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Abstract

Background: Mental illness is a worldwide public health concern. In the UK, there is a high prevalence of mental
illness and poor mental wellbeing among young people. The aim of this study was to investigate whether physical
activity is associated with better mental wellbeing and reduced symptoms of mental health disorder in adolescents.

Methods: A cohort of 928 12-13 year olds (Year 8) from six secondary schools in England, who had participated in
the AHEAD trial, ‘Activity and Healthy Eating in Adolescence’, were followed up three years later (when 15-16 years
old, Year 11). At baseline, physical activity was measured using accelerometers. At follow-up, mental wellbeing was
measured using the ‘Warwick Edinburgh Mental Wellbeing Scale’ (WEMWBS) and symptoms of mental health
disorder using the ‘Strengths and Difficulties Questionnaire’ (SDQ). Multivariable linear regression analyses were
used to investigate associations between physical activity and both mental wellbeing and symptoms of mental
health disorder.

Results: 794 (86%) of the eligible 928 young people provided valid accelerometer data at baseline. 668 (72%)
provided complete mental wellbeing data and 673 (73%) provided complete symptoms of mental health disorder
data at follow-up. The multivariable analyses showed no evidence of an association between physical activity
volume (counts per minute (cpm)) or intensity (Moderate to Vigorous Physical Activity (MVPA)) and mental
wellbeing (WEMWRBS overall score) or overall symptoms of mental health disorder (SDQ Total Difficulties Score).
However, higher levels of physical activity volume at age 12—13 years were associated with lower scores on the
emotional problems subscale of the SDQ at age 15-16 years.

Conclusions: This cohort study found no strong evidence that physical activity is associated with better mental
wellbeing or reduced symptoms of mental health disorder in adolescents. However, a protective association
between physical activity and the emotional problems subscale of the SDQ was found. This suggests that physical
activity has the potential to reduce symptoms of depression and anxiety in adolescents. Future cohort study
designs should allow for repeated measures to fully explore the temporal nature of any relationship.
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Background
Mental illness is a worldwide public health concern
[1]. It is currently the largest single cause of disability
in the UK representing an estimated 28% of the total
disease burden (compared to 16% each for cancer and
heart disease) [2]. The World Health Organization
(2013) estimates that, worldwide, 20% of adolescents
in any given year may experience mental illness. In
England, the most recent population survey (2017) re-
ported 14.4% (1 in 7) of young people aged 11-16
years were identified with a mental health disorder
[3]. Emotional disorders (present in 9%) were the
most common type at this age followed by behav-
ioural (conduct) disorders (6.2%) [3]. Mental health
disorder has diverse and long-term negative effects on
individuals, their families, and wider society [4].
Population surveys have also found increased levels of
low wellbeing in young people [3]. Mental wellbeing is
conceptualised as more than the absence of mental
illness [5]. It has been described as encompassing
hedonic (happiness, life satisfaction, and affect) and
eudaimonic (positive functioning, sense of purpose, and
self-acceptance) wellbeing [6—10]. Mental wellbeing is
protective for a range of health outcomes [11-14] and
found to be associated with higher educational outcomes
in adolescence and better occupational functioning in
adulthood [15-17]. Correlates of young peoples’ mental
illness and mental wellbeing are reported to be largely
distinct, stressing the importance of considering these
concepts separately and avoiding their conflation [18].
While mental illness and mental wellbeing may be re-
lated, they are not necessarily distinct ends of a con-
tinuum [19-21]. The dual continuum model views
mental illness (or mental health disorder) and mental
health (or mental wellbeing) as two separate continua
rather than as opposite ends of the same continuum
[20]. Keyes and Lopez (2002) depicted the dual con-
tinuum model of mental illness and mental health and
described four states: struggling (incomplete mental ill-
ness i.e. mental illness and high wellbeing), floundering
(complete mental illness i.e. mental illness and low well-
being), languishing (incomplete mental health ie. no
mental illness and low wellbeing), and flourishing
(complete mental health i.e. no mental illness and high
wellbeing). A large number of adolescents are thought to
suffer from poor mental wellbeing despite being free
from mental illness [4, 22]. Therefore, promoting mental
wellbeing alongside preventing and treating the symp-
toms of mental illness, is a growing priority. The recent
Green Paper (2018) focuses on schools finding low cost
and low risk interventions to promote mental wellbeing
and prevent symptoms of mental health disorder [23].
Although there is evidence of physical activity improv-
ing mental wellbeing [24, 25] and having the potential to
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prevent symptoms of mental health disorder [26, 27] in
adults, the evidence of any relationship in adolescents is
weaker. The studies lack measurement consistency, hav-
ing defined and assessed physical activity, mental well-
being, and symptoms of mental health disorder in a
variety of ways. Furthermore, few studies have used a
multi-dimensional measure of mental wellbeing or
symptoms of mental health disorder (most capture only
one component of mental wellbeing such as self-esteem
[28] or self-efficacy [29] or a specific mental health prob-
lem such as depression [30-34]), and studies that have
used an objective measure of physical activity to assess
any relationship are limited [35-37].

Several reviews have attempted to analyse any associ-
ation in young people [38-51]. A review of reviews by
Biddle et al. (2011) [48] showed that physical activity has
beneficial effects on mental health in children and ado-
lescents. More recently there has been a significant in-
crease in the number and quality of studies exploring
any association, and when the review of reviews was up-
dated in 2019 [49], physical activity continued to be
shown to be associated with certain mental health out-
comes in young people (a causal association was found
with cognitive functioning, a partial association for de-
pression, no association for self-esteem, and research fo-
cusing on the association of physical activity with
anxiety was reported to be variable but generally showed
small beneficial effects) [49]. A review by Rodriguez-
Ayllon et al. (2019) [50] analysed the effects of physical
activity interventions (randomised controlled trials and
non-randomised controlled trials) on mental health out-
comes of adolescents and also synthesised the observa-
tional evidence (both longitudinal and cross-sectional).
Their review included studies that had at least one ‘psy-
chological illbeing’ (i.e. depression, anxiety, stress or
negative effect) and/or ‘psychological wellbeing’ (self-es-
teem, self-concept, self-efficacy, self-image, positive
affect, optimism, happiness and satisfaction with life)
outcome. They concluded that there was a small positive
effect of physical activity interventions on mental health
outcomes in adolescents [50].

The SDQ is a unique screening tool of symptoms indi-
cating overall mental health disorder in young people.
This composite measure identifies symptoms of emo-
tional problems, hyperactivity, and behavioural/conduct
problems and has been used in the UK series of surveys
of the mental health of children and young people
(1999, 2004 and 2017) [3] alongside other significant
population surveys [52]. Despite this, few studies have
used this measure when looking at the association be-
tween physical activity and symptoms of mental health
disorder [31, 53-55]. Of the studies identified, neither of
the two longitudinal studies used an objective measure
of physical activity [31, 53].
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The WEMWABS is a relatively new scale, also used in the
series of surveys in the UK [3], designed to capture popu-
lation mental wellbeing. The reviews that have included
studies assessing the relationship between physical activity
and various aspects of mental wellbeing [38—44; 46-50]
have concluded that there is evidence of promise, but fur-
ther studies are needed that use a multi-dimensional
measure such as the WEMWBS.

Given the limitations of the evidence base, the aim of
this study was to determine whether physical activity is
associated with mental wellbeing and symptoms of men-
tal health disorder in adolescents. This is the first study
to investigate any potential relationship longitudinally
using an objective measure of physical activity and valid
and reliable self-report measures of both mental well-
being, using the WEMWBS, and symptoms of mental
health disorder, using the SDQ, in adolescents.

Methods

A prospective cohort was formed based on the 928 par-
ticipants from six secondary schools in the South West
of England who took part in a two-year school-based ex-
ploratory randomised controlled trial (RCT) of an Activ-
ity and Healthy Eating intervention for wuse in
ADolescence: the AHEAD trial [56]. All state secondary
schools in the selected local authorities were invited to
participate in the study. Schools first to express an inter-
est (ensuring variation in size, geographical area, Ofsted
rating, Free School Meal entitlement, and achievement
rating) were recruited to the study. Physical activity was
measured in 2008 when the participants were aged 12—
13 years (Year 8); mental wellbeing and symptoms of
mental health disorder was measured three years later
(2011) when the participants were aged 15-16 years
(Year 11). The inclusion criteria were participation in
the AHEAD trial and continued attendance at a study
school three years later. Data collections at baseline
(2008) and follow-up (2011) were conducted by a team
of researchers in the schools (classrooms or school halls)
during a usual lesson (approximately 60 min). There was
no evidence of promise that the AHEAD intervention
improved physical activity or diet.

Physical activity measure

The ActiGraph GT1IM accelerometer (ActiGraph,
LLC, Penscola, FL) was used to measure physical ac-
tivity. Participants were instructed in the use of the
accelerometers in school, and then asked to wear the
instrument for seven days during waking hours, ex-
cept for water-based activities such as bathing and
swimming. Accelerometer data were downloaded
using ActiLife software (Lifestyle Monitor System
software Version 3.3.0) and processed using Kinesoft
software (Version 3.3.62; Kinesoft, Saskatchewan,
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Canada) to generate outcome variables (10s epochs
were used to capture the sporadic nature of adoles-
cent physical activity). Physical activity volume was
computed as mean accelerometer counts per minute
(cpm), and physical activity intensity (mean minutes
per day of Moderate to Vigorous Physical Activity
(MVPA)) was computed using established thresholds
[57]. A valid day of measurement was defined as re-
cording at least 480 min (8h) of data (monitoring
period from 7am until 11 pm; periods of =60 min of
consecutive zeros, with allowance for 2 min of inter-
ruption, was classed as nonwear time) and at least
three valid days were required for inclusion in
analyses.

Mental wellbeing and symptoms of mental health
disorder measures

The ‘Warwick Edinburgh Mental Wellbeing Scale’
(WEMWABS) [58], validated for use in adolescents aged
13-16 years, was used to measure mental wellbeing. The
WEMWBS has 14 positively worded items with a five-
point Likert scoring scale for each item (with scores ran-
ging from 1=none of the time to 5=all of the time).
The responses to each item were summed to give an
overall WEMWBS score; a minimum score of 14 (i.e.
poor mental wellbeing) and a maximum of 70 (i.e. good
mental wellbeing). The higher score, indicative of better
mental wellbeing, reflects more positive thoughts, feel-
ings and behaviours. Where scores for three or less
items were missing the mean value of responses for
completed items for that individual was used to replace
the score for missing items, enabling a total score for
that individual to be computed [59]. If more than three
items were missing the data for that participant were not
used. The WEMWBS was selected due to it being the
first multi-dimensional scale to measure population
mental wellbeing in adolescents, based on established in-
dicators. It covers most aspects of mental wellbeing in-
cluding both hedonic and eudaimonic perspectives and
is suitable for looking at the relationship between phys-
ical activity and mental wellbeing.

The ‘Strengths and Difficulties Questionnaire’ (SDQ)
[60] was used to measure symptoms of mental health
disorder. It is a behavioural screening tool used to assess
social, emotional, and physical aspects of behaviour in
young people [61] and has been shown to be valid and
reliable for completion by 11-16year olds [62]. The
questionnaire has 25 items which comprise five sub-
scales: (i) emotional symptoms (anxiety and depressive
symptoms); (ii) conduct problems; (iii) hyperactivity/in-
attention; (iv) peer relationship problems; and (v) pro-
social behaviour (positive behaviours such as being kind
and helpful, scored in reverse of the other subscales). Re-
sponse options are not true, somewhat true, or certainly
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true’ (scored 0, 1 or 2). The SDQ ‘Total Difficulties
Score’ (SDQ TDS) was generated by adding together the
scores from the first four subscales and can range from
0 (low difficulties) to 40 (high difficulties). The five sub-
scales whose scores can vary from 0 to 10 were also in-
vestigated independently. Items scores which were
missing were imputed only if at least three out of five
items were complete on each subscale. In this case the
total subscale score for each participant was divided by
the number of complete items to get the mean score
and used to replace the missing item score [60, 63]. If
more than two items were missing from any sub scale
the data for that subscale for that participant were not
used. Participants required a score for each of the SDQ
subscales to be able to compute their SDQ TDS. The
SDQ was selected as the SDQ TDS provides a useful in-
dicator of the level of symptoms of mental health dis-
order overall. Furthermore, the subscale items may be
used to indicate specific clinical disorders in adolescents:
depression, anxiety, hyperactivity attention deficit dis-
order (ADHD) and behavioural/conduct disorder. The
SDQ is a useful screening tool for identifying young
people with raised scores thus potentially at risk.

Possible confounders and mediators

The self-report behavioural questionnaires recorded a
number of potential confounders and mediators of any
potential relationship: age; gender; ethnicity; socioeco-
nomic status (SES) (measured using the ‘Family Afflu-
ence Scale’ FAS II [64]); study school; number of
daylight minutes (a proxy for season); baseline symp-
toms of mental health disorder (SDQ TDS); sleep (fre-
quency of feeling tired when going to school in the
morning); number of friends; belonging to teams and
clubs; smoking; drinking alcohol; and intervention arm
of the AHEAD trial [56] (the participants were rando-
mised into two groups - the intervention arm received a
physical activity and healthy eating intervention and the
control arm continued with usual practice).

Confounders included were determined by the con-
struction of a directed acyclic graph (DAG) and the
availability of relevant data on study participants. Accel-
erometer wear time was computed from the participants
accelerometer data.

Data from the self-report behavioural questionnaires
were entered into a secure Access database and the ac-
celerometer data were stored as anonymised files on a
secure drive. All analyses were conducted using Stata 13
MP [65].

Statistical analysis

The analyses assessed the association between physical
activity and the measures of mental wellbeing and symp-
toms of mental health disorder. Multivariable linear
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regression analyses were used to estimate exposure ef-
fects controlling for potential confounders and media-
tors which were investigated by grouping them as
clusters of related factors in the models: i.e. socioeco-
nomic factors (ethnic group, SES, study school); factors
that may influence the physical activity data processing
(daylight minutes (when volume or MVPA exposure),
minutes of wear time (when MPVA exposure only); life-
style factors (sleep, friends, belonging to teams or clubs,
drinking alcohol, smoking; measured at follow-up only);
baseline symptoms of mental health disorder); and then
by producing a fully adjusted model containing all of
these factors. Where there was evidence of confounding
or mediation (associations weakened or enhanced), fur-
ther models were fitted to investigate this in more detail.
Confounders adjusted for were determined by the avail-
ability of relevant data on study participants. This some-
what crude epidemiological approach was used due to
there being no clear evidence of associations (and
whether confounders or mediators in the relationship)
in the literature. Coefficients represent the linear rela-
tionship- change in WEMWBS overall score, SDQ TDS
or SDQ subscale score per unit increase in physical ac-
tivity (volume or intensity). Physical activity volume was
defined by accelerometer counts (a dimensionless output
from the accelerometer) per minute of recording (com-
puted as total counts recorded divided by the total mi-
nutes of valid recording over the measurement period,
described as counts per minute (cpm)), whilst physical
activity intensity was defined as daily minutes of Moder-
ate to Vigorous Physical Activity (MVPA). The relation-
ship was quantified as the change in mental wellbeing or
symptoms of mental health disorder score associated
with an increase of 100 cpm (e.g. an increase from 508
cpm to 608 cpm, an approximately 20% increase in phys-
ical activity volume from baseline mean of the sample);
or an additional 60 min of daily MVPA. Tests for inter-
actions were carried out to investigate whether observed
associations differed by gender. There was no evidence
that associations between physical activity (volume and
MVPA) and either mental wellbeing or symptoms of
mental health disorder (WEMWBS and SDQ) differed in
males and females. The test for interaction p-value
ranged from p =0.19-0.97 so all models were based on
data for males and females combined.

Ethics approval and consent to participate
The University of Bristol Faculty of Medicine and Den-
tistry Ethics Committee gave full approval in 2007 for
the AHEAD feasibility study and pilot trial (reference
number 060702) and in 2011 for the cohort study (refer-
ence number 101119).

Consent procedures were the same in the original
feasibility study and pilot trial and in the subsequent
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cohort study. Firstly, written consent to participation
was sought from each schools’ headteacher. Secondly,
letters were posted by school staff to the parents/carers
of all eligible school pupils explaining the study and en-
closing a reply slip to be returned if parents/carers did
not want their child to participate. This ‘opt-out’ method
of consent has been found to be an ethical and appropri-
ate procedure in low-risk prevention research and avoids
the low response rates and potential sampling bias when
opt-in parental consent procedures are used [66, 67]. At
all data collections, the young people were provided with
information about the study and informed that they
could ‘opt-out’ of some or all the study activities at any
point and were asked to sign individual assent forms.

Results

Cohort study profile and baseline characteristics

794 (86%) of the 928 pupils provided complete, valid
baseline physical activity data and were followed-up
three years later to complete mental wellbeing and
symptoms of mental health disorder measures. 673
(73%) completed the SDQ and 668 (72%) completed the
WEMWABS at follow-up. Those lost to follow-up were
more likely to be older, male and from one particular
school (due to a new headteacher using alternative edu-
cational placements for a large number of the school’s
more challenging pupils). Table 1 shows the baseline
characteristics of the participants included and excluded
from the cohort. Figure 1 displays the study profile for
the cohort study and Table 2 describes the baseline
characteristics of the participants.
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Physical activity at baseline

At baseline, overall physical activity volume (mean (SD)
counts per minute (cpm)) was 508.3 cpm (169.42) and
participants recorded 55.6 (21.5) (mean (SD)) daily mi-
nutes of MVPA). Females were less active than males
with regard to both physical activity volume (mean dif-
ference 86.39 cpm (95% CI 111.2 cpm to 61.6 cpm, p <
0.001) and intensity (mean difference 11.7 min (95% CI
-15.41 to - 8.82), p < 0.001).

Mental wellbeing and symptoms of mental health
disorder at follow-up

There was a negative association between the WEMWBS
overall score and the SDQ TDS (r = - 0.41) at follow-up.
This relatively weak correlation indicates the scales are
measuring different things (the WEMWBS overall score
only accounts for 16% of the total variation in the SDQ
TDS). At follow-up, the participants’ WEMWBS overall
mean (SD) score was 48.74 (8.66) (data from a similar
study (13-16year olds) 48.8 (8.66) [58]; females (n =
342) 46.93 (8.90) and males (# =326) 50.63 (7.99) with
strong evidence of a gender difference in WEMWBS
overall score (mean difference in WEMWBS overall
score — 3.70 (95% CI —4.99 to - 2.24) p <0.001). Females
had a lower WEMWBS overall score indicating poorer
mental wellbeing than males. The participants’ SDQ
TDS mean score was 12.17 (5.56) (normative data (for
11-15years) 10.3 (5.2)) [60]; females (n =343) 12.66
(5.36) and males (n =330) 11.66 (5.73). Again there was
evidence of a gender difference in SDQ TDS (mean dif-
ference in SDQ TDS 1.00 (95% CI 0.16 to 1.84) p =

Table 1 Baseline characteristics of participants included and excluded from the cohort study

Baseline characteristics

Excluded (n = 242%)

Included (n =673) Difference in proportion between

n (%) n (%) excluded versus included categories**
Gender Males 149 (31.1) 330 (68.9) X?=1121 (p =0.001)
Females 93 (21.0) 343 (79.0)
Ethnicity White 217 (25.7) 629 (74.3) X? =367 (p =0.06)
Other 25 (36.0) 44 (64.0)
FAS Low and medium (0-5) 121 (25.5) 353 (74.5) X? =209 (p =0.15)
High (6-9) 87 (214) 320 (87.6)
Study school 1 40 (22.0) 2 (78.0) =78.04 (p<0.001)
2 58 (33.3) 6 (66.7)
3 31 (188) 134 (81.2)
4 15 (15.6) 81 (84.4)
5 28 (16.5) 142 (83.5)
6 70 (54.7) 58 (45.3)
Physical activity*** Volume (mean counts per minute) 482.78 (158.12) 508.28 (169.42) —25.5 (95% Cl =58.02 to0 7.02) p =0.12
MVPA (mean daily MVPA minutes) 51.90 (21.66) 55.59 (2147) —3.69 (95% Cl —7.86 to 048) p =0.08

*13 pupils were excluded but did not have baseline characteristics data to compare
**Pearson’s chi-squared tests

***Physical activity measures in excluded group n =121 due to missing data (t-test mean difference)
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Selected sample 928 pupils

6 secondary schools
(South West England)

Year 8 pupils on roll
(12-13 year olds)

Baseline data 794 pupils (86%)

Pupils providing complete, valid data at
baseline

| R

134 pupils excluded at baseline

Reasons for exclusion included: not
completing the self-report behavioural
questionnaire, not wearing an
accelerometer, invalid accelerometry data

v

Study sample 673 pupils (73%)

Pupils providing complete, valid data
at baseline and follow-up (15-16 years)
*673 provided SDQ TDS
*668 provided WEMWBS overall score

A 4

121 pupils excluded at follow-up

Reasons for exclusion included: left study
school or educated elsewhere at follow-up,
didn’t return the questionnaire, parent or
pupil opt-out, absence, illness or death

Missing data for confounder and

l

v

mediator variables

Modelling

Participant numbers vary between
models based on completeness of data
on outcomes and confounders
(range from 558-589 participants)

Fig. 1 Study profile for cohort study

0.02). Females had a higher SDQ TDS indicating higher
symptoms of mental health disorder than males.

Main findings

The univariable (adjusted for gender, age and interven-
tion arm of the AHEAD trial) and multivariable analyses
showed no evidence of an association between physical
activity (volume or intensity) and mental wellbeing
(WEMWABS overall score) or overall symptoms of men-
tal health disorder (SDQ TDS) (Table 3). When the five
SDQ subscales were analysed independently, an associ-
ation was found between both physical activity volume
and intensity and the emotional problems subscale of
the SDQ (scale range 0-10). However, the association
found between MVPA and the emotional problems sub-
scale of the SDQ was slightly attenuated in the fully ad-
justed model (when controlling for symptoms of mental

health disorder at baseline (SDQ TDS)), such that confi-
dence intervals included the null value.

For physical activity volume, a mean increase of 100
cpm (~ 20% increase in physical activity volume) was as-
sociated with a decrease in the emotional problems sub-
scale score of 0.12 (unadjusted model) and 0.11 (fully
adjusted model). The confidence intervals (95% CI)
ranged from - 0.23 to — 0.00 in the fully adjusted model
implying that a potential reduction in the emotional
problems subscale score of 0.23 could be achieved with
an additional 100 mean cpm of physical activity (the ex-
treme end of the effect estimate). For physical activity in-
tensity, an additional 60 min of mean daily MVPA was
associated with a decrease in the emotional problems
subscale score of 0.54 (unadjusted model) and 0.49
(fully adjusted model; however confidence intervals
crossed zero).
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Table 2 Baseline characteristics of participants in the cohort study
Continuous variables All Females Males
n Mean (SD) n Mean (SD) n Mean (SD)
Age in years 673 1269 (0.34) 343 12.68 (0.34) 330 12.70 (0.34)
SDQ Total Difficulties Score (SDQ TDS) 637 1241 (5.76) 328 12.33 (5.67) 309 12.50 (5.87)
Physical activity volume (mean counts per minute (com)) 673 508.28 (169.42) 343 46593 (153.25) 330 552.31 (174.35)
Physical activity intensity (mean daily MVPA minutes) 673 5559 (21.47) 343 49.85 (19.24) 330 61.56 (22.07)
Categorical variables n Category All Females Males
n (%) n (%) n (%)

Gender 673 343 (51.0) 330 (49.0)
Ethnicity 673 White 629 (93.0)  320(933) 309 (93.6)

Other 44 (7.0) 23 (6.7) 21 (64)
Family Affluence Scale (SES) 673  Low and Med (0-5) 353 (520) 187 (54.5) 166 (50.3)

High (6-9) 320 (480) 156 (45.5) 164 (49.7)
Study school 673 1 142 (21.0) 79 (23.0) 63 (19.1)

2 116 (17.0) 64 (187) 52 (15.8)

3 134 (200) 62 (18.1) 72 (21.8)

4 81 (12.0) 41 (12.0) 40 (12.1)

5 142 (21.0) 59 (17.2) 83 (25.2)

6 58 (9.0) 38 (11.1) 20 (6.1)
Intervention arm of the AHEAD trial 673  Intervention 339 (504) 184 (54.3) 155 (45.7)

Control 334 (496) 159 (47.6) 175 (52.4)
Sleep 665  Good sleep 348 (52.0) 169 (50.0) 179 (55.0)

Poor sleep 317 (480) 172 (50.0) 145 (45.0)
Smoking 667  Yes 115 (17.0) 71 (20.9) 44 (13.5)

No 552 (83.0) 269 (79.1) 283 (86.5)
Drinking alcohol 603  Don't drink 29 (4.8) 11 (3.5) 18 (6.2)

Occasional 352 (584) 198 (63.7) 154 (52.7)

Weekly 176 (292) 84 (27.0) 92 (31.5)

Frequent 46 (7.6) 18 (5.8) 28 (9.6)
Number of friends 663  None 4 (0.6) 0 (0.0) 4(1.2)

1-2 67 (10.1) 33(9.7) 34 (10.5)

3-6 250 (37.7) 133 (39.1) 117 (36.2)

7 or more 342 (516) 174 (51.2) 168 (52.0)
Belonging to teams or clubs 666  Yes 321 (482)  135(39.6) 186 (57.2)

No 345 (51.8) 206 (604) 139 (42.8)
Discussion young people alongside each other, to investigate any
Main findings potential associations. We found no evidence of an asso-

To the best of our knowledge, this is the first longitu-
dinal study to investigate the relationship between phys-
ical activity, mental wellbeing and symptoms of mental
health disorder in adolescents. We also believe this is
the first study to use an objective measure of physical
activity (accelerometers) and composite measures of
both mental wellbeing (WEMWBS) and symptoms of
mental health disorder (SDQ) validated for use with

ciation between physical activity (volume or MVPA) and
mental wellbeing (WEMWBS overall score) or overall
symptoms of mental disorder (SDQ TDS). However, a
protective association was found between physical activ-
ity volume and the emotional problems subscale of the
SDQ. This finding suggests that increasing physical ac-
tivity volume in adolescents may have the potential to
reduce their risk of emotional problems (items on the
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SDQ emotional problems subscale include: worrying a
lot; having fears and being easily scared; being nervous
in new situations and easily losing confidence; often feel-
ing unhappy, down-hearted or tearful; and getting a lot of
headaches, stomach-aches or sickness). Those adolescents
accumulating more daily MVPA minutes may have more
beneficial effects. Physical activity could provide an ac-
ceptable, low risk and cost-effective intervention for young
people showing symptoms of depression and anxiety.

Strengths and limitations of the study

The study was based on a relatively large number of sec-
ondary school pupils drawn from six schools of different
sizes and characteristics (e.g. rural schools, inner city
schools) [56, 68]; participants are likely to be broadly
representative of secondary school pupils in England.
Loss to follow-up was largely due to participants no lon-
ger attending a study school and this is unlikely to have
biased the patterns of associations found.

A strength of this study was its use of accelerometers,
which provide an objective measure of physical activity
increasing the precision of measurement. However, it is
important to note that accelerometers have known limi-
tations such as not accurately measuring cycling and not
being waterproof, so do not measure physical activity
from water-based activities.

This study contributes to the evolving debate concern-
ing mental wellbeing and mental illness terminology and
measurement. The findings from this study support the
notion that mental wellbeing and symptoms of mental
health disorder are two separate concepts, captured
using different measurement scales. Using validated
measures of both mental wellbeing and symptoms of
mental health disorder was a strength and novel aspect
of this study. This study demonstrated that physical ac-
tivity is not associated with mental wellbeing or overall
symptoms of mental health disorder, but has a protective
relationship with regards to risk of emotional problems.

The cohort study would have benefited from repeated
measures of physical activity, mental wellbeing and
symptoms of mental health disorder, to fully explore the
temporal nature of any relationship and take account of
changing patterns of physical activity. If an effect of
physical activity on mental wellbeing and symptoms of
mental health disorder is short-lived, then a three-year
time lag would be inappropriate to investigate any asso-
ciation [69].

We were able to control for a wide range of possible
confounders and assess the effect of possible mediators
of the relationship. However, some confounders were
only measured at follow-up (sleep, number of friends,
smoking, drinking alcohol, belonging to teams and
clubs). The possible effects of some of the confounders
may be different at baseline and follow-up (e.g. smoking
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and drinking behaviours would be more common at
follow-up). Due to the WEMWBS not being available at
the time of baseline measures, the SDQ TDS was used
to control for baseline wellbeing. We were only able to
adjust for confounders measured as part of the AHEAD
trial. This study would have been strengthened if Body
Mass Index (BMI) [70] and screen viewing behaviour
[71] were measured and controlled for. The possible
mechanisms underlying any association between physical
activity, mental wellbeing and symptoms of mental
health disorder in adolescents are complex [41]. It is
possible that an integrative model that combined com-
ponents of different hypotheses (biochemical e.g. release
of endorphins, or psychosocial e.g. distraction, sense of
mastery, social interaction) offers the most likely, full ex-
planation [41]. Also, the effects may vary between indi-
viduals. Further research needs to consider confounding
and mediating factors and exploration of potential
mechanisms at the study design stage, to ensure candi-
date variables are measured appropriately.

Findings in the context of existing research

Studies that have explored the relationship between
physical activity and symptoms of overall mental
health disorder (using the SDQ) are scarce, and of
those identified, no association was reported overall
[31; 53-55]. However, Sagatun et al. (2007) [53]
found that for males (but not females) the number of
weekly hours (self-reported weekly hours of physical
activity that makes them breathless) the boys spent
on physical activity per week at age 15-16 years was
negatively associated with emotional problems and
peer problems at age 18-19years. Similarly, Wiles
et al. (2008) [31] reported young people (aged 11-14
years) who met recommended levels for physical ac-
tivity (1h per day) had, on average, a score on the
emotional problems sub-scale of the SDQ that was
0.29 units lower (-0.29 (95%CI - 0.61 to 0.022)) at 1
year follow-up compared to those who did not under-
take recommended levels of physical activity. The as-
sociation found in our study between physical activity
volume and the emotional problems subscale of the
SDQ (-0.11 (95% CI -0.23 to —0.00)) (overall but
not when gender stratified) is similar to the findings
of both these studies, and supports evidence from the
recent physical activity and mental health in young
people reviews [49, 50].

As noted at the outset, there are no longitudinal stud-
ies or RCTs that have used a multi-dimensional scale to
investigate the relationship between physical activity and
mental wellbeing in adolescents with which to compare
our findings. Reviews have suggested evidence of prom-
ise [41, 50] but studies included only used single compo-
nent measures of mental wellbeing outcomes such as
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self-image, satisfaction with life and happiness. In the re-
view of reviews by Biddle et al. (2019) [49] evidence for
support of a causal relationship was reported for cogni-
tive function outcome measures, as well as academic
achievement and brain structure and function. Although
showing an association between physical activity and
cognitive function is important to emphasis the role of
physical activity in schools, this literature needs to be
considered alongside further studies using a composite
measure of mental wellbeing.

Implications

There is no strong evidence of any relationship be-
tween physical activity, mental wellbeing and overall
symptoms of mental health disorder in adolescents.
However the findings from this study, together with
that from two other studies, suggests a relationship
between physical activity volume and emotional prob-
lems. Cohort studies, designed specifically to look at
the relationship between physical activity and both
mental wellbeing and symptoms of mental health dis-
order, are needed to confirm and explore any poten-
tial associations further. Measurement scales that
focus on more than one aspect of mental health dis-
order or mental wellbeing should be used in popula-
tion level school-based research, and both the SDQ
and WEMWBS scales warrant further exploration.
Alongside this literature, the association between
physical activity and specific mental health disorders
should continue to be explored. Measures that can
confirm an International Statistical Classification of
Diseases and Related Health Problems (ICD-10) or
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) diagnosis in young people, such as the
DAWBA (Development and Well-being Assessment),
should be considered. Further studies that focus on
mental health disorders common in adolescents, other
than anxiety and depression, are needed. An objective
measure of physical activity used alongside a standar-
dised self-report physical activity questionnaire may
be the best approach to understand the context of
the physical activity data (e.g. physical activity out-
doors may be better for mental wellbeing and team
sports may prevent a particular type of mental health
disorder). It is important that the self-report measure
of physical activity incorporates information on gen-
eral daily living activities, such as walking to and
from school or playing outdoors, and captures any
relevant contextual information [70]. Future study de-
signs should allow for repeated measures to fully ex-
plore the temporal nature of any relationship, take
account of changing patterns of physical activity and
look at short-term associations.
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Conclusions

This cohort study provided no strong evidence that
physical activity is a protective factor for mental well-
being or symptoms of mental health disorder in adoles-
cents, as measured by the WEMWBS overall score and
SDQ TDS. There was, however, evidence of an associ-
ation between physical activity volume and the emo-
tional problems subscale of the SDQ. This indicates that
emotional problems (such as symptoms of depression
and anxiety) in adolescents could be reduced by increas-
ing their physical activity levels.
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