisfying—satisfying).
Higher scores indicate better outcomes.

Psychosocial problems were measured with the
Strengths and Difficulties Questionnaire (SDQ),** valid
and reliable in children aged over 11** consisting of 25
items measuring five subscales: conduct problems, hyper-
activity—inattention, peer-relationship problems, emo-
tional symptoms and pro-social behaviour. We used
combined conduct and hyperactivity scores (externalis-
ing) and peer and emotional scores (internalising) as
primary outcome measures for model-based analyses
because there is evidence that in low-risk samples, the
more focused subscales might not tap into distinct aspects
of mental health.*® We interpreted internalising scores >9
and externalising scores >11 as high /very high.*®

Self-esteem was measured with the global and physical
self-esteem subscales of the short Physical Self Description
Questionnaire, validated for use among adolescents and
typically used in PE contexts; higher scores indicate better
outcomes.”® Cronbach’s alpha is reported for scales and
subscales in table 1.

tudes towards regular physical activity leading to higher fit- Table 1 Cronbach’s alphas for psychosocial variables
ness, are associated with good mental health, characterised Scale Number of items «
by few psychosocial problems and positive self-esteem. SDQ—Internalising score 10 0.75
SDQ—Externalising score 10 0.80
SDQ—Emotional 5 0.72
METHOD SDQ—Peer 5 0.62
Design
. . . SDQ—Conduct 5 0.64
The study was a cross-sectional analysis of baseline data SDQ— Hyperactivity-inattention 5 0.74
from the Fit to Study cluster-randomised controlled trial, SDQ—Pro-social - 0.64
registered with ClinicalTrials.gov, NCT03286725. Trial :
recruitment, methodology and consent procedures are G|°b?| self-esteem S 0.81
reported elsewhere® in line with the Consolidated Stan- Physical self-esteem 3 0.91
dards for Reporting Trials (CONSORT). Attitude to activity 3 0.81
2 Wheatley C, et al. BMJ Open Sp Ex Med 2020;0:€000819. doi:10.1136/bmjsem-2020-000819

‘y61Adoo
Aq peyosioud 1senb Aq L 20z ‘9 Aenuer uo jwoofwq wesuadolwq//:dpy woly papeojumoq "0Z0Z 489000 Z U0 618000-0Z0Z-waslwag/9g L L'0L se paysiignd js.y :pajy 218x3 Hods usdQ riNg


http://bmjopensem.bmj.com/

Statistical analyses

Primary analyses included participants who completed all
outcome measures. For secondary analyses, we used the full
sample available at baseline imputing missing data to account
for potential bias. Secondary analyses based on multiple
imputations are reported in online supplemental material.

Categorical analyses by sex and eFSM

The odds of scoring in the high/very high or typical
category for internalising and externalising problems
and the odds of being active (7 days) or fit (250th percen-
tile score) by sex and eFSM status were calculated using
multilevel logistic regression, controlling for school
clusters.

Model-based analyses

We used multilevel linear regression, with random inter-
cepts to account for school clusters, to explore associa-
tions between fitness, physical activity and internalising
and externalising problems. Because assessments took
place in both PE and form classes, we did not include
random intercepts for class clusters. Data were z-scored to
facilitate comparisons within and between models. The
distribution of internalising and externalising scores was
positively skewed: we applied a square-root transforma-
tion and a rank inverse normal transformation, respec-
tively, to these data. We developed four separate models,
with internalising and then externalising scores as out-
come variables, and physical activity and then fitness as
predictor variables. Then, using forced entry, we fitted
four adjusted models, including fixed effects for sex,
eFSM and their interaction terms, and age and nuisance
covariates, which were term of fitness assessment, term of
questionnaire assessment and location of questionnaire
assessment. Where interactions were non-significant, we
removed these terms and re-ran the model. Where sig-
nificant interactions with sex and/or eFSM were present
(p<0.0125; Bonferroni-corrected for four comparisons),
we explored these by plotting their slopes. We obtained
crude parameter estimates by developing unadjusted
models with data that was transformed but not standar-
dised. Analyses were conducted in R with the lme4
package.®”

Reverse transformations

To derive an approximate value for change in internalising
and externalising scores associated with a one-lap increase
in fitness score and an additional day per week of activity,
we multiplied the transformed estimates in each model by
the SD of the distribution on the original scale.

Data-driven analysis of associations

We used canonical correlation analysis (CCA)—an
approach which measures associations between two sets
of variables, making no prior assumptions about relation-
ships—to explore modes of covariation between physi-
cally active lifestyles and mental health. The active
lifestyle variables were measures of activity, fitness,

habitual activity and attitude to activity. The mental
health variables were the conduct, hyperactivity, peer,
emotional and pro-social sub-scales from the SDQ; global
self-esteem and physical self-esteem. The CCA maximised
the strength of correlation (R,) between a linear combi-
nation of active lifestyle measures and a linear combina-
tion of mental health metrics. For every covariation
mode, we characterised the canonical cross-loading or
the degree of influence that each variable exerted on its
opposite canonical variate (R,). Better mental health
would be indicated by negative R, values for psychosocial
problems and positive values for self-esteem. We took the
mean squared error (MSE) as an estimate of the accuracy
of the match between predicted and actual data sets. For
significant CCA modes, we calculated the redundancy
index or the amount of variance in one group of variables
explained by the other group. Significance of CCA modes
was assessed through permutations®®; analyses were con-
ducted using Matlab canoncor.

Patient and public involvement

Teachers advised on the feasibility of data collection,
administered fitness tests and supervised questionnaire
completion. Schools received trial progress reports. Tea-
chers were invited to attend academic conferences.

RESULTS

After data cleaning, 7385 participants (female=4441;
60.1%; eFSM=1044; 14.1%) from 67 schools completed
the questionnaire and fitness test (online supplemental
material figure 1); 95.5% answered the questionnaire and
85.4% took the fitness test before the summer vacation;
93.8% completed the survey in school. Mean age at the
start of the school year was 12.5 (SD 0.29) years. Mean
scores on each variable and percentages in each category
stratified by sex and eFSM status are presented in table 2.

High internalising scores were significantly associated
with sex but not eFSM: odds of a high score were 1.6 times
greater for girls (table 3). The odds of high externalising
scores were lower for girls and higher for disadvantaged
pupils. The odds of being active daily were higher for boys
but not for disadvantaged pupils. The odds of meeting or
exceeding normative fitness levels were lower for eFSM
pupils, but there was no significant difference between
sexes.

Models 1 and 2 examined internalising symptoms and
their relationship with physical activity and fitness, respec-
tively (table 4). There was a significant effect of sex on the
relationship between internalising symptoms and activity:
the favourable relationship was stronger for boys than
girls ($=0.07; 95% CI 0.03 to 0.12; p<0.001). More activity
was significantly associated with fewer internalising symp-
toms (p=-0.24; 95% CI-0.27 to -0.20; p<0.001). Figure 1
plots the interaction of physical activity and sex: for every
unit increase in activity, boys showed a significantly larger
reduction in internalising symptoms.

Higher fitness was significantly related to fewer inter-
nalising symptoms (p=-0.23; 95% CI -0.26 to -0.21;
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Table 2 Mean (SD) participant scores on all outcome variables (n=7385)

Female(n=4441)

No FSM(n=6341) eFSM(n=1044) Overall(n=7385)

Variable Range Male(n=2944)
Internalising score 0-20

Mean (SD) 4.5(3.3) 5.4(3.5)
High/V High (%) 13.1 19.0
Externalising score 0-20

Mean (SD) 6.6(3.8) 5.9(3.6)
High/V High (%) 17.0 12.5
Conduct problems 0-10

Mean (SD) 2.3(1.9) 1.9(1.7)
Hyperactivity 0-10

Mean (SD) 4.3(2.4) 4.0(2.3)
Peer problems 0-10

Mean (SD) 2.0(1.8) 1.8(1.7)
Emotional symptoms 0-10

Mean (SD) 2.6(2.1) 3.7(2.4)
Prosocial behaviour 0-10

Mean (SD) 7.3(1.8) 8.0(1.7)
Fitness 1-137

Mean (SD) 42.8(22.7) 32.5(16.1)
% > normative 49.0 53.8
Physical activity 0-7

Mean (SD) days 4.7(1.9) 4.3(1.9)
% active daily 24.5 15.9
Habitual activity 1-7

Mean (SD) 5.3(1.4) 5.1(1.4)
Attitude to activity 1-7

Mean (SD) 5.2(1.2) 4.9(1.2)
Global self esteem 1-6

Mean (SD) 4.5(0.87) 4.4(0.92)
Physical self esteem 1-6

Mean (SD) 4.5(1.2) 4.3(1.3)

5.0(3.4) 5.4(3.7) 5.1(3.4)
16.3 19.1 16.7
6.1(3.7) 7.03.8) 6.2(3.7)
13.4 19.8 14.3
2.0(1.8) 2.5(1.9) 2.1(1.8)
4.1(2.3) 4.5(2.4) 4.1(2.4)
1.93.1) 2.1(1.9) 1.9(1.8)
3.2(2.3) 3.4(2.4) 3.2(2.3)
7.7(1.8) 7.4(1.8) 7.7(1.8)
37.5(19.9) 30.5(17.1) 36.5(19.6)
55.6 39.2 51.9
4.5(1.9) 4.2(2.0) 4.4(1.9)
19.4 18.3 19.3
5.2(1.4) 4.9(1.5) 5.2(1.4)
5.0(1.2) 4.8(1.3) 5.0(1.2)
4.4(0.89) 4.3(0.96) 4.4(0.90)
4.4(1.3) 4.3(1.3) 4.4(1.3)

Table3 ORs of psychosocial problems, activity and fitness
by sex and disadvantage

Sex* OR (Cl) eFSMt OR (ClI)
High internalising  1.60** (1.39-1.84) 1.17 (0.98-1.39)
score
High externalising 0.73*** (0.63-0.84) 1.56* (1.31-1.86)
score
Active 0.58"** (0.51-0.65) 0.95 (0.80-1.13)

Fit 1.10 (0.98-1.22)

*Reference category: male.
TReference category: not eligible for FSM.
**p<0.0001.

0.59*** (0.51-0.69)

p<0.001). There were no significant interactions between
fitness and either sex or eFSM at the p=0.0125 threshold.
School effects explained 2.8% of variance in internalising
symptoms in both models. Model 1 explained 6.2% of

variance in internalising symptoms over and above school
effects, while Model 2 explained 7.3%.

Models 3 and 4 (table 3) examined externalising symp-
toms and their relationship with physical activity and fitness,
respectively. More activity was significantly related to fewer
externalising symptoms (f=-0.09; 95% CI -0.11 to -0.06;
p<0.001). There were no significant interactions between
sex, eFSM and activity. Higher fitness is significantly asso-
ciated with fewer externalising symptoms (f=-0.07; 95% CI
-0.09 to -0.04; p=0.002). There was no significant interac-
tion of sex or eFSM at the p=0.0125 threshold.

School effects explained 3.0% of variance in externalis-
ing symptoms. Model 3 explained 3.1% of variance in
externalising symptoms over and above school effects,
while Model 4 explained 2.9%.

Reverse-transforming estimates for physical activity
and fitness showed an extra day per week of physical
activity is linked to internalising and externalising scores
that are lower by 0.85 and 0.20, respectively. An addi-
tional lap on the fitness test is associated with

4 Wheatley C, et al. BMJ Open Sp Ex Med 2020;0:€000819. doi:10.1136/bmjsem-2020-000819
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Table 4 Estimates of associations between physical activity, fitness, internalising and externalising symptoms (n=7385)

Adjustedt Unadjustedt

Predictor variables B 2.5% ClI 97.5% CI Predictor variables B 2.5% CI 97.5% ClI
Model 1

PA -0247  -0.27 -0.20 PA -0.127" -0.14 -0.10
eFSM§ 0.07" -0.00 0.13 eFSM§ 0.07 -0.01 0.13
Sex’ 0.24" 0.19 0.28 Sex( 0.06 -0.05 0.18
PA*Sex 0.07" 0.03 0.12 PA*Sex 0.04™" 0.01 0.06
Model 2

Fit -023"7  -0.26 -0.21 Fit -0.017" -0.01 -0.01
eFSM§ 0.03 -0.04 0.09 eFSM§ 0.03 -0.03 0.09
Sex’| 0.16" 0.11 0.21 Sex{ 0.15" 0.10 0.20
Model 3

PA -0.097  -0.11 -0.06 PA -0.05" -0.06 -0.03
eFSM§ 0.22"”" 0.15 0.29 eFSM§ 0.22"”" -0.16 0.29
Sex’| -0.197  -0.24 -0.14 Sex( -0.19” -0.24 -0.14
Model 4

Fit -0.07" -0.09 -0.04 Fit -0.008"  -0.004 0.001
eFSM§ 021”7 0.15 0.28 eFSM§ 0.22”" 0.15 0.28
Sexq -0217 -0.26 -0.15 Sexq| -0.217" -0.26 -0.16

TFully adjusted multilevel model including age, sex, eFSM, nuisance covariates and school effects; physical activity/fitness, internalising and
externalising scores are z-scored; internalising symptoms are square-root transformed and externalising scores are rank-inverse transformed to

account for positively skewed skewed distribution.

FUnadjusted multilevel models including transformed but unscaled data for PA, fitness, sex and eFSM; controlled for school effects.

§Reference category: not eligible for FSM.
{IReference category: male.
***p<0.001; **p<0.0125.

eFSM, eligible for free school meals; Fit, cardiovascular fitness; PA, physical activity.

0.7

0.6

<
o

— Boys
Girls

=
s

Internalizing Score (Scaled)

o
w

0.2

-2 -1 0 1
Physical Activity (Scaled)

Figure 1 Fully adjusted multilevel model including age, sex,
eFSM, nuisance covariates and school effects; physical
activity and internalising scores are z-scored; internalising
symptoms are square-root transformed toaccount for
positively skewed distribution.

internalising and externalising scores that are lower by
0.77 and 0.18.

In the full-imputed dataset, fitness and physical activity
were significantly related to both internalising and

externalising symptoms (p<0.001) but estimates were lar-
ger for fitness than for activity (online supplemental file).
In the externalising models, estimates for fitness and
physical activity were approximately twice the magnitude
of those based on complete cases only. School effects
explained similar variance in internalising and externalis-
ing symptoms.

CCA identified two statistically significant and mean-
ingful modes of covariation between physically active life-
style and mental health factors. The first mode, (R,
=0.52, MSE=0.99, p=0.001), was characterised by high
cross-loadings for positive attitudes to MVPA (R,
=0.46) and habitual activity (R=0.42) in the active-
lifestyle variate, and physical self-esteem (R=0.47) and
global self-esteem (R=0.42) in the mental health variate.
Figure 2A presents variables’ cross-loadings (online sup
plemental file gives associated numerical data). In this
mode, both physical activity (R=0.35) and fitness (R,
=0.28) were influential. Low levels of internalising diffi-
culties (emotional R=-0.28 and peer R=-0.26) had
higher cross-loadings than low externalising difficulties
(conduct R=-0.15 and hyperactivity R=-0.12). The scat-
ter plot shows a canonical correlation between lifestyle
and mental health for both boys (blue) and girls (red).

In the second mode (R=0.34, MSE=2.60, p=0.001),
described in figure 2B (and online supplemental file),
sex had high cross-loadings in the lifestyle variables
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Lifestyle*FSM = the interaction of mean lifestyle variables and eFSM
Lifestyle*SEX = the interaction of mean lifestyle variables and sex

Physical lifestyle

Mental health

Lifestyle*FSM*SEX = the interaction of mean lifestyle variables, eFSM and sex

Figure 2
variables onto their respective variates in mode 2.

(R=-0.34) while pro-social behaviour (R=-0.23) and
emotional difficulties (R=-0.20) were prominent
across mental health variables. The scatterplot showed
a clear difference between girls (red) and boys (blue):
girls have a different pattern of mental health to boys,
with higher predicted scores for both pro-social beha-
viour and emotional difficulties.

The redundancy index, or the amount of explained
variance, was 8% for active lifestyle variables given mental
health variables and 11% for the mental health set given
the active lifestyle set.

DISCUSSION

We believe this is the first study to show a significant
relationship between CRF and mental health in
a community sample of young British adolescents. Higher
fitness, and more days per week of activity, are both asso-
ciated with fewer psychosocial problems in this group.
The relationship between activity and internalising symp-
toms was stronger for boys than for girls, but none of the

(A) Canonical cross-loading of variables onto their respective variates in mode 1. (B) Canonical cross-loading of

other relationships we explored varied significantly with
either sex or socioeconomic status. A physically active
lifestyle is linked to better mental health: positive atti-
tudes towards activity, and habitual activity, are important
features of the relationship, together with positive self-
esteem. These are important findings because they sug-
gest that fitness assessments could complement the phy-
sical activity measures that are essential for public health
monitoring.

Comparisons with other studies

Our results add to the sparse research linking fitness and
psychosocial problems in the adolescent population. We
found a significant relationship with both internalising
and externalising problems after controlling for sex,
although the effect size was larger for internalising symp-
toms. This aligns with previous research: a recent Cana-
dian study found a small favourable association between
CRF and internalising problems, but only among girls,*
while an Australian study of older adolescents found the
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link between internalising symptoms and fitness was sig-
nificantly stronger among girls.*' Neither found
a relationship with externalising symptoms.

Our findings that physical activity is favourably related
to internalising and externalising symptoms supports pre-
vious research and strengthens the evidence of
a favourable link between activity and mental health in
the adolescent population.

Nevertheless, the range of measures and confounding
variables under consideration make effect size compari-
sons difficult. In our study, the relationship between activ-
ity and internalising symptoms was stronger for boys,
which aligns with previous findings that more peer and
emotional problems have been linked with lower activity
among boys, but not girls."?

We believe this is the first data-driven CCA to show that
physically active lifestyles are linked to good mental
health. Activity-positive attitudes and habitual activity
were important features of the relationship, together
with positive self-esteem, which can protect against onset
of disorders.”® Our findings are supported by previous
research highlighting favourable links between activity
and physical self-esteem.*” A second mode of covariation
revealed an association between sex and mental health:
being female was linked to more pro-social behaviour but
also more emotional difficulties, in line with UK norms.*!

Possible explanations and implications

Physical activity, fitness and mental health are thought to
be linked through several distinct mechanisms. CRF may
promote stress resilience by optimising neuroendocrine
and physiological responses to physical and also psychoso-
cial stressors.*” Fitness may also contribute to improved
mood via enhanced brain plasticity and growth factor
expression.*® Separately, physical activity is thought to
enhance mood and protect against depression. But these
relationships appear to be bi-directional: cohort studies
show that higher internalising scores, especially among
boys, predict lower activity levels during adolescence.'

While our findings cannot prove causal relationships,
our research indicates that interventions to boost fitness
as well as activity, and promote positive attitudes to such
behaviour, might have potential to reduce emotional and
peer-related problems in particular among early adoles-
cents from all socio-economic backgrounds, and espe-
cially boys. This is important, given that half of all
disorders appear by age 14.*

The variance in psychosocial problems explained by
our models (which include sex and eFSM status, and
control for school effects, age and nuisance variables) is
less than 10% in all cases. But unlike other hypothesised
causes of poor mental health in this age group, such as
genetic predisposition or social-environmental circum-
stances, low fitness and activity are particularly good tar-
gets for interventions in community settings, including
schools.** Previous studies have attempted to establish
whether membership of a broad physical activity cate-
gory—being ‘inactive’ or ‘active daily’ for example—has

a clinically meaningful impact on psychosocial problems,
sometimes defined as a one-point change in the Total
Difficulties Score, which is the sum of internalising and
externalising scores.'*™* We found that an extra day of
activity and an extra lap on the fitness test is linked with
internalising scores that are lower by approximately 0.8
and externalising scores by around 0.2. Such a difference
might be critical for individuals at high risk of a clinical
disorder, at the margin between slightly raised and high
scores. Furthermore, there is growing support for
a population approach to adolescent mental health that
promotes well-being and healthy behaviours among all
young people*: such an approach would aim to shift the
entire distribution rather than targeting individuals at key
cut-off points on the curve.

One potential explanation for the closer link that activ-
ity and fitness have with internalising symptoms is that
regular activity offers an outlet for adolescents with hyper-
activity-inattention and conduct problems: these challen-
ging behaviours are sometimes associated with Ahigher
movement rather than the inverse.”® The relationship
between female sex and mental health could explain
why the favourable relationship between activity and
internalising symptoms appears stronger for boys: overall,
girls had greater odds of high internalising scores, and
female sex, independent of activity and fitness levels, was
associated with high emotional difficulties in one mode of
covariation between active lifestyle and mental health.

Strengths and limitations

Akey strength is the use of complementary univariate and
multivariate analysis approaches to explore links between
activity and mental health. Analyses revealed similar pat-
terns of associations: in particular, activity and fitness are
more strongly associated with internalising (peer and
emotional) problems than with externalising (conduct
and hyperactivity) symptoms. We accounted for potential
sample bias by imputing missing data: secondary analyses
showed favourable relationships between fitness, physical
activity and mental health were robust.

Limitations were that we did not collect additional
information about the intensity, duration or context of
physical activity behaviour, or about sedentary behaviour.
Although the multistage fitness test is a reliable and valid
measure,*’ PE lessons can be a sub-optimal testing envir-
onment. We used single-item self-report measures of phy-
sical activity and, although we adjusted regression models
for arange of confounding factors, we acknowledge more
may be present. Considering the context of activity—and
inactivity—could deepen our understanding of how it
relates to mental health: for example, team sport has
been linked to good mental health*® while screen-based
sedentary behaviour is associated with depressive
sy‘mptoms.49 Cronbach’s alpha for the peer, conduct
and pro-social subscales of the SDQ was <0.7, in line
with evidence that, in community samples, these more
focused scales might not reliably capture distinct aspects
of mental health.”
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Recommendations for future studies

Our design does not support conclusions about causality:
the Fit to Study cluster-randomised controlled trial*® aims
to establish causation. Future studies could explore the
role of muscular fitness, and measure relationships
between mental health and physical activity in different
contexts, including leisure time and competition.

CONCLUSION

Fitness as well as physical activity is associated with
fewer adolescent psychosocial problems. Fitness assess-
ments could complement the physical activity measures
that are essential for public health monitoring.
A physically active lifestyle is linked with better overall
mental health during early adolescence, a period of
rapid developmental change when disorders are
becoming established. Further evidence of effect direc-
tion is needed.
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