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Background: The purpose of this study was to describe associations between physical activity (PA), mental health
and academic achievement in a Norwegian adolescent cohort.
Methods: In total, 1001 adolescents were invited to participate, of whom 599 (54.4% female, mean age ± SD
13.3 ± 0.3y) entered the study. PA was measured objectively using accelerometers, variables on mental health
were assessed through an online questionnaire and academic achievement was assessed using grade point
average (GPA) collected through school records. The associations between PA, mental health and academic
achievement were modelled using multiple linear regression.
Results: PA was positively associated with mental wellbeing (p ≤ .05), self-perception of athletic competence
(p ≤ .001) and self-perception of social acceptance (p ≤ .001). It was not associated with global self-esteem or
mental health complaints. No significant association between PA and GPA was found. However, results showed a
significant association between PA and grade in physical education among girls (p ≤ .001).
Conclusion: PA was associated with mental wellbeing and domain specific self-esteem although the causal significance of the association requires further investigation. The current study does not support associations between PA and mental health problems or PA and academic achievement. Further studies are necessary to investigate the longitudinal relationship between PA, variables of mental health and academic achievement
amongst adolescents.

1. Background
The relationship between physical activity (PA) and various dimensions of mental health, especially among children and young
people, has received increased attention in recent years (see for example, Biddle, Ciaccioni, Thomas, and Vergeer, 2018). Data from many
high-income countries indicate that mental health problems among the
young have increased over the last decade (Biddle et al., 2018; Reneflot
et al., 2018). In Norway, for example, estimates indicate that 15–20% of
3-18-year-olds experience reduced function due to symptoms of poor
mental health (Norwegian Insitute of Public Health, 2014). While the
prevalence of mental disorders seems to be stable across most age
groups over time, it is increasing among 14–17-year-old adolescent girls
(Reneflot et al., 2018). Poor mental health is of concern in itself because
it may exert a negative effect on young people's quality of life (Fox,
1999) in addition to tracking into adulthood (Rutter, Kim-Cohen, &

Maughan, 2006). Furthermore, poor mental health has been associated
with poor academic performance (Tempelaar et al., 2017). The putative
role of PA in mental health promotion, prevention of mental health
problems and academic achievement among the young has been increasingly debated both within and beyond the research field (Dale,
Vanderloo, Moore, & Faulkner, 2019; Lubans et al., 2016).
A growing body of research indicates that PA may have a positive
effect on some mental health outcomes in children and adolescents
(Biddle et al., 2018; Dale et al., 2019). Recent research has also shown a
positive relationship between PA and academic achievement (Booth
et al., 2014; Kantomaa et al., 2016; Kwak et al., 2009), although the
associations are usually weak and inconsistent across studies (Mountjoy
et al., 2011; Poitras et al., 2016). Nevertheless, the quality of evidence
in all these studies is considered to be low (Poitras et al., 2016). The
limited quality of studies to date is indicative of the methodological
challenges inherent in studying the relationship between PA – a
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in the study through an email and follow-up telephone call. These
schools were selected because they represented differences in terms of
location (urban/suburban/rural), school size, type of school and composition of pupils (ethnicity, socioeconomic status). Following the initial contact, a meeting was held at each school to inform them about
the purpose and design of the study. Eleven schools decided to participate in the study.
The eligible participants were the 1001 adolescents starting in 8th
grade at these schools in the autumn of 2016. Of these, five hundred
and ninety nine grade eight adolescents (54.4% female, mean
age ± SD 13.3 ± 0.3y) participated, generating a participation rate
of 59.8%. Written informed consent from adolescents and their parent
or legal guardian was obtained prior to participation in the study.

complex multidimensional behaviour – and complex and multidimensional outcomes, such as mental health and academic achievement (Lagerberg, 2005; Marques, Santos, Hillman, & Sardinha, 2017).
The limitations of a cross-sectional study design in exploring relationships have been noted as well as the heterogeneity of studies in terms of
the mental health outcomes studied, the age-group targeted and the
measurement of PA. In particular, one of the main outcome variables,
mental health, has tended to be operationalized in terms of mental
illness (such as anxiety), the presence of symptoms (such as those related to depression) and, to a lesser extent, self-esteem (Mountjoy et al.,
2011). Although recent studies are starting to address these issues (see
for example Van Dijk, Savelberg, Verboon, Kirschner, and De Groot,
2016 and Opdal et al., 2019), the conceptualization and measurement
of mental health and consideration of the role of PA in mental health
promotion require further elaboration.
There is some consensus within and beyond the research field that
the construct ‘mental health’ has traditionally been defined as the absence of mental illness (Westerhof & Keyes, 2010). Westerhof and Keyes
(2010) argue, however, that mental health can also be conceptualized
as having positive dimensions, often defined as mental wellbeing,
which is underpinned by social, psychological and emotional wellbeing
constructs. These varying conceptualizations of mental health are important because they allow a more nuanced investigation of the relationship between PA and mental health. PA, for example, may be
associated with some but not all of these mental health constructs. In
part, this reflects the underpinning theoretical model of how PA might
be causally related to mental health. It has been hypothesized that PA
might have a positive effect on multiple aspects of brain function and
cognition (Hillman, Erickson, & Kramer, 2008), and thereby influence
academic achievement in a positive way. In a conceptual model from
Lubans et al. (2016) it is hypothesized that the mechanisms explaining
the association between PA, cognition and mental health in young
people might be neurobiological, psychosocial and/or behavioural, and
might be moderated by the frequency, intensity, time, type and context
of PA.
A further overarching problem with research investigating the relationship between PA, various dimensions of mental health and academic achievement is that the majority of studies have relied on subjective self-report of PA (Biddle et al., 2018; Kantomaa et al., 2016).
Such measures are prone to errors in precision (Guinhouya, Samouda, &
de Beaufort, 2013), mainly because of overestimation of time spent in
PA, social desirability and recall bias (Sallis & Saelens, 2000). As a
consequence, the IOC consensus statement on the health and fitness of
young people recommends the use of objective measures of PA whenever possible to enhance quality of data (Mountjoy et al., 2011).
The purpose of this study was, therefore, to investigate the relationship between objectively measured PA level, various dimensions
of mental health and academic achievement among adolescents in
Norway. The specific research questions are twofold:

2.2. Measurements
Data collection was conducted in three steps. In the first visit, anthropometrics were measured and accelerometers were distributed.
Eight days later, the accelerometers were collected and the adolescents
answered an online questionnaire. At the end of the first semester
(January 2017), midterm grades were obtained.
2.3. Anthropometrics
Weight and height were measured to the nearest 0.1 kg (Seca 877,
SECA GmbH, Hamburg, Germany) and 0.5 cm (wall-mounted measuring tape), respectively. Participants were asked to remove shoes and
sweaters. In line with standard practice, bodyweight measures were
adjusted by subtracting 0.3 kg to account for clothing (Dalene et al.,
2018). Body mass index (BMI) was calculated using weight and height
(kg·m−2).
2.4. Physical activity
Physical activity was measured by accelerometry (ActiGraph GT3X
+ and GT3X-bt, LLC, Pensacola, Florida, USA). The participants were
required to wear the accelerometer on their right hip in all waking
hours for seven consecutive days, and only remove it during water
activities and while sleeping. Because participants with only 2 and 3
days of valid measurements did not differ significantly from the participants with at least 4 days, data were included if the participants had
≥2 days of measurements with a minimum wear time of ≥480 min a
day (Rich et al., 2013). Intervals of ≥20 consecutive minutes with no
acceleration recorded was defined as non-wear time. Accelerometers
were initialized to start recording at 06:00 on the day after the participants received them. ActiLife (ActiGraph GT3X+, LLC, Pensacola,
Florida, USA) was used for initialization of the monitors, downloading
of the accelerometer files and further processing of the data. Data recorded from 00:00 to 06:00 were excluded from the analysis. Because
children and adolescents’ PA-level can be intermittent, an epoch of 10 s
was used (Bailey et al., 1995).
As a measure of total PA, average counts·min−1 (CPM) for the entire
assessment period were used. In addition, minutes in sedentary behaviour (SB), light PA (LPA) and moderate to vigorous PA (MVPA) have
been used for descriptive purposes. There is still no consensus in the
literature regarding use of intensity-based cut-points for children and
adolescents (Trost, Loprinzi, Moore, & Pfeiffer, 2011). In the current
study SB, LPA and MVPA were set to < 100 CPM, 100–1999 CPM and
≥2000 CPM respectively. Similar cut-points have been used elsewhere
(Dalene et al., 2018).
When returning the accelerometer, participants were asked to register the amount of time spent doing activities which are poorly measured with the accelerometer (cycling), or require removal of the device
(swimming).

1. Is PA associated with mental health among adolescents?
2. Is PA associated with academic achievement among adolescents?
2. Methods
A longitudinal cohort study of 13-16-year-olds was carried out, with
data collection on an annual basis within the first semester of each
academic year. This paper reports on the results from the first wave of
the study.
2.1. Participants
In the spring of 2016, 12 schools located in three different counties
in the Western and Eastern part of Norway were invited to participate
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2.5. Mental health

Multiple linear regression was used to analyse the associations between
PA (exposure variable), and measures of mental health and academic
achievement (outcome variables). The crude models showed the
association between total PA (CPM) and the outcome variables. In
the adjusted models, interaction of sex, SES, season of data collection
(1: Sept-Oct, 2: Nov-Jan) and BMI were accounted for. Categorical
variables that did not exhibit a linear trend were transformed into
dummy variables before entering the model. To account for possible
clustering in the outcomes, ‘school’ was included as a cluster variable to
obtain robust standard errors. Imputations have been performed in the
psychometric scales enabling such procedures, and have followed statistical guidelines. The results from the instruments measuring mental
health outcomes (SDQ, WEMWBS and SPPA-R) were all converted to
different continuous scores according to standard procedures. This enabled further processing as a continuous variable that could enter a
linear regression model. This is in line with standard practise (Hallal
et al., 2015; Haugen, Säfvenbom, & Ommundsen, 2011).
Adjustments for multiple comparisons were not made. This decision
was based on the argument that reducing the type I error for null associations would increase the type II error for the associations that are
not null (Rothman, 1990). However, the increased likelihood of false
positive findings has been taken into account when interpreting the
results.
In this study WEMWBS was assessed in a six-point Likert scale from
not at all (0) to all the time (5). To be able to compare results with
international data, the following equation was applied: WEMWBS 5point score = 1 + 4/5*WEMWBS 6-point score.

The online questionnaire incorporated three validated instruments
which were used to measure different dimensions of mental health: the
Warwick-Edinburgh Mental Wellbeing scale (WEMWBS) (Tennant
et al., 2007), Harter's Self-Perception Profile for Adolescents (SPPA)
(Harter, 1988, 2012) and the Strengths and Difficulties Questionnaire
(SDQ) (Goodman & Goodman, 2009).
Mental wellbeing was measured through WEMWBS, which comprises 14 positively worded statements which require a response on a 5point Likert scale (1 = ‘none of the time’ to 5 = ‘all of the time’).
Responses were summed to create an overall score ranging from 14 to
70, with higher scores indicating higher levels of mental wellbeing
(Tennant et al., 2007). The scale has been validated for use in adolescents from 13 years and over (Clarke et al., 2011). The current study
used the established Norwegian translation with minor linguistic
amendments. The scale was piloted before use.
Domain-specific self-esteem was measured through the revised
version (Wichstrøm, 1995) of SPPA (Harter, 1988, 2012). The revised
instrument consists of 35 statements divided into seven domain-specific
subscales (scholastic competence, social acceptance, athletic competence, physical appearance, romantic appeal, close friends and global
self-worth), each comprising five statements, of which approximately
half are reversed to avoid acquiescence. Response categories are fourfold from ‘describes me very poorly’ to ‘describes me very well’. The
revised version shows better reliability, convergent and factorial validity than the original version (Wichstrøm, 1995). Based on a review of
the literature, we selected the subscales that were judged to be the most
relevant to PA. The current paper used the following subscales: social
acceptance, athletic competence and global self-worth.
To be able to account for mental health problems, the SDQ was
used. The instrument consists of 25 questions divided into five subscales
(emotional symptoms, conduct problems, hyperactivity, peer problems,
prosocial behavior), each consisting of five items. Each item can be
answered ‘not true’, ‘somewhat true’ or ‘certainly true’. A ‘total difficulty score’ ranging from 0 to 40 was created by summing all subscales
except prosocial behavior (Goodman & Goodman, 2009). This score is a
psychometrically sound measure of overall mental health problems
among children and adolescents (Goodman, Lamping, & Ploubidis,
2010). The continuous score was used as the outcome variable in all
analyses.

3. Results

The Family Affluence Scale (FAS) measures material affluence, and
was used as a proxy for socioeconomic status (SES) (Hartley, Levin, &
Currie, 2016). Based on this scale, a score of relative family affluence was
constructed by summing scores on all answers and categorising them
into three broader groups (the lowest 20%, the middle 60% and the
highest 20%).

There were no sex differences in BMI. Total PA (CPM) was significantly higher for boys than for girls (p ≤ .001). Furthermore, boys
had a significantly higher level of mental wellbeing than girls (p = .01),
but there were no sex differences with regard to mental health problems. Girls had a significantly higher GPA than boys (p ≤ .001)
(Table 1).
Total PA (CPM) was positively associated with both mental wellbeing (p ≤ .01), self-perception of athletic competence (p ≤ .001) and
self-perception of social acceptance (p ≤ .001). It was not associated
with global self-esteem or mental health complaints (Table 2).
Multiple linear regression analysis showed that total PA (CPM)
predicted some mental health outcomes when controlling for sex, BMI,
SES and season of data collection. An increase in total PA of 100 CPM,
predicted an equivalent increase in scores of mental wellbeing, selfperceived athletic competence and self-perceived social acceptance
with β 0.71, 0.10 and 0.03 respectively.
Multiple linear regression analysis revealed that total PA (CPM) was
not associated with academic achievement measured in overall GPA.
Associations were found when analyzing total PA and grade in PE. This
association was however, only significant for girls. Observed mean increase of 100 CPM shows equivalent increase of β 0.20 (p ≤ .001)
higher grade in PE for girls.
The measures of PE grade stratified by quartiles of PA are presented
for girls and boys respectively in Table 3. There was a significant increase in girls’ PE grades in all quartiles compared to the lowest quartile
(lowest 25%). Among boys the differences between the lowest quartile
was only significant compared to the third and fourth quartile.

2.8. Data analysis

4. Discussion

Statistical analyses were preformed using IBM SPSS Statistics for
Windows, Version 24.0 and Stata Statistical Software, version 16.0
(Copyright 1985–2019 StataCorp LLC), Texas 77845 USA. Descriptive
data are presented as frequencies, mean and SD where appropriate.

The main aim of this study was to examine the associations between
PA and measures of mental health and academic achievement. Our
cross-sectional analyses suggest that PA levels are associated with
mental wellbeing and specific sub-domains of self-esteem. They also

2.6. Academic achievement
Academic achievement was assessed using two indicators: the grade
point average (GPA) from the midterm grades for all subjects and the
grade in physical education (PE). The grade range in Norway is 1–6,
where 6 represents the highest achievement possible.
2.7. Socioeconomic status

3
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Table 1
Descriptive characteristics of the study sample by sex (mean ± SD unless otherwise specified).

Age (years)
Anthropometrics
Height (cm)
Weight (kg)
BMI (kg·m−2)
SES (n)
Lowest N (%)
Middle N (%)
Highest N (%)
Physical Activity
SB (min)
LPA (min)
MVPA (min)
CPM
Meeting national PA recommendations N (%)
Total included valid days
Mental health
Mental wellbeing (WEMWBS)
Mental health problems (SDQ)
Self-perception of social acceptance (SPPA-R)
Self-perception of athletic competence (SPPA-R)
Self-perception of global self-worth (SPPA-R)
Academic achievement
GPA
PE

All (N = 599)

Girls (n = 326; 54.4%)

Boys (n = 273; 45.6%)

13.33 (0.3)

13.32 (0.3)

13.35 (0.3)

162.7 (7.8)
52.9 (10.8)
19.8 (3.2)

161.7 (6.9)
52.8 (9.9)
20.1 (3.1)

163.9 (8.6)
53 (11.8)
19.6 (3.3)

136 (23.7)
346 (60.3)
92 (16.0)

76 (24.5)
188 (60.6%)
46 (14.8)

60 (22.7)
158 (59.9)
46 (17.4)

558.0 (65.1)
166.2 (33.5)
58.4 (21.2)
434.4 (152.6)
251 (43.9)
5.8 (1.4)

565.7 (55.3)
161.4 (32.3)
54.1 (18.5)
402.4 (118.4)
116 (36.5)
5.9 (1.3)

548.4 (74.6)
172.3 (34.2)
63.9 (22.9)
474.5 (179.1)
135 (53.1)
5.7 (1.4)

56.0 (9.0)
9.8 (5.2)
2.9 (0.4)
2.7 (0.6)
3.3 (0.6)

55.1 (8.9)
10.0 (5.1)
2.9 (0.4)
2.5 (0.6)
3.1 (0.7)

57.1 (9.1)
9.7 (5.4)
3.0 (0.3)
2.8 (0.6)
3.5 (0.5)

4.0 (0.7)
4.4 (0.7)

4.1 (0.7)
4.4 (0.7)

3.8 (0.6)
4.5 (0.7)

Note. BMI = body mass index, SES = socioeconomic status, SB = average daily sedentary behaviour, LPA = average daily light physical
activity, MVPA = average daily moderate-to-vigorous physical activity, CPM = average daily counts per minute, WEMWBS = WarwickEdinburgh mental wellbeing scale, SDQ = Strengths and Difficulties Questionnaire, SPPA-R = Self-perception profile for adolescents,
GPA = grade point average, PE = Physical Education.

suggest that PA levels are associated with grade in PE. In contrast, PA
was not associated with mental health problems, GPA or global selfesteem. To our knowledge, this is the first study that looks at associations between objectively measured PA and mental wellbeing measured
by WEMWBS in an adolescent population.

‘mastery’ of PA, as well as serving as a ‘distraction’ from other stressors,
and the social aspect of interacting with others in PA are put forward as
possible explanatory mechanisms. These might serve as underlying
factors to the association found between total PA (CPM) and mental
wellbeing.

4.1. Associations between physical activity and mental wellbeing

4.2. Associations between physical activity and self-esteem

Although small, the results add support to the hypothesis that
higher levels of PA are associated with higher levels of mental wellbeing. This finding is consistent with the conclusion of an earlier review
(Whitelaw, Teuton, Swift, & Scobie, 2010) that PA and mental wellbeing are associated in adolescents. More specifically, this is also in
keeping with findings using the same wellbeing scale in an adult population (Cooper & Barton, 2016). Whitelaw et al. (2010) discuss the
different effects from PA that might explain this association. Physiological changes that occur with PA, psychological effects emerging from

In their review of reviews, Biddle et al. (2018) underscore the
complexity of the field, especially in relation to ambiguity in definitions
of self-esteem, and broad definitions of PA. Nonetheless, six of the 10
studies reported positive associations between PA and self-esteem. The
remaining four were inconclusive, showing mixed or null findings. The
same pattern was reported by Dale et al. (2019) in their umbrella systematic review, where seven of 14 included studies showed positive
findings. In the review of Poitras et al. (2016), no consistent evidence
for a relationship between objectively assessed PA and self-esteem was

Table 2
Associations between physical activity and measures of mental health and academic achievement analysed with a multiple linear regression model (n = 474–570).
Crudea

Mental wellbeing
Self-perception of athletic competence
Self-perception of social acceptance
Self-perception of global Self-worth
Mental health problems
Academic achievement

Adjustedb

n

β

95% CI

p

n

β

95% CI

p

504
544
538
542
550
570

0.78
0.12
0.04
0.01
−0.01
−0.01

0.36, 1.21
0.09, 0.15
0.02, 0.06
−0.02, 0.06
−0.20, 0,25
−0.05, 0.03

≤.001
≤.001
≤.001
.414
.908
.565

474
511
505
509
517
518

0.71
0.10
0.03
−0.006
0.06
0.003

0.14, 1.28
0.06, 0.14
0.01, 0.05
−0.05, 0.04
−0.23, 0,36
−0.05, 0.05

.014
≤.001
≤.001
.793
.677
.989

Note. Mental wellbeing is measured by WEMWBS score, Self-perception domains are measured by SPPA-R score, Mental health problems are measured by SDQ score.
Academic achievement is measured by GPA in all subjects, β = standardized regression coefficient.
a
Adjusted for cluster sampling.
b
Adjusted for cluster sampling, sex, BMI, SES and season of data collection. All measures are scaled up 100 times showing changes in dependent variables
occurring after changes of 100 CPM.
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Table 3
The grade in PE within quartiles of PA (n boys = 252, n girls = 282)a.
Quartile 1

Boys
Girls

ref.
ref.

Quartile 2

Quartile 3

Quartile 4

β

95% CI

p

β

95% CI

p

β

95% CI

P

0.14
0.24

−0.12, 0.40
0.03, 0.45

.291
.027

0.34
0.43

0.09, 0.59
0.22, 0.65

.008
≤.001

0.32
0.71

0.08, 0.56
0.46, 0.95

.008
≤.001

Note. Ref. = Reference value (equals PE grade 4.88 for boys and 4.64 for girls).
a
Adjusted for BMI, SES and season of data collection.

found. However, the review only included one study exploring associations between MVPA and self-esteem, among adolescent girls. The
same conclusion was drawn in a recent study using objective measures
to assess PA (Van Dijk et al., 2016). The authors discuss whether this
might be explained by the use of global self-esteem as an overall
measure of self-esteem, which might be too distant from specific behaviours such as PA. This view is consistent with Biddle et al. (2018):
they argue that some studies only focus on global self-esteem, excluding
more relevant sub-domains. No evidence of an association between PA
and global self-esteem was found in the current study, but support for
associations with domain specific self-esteem were identified. The
foundation for the Self-perception Profile is that one evaluates oneself
based on perceived competence in a domain and one's aspiration within
that domain (Harter, 1988, 2012; Wichstrøm, 1995). Thus, athletic
competence taps into perceptions of one's ability to do well in sports
(Harter, 1988, 2012). Results from the current study showed an increase in self-perception of athletic competence with higher total PAlevels. At a theoretical level, being more physically active might generate a greater belief in one's ability in different sporting activities.
Social acceptance refers to having the skills to get others to like oneself
and understanding what it takes to become popular (Harter, 1988,
2012). In Norwegian culture where being physically active is considered to be a valuable trait (Green, Thurston, Vaage, & Roberts,
2015), this might offer one explanation for why physical activity is
positively associated with self-perception of social acceptance in the
current study.

4.4. Associations between physical activity and academic achievement
Our results corroborate previous studies using objective measures of
PA suggesting no association between PA and academic achievement
(Oliveira et al., 2017; van Dijk, de Groot, Savelberg, van Acker, &
Kirschner, 2014). van Dijk et al. (2014) discuss whether PA and academic achievement might be positively associated up to a particular
threshold where additional time spent being physically active could
come at the expense of academic pursuits, such as time devoted to
homework. However, in the current study, analysis of PA quartiles
(data not shown) showed no such pattern, and thus is not likely to be
the explanation for the results.
Our findings differ from those of Esteban-Cornejo, Tejero-Gonzalez,
Sallis, and Veiga (2015) whose systematic review supported a positive
relationship between PA and academic achievement. However a study
by Esteban-Cornejo et al. (2014) found a weak negative association
between objectively measured PA and academic achievement. The inconsistency in findings among these and other studies, including our
own, might be explained by several factors. First, there is no consensus
as to the method of assessing academic achievement, which makes it
arbitrarily assessed in different studies (Esteban-Cornejo et al., 2015).
According to Marques et al. (2017) school grades might not only relate
to academic skills, but could also reflect other factors, such as teacher
perception. In studies where grades have been self-reported, inaccuracy
might have influenced the level of precision (Marques et al., 2017).
Comparison of results using different measures of academic achievement might therefore offer one explanation for the different results seen
in these studies.
Another explanation is that PA could be associated with single
subjects without being associated with overall GPA. For example, van
Dijk et al. (2014) found that PA was significantly associated with
mathematics in Grade 9 students. Sub-analysis of the current data revealed that there was a significant association between total PA and PE.
This association was stronger for girls than for boys. Esteban-Cornejo
et al. (2015) suggest that associations between time spent in PA and
academic achievement tend to be found more frequently among adolescent girls than in boys. They discuss whether these findings could be
explained by a dose-response relationship where boys are more active
than girls, and therefore need higher levels of PA to produce the same
effect. Even though our results show that boys had a higher PA level
than girls, it might not have been sufficiently higher to produce the
same effect size as for girls.

4.3. Associations between physical activity and mental health problems
Even though the majority of existing studies have reported an association between (self-reported) PA and lower levels of mental health
problems (for example, depressive symptoms) among adolescents
(Biddle et al., 2018), existing research has not yet shown either a clear
direction, or strength, of the potential association. While results from
studies specifically sampling those with depression clearly show favourable associations with PA, the same conclusion cannot be drawn in
healthy samples (Biddle et al., 2018). The lack of association found in
this and other (Van Dijk et al., 2016) studies using objective measures
of PA, provides no support for the hypothesis that PA can prevent
mental health problems (that is to say, that higher levels of PA protect
against mental health problems). However, as Van Dijk et al. (2016)
argue, the pathways between PA and mental health problems may take
longer to develop, and therefore not occur until later in adolescence.
This theory could explain the lack of association found in the current
study. Another explanation proposed is that such a relationship might
not exist in particular subgroups, and that changes in mental health
problems might be explained by variables other than PA (Van Dijk
et al., 2016). Results from the current study may also support such an
explanation. Wiles, Haase, Lawlor, Ness, and Lewis (2012) found an
inverse association between objectively measured PA and depressive
symptoms, but no association between MVPA and depressive symptoms
in a cohort of 14-year-old English adolescents. They argue that it might
be the amount of PA, rather than the intensity, which is associated with
depressive symptoms. The current study found no evidence of such an
association through analysis of total PA and mental health problems.

4.5. Strengths and limitations
The main strength of this study is the use of an objective measure of
PA. This minimizes the risk of bias from self-report. Nevertheless, the
accelerometer has some limitations. First, because the adolescents were
instructed to remove the monitor during water activities these were not
recorded. Consequently, the activity level of pupils who are active
swimmers was underestimated. In addition, the accelerometers have
known limitations in the measurements of upper body activities, loadcarrying activities and biking (Shephard & Aoyagi, 2012). The amount
of time spent cycling or swimming were recorded in the questionnaire
and the majority of participants reported zero hours of both activities.
5
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Thus, this limitation seems unlikely to have led to an underestimation
of the true activity level, at least to a large degree. Average CPM has
been used as the primary measure of PA thereby avoiding problems
related to the lack of consensus in the generation of cut-points for different intensity levels. An additional strength is that the study includes
a relatively large sample size and several important covariates have
been addressed. Nonetheless, all models are simplifications of complex
mechanisms, and it cannot be ruled out that there are additional covariates that were not controlled for in the current study.
A limitation of the study is its cross-sectional methodology, which
constrains the possibility of addressing cause and effect between PA and
the dependent variables. In this regard, the explanations discussed remain speculative and theoretical and require further exploration using
different study designs. In addition, because the schools were strategically selected, generalizability was not feasible. The participation rate
was close to 60%. It was not possible to perform an analysis of those not
giving their consent to participate. It is, therefore, possible that the
moderate participation rate, together with the strategic selection of
schools, introduced some selection bias into our findings.
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