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Summary

This thesis is part of the School in Motion study. School in Motion was
initiated by the Norwegian government because of the political demand
for more knowledge regarding possible approaches to increase
adolescent physical activity. The reason for the demand was a report
depicting 15-year-olds as among the most sedentary populations in
Norway. This is concerning because physical activity can have a
preventive function against non-communicable diseases, psychological
difficulties and mental disorders. Norwegian schools are given extended
responsibilities for their students’ physical and mental health. Physical
activity can contribute in this purpose, therefore, finding feasible
approaches to increase physical activity in school is an important
research topic.

The School in Motion study was a cluster randomized controlled trial
involving 29 lower secondary schools in Norway. The participants were
2084 9" graders (14-15 years old) from schools located in western, south
western, southern, and eastern parts of the country. The study aimed to
implement two separate intervention models for increased physical
activity and physical education in school, in order to evaluate their
effects on physical activity, physical health, mental health, learning and
learning environment. Intervention model 1 included weekly, 30 minutes
of physical activity, 30 minutes of physically active academic lessons,
and one additional physical education lesson. Intervention model 2
included two weekly physical activity lessons in which students were
encouraged to pursue their own activity interests, in groups they formed
themselves.

The aims of this thesis were to elucidate different aspects of the
relationship between school-based physical activity interventions,
physical fitness and mental health among adolescents, and the feasibility
of school-based PA interventions in lower secondary school. The data



that are presented in this thesis are the basis of four separate papers. The
first paper analyzed baseline data to examine the cross-sectional
association between physical fitness and mental health. The results
showed a small, inverse association between cardiorespiratory fitness
and mental health, while no association was found between mental health
and body composition or muscular strength.

The second paper presents data from a qualitative study that aimed to
elucidate how intervention model 2 was implemented, and what
influenced the implementation. The results showed large differences in
how the intervention was implemented. Specifically, two out of four
investigated schools implemented the intervention adequately, one
school implemented the intervention partially adequate and the last
school failed at several implementation aspects. Four main factors were
responsible for influencing implementation: frame factors, intervention-
, participant-, and provider characteristics. The results elucidate the
challenge of implementing a complex physical activity intervention in
schools, i. e., complex contexts, and expecting the implementation
process to be similar for the schools.

The third paper examined the effect the interventions had on mental
health, by using a cluster randomized controlled trial design. The results
showed no intervention effects on the overall population. However,
subgroup analyses indicated that intervention model 1 was beneficial for
those with high levels of psychological difficulties at baseline, and both
intervention models were beneficial for the immigrant subgroup. The
results also indicated that intervention model 2 had a negative effect on
a subscale of psychological difficulties, peer relationships, within the
subgroups non-immigrant girls, and those with ‘“borderline”
psychological difficulties at baseline.

The fourth paper presents associations between the one-year change in
physical fitness components and mental health status. Subgroup analyses
showed an inverse association between change in cardiorespiratory
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fitness and mental health status among boys; an inverse association
between change in muscular strength and mental health status among
immigrants; and an association between change in cardiorespiratory
fitness and mental health among girls with high socioeconomic status.
The results indicate that the associations between physical activity,
physical fitness and mental health among adolescents depend on
different mechanisms that are specific to certain subgroups.

The findings of this thesis add nuance to a research field characterized
by relatively few studies, small sample sizes, cross-sectional designs and
little qualitative knowledge. In summary, this thesis suggests that
improving cardiorespiratory fitness can be beneficial for mental health
promotion among adolescent boys; and that improving muscular strength
can be beneficial for mental health promotion among adolescent
immigrants. Moreover, school-based PA programs can be useful for
mental health promotion among adolescents with high levels of
psychological difficulties and among adolescent immigrants. Regarding
the implementation of physical activity programs in schools, this is
feasible. However, a successful implementation depends to a large
degree on schools’ facilities and frame factors, thus, the physical activity
programs should have flexible designs to secure an optimal fit in each
individual school.

The new Core curriculum in Norway for primary and secondary
education specifies that physical and mental health is to be an important
interdisciplinary topic in school. The knowledge generated through this
thesis can contribute to the development of this interdisciplinary topic,
and to the ongoing discussion about the role of physical activity and
mental health in school.
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1 Definition of terms

1.1 Physical activity

Physical activity (PA) can be defined as “any bodily movement produced
by skeletal muscles that results in energy expenditure” (Caspersen,
Powell, & Christenson, 1985). What determines the amount of energy
expenditure is the intensity of the activity, which often is measured by
metabolic equivalents (MET; Ainsworth et al., 2000). We define one
MET as “the resting metabolic rate, that is, the amount of oxygen
consumed at rest, sitting quietly in a chair” (Jetté, Sidney, & Blimchen,
1990) and one MET is equal to 3.5 ml oxygen per kg body weight per
minute. METSs are used to categorize physical activity intensity levels,
and Pate et al. (1995) proposed the categories light intensity PA (<3.0
METSs), moderate intensity PA (3.0-6.0 METSs), and vigorous PA (>6.0
METS). To illustrate examples of PA intensities, Ainsworth et al. (2000)
published a compendium outlining several different activity types and
the corresponding METS, for instance vacuuming (3.5 METS), bicycling
(8.0 METSs) and standing (2.0 METSs). We still use the three PA intensity
categories, mostly for providing guidelines and recommendations
regarding the population’s PA levels. The World Health Organization
(WHO) provide updated guidelines in their “Global recommendations on
physical activity for health” (2010):

Adults aged 18-64 years should do at least 150 minutes of moderate-
intensity aerobic physical activity throughout the week, or do at least 75
minutes of vigorous-intensity aerobic physical activity throughout the
week, or an equivalent combination of moderate- and vigorous-intensity
activity. (p. 8)

WHOs recommendations for children and adolescents (5-17 years old)
are: “Children and young people aged 5-17 years old should accumulate
at least 60 minutes of moderate to vigorous-intensity physical activity
daily” (2010, p. 7).



1.2 Physical fitness

Physical fitness is a set of attributes that are present or can be achieved,
based on type, duration and intensity of PA (Blair, Cheng, & Holder,
2001). Caspersen et al. (1985) divided the concept physical fitness into
health-related fitness and skill-related fitness. Under skill-related fitness
are the specific qualities agility, balance, coordination, speed, power and
reaction time. Under health-related fitness are the aspects
cardiorespiratory fitness, muscular endurance, muscular strength, body
composition and flexibility. Going forward, this thesis will focus on
cardiorespiratory fitness, muscular strength and body composition, and
use the definitions from Caspersen et al. (1985): Cardiorespiratory
fitness (CRF) is the ability of the circulatory and respiratory system to
supply working muscles with oxygen during sustained physical activity.
Muscular strength is the ability of the muscles to produce external force.
Body composition is the relative amount of muscle, fat, bone and other
parts of the body.

1.3 Mental health and mental disorders

The World Health Organization defines mental health as “a state of well-
being in which every individual realizes his or her own potential, can
cope with the normal stresses of life, can work productively and
fruitfully, and is able to make a contribution to her or his community”
(2014). Opposite of mental health, we find mental disorders, which is
defined in the Diagnostic and statistical manual of mental disorders
(DSM-5) by the American Psychiatric Association (2013):

A mental disorder is a syndrome characterized by clinically significant
disturbance in an individual’s cognition, emotion regulation, or
behavior that reflects a dysfunction in the psychological, biological, or
developmental processes underlying mental functioning. Mental
disorders are usually associated with significant distress or disability in
social, occupational, or other important activities. (p. 20).



1.4 Adolescence

Adolescence is generally described as the period that starts with puberty
and lasts until the individual has established social independence
(Steinberg, 2014). The adolescent age span is debated and consists of
developmental sub-stages, which are also debated; however, the most
commonly used age span for this period is from 10-18 years (Curtis,
2015). Adolescent development is characterized by major biological,
social, physical, cognitive and psychological changes, which influences
behavior and can influence how adolescents respond to interventions
(Christie & Viner, 2005). Scholars have advocated to “de-dramatize”
adolescence by arguing that although the period is characterized by
problematic behavior, emotional difficulties and parental conflicts, the
period passes without turmoil for most individuals (Dornbusch, Petersen,
& Hetherington, 1991). However, since the research field of adolescent
development emerged more than a century ago, the research has been
directed towards portraying healthy adolescent development as
“avoidance of problems” rather than “growth of competencies”
(Steinberg & Morris, 2001, p. 85).

This thesis adheres to the tenets of contemporary research on adolescent
development, which, according to Steinberg and Lerner (2004), focus on
developing knowledge useful for practitioners and policy makers, for the
purpose of facilitating positive development that will benefit society in
general. “Above all, the study of adolescent development at its best both
informs and is informed by the concerns of communities, of
practitioners, and of policy makers” (Steinberg & Lerner, 2004, p. 52).



2 Introduction

There are several outlined objectives for the education of Norwegian
children and adolescents ("The Education Act," 1998b § 1-1). In short,
students shall acquire knowledge, skills, attitudes and competencies that
are important for promoting “democracy, equality and scientific
thinking”, as well as mastering their lives so that they can work and
otherwise contribute to society. Thus, the course of primary and
secondary education is primarily characterized by learning and
development. However, ("The Education Act,” 1998a, 8§ 9-A-1) also
states that students’ mental health is among the responsibilities of the
education: “All pupils are entitled to a good physical and psychosocial
environment conducive to health, well-being and learning”. This is an
important responsibility, considering how influential the educational
experience is, to the mental health of children and adolescents. For
instance, perceived stress in school is associated with peer- and adult
conflicts, perceived pressure and worries about academic achievement
(Murberg & Bru, 2004). Bullying, which is experienced at least once
every 14 days by 8% of Norwegian lower secondary school students
(Bakken, 2019), can be detrimental to mental health (Arseneault, Bowes,
& Shakoor, 2010); and lastly, high and low academic self-efficacy is
associated with, respectively, low and high levels of depressive
symptoms (Steca et al., 2014). Furthermore, among lower secondary
school students, 10-20% are affected by mental health problems (Kieling
et al., 2011). In Norway, the proportion of lower secondary school
students who experience depressive symptoms increases throughout
adolescence (Bakken, 2017). This applies especially for girls, of whom
27% leave lower secondary school with depressive symptoms.

Nevertheless, the current core curriculum in Norway does not have any
specific strategies aiming to promote mental health-related outcomes. A
new curriculum for the Norwegian school system is set to be
implemented from august 2020. The curriculum will introduce a new
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interdisciplinary topic called “Health and life skills”, which is meant to
influence teaching in all subjects:

The school's interdisciplinary topic health and life skills shall give the
pupils competence which promotes sound physical and mental health,
and which provides opportunities for making responsible life choices. In
the childhood and adolescent years, the development of a positive self-
image and confident identity is particularly important. (The Norwegian
Directorate for Education and Training, n. d.)

Despite the new curriculum’s focus on mental health, specific strategies
to promote mental health in the new interdisciplinary topic, remain
unclear. Considering the strong association between PA and mental
health among adolescents (Kandola, Lewis, Osborn, Stubbs, & Hayes,
2020), increasing school-time PA may be a feasible and effective
approach for mental health promotion. This thesis focuses on the
adolescent population in Norway and evaluates the feasibility of school-
based PA interventions. This thesis also evaluates whether school-based
PA interventions affect mental health and elucidates aspects of the
relationship between physical fitness and mental health.

2.1 A brief history of physical activity and health
in schools

In Norway, school-time PA, in the form of physical education (PE), was
initially intended for boys only, with the purpose of preparing them for
military effort (Brattenborg & Engebretsen, 2013). From 1848, this was
the purpose of PE, until the beginning of the 1900s, when what is today
known as The Norwegian Olympic and Paralympic Committee and
Confederation of Sports (NIF) started to influence PE to be more about
sports and health. Up until today, the objectives of PE have gone through
many changes with the introduction of new curriculums; however, health
and mental health has consistently been part of the objectives. For
instance, the curriculum of 1974 specified that the subject should
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promote “harmonic growth and development” and “help students take
care of their bodies” (Ministry of Church Affairs and Education, 1974).
The curriculum of 1987 emphasized a holistic development for the
students and mentioned mental health and physical health as two
important aspects of this development (Ludvigsen et al., 2014). The
curriculum also stated that PE should “provide knowledge of the body
and bodily functions and assist in improving the health of individual
students” (Ministry of Church Affairs and Education, 1987). In the
curriculum of 1997, two of the objectives stated that students should
become capable of taking care of their health and that they should
develop a positive body image (Ministry of Church Affairs, Education
and Research, 1996). One of the PE objectives in the 2006 curriculum,
which is to be replaced in 2020, stated that: “The subject shall help pupils
acquire knowledge about exercise and training, lifestyle and health, and
motivate them to have an active life and continue physical training into
adulthood” (The Norwegian Directorate for Education and Training,
2015). In addition to the current curriculum, in 2009, 5! to 7™ graders in
primary school were granted the right to regular PA, outside of PE, for
the specific purpose of benefitting learning, learning environment,
physical- and mental health. Furthermore, in 2012, the elective subject,
Physical Activity and Health, was added to the curriculum in lower
secondary school with the purpose of promoting public health and
elevating PA levels (The Norwegian Directorate for Education and
Training, 2012).

Although the health benefits of PA are widely accepted, and health-
related objectives for PE have been present in all past curriculums, the
extent to which the schools should facilitate increased PA for health-
related reasons, has been debated among Norwegian scholars (Borgen,
Moen, Gjglme, Lendal, & Hallas, 2018; Resaland, 2018). The opposing
side argues that the main objectives of PE are that students learn about
the body and with the body, and are inspired to lead a physically active
life; while school-time PA lacks the learning aspect by primarily



focusing on health, and that there is little evidence to support an effect
(Borgen, Gjglme, & Hallas, 2017). What both sides agree upon,
however, is that more research is needed on the potential effects of
additional school-time PA, in order to firmly establish what role health,
PE and PA should have in Norwegian primary and secondary schools,
today and in the future.

2.2 The School in Motion study - background

This thesis presents findings from the School in Motion study, a
multicenter cluster randomized controlled trial (RCT) and a
collaborative effort between The Norwegian School of Sports Sciences,
where the lead research team was located, the University of Stavanger,
the University of Agder and the Western Norway University of Applied
Sciences. The study was carried out in the school year 2017/18, and the
participants were 2084 9" grade students from 29 lower secondary
schools.

The School in Motion study is a culmination of a series of political
reports and initiatives regarding public health and the role of health-
related issues in school. Already in 1946, Rolf Hofmo believed that
increasing the population’s participation in sports and PA, improves their
health and cultural mindset, which in turn would positively impact work
productivity (Goksgyr, 2007). For 20 years as the senior government
official in the sports sector, Hofmo worked to incorporate into the
Norwegian society that the government is responsible for facilitating PA.
Years later, in 2003, a Parliament White Paper was published, titled
“Prescriptions for a healthier Norway” (Ministry of Health and Care
Services, 2003). It stated that physical inactivity was one of society’s
most concerning challenges and attributed increased population
overweight and type-2 diabetes to reduced PA levels.

In 2004, the White Paper “Action plan on physical activity” (Ministry of
Health and Care Services), was published as a direct response to the



challenges related to low PA levels. The main objectives stated in the
action plan was to increase the amount of the population who fulfilled
the PA recommendations. Although schools were mentioned as an
important arena for this effort, no specific plan involving schools was
specified. The action plan also aimed to increase knowledge of the
population’s PA levels and introduced ““a system of monitoring the level
of physical activity in the population” (p. 31). The results from this
monitoring system raised concerns, as they showed that only 58% and
43% of 15-year-old boys and qgirls, respectively, met the PA
recommendations (Kolle, Stgren Stokke, H Hansen, & Anderssen,
2012).

In 2015, the White Paper, “The Public Health Message”, was published
(Ministry of Health and Care Services, 2015). It contains contrasting
statements to the action plan from 2004, which emphasized that parents
had the main responsibility for ensuring that children and adolescents are
sufficiently active. The Public Health Message, however, based on the
United Nations Convention on the Rights of the Child, stated that the
government has a responsibility to facilitate sufficient PA and to protect
children and adolescents from the dangers of inactivity. This White
Paper also presented the initiation of a research project targeting lower
secondary school, aiming to study how four hours of weekly school-time
PA and PE influenced physical health, mental health and academic
achievement. This was the initiation of the School in Motion study.

2.3 Contribution and aims

It has been established that PA can prevent and treat mental health
problems among adults (Bennie, Teychenne, De Cocker, & Biddle,
2019; Harvey et al., 2017; Rosenbaum, Tiedemann, Sherrington, Curtis,
& Ward, 2014; Stathopoulou, Powers, Berry, Smits, & Otto, 2006).
Although somewhat inconclusive, recent reviews point to the same
tendency among adolescents (Bailey, Hetrick, Rosenbaum, Purcell, &
Parker, 2017; Biddle, Ciaccioni, Thomas, & Vergeer, 2019). Therefore,
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low levels of PA and physical fitness among adolescents might have a
negative influence on their mental health. Considering that the new
curriculum provides schools with extended responsibilities for the
students’ mental health, it is important to acquire knowledge that can
contribute to the fulfilment of the responsibility. This includes
examining the effect and feasibility of school-based PA programs and
examining the role of physical fitness to determine whether the different
components have different relationships with mental health.

The majority of school-based PA intervention studies examines the
effect on learning outcomes in child populations (Singh et al., 2019).
Thus, whether these interventions affect mental health in average,
generally healthy adolescent populations has only been investigated a
handful of times (Christiansen et al., 2018; Eather, Morgan, & Lubans,
2016; Smith et al., 2018), and never in Norway. Furthermore, process
evaluations regarding how school-based PA interventions are
implemented are also scarce (Daly-Smith et al., 2018; Naylor et al.,
2015; Watson, Timperio, Brown, Best, & Hesketh, 2017), which limits
the ability to explain intervention outcomes and evaluate the feasibility
of the intervention. Additionally, the roles of the different health-related
components of physical fitness for adolescent mental health are scarcely
explored, and the existing studies are characterized by various
limitations. For instance, only one study has controlled for CRF,
muscular strength and body composition (Yeatts, Martin, & Petrie,
2017), and only one study has had a longitudinal design with an average
population (Ruggero, Petrie, Sheinbein, Greenleaf, & Martin, 2015).

Therefore, the primary aims of this thesis were to elucidate different
aspects of the relationship between school-based PA interventions,
physical fitness and mental health among adolescents, and the feasibility
of school-based PA interventions in lower secondary school. The pursuit
of these aims resulted in four separate research papers, each using a
different methodological approach. The aims of the individual research
papers were:



Paper 1: To investigate the relationship between health-related
components of physical fitness and mental health in Norwegian
adolescents.

Paper 2: To evaluate the implementation of intervention model 2 (The
School in Motion study evaluated two separate intervention models)

Paper 3: To assess the effect of two school-based PA interventions on
adolescents’ mental health.

Paper 4: To investigate whether one-year changes in physical fitness
components were associated with mental health status among Norwegian
adolescents.
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3 Theoretical framework and empirical
background

This section presents the body of knowledge which the research papers
of this thesis are founded upon.

3.1 Mental health

According to the annual report on Norwegian youth by Bakken (2019),
the proportion of boys reporting psychological difficulties increases
from 6% at the beginning of lower secondary school, to 14% at the end
of upper secondary school. Among girls, the equivalent increase is from
16% to 33%. To avoid depicting adolescence as a period of illness,
distress and problems, it is important to remember that various degrees
of psychological difficulties are a natural part of adolescent
development, and that most adolescents endure a normal development
with normal mental health. However, it is also important to prevent that
psychological difficulties develop into more severe mental health
problems, which are likely to have several detrimental consequences. For
instance, adolescent mental health problems are associated with poor
academic achievement and low school attendance (DeSocio & Hootman,
2004); risky sexual behavior (Donenberg & Pao, 2005); conflicts with
parents (Marmorstein & lacono, 2004); poor general health and work
impairment at age 20 (Keenan-Miller, Hammen, & Brennan, 2007).
Furthermore, mental health problems occurring in adolescence can
continue into adulthood (Patel, Flisher, Hetrick, & McGorry, 2007). This
has economic consequences, as shown in the study by Kinge,
Selensminde, Dieleman, Vollset, and Norheim (2017), in which the
findings suggested that mental disorders were the costliest conditions in
Norway.

11



3.2 Physical activity and fitness

Keeping in mind that boys are more active than girls, the general trend
for both sexes is similar: PA levels decrease throughout childhood and
adolescence. The proportion of Norwegian six-, nine- and fifteen-year-
olds who meet the recommended PA levels are, respectively, 91%, 82%
and 50% (Dalene et al., 2018; Kolle et al., 2012). Comparing these levels
with historical PA levels in Norway and internationally is difficult,
because objective monitoring of Norwegian children and adolescents’
PA levels did not commence until the early 2000s; hence, there are few
results to compare with and the small amount of existing historical data
are based on self-report measures (Samdal et al., 2007). One large
population-based survey indicated that PA levels among children and
adolescents remained stable between the 1980s and the early 2000s
(Samdal et al., 2007). More recent international data indicate that 81%
of adolescents between 11 and 17 years old did not meet the
recommended PA levels, and that inactivity had increased since 2012
(Sallis et al., 2016).

There are other forms of evidence indicating that PA levels have
decreased among Norwegian adolescents. A study by Dyrstad, Berg, and
Tjelta (2012) compared 3000 m running performances of upper
secondary school students between 1969 and 2009. Compared to the
preceding decades, the mean times between 2000 and 2009 were 10%
slower for boys and 6% slower for girls, indicating a decrease in CRF
and aerobic PA after the year 2000. Another indication of reduced PA
comes from data showing an increase in body mass index (BMI) among
Norwegian adolescents between the 1960s and 1990 (Mykletun,
Lydersen, Bjgrnelv, & Holmen Turid, 2007). Recent data suggest that
the BMI levels have stabilized (Haugen, Hgigaard, & Seiler, 2014).
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3.3 Physical activity, physical fitness and mental
health

Regarding specific mental health outcomes in adolescent populations,
studies have shown associations between vigorous PA and increased
well-being (Costigan, Lubans, Lonsdale, Sanders, & del Pozo Cruz,
2019); sports participation and lower odds of later onset of depression
(Easterlin, Chung, Leng, & Dudovitz, 2019); fulfilment of PA
recommendations and increased mental toughness (Gerber et al., 2012);
increased PA levels and increased levels of self-worth (Haugen,
Safvenbom, & Ommundsen, 2011); and between high intensity aerobic
exercise and reduced stress (Norris, Carroll, & Cochrane, 1992).

Only a few studies have been conducted on the relationship between the
health-related components of physical fitness and mental health
outcomes among adolescents; however, existing studies show a clear
trend: Kelly et al. (2010) found an association between increased CRF
and reduced depression among obese females; Lubans and CIliff (2011)
found an association between higher muscular strength and more self-
worth among boys and girls, and between lower body fat and more self-
worth among girls; Eddolls et al. (2018) found that higher CRF and lower
BMI were associated with higher mental well-being and quality of life;
Greenleaf, Petrie, and Martin (2010) found that lower BMI was
associated with higher self-esteem, and that higher CRF was associated
with higher self-esteem among girls and higher body satisfaction among
boys; Padilla-Moledo, Ruiz, Ortega, Mora, and Castro-Pinero (2012)
found that lower muscular strength increased the odds of reporting lower
perceived health status and lower life satisfaction; and Yeatts et al.
(2017) found that CRF moderated the association between neuroticism
and depression. With the exception of the study by Kelly et al. (2010),
all the above-mentioned studies were cross-sectional. However, the
study by Kelly et al. only examined a specific sub-population, limiting
generalization of results. In comparison, Ruggero et al. (2015) studied
the prospective association between physical fitness at baseline and
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depression one year later, in a generally healthy and average adolescent
population. They concluded that higher CRF at one time point had a
protective effect against the development of depression a year later.

3.3.1 Explanatory mechanisms

Although several studies indicate a beneficial relationship between PA,
physical fitness and mental health outcomes, limited evidence exists
regarding the reasons for the relationship. Lubans et al. (2016) have
outlined three possible broad mechanisms that may be responsible for
how PA and/or physical fitness influence mental health outcomes:
neurobiological, sociocultural, and behavioral. In general, these
mechanisms represent aspects of the individual that can positively or
negatively affect various aspects of the individual’s mental health.
Moreover, which mechanisms, and how they are affected by PA, may
depend on moderating factors related to the activity, such as “frequency,
intensity, time, type and context” (Lubans et al., 2016). The mechanisms
and how they may relate to mental health and the moderating factors, are
outlined below.

3.3.1.1 The neurobiological mechanism

The neurobiological mechanism is a common term for changes in the
brain that can influence mental health outcomes. The review by Matta
Mello Portugal et al. (2013) presents many examples: Aerobic exercise
activates the hypothalamus-pituitary-adrenal axis (also known as the
stress axis), causing a protective effect against stress by reducing the
stress-hormone cortisol. Dysregulation of the hypothalamus-pituitary-
adrenal axis and prolonged high levels of cortisol is a hypothesized
explanation of depression (Nestler et al., 2002). Exercise also influences
dopamine and serotonin, which respectively are associated with the
brain’s reward center and anxiety levels; exercise can cause a release of
endocannabinoids, which can lead to a sense of well-being; and, exercise
can induce neuroplasticity, which may reduce depressive symptoms

14



(Matta Mello Portugal et al., 2013). Moreover, the anterior cingulate
cortex (a key brain region involved in mood regulations) has been
associated with mood disorders such as depression, and a recent study
showed that 12 weeks of aerobic exercise produced favorable changes in
the brain region (Lin et al., 2020). PA can also increase cerebral blood
flow, availability of dopamine and norepinephrine, and brain derived
neurotrophic factor (important part of neurodevelopmental processes),
thereby positively affecting deficits that are associated with attention
deficit hyperactivity disorder (ADHD; Gapin, Labban, & Etnier, 2011).

According to the review by Silverman and Deuster (2014), people with
high CRF are more resilient against stress and have a lower level of C-
reactive protein (a biomarker for inflammation, of which high levels are
associated with depression). Moreover, CRF is associated with improved
brain connectivity, thereby potentially protecting from, or treating the
detrimental effect depression has on brain connectivity (Voss et al.,
2016; Zhang et al., 2016). Body composition can also influence mental
health outcomes through a neurobiological mechanism, as high levels of
abdominal fat contributes to the production of pro-inflammatory
cytokines, which can be detrimental to resilience and well-being
(Silverman & Deuster, 2014).

3.3.1.2  The psychosocial mechanism

The term “psychosocial” is described by the American Psychological
Association (n. d.) as “the intersection and interaction of social, cultural,
and environmental influences on the mind and behavior”. Thus, the
psychosocial mechanism can influence mental health through certain
social, cultural and environmental interactions. An important part of
adolescence is developing an identity (Rageliené, 2016), which is made
up of senses of senses of “self”, such as self-esteem, self-perception and
self-efficacy (American Psyhology Association, 2002; Collins, Booth,
Duncan, Fawkner, & Niven, 2019). Adolescents often evaluate
themselves in light of the “cultural standard” or peers, parents and
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teachers (Grabe, Ward, & Hyde, 2008; Lawler & Nixon, 2011; Schaefer
& Salafia, 2014). Moreover, in adolescence, this evaluation is strongly
based on appearance, since physical appearance is the most important
aspect of adolescents’ sense of self (Harter, 2003; Harter & Whitesell,
2001). These psychosocial mechanisms influence global self-esteem,
which can predict depressive symptoms in adulthood (Steiger,
Allemand, Robins, & Fend, 2014). Closely connected is social support,
which can be defined as “an individual’s perceptions of general support
or specific supportive behaviors (available or enacted upon) from people
in their social network” (Malecki & Demaray, 2002). In turn, high levels
of social support can reduce the risk of depression (Turner & Brown,
2010). There are many examples that illustrate how PA or physical
fitness influence psychosocial mechanisms. For instance, body image,
which can be influenced by cultural norms (Grabe et al., 2008), can also
be negatively influenced by high BMI (Streeter, Milhausen, & Buchholz,
2012), low CRF (Olive, Byrne, Cunningham, & Telford, 2012) and low
muscular strength (Lubans & CIiff, 2011). Additionally, social support
has been shown to be associated with sports participation (Babiss &
Gangwisch, 2009). Social support within the sports context can be given
by coaches, peers and parents, and can influence whether the athlete’s
sport experience is perceived positively or negatively (Sheridan, Coffee,
& Lavallee, 2014).

The Basic Psychological Needs theory also proposes a psychosocial
explanation for the effect of PA on mental health (Teixeira, Carraca,
Markland, Silva, & Ryan, 2012). The argument is that having one’s
psychological needs realized (need for relatedness, competence and
autonomy) contributes to well-being and that the needs can be realized
when engaging in sports and exercise. Specifically, if the activity
facilitates an individual experiencing social connections, mastery and a
sense of autonomy, it can improve well-being. According to the theory,
“...only autonomously regulated behaviors can translate into enhanced
psychological wellness” (Teixeira et al., 2012)
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3.3.1.3 The behavioral mechanism

Examples of behavioral mechanisms that may influence mental health
outcomes are self-regulation, sleep quality and coping with stress
(Lubans et al., 2016). Although the definition of self-regulation, and
which components it contains is debated, it can be called “an integrative
construct that includes controlling, directing, and planning cognitions,
emotions, and behavior” (McClelland & Cameron, 2011, p. 32). Self-
regulation has been associated with success in school and employment,
which is important for well-being (Steinberg, 2014, p. 177).
Furthermore, sleep disruption has been associated with psychiatric
disorders (Tarokh, Saletin, & Carskadon, 2016) and improved coping
skills have been associated with fewer depressive symptoms (Puskar,
Sereika, & Tusaie-Mumford, 2003). Examples of PA that may influence
these behavioral mechanisms include active play during recess, which
has been associated with improved self-regulation (Becker, McClelland,
Loprinzi, & Trost, 2014); various aerobic PA exercises, which have been
associated with self-regulation skills, such as attention and concentration
(Laberge, Bush, & Chagnon, 2012); accelerometer assessed PA, which
has been associated with improved sleep quality (Lang et al., 2013); and
sports participation, which has been associated with improved coping
skills (Wijndaele et al., 2007).

CRF has also been associated with a behavioral mechanism: Stroth et al.
(2009) found that adolescents with high CRF scored higher on executive
control, which is part of the self-regulation construct. Interestingly, the
same study also found that an acute bout of 20 minutes aerobic exercise
did not influence the executive control. This suggests that the
relationship between PA and self-regulation may come from average PA
levels over time, rather than single bouts. In a similar study, Lott and
Jensen (2016) found that CRF’s association with emotion regulation in
children was mediated by executive function.
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3.4 Evaluating complexity

Complexity theory states that when the complexity of a context reaches
a certain threshold, there is an emergence of behavior or other elements
that cannot be predicted by a priori knowledge of the context (Mason,
2008). In this context, complexity, which can be a factor of the
intervention, the environment or both (Hawe, 2015), can pose a
challenge to accurately evaluating an intervention in real-life conditions,
such as schools. RCTs are often used to evaluate interventions in schools,
however, the original use for the RCT was to test the effect of a
medication or other treatments in carefully controlled conditions (Craft
& Editors, 1998). This is often referred to as an efficacy trial, whereas
the former is referred to as an effectiveness trial (Revicki & Frank, 1999).
Moreover, a school can be characterized as a complex system
(Keshavarz, Nutbeam, Rowling, & Khavarpour, 2010), which, according
to Shiell, Hawe, and Gold (2008) is “...adaptive to changes in its local
environment, is composed of other complex systems (for example, the
human body), and behaves in a non-linear fashion (change in outcome is
not proportional to change in input)”. Consequently, when implementing
an intervention in a school with the hypothesis that it will cause a certain
outcome, the system as a whole, and the smaller subsystems can adapt
and interact in different ways with the intervention and influence how it
is implemented (Clarke, 2010). Based on the challenges complexity
poses for assessing cause and effect in effectiveness trials, Rutter et al.
(2017, p. 1) have argued that:

A shift in thinking is required, away from simple, linear, causal models,
to consideration of the ways in which processes and outcomes at all
points within a system drive change. Instead of asking whether an
intervention works to fix a problem, researchers should aim to identify if
and how it contributes to reshaping a system in favorable ways.

The intervention can add further complexity to the context. A complex
intervention is defined by Craig et al. (2008) to contain the following
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elements: 1) many interacting components within the experimental and
control interventions; 2) those delivering or receiving the intervention
performs many and/or difficult behaviors; 3) many groups or
organizational levels are targeted by the intervention; 4) many and
potentially various outcomes; and 5) the intervention is flexible and
tailoring to the specific context is permitted. According to Bonell,
Fletcher, Morton, Lorenc, and Moore (2012), the usual approach when
using an RCT to evaluate complex public health interventions is to ask,
“what works”. However, asking “what works” implies there is a “simple”
intervention, which only demands that a certain dose be delivered
similarly at each intervention site (Hawe, Shiell, & Riley, 2004). This is
a limited understanding of causation, considering that there are many
intervention components that interact dynamically with each other and
the context, and influence the outcome (Hawe, Shiell, & Riley, 2009).
Rather than only asking “what works”, which would be sufficient in an
efficacy trial, Bonell et al. (2012) advocates extending the question to
“what works for whom in what circumstances”. Furthermore, Deaton
and Cartwright (2018) advocates the importance of also understanding
“why things work”, by relying on a wider set of methods in the pursuit
of causal inference.

As a supplement to the RCT, a process evaluation can assist in answering
these extended questions (Craig et al., 2008) by exploring “the
implementation, receipt, and setting of an intervention and help in the
interpretation of the outcome results” (Oakley, Strange, Bonell, Allen, &
Stephenson, 2006). For instance, an intervention that does not show
effect is not necessarily ineffective. Rather, the ineffective results could
be due to poor implementation and without a process evaluation,
researchers may dismiss their intervention, which could be effective if
implemented properly. This is called a type 3 error (Dobson & Cook,
1980). On the other hand, a poorly implemented intervention can also
produce beneficial results (Moore, Raisanen, Moore, Din, & Murphy,
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2013); however, the point is that without a process evaluation,
researchers cannot fully understand the reasons behind the outcome.

There are many definitions of implementation. Fixsen (2005) defines
implementation as “a specified set of activities designed to put into
practice an activity or program of known dimensions”. Fullan (2016)
defines implementation as “the process of putting into practice an idea,
program, or set of activities and structures new to the people attempting
or expecting to change”. Rogers (1995) claims “Implementation occurs
when an individual (or other decision-making unit) puts an innovation
into use”, and Stoll and Fink (1996) claims “Implementation consists of
early experiences of putting reforms into practice”. Durlak and Dupre
(2008) presented the following definition: “In general, implementation
refers to what a program consists of when it is delivered in a particular
setting”. Although these definitions are similar in many ways, the lack
of a standard, precise definition has made it difficult to research
implementation (Fixsen, 2005). This thesis uses the definition by Durlak
(2016): “Implementation can be generally defined as the ways a
programme is put into practice and delivered to participants”.
Furthermore, Durlak and Dupre (2008) identified eight aspects to
describe implementation:

1) Fidelity refers to the extent to which the main components of the
intervention have been adhered to.

2) Quality of delivery refers to how well the intervention
components have been executed.

3) Responsiveness refers to the extent to which the participants
perceive the intervention to be relevant, useful or otherwise
enjoyable.

4) Dose refers to how much of the intervention that has been
delivered. However, there is a distinction between dose delivered
and dose received. While dose received involves the degree of
actual participation and is sometimes referred to as attendance,
dose delivered involves the amount of intervention that is
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provided to the participants (Berkel, Mauricio, Schoenfelder, &
Sandler, 2011). Dose received is not a part of the definition of
implementation that is used in this thesis, but is nevertheless
included, because it provides important information about
participation, which can be more influential of the intervention
outcomes than deliverance (Durlak & Dupre, 2008).

5) Reach refers to what extent the participating population is
representative.

6) Differentiation refers to the uniqueness of the intervention, i.e.
how different it is from usual practice or previous interventions.

7) Monitoring control conditions refers to the importance of
knowing how different the intervention group is from the control
group.

8) Adaptation refers to what extent changes have been made to the
intervention in order to improve the fit in a given setting.

This thesis will primarily focus on fidelity, quality, responsiveness, dose
delivered, dose received and adaptation. This focus draws on the
argumentation by Berkel et al. (2011), claiming that the aspects “occur
within the delivery of program sessions, and as a result, constitute
potential sources of disconnect between the program as designed and that
which is implemented”. Moreover, fidelity, adaptation, quality and dose
delivered are mainly determined by the intervention providers, while
responsiveness is determined by the participants. This directs the focus
at the dynamic relationship between provider and participant, who can
influence each other, and ultimately, the intervention results (Berkel et
al., 2011). Dose delivered and dose received were included as two
separate terms because they offer information about the relationship
between the provided amount and student attendance. Because
implementation has such a strong influence over the outcome, the
context, and how it interacts with the intervention components,
implementation can be more significant for the outcome than the
intervention itself (Durlak & Dupre, 2008). Evaluating the
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implementation process facilitates a better understanding of the
complexity of the intervention, the complexity of the context and the
interaction between the two, ultimately for the purpose of improving
interpretation of the outcome (Moore et al., 2015).

3.5 Previous interventions

There exist only a few studies in which school-based PA interventions
have been implemented with the purpose of influencing adolescent
mental health.

Bonhauser et al. (2005) conducted a 10-month PA intervention with
adolescent students from an area with low socioeconomic status (SES)
area in Chile and measured the effect on several mental health outcomes.
Their results showed that the intervention group had decreased anxiety,
increased self-esteem and unchanged depressive symptoms. Casey et al.
(2014) also examined a low-SES population, however, the intervention
targeted girls only, in Australia. After a one-year intervention period, the
results showed that the intervention group had higher psychosocial
functioning than the control group. Eather et al. (2016) conducted an 8-
week intervention with Australian adolescents. There was no effect on
the overall study sample, however, subgroup analyses revealed that
participants with high levels of psychological difficulties at baseline
showed improved self-esteem, perceived appearance, physical self-
concept, and decreased psychological difficulties. Also in Australia,
Lubans et al. (2016) conducted an intervention with adolescent boys
from low-SES areas. After the 20-week intervention period, the results
showed a small effect on psychological well-being for the overall study
population. Christiansen et al. (2018) examined the effect of a 9-month
intervention in a large group of Danish 10-13-year-olds. For the overall
population, the results showed no effect on physical self-worth, self-
perceived sports competence, body attractiveness, self-perceived social
competence or global self-worth. However, interaction analyses showed
that intervention group students who did not participate in leisure time
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sports experienced a higher increase in self-worth, compared to their
control group counterparts. Lastly, Smith et al. (2018) conducted a 10-
week intervention with Australian adolescents. The intervention had no
effect on self-esteem or well-being in the total population. Subgroup
analyses showed effects on self-esteem in the overweight/obese
subgroup. Mediation analysis also showed that self-efficacy could be an
explanatory mechanism for the positive effect on self-esteem.

Among the six abovementioned studies, five used a randomized
controlled design. Among those five, only three examined an general
community population, while two examined single sex, low-SES groups.
Moreover, only two of the studies carried out process evaluations and
only one study was conducted in Europe. Although limited, the available
results underline one important point: Subgroups that display low PA
levels, high body composition or poor mental health at baseline are more
likely to experience effects from school-based PA interventions. This is
in accordance with Cerin (2010), pointing out that PA affects mental
health heterogeneously, thus warranting subgroup investigations to
better understand how and why PA can affect different people under
different circumstances. For instance, subgroups displaying lower PA
levels and poorer mental health than the population outside of the
subgroups include immigrants (Abebe, Lien, & Hjelde, 2014; Sagatun,
Kolle, Anderssen, Thoresen, & Sggaard, 2008), low SES populations
(Bge, @verland, Lundervold, & Hysing, 2012; Heelan et al., 2010), girls
(Bakken, 2019; Dalene et al., 2018) and poor mental health populations
(Pinto Pereira, Geoffroy, & Power, 2014).

To improve the understanding of the relationship between PA and mental
health-, and cognitive outcomes, many have recommended that future
studies should investigate subgroups (Biddle et al., 2019; Singh et al.,
2019). The use of subgroups is debated; however, adhering to certain
guidelines may preserve the credibility of subgroup results (Sun et al.,
2012; Wang & Ware, 2013). According to Sun et al. (2012), there are ten
criteria that can be used to assess the credibility of subgroup effects.
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Without listing all ten, they pertain to the design of the study, the analysis
procedure and the context, e. g., congruence with previous findings.
Many studies that report subgroup effects fail to meet these criteria;
however, this thesis adheres to the three most critical criteria used to
assess credibility of subgroup effects as they are stated by Sun et al.
(2012): 1) subgroup variables must be assessed at baseline, 2) subgroup
hypotheses must be specified ahead of analyses, and 3) there must be an
interaction effect. The specification of expected heterogeneous effects
that are outlined in the paragraph above, fulfills the second of these
critical criteria.
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4 Research questions

Chapter 2 has outlined the political, societal and educational background,
the overarching aims of the thesis and the individual aims of each
research paper. Chapter 3 has outlined the empirical background and
relevant theoretical frameworks. In light of this foundation, and to guide
the pursuit of the aims, this thesis poses three research questions:

1. What is the nature of the association between physical fitness
components and mental health among students in Norwegian
lower secondary school?

2. How is a complex school-based PA intervention implemented in
Norwegian 9" grades and what influences the implementation
process?

3. To what extent can two school-based PA interventions affect the
mental health of Norwegian 9" graders?
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5 Methods

In order to answer the research questions of this thesis, both quantitative
and qualitative methods were applied. This section presents, separately,
how the two methodologies were used to reach the aims of the individual
research papers.

5.1 Quantitative study designs

The quantitative methods were chosen because they fit the aims of their
respective papers and because they allowed the overarching topic of PA
and mental health to be investigated from multiple angles. Respectively,
Papers 1, 3 and 4 used a cross-sectional-, cluster-RCT and prospective
cohort design. However, all papers rely on the study population, outcome
measures and procedures from the School in Motion study. Figure 1
shows the participant flow from enrollment to follow-up, missing data
from each variable, and the full study population that were used in each
of the quantitative papers.
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Enrollment

Allocation

Missing values

at baseline

Missing values
at follow-up

|invited to particip:

te: 103 schools |

Excluded: 73 schools
Did not satisfy inclusion criteria (14 schools)|
Dedlined to participate (54 schools)
Did not respond (5 schools)

Y
| Randomized: 30 schools (2733 eligible participants; 100%) |
9| On¢ school withdrew (51 students) |

}

|

}

10 schools: Intervention
model 1 (668 of 847 gave
consent 1o participate)

10 schools: Intervention
model 2 (598 of 717 gave
consent to participate)

of 1169 gave consent to

9 schools: Control group (slsl
participate)

<— 2084 participants consented (76% of eligible wrtkipml;))

CRF: 94

Muscular strength: 46
BMI: 38

TDS: 78

SES: 21

Sex: 13

Immigrant status: 81
Total missing: 159/668

CRF: 83

Muscular strength: 53
BMI: 36

TDS:101

SES: 2

Sex: 13

Immigrant status: 95
Total missing: 187/598

CRF: 129

Muscular strength: 77

BMI: 57

TDS: 164

SES: 28

Sex: 22

Immigrant status: 138

Total missing: 252/818

Paper 1

1486 participants with complete data from baseline (71% of
consented participants)

CRF: 99
Muscular strength: 80
BMI: 62

One school withdrew: 51
CRF: 164
Muscular strength: 107

CRF: 189

Muscular strength: 129
BMI: 95

TD5: 142

Total missing: 257/566 j

TDS: 53 BMI: 97
Total missing: 123/509 TDS: 84
Total missing: 181/411
P
\{
Paper 3

1391 participants with complete TDS-data
from baseline and follow-up (94% of baseline
pulation; 51% of eligible participants

s

Paperd
925 participants with complete data from
baseline and follow-up (62% of baseline
population; 34% of eligible participants)

Figure 1. Participant flow, missing data and participant distribution for
the quantitative research papers. CRF = cardiorespiratory fitness; BMI =
body mass index; TDS = total difficulties score; SES = socioeconomic

status.
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5.1.1 Participants

The School in Motion study was a multicenter cluster-RCT and
recruitment was done locally, by representatives from each test center.
Thus, lower secondary schools were recruited from regions in, and
surrounding Bergen, Stavanger, Kristiansand and Oslo. Private schools;
special schools; schools with fewer than 25 9™ grade students; and
schools that already had extended PA and/or PE as part of their schedule
were excluded. Out of 103 invited schools, 30 accepted to participate in
School in Motion, but one school withdrew before baseline testing
commenced. The final 29 schools were randomly assigned to either one
of the two intervention groups, or the control group. A neutral third party
was responsible for the randomization process, which resulted in the
following distribution: Intervention group 1 was assigned ten schools,
intervention group 2 was assigned ten schools, and the control group was
assigned nine schools.

After the schools had accepted to participate, invitations to give consent
for measurement participation were sent out to the parents of all 2733
eligible participants. Only students who would attend 9™ grade during
the intervention period were invited. Informed parental consents were
obtained from 76% (n = 2084) of the potential participants. The
remaining 649 students participated in the intervention but were not
tested.

5.1.2 Interventions

The two intervention models that were evaluated in the School in Motion
study were formulated by a research team containing representatives
from all test centers. Initially, seven schools participated in a pilot
project, in which the interventions were tested and subsequently adjusted
ahead of the School in Motion study.

The interventions shared three common aspects. First, one extra PE
lesson was added to the pre-existing weekly schedule. Second, the
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participating schools were asked to allocate time from other subjects for
the remaining intervention elements. Third, teachers at the respective
schools provided the interventions, after attending mandatory training
workshops. The intervention period was carried out for 29 weeks during
the school year of 2017/2018 and the complete School in Motion
timeline can be viewed in Figure 2.
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Figure 2. School in Motion project timeline
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5.1.2.1 Intervention model 1

Theoretical background

Intervention model 1, “Active Learning” draws upon three important
theoretical perspectives: Physical Literacy, Self-efficacy and Basic
Psychological Needs Theory.

Physical literacy refers to having confidence in one’s physical
competence and to receive positive feedback from the experiences of
one’s embodied selves (Whitehead, 2010). Physical literacy is a key
concept in understanding human development as a holistic process. From
a holistic point of view, children develop and learn physically, mentally
and socially. These areas are in continuous influence of each other,
which means that learning and development in one area, may positively
influence another. This is strongly connected with Bandura’s (1982)
theory of self-efficacy, which according to the theory, is a cognitive
mechanism that mediates all behavior change. Self-efficacy means an
increased belief in oneself performing successfully, which increases the
willingness to attempt a task or an unfamiliar challenge (Jarvis, 2006).
Sallis and Owen (1998) found positive relationships between PA and
self-efficacy, self-esteem or self-concept. Consequently, increased self-
efficacy can positively influence mental health outcomes, such as anxiety
and depression (Muris, 2002).

The Basic psychological needs theory of motivation and behavior change
has become quite popular among PA researchers in their efforts to better
understand how to maximize participation and adherence to exercise
programs (Vlachopoulos, Ntoumanis, & Smith, 2010). Three universal
psychological needs form the basis of the theory: Autonomy reflects the
need for volition in behavior; competence reflects the need for
expressing and developing one’s abilities; whereas relatedness reflects
the need for the experience of belonging (Ryan & Deci, 2002).
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According to the theory, satisfying the needs for autonomy, competence
and relatedness increases the intrinsic motivation. Consequently, PA
interventions that are meant to induce motivation for participation should
be designed to meet these needs.

Intervention description

Active Learning consisted of three main components:

1)

2)

3)

One additional PE lesson per week. Instructions were that the
activities in this lesson should facilitate high intensity PA and
possibly activities related to motor skills development. All
activities were carried out in accordance with the ordinary PE
curriculum.

Physically active academic lessons (PAAL), totaling 30 minutes
per week. In PAAL, teachers in traditional classroom subjects,
such as math, language, and science, use PA as a teaching
method. This can be done, for instance, by having pupils run
relays while they solve math problems. The instructions were that
PAAL should preferably be carried out outside. Additionally,
PAAL should be carried out during days when students did not
have ordinary PE. The 30 minutes could be divided as the
teachers saw fit.

One 30-minute PA lesson per week. Instructions were that
teachers develop the lesson in cooperation with students, which
means that students were encouraged to participate in deciding
what specific activities to pursue. The focus of the lessons was
supposed to be mastery, joy and self-determination. Variation
throughout the intervention period was important. These lessons
should preferably be carried out on days where students did not
have PE or PAAL.
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5.1.2.2 Intervention model 2

Theoretical background

Intervention model 2, “Don’t worry, be happy” (DWBH) draws upon
three theoretical perspectives: Positive Youth Development (PYD),
Relational Developmental Systems (RDS) and Positive Movement
Experiences (PME).

The first theory, PYD, can be seen as one of three different, but related
concepts:

1. Adevelopmental process

2. A philosophy or approach to youth programming

3. Instances of youth programs and organizations focused on
fostering the healthy or positive development of youth (Lerner &
Lerner, 2013)

According to Lerner and Lerner (2013), development is dependent on the
person-context relationship. Researchers adhering to PYD suggest that
youth development can be interpreted through the incorporation of the
“Five Cs”: competence, confidence, connection, character and caring.
Those with high amounts of the “Five Cs” are likely to develop a sixth
C: “Contributions to self, family, community, and to the institutions of a
civil society” (Lerner & Lerner, 2013). PA interventions based on PYD
entails that participants pursue PA through trial and error, self-
determination, self-organization, skill-building and adult guidance, in
order to achieve high levels of the Five Cs — in turn, leading to a positive
and healthy adolescent development. Interventions that are based in PYD
have been shown to improve well-being and prevent conduct problems
and emotional distress (Taylor, Oberle, Durlak, & Weissberg, 2017).

The second theory, RDS, places its conceptual emphasis on “on mutually
influential relations between individuals and contexts” (Lerner,
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Hershberg, Hilliard, & Johnson, 2015). The theory considers people as
active, complex adaptive systems that are creative, self-organizing and
self-regulating. Furthermore, these self-driven actions take place in a
socio-cultural arena; nothing happens in a vacuum. Therefore, from the
perspective of the RDS, a PA intervention should not be viewed only as
physical, but also mental and social. If an intervention based on RDS is
expected to improve mental health, the participants need to perceive
relationships within the intervention context as positive and perceive the
intervention context itself as relevant. Therefore, from an RDS
perspective, a PA intervention should be equally concerned with these
factors as the administered amount of PA.

The third theory, PME, is an approach to understand participation in
movement contexts and it attempts to create a connection between the
RDS theory and PA interventions (Agans, Sdvfenbom, Davis, Bowers,
& Lerner, 2013). In particular, the approach argues that for interventions
containing PA, exercise or sports participation to have an effect on
social, physical and psychological outcomes, the intervention must
provide participants with positive movement experiences. PME also
opposes the belief that there is a “one-size-fits-all-intervention”, thus
advocating a more individualized approach. In summary, this theory
claims that movement contexts in which participants have PMEs, are
more likely to elicit expected effects and are more likely to increase
future participation in movement contexts. PA interventions grounded in
PME will be focused on creating positive and social movement contexts,
with an additional focus on individual needs.

Intervention description

The primary focus of DWBH was to facilitate friendship through PA,
and PA through friendship. The intervention consisted of two main
components, or lessons, “Don’t worry” (DW) and “Be happy” (BH). The
lessons had these names to avoid being associated with traditional PE
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and PA. The schools were free to choose when to conduct the two lessons
but were encouraged to choose two separate days.

1)

2)

The DW lesson was supposed to be carried out as a PE lesson,
but with a few adaptations: The students should be allowed to
choose activities themselves and pursue them individually or in
smaller groups.

The BH lesson had more specific instructions and deviated from
ordinary PE in several ways. First, the lesson was supposed to be
organized to accommodate all 9™ grade classes together, because
this would allow more relationships to develop. In the early
stages of BH, students were supposed to think of an activity or
sport that they wanted to pursue. When students knew what they
wanted to do, they were supposed to find other students who also
wanted to pursue the same activity, and form activity groups
together. Because all of 9" grade participated together — instead
of in separate classes — students could more easily find other
students who wanted to pursue the same activity. It was important
that teachers assisted and guided throughout this process, and
especially that they could evaluate the feasibility of activities that
were chosen. Next step in the process, student groups were
handed planning forms, or “activity contracts”. By using these,
the students were supposed to make long term goals and plans for
their group and their activity. They were also required to make
plans for conflict resolution. The aim for the intervention was that
students should be self-organized. Thus, when the activity
contract was completed, the teacher approved it, and the group
could commence with the activity they had planned — one lesson
per week for the rest of the school year. The teacher’s purpose
was to guide, mentor, supervise, and provide support, but not
instruct or command. The social relationships and focus on
“friends in motion” were central aspects of the BH lesson.

35



5.1.3 Outcome measures

5.1.3.1 Mental health

The participants in the School in Motion study completed the Strengths
and difficulties questionnaire (SDQ), which is a measure of emotional,
behavioral and social components of mental functioning (Goodman,
1997). The questionnaire consists of 25 items divided into five subscales.
The five subscales cover emotional problems, conduct problems,
hyperactivity, peer problems and prosocial behavior. The questionnaire
contains statements such as “I worry a lot”, ’ am easily distracted, I find
it difficult to concentrate” and ”Other people my age generally like me”.
Participants reply to the statements on a three-point Likert scale: ”not
true”, “somewhat true” and “certainly true”. Each subscale scores from
0 to 10, and a higher score signifies a higher degree of psychological
difficulties. However, a high score on the prosocial subscale signifies
social strengths. The scores from the emotional problems-, conduct
problems-, hyperactivity-, and peer problems subscales are summed to
create the Total Difficulties Score (TDS). TDS specifically measures
psychological difficulties on a scale that goes from 0 to 40, and scores
can be used for assessing a general mental health state (Goodman &
Goodman, 2009), as well as identifying mental disorders in a community
sample of children and adolescents (Goodman, Ford, Simmons,
Gatward, & Meltzer, 2000). Every one-point increase in TDS has been
shown to represent a 16% to 23% increased likelihood of developing a
mental disorder (Goodman & Goodman, 2009). To ease interpretation of
TDS, the scale can be grouped into three levels: normal (0-15),
borderline (16-19) and abnormal (20-40; Goodman, Meltzer, & Bailey,
2003). Abnormal TDS indicates a high risk of developing mental
disorders. The psychometric properties of the SDQ have been validated
in several countries (Goodman, 2001; Muris, Meesters, Eijkelenboom,
& Vincken, 2004; Rothenberger, Becker, Erhart, Wille, & Ravens-
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Sieberer, 2008), including Norway (Van Roy, Veenstra, & Clench-Aas,
2008).

The participants completed the SDQ in their own classrooms, with at
least one adult present. The adult was either a teacher or part of the
School in Motion test-personnel. It is important to note that the SDQ was
incorporated as part of a larger questionnaire, which included other test
instruments, and other general lifestyle questions. We estimated that — if
filled out correctly — the full questionnaire would take 45-60 minutes to
complete.

5.1.3.2 Physical fitness

Three components of health-related physical fitness were measured.
CRF was measured with the Andersen-test (Andersen, Andersen,
Andersen, & Anderssen, 2008). In this test, participants run between two
marked lines inside a gymnasium for 15 seconds, then pause for 15
seconds, then repeat until 10 minutes have passed. The distance between
the marked lines was 16 meters, and the participants were required to
touch the floor behind the lines with one hand before turning and running
back. A test leader kept the time and blew a whistle every 15 seconds.
Other test personnel counted the number of lengths that the participants
ran. According to the test protocol, the standard distance between the
lines is 20 meters; however, many gymnasiums were smaller than this,
which meant that the distance had to be shortened. Because of this
deviation, results were not used to predict maximal oxygen consumption
(Aadland, Andersen, Lerum, & Resaland, 2017); instead, the distance
covered in meters was used as the outcome variable.

Muscular strength was assessed by conducting three specific exercises,
as they are described in the EUROFIT test battery (Council of Europe,
1988): sit-ups, standing broad jump and handgrip test. The sit-ups
involved participants attempting to do as many as they could in 30
seconds. The participants did the exercise with their knees in a 90-degree
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angle and their fingers locked behind their head, and their feet held to the
floor by test personnel. To get a valid count, the participants had to touch
their knees with their elbows, going up, and touch the floor with their
shoulders, going down. The participants had two attempts on the
standing broad jump, and the best attempt was the valid outcome.
Participants did the exercise by jumping as far as they could from a stand
still position, and the distance was recorded from the heel closest to the
starting point. Measurements were recorded to the closest cm. Lastly,
participants performed the handgrip test by gripping a Baseline
dynamometer (Baseline® Hydraulic Hand Dynamometer, Elmsford,
NY, USA) with their dominant hand, as hard as they could for three
seconds. The working arm was supposed to be held in a normal position,
straight down, alongside the body. The better of two attempts was the
valid result, and the results were recorded to the closest kg.

Body composition was measured by calculating individual body mass
index (BMI) scores (kg/m?) from the participants’ height and weight.
Participants’ height was measured with a portable stadiometer (Seca 123,
Hamburg, Germany). The results were recorded to the closest mm.
Participants were asked to remove their shoes to be weighed. Weight was
measured with a digital scale (Seca 899, Hamburg, Germany), and all
measurements were recorded to the closest 0.1 kg. We asked the
participants to only wear shorts or tights with a t-shirt as they were being
weighed, but some wore sweaters and pants. Their clothes were noted,
and their weight was adjusted in the following analysis: 1 kg was
subtracted for pants and/or sweater, 0.5 kg was subtracted for
shorts/tights and t-shirt.

Dose delivered

Dose delivered is expressed as the mean percentage of intervention
components that were executed relative to the total number of
intervention components that were possible to execute during the 29-
week intervention period. One teacher liaison from each school was
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responsible for reporting the intervention components as executed/not
executed on an online platform.

Covariates and subgroups

Three additional categorical variables were included in analyses, either
as covariates, or moderators and subgroups. Participants’ sex was noted
by test-personnel. Participants’ immigrant status was determined by a
question in the questionnaire, “were you born in Norway?”, to which the
participants answered yes/no. SES is expressed as parents’ education
level (Erola, Jalonen, & Lehti, 2016), obtained from Statistics Norway.
The education levels were divided in four categories: lower secondary
school or less, upper secondary school, less than four years university
education, more than four years university education. If two parents had
valid data, the parent with the highest level of education was included in
the analyses. Assessing these potential subgroups at baseline fulfills the
first of the critical criteria of credibility for subgroup results (Sun et al.,
2012).

5.1.4 Statistical analyses (Papers 1, 3 and 4)

All data management and statistical analyses were performed in IBM
SPSS Statistics 25 (IBM, Armonk, New York, USA). SDQ data were
managed and organized into the predetermined scales by the syntax
provided by the SDQ information web page (Youthinmind, 2018).
Cronbach’s alpha was employed to assess the internal consistency of
TDS and its subscales. The respective alphas from baseline and follow-
up were as follows: emotional problems (0.67 and 0.71), conduct
problems (0.51 and 0.53), hyperactivity (0.66 and 0.68), peer problems
(0.61 and 0.61) and TDS (0.62 and 0.61).

Descriptive statistics were calculated for all papers and are presented as
means and standard deviations (SD). Linear mixed effects models were
the main analysis used to assess associations and effects. Although
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reporting practices are non-conform, this procedure is among the most
widely used in psychological science (Meteyard & Davies, 2020). Linear
mixed effects models are advantageous as they allow the user to apply
advanced regression models to longitudinal data, and they are
appropriate when data are organized in hierarchical structures (West,
2009). An example of a hierarchical structured data is in a cluster-RCT
in which participants are clustered within schools. Thus, in the linear
mixed effects models, the 29 participating schools were treated as
random effects. Statistical procedures that were specific to each paper
are outlined below.

Paper 1 — The cross-sectional association between physical fitness and
mental health

Z-scores stratified for sex and BMI quartiles were created for handgrip
strength, standing broad jump and sit-ups. The z-scores were used to
create one composite mean z-score for muscular strength. The
association between each health-related component of physical fitness
and mental health was assessed separately and controlling for each other.
The association between the individual muscular strength variables and
mental health was also assessed separately. Follow-up TDS was the
dependent variable, and all models controlled for baseline TDS, sex,
immigrant status and SES. The reported regression estimates and their
95% confidence intervals (ClI) reflect the change in TDS as a result of
one unit of measurement change in the independent variables.

Paper 3 — The interventions’ effects on mental health

Baseline differences between intervention group 1 and control, and
between intervention group 2 and control, were assessed with one-way
ANOVA with Fisher’s LSD post hoc test. The effect of group
(intervention group 1, intervention group 2 and control) on change in the
dependent variables (follow-up mental health outcomes) was tested. The
models included the respective baseline variable as a covariate (e. g.,
when the dependent variable was follow-up TDS, the independent
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variable was baseline TDS). Moderating effects for change in the
dependent variables were determined by testing a categorical subgroup
* group interaction in models controlling for main effects on group and
subgroup. The moderating variables were sex, SES, immigrant status and
TDS level at baseline (normal, borderline and abnormal). By performing
the moderator analyses and assessing interaction effects, the third of the
critical credibility criteria for subgroup effects, set by Sun et al. (2012),
was fulfilled.

When analyses indicated interaction effects, subsequent subgroup
analyses were conducted with the dataset stratified by the categorical
subgroup variable. The main dependent variable was follow-up TDS,
and when results were interpreted to be compatible with an effect,
subsequent analyses were conducted with the TDS subscales as
dependent variables. The effect is reported as the estimated mean
difference in change between groups (b), 95% CI and exact p-values. The
difference in change is expressed by measurement units on the scale of
the dependent variable, adjusted for potential baseline differences
(intervention group 1 - control and intervention group 2 - control). The
intraclass correlation coefficient (ICC) for the cluster effect of schools is
also reported.

Paper 4 — The association between a one-year change in physical
fitness and mental health status

Change scores were calculated for the physical fitness variables (follow-
up - baseline) and functioned as the independent variables. The muscular
strength variable is a mean composite z-score, stratified for sex, which
was calculated by transforming change scores for each muscular strength
component to z-scores and averaging them to one mean score. Paired t-
tests were conducted with all outcome variables to assess the overall
changes from baseline to follow-up. The prospective association
between change in physical fitness and mental health status was
primarily examined by including follow-up TDS as the main dependent
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variable, while the independent variables were scores representing one-
year changes in CRF, muscular strength and BMI. All models also
controlled for the dependent variable’s baseline result, sex, SES,
immigration status and experimental group allocation (intervention
group 1, 2 or control). The moderating effect of sex, SES, immigrant
status, TDS at baseline and experimental group allocation was examined
in separate models for each moderator (in fulfillment of the third
credibility criterion by Sun et al. (2012)). In each model, the moderator
was added as an interaction term for the three physical fitness variables,
while also controlling for the same variables. When the results indicated
an interaction effect, subgroup analyses of the categorical variables were
conducted. When results indicated compatibility with an association with
follow-up TDS, subsequent analyses were conducted with the TDS
subscales as dependent variables (follow-up emotional problems,
conduct problems, hyperactivity and peer problems — while controlling
for the respective baseline variable in each model). Results are reported
as unstandardized regression coefficients (b) with 95% CI and exact p-
values. The b represents difference on the scale of the dependent variable
for each unit increase on the scale of the independent variable.

5.1.4.1 Missing data

Complete case analysis was chosen as the main way of handling missing
data. Due to a large amount of missing values, it was important to also
thoroughly examine whether they caused bias (Altman & Bland, 2007),
therefore extensive missing value analyses were conducted.

All three papers assessed whether missing values were missing
completely at random (MCAR) with Little’s MCAR test. In all three
papers, grouping variables were created, separating the complete case
groups from participants with at least one missing value. One-way
ANOVAs were conducted to analyze the difference between the
included complete case groups and the excluded missing values-groups.
In Paper 1, Pearson’s correlation analysis was also used to compare the
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correlations in both groups. In Papers 1 and 4, descriptive and frequency
statistics determined the degree of missingness for each variable. In
Paper 3, a logistic regression model examined whether the outcome
variable or any of the covariates could predict the likelihood of being a
complete case or having at least one missing TDS value. The same
logistic regression model examined whether baseline TDS could predict
the likelihood of being a complete case. To assess whether variables
predicted the likelihood of missingness differently between intervention
group 1, 2 and control, the same logistic regression was carried out,
stratified by experimental group. Additionally, ANOVA with Fisher’s
LSD post hoc test was used to assess whether baseline TDS, among those
with missing follow-up TDS, was different between intervention group
1, 2 and control.

As a final measure of evaluating the missing data, multiple imputation
was conducted on the datasets specific to each research paper. The three
quantitative papers report results from both complete case analyses and
after multiple imputation, which has been recommended by Manly and
Wells (2015) and Sterne et al. (2009). However, in the discussion
sections of the papers and in this thesis, emphasis is placed on the
complete case results. The multiple imputation results functions as a
means to elucidate that the data and results are uncertain.

5.1.4.2  Statistical output interpretation

For Paper 1, the p-value interpretation was based on the traditional
understanding that p < .05 indicates a statistically significant association.
In Papers 3 and 4, however, p-values were not dichotomously
interpreted as significant or non-significant. Instead, interpretations
adhered to the guidelines provided by the American Statistical
Association’s statement on statistical significance and p-values
(Wasserstein & Lazar, 2016), and more recent guidelines in a special
issue of The American Statistician (Wasserstein, Schirm, & Lazar,
2019). Therefore, p-values were interpreted as continuous quantities that
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express how compatible the observed data are with the null-hypotheses:
Higher p-values indicate greater compatibility with the null-hypotheses.
The results in papers 3 and 4 are presented based on a continuous
interpretation of the p-values, the size of the unstandardized regression
estimates (b) and the limits of the confidence intervals (Amrhein,
Greenland, & McShane, 2019; Greenland et al., 2016). The
interpretations are also influenced by prior evidence, plausibility of
mechanism, study design and data quality (McShane, Gal, Gelman,
Robert, & Tackett, 2019).

5.2 Qualitative study design

The process evaluation used a cross-sectional design to gather qualitative
data by conducting interviews and observations. The qualitative methods
were chosen for the process evaluation because quantitative methods
cannot capture specific details describing how the intervention was
implemented and received. The following sections describe the
qualitative approach used to collect data for Paper 2.

5.2.1 Participants

Four schools assigned DWBH, one from each of the four regions in
Norway where the intervention was carried out, were randomly selected
and asked to participate. The teacher liaisons at the schools were asked
to perform a purposive sampling of students to be interviewed: three
activity groups representing different activities and opinions toward the
intervention and PA in general. The purposive sampling strategy was
employed to cover a diversity of experience, in order to prevent bias
toward presenting only one type of information from one type of
participants (Robinson, 2014). Teachers who supervised DWBH were
also interviewed to obtain knowledge about the implementation process
from the providers’ perspectives. A total of 54 individuals were
interviewed. This amounted to 12 student focus group interviews (n =
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46), two individual teacher interviews and two teacher focus group
interviews (n = 6).

5.2.2 Data collection

The interviews were mainly semi-structured in focus groups. Two of the
teacher interviews, however, were individual because of illness. Semi-
structured interviews were chosen based on expectations that there could
be highly varied opinions and experiences of DWBH and other emerging
issues (Barriball & While, 1994). The focus group approach was chosen
because it facilitates answering questions and discussing a specific topic
in a social context, which potentially reveals information that would not
have emerged in an individual interview (Frey & Fontana, 1991). Focus
groups are therefore suitable for program evaluation. The interviews
were meant to capture participants’ and providers’ experiences of the
intervention. The interview guide was constructed to elicit answers that
could be linked to the six implementation aspects: fidelity, quality, dose
delivered, dose received, responsiveness and adaptation.

Observations were also conducted to experience a physical presence and
to get an impression of the environmental surroundings, the participants,
attitudes toward the intervention and the dynamics between providers
and participants. One BH lesson in each of the selected schools were
observed, by the same observer. These secondary data were gathered to
improve the ability to interpret the interviews and explain causal
mechanisms (Manzano, 2016). Notes from the observations assisted in
the interpretation and coding of the interview material, in particular by
supporting the coherence between what the interviewees stated and what
was observed (Mays & Pope, 1995).

The qualitative data were gathered within the same week in each school,
during the second half of the intervention period (between mid-January
and mid-March 2018). The interviews took place during school hours at
the participants’ respective schools, in a classroom with only the
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researcher and the interviewee(s) present. The interviews lasted between
30 and 55 minutes and were audio recorded.

It should be noted that dose delivered, a quantitative form of data, was
reported in Paper 2, and was discussed in connection with the other
implementation aspects. Dose delivered is expressed as the percentage
of lessons provided to the participants, relative to the number of lessons
that were possible to provide during the intervention period. To measure
dose delivered, the teacher liaisons used an online registration tool to
weekly register DWBH lessons as executed/not executed.

5.2.3 Qualitative analysis (Paper 2)

Audio recordings of the interviews were imported into Nvivo qualitative
data analysis Software 12 (QSR International Pty Ltd., Doncaster,
Australia) and transcribed verbatim. Data were further analyzed in Nvivo
and Excel, by using the five steps of the framework analysis:
familiarization, identifying thematic frameworks, indexing, charting,
and mapping and interpreting (Spencer & Ritchie, 2002). The framework
analysis was chosen because it exists within the family of content- or
thematic analysis, and can be used to “identify commonalities and
differences (...) focusing on relationships between different parts of the
data, thereby seeking to draw descriptive and/or explanatory
conclusions” (Gale et al., 2013). Briefly, one deductive and one inductive
analysis were conducted consecutively. The deductive analysis focused
on exploring how the intervention was implemented and the inductive
analysis focused on identifying the factors that influenced
implementation. The inductive analysis resulted in the merging of
identified subcategories into four main factors: 1) frame factors, 2)
intervention characteristics, 3) participant characteristics and 4) provider
characteristics. The fifth and final step of the analysis involved
combining the inductive and deductive findings to interpret and outline
processes behind the implementation and the influencing factors. This
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process amounted to the results, which describe how and why specific
factors influenced specific aspects of implementation.

5.3 Ethical considerations

The term research ethics refers to a wide variety of values, norms, and
institutional arrangements that help constitute and regulate scientific
activities. Research ethics is a codification of scientific morality in
practice. Guidelines for research ethics specify the basic norms and
values of the research community. They are based on general ethics of
science, just as general ethics is based on the morality of society at large.
(The Norwegian National Research Ethics Committees, 2016)

5.3.1 School in Motion

All test procedures for the School in Motion study, including the
interviews and observations, were approved by the Norwegian Centre for
Research Data (project number 49094), and the project was in
accordance with the Declaration of Helsinki for experiments involving
humans. A great deal of ethical considerations went into the planning,
execution and dissemination of the School in Motion study.

The participating researchers were cognizant of the potential ethical
challenges regarding the use of under-age participants. Some might
guestion doing research on young adolescents, because they are a
vulnerable population. Rhodes (2010), however, argued that
categorizing groups as vulnerable is paternalism and a threat to their
autonomy. The label of vulnerability comes from the assumption that
their ability to appraise risks and benefits is inadequate. Furthermore, the
School in Motion study was relevant for the participating adolescents,
therefore they were the participants (Smyth & Weindling, 1999).
However, participation was voluntary, and several measures were taken
to protect the volition of the involved parties: Detailed information was
provided to the students and parents ahead of the intervention, and

47



written parental consent was required for students to participate in
testing. Another consideration was to ensure anonymity and prevent the
possibility of identifying participants or schools. Therefore, every
participant was paired with a unique identification number, which they
wore as a sticker on their sweater or t-shirt during testing. The computer
file containing the paired identification numbers and names was
password protected and could only be accessed by authorized test
personnel. All test personnel also signed a non-disclosure agreement,
agreeing not to spread any information to a third party. All collected data
from the School in Motion study will be destroyed after all results have
been disseminated.

One of the questions Foster (1995) recommended research committees
ask when approving studies was “Are the risks to the research subjects
acceptable?”. No risks were anticipated from participating in the
interventions, and precautions were taken to ensure that potential risks
from testing procedures were kept at a minimum: For instance,
adolescents can feel uncomfortable about a stranger measuring their
weight. This was handled by performing these measurements in a closed
room, away from other classmates and by having male test personnel
measure the boys while female test personnel measured the girls. Test
personnel ensured participants that being measured was completely
voluntary and that the participants could opt out at any moment.
Furthermore, no test results were disclosed to the participants, in order
to prevent them from comparing numbers with classmates. Smyth and
Weindling (1999) wrote, “The counterpoint to risks are the benefits, both
to those participating in the research and to other children who may be
future beneficiaries”. The School in Motion study is intended to benefit
its participants and future students who may receive additional curricular
PA as a result of the study, and it can therefore be claimed that these
benefits outweigh potential risks.

A key ethical issue with the RCT design has to do with the control group
that does not receive the benefits of the intervention (Nardini, 2014).
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However, to make amends for the potential disadvantages of not
receiving additional school-time PA, the control schools were offered the
opportunity to carry out one of the interventions the year after. These
schools also received the same economic compensation as the
intervention schools, so they were able to add lessons to their schedule.

“Schools are encouraged, and in some cases required, to engage with
and generate research, and this is welcomed as a means by which
teachers are professionally developed and learners taught in research-
rich environments” (Bryan & Burstow, 2018). However, when
conducting research in schools, it is important to keep in mind that the
schools serve many other purposes than being a research arena. The
teachers have other tasks than carrying out our intervention and the
students have other challenges that will not be solved by increasing PA
levels. The ethical consideration in this regard was to act humble, treat
the school faculty with respect and keep in mind that researchers are
guests who should be grateful for being allowed inside.

The School in Motion study was commissioned by the Norwegian
Directorate of Health and the Directorate of Education and Training. The
study received an unusually high amount of funding, because the
participating schools were economically compensated for the extra work
that followed the intervention. With this kind of funding follows certain
expectations of positive results, which is followed by a pressure to
deliver said results. Therefore, results that show no effect can be
disappointing and might lead to the fabrication of data to make the results
more presentable. For instance, in a study on doctoral students in
Norway, “38% did not agree with the statement that it is never
appropriate to try a variety of different methods of analysis until one is
found that yields a result that is statistically significant” (Hofmann,
Myhr, & Holm, 2013). However, fabrication of results from the School
in Motion study would not likely go unnoticed, considering the number
of researchers who are part of the study, and have access to the same data
material. According to Hamilton (1990), more than 55% of published

49



papers are not considered worth citing by others. Gerber (2006) discusses
that this may lead to many being tempted to publish fabricated results, in
the belief that no one are likely to read the paper anyway. Considering
the societal importance and relevance of School in Motion, many readers
and much attention is expected, thus if any of the connected authors were
to publish fraud papers, the threshold for detection would be extremely
low. The author of this thesis is cognizant of the responsibility and
potential scrutiny that comes with publishing results from a study of this
magnitude. Therefore, the author of this thesis strives to ensure that the
results are communicated as openly and honestly as possible.

5.3.2 The process evaluation

There are many ethical issues to consider when interviewing and
observing adolescents. For instance, it is important to preserve the
privacy and anonymity of participants (The Norwegian National
Research Ethics Committees, 2016). For the observations, this was
handled by only taking notes, instead of recording audiovisual material,
which would require safe data storage. Additionally, the observer did not
know the identities of the observed students. The groups who were
interviewed are likely unidentifiable by the public, but because of
statements regarding their specific schools, they might be identified by
their peers or their teachers (Allmark et al., 2009). Therefore, when
writing up the research paper containing the process evaluation, the
authors were careful to omit details that would disclose the identity of
the students. Furthermore, presentation of results can be an ethical
challenge because, in some interviews, schools and teachers were
sometimes described in a negative manner. It was therefore important to
be respectful and balanced when presenting negative characterizations
and only presenting characteristics that were relevant for the context and
the aim of the process evaluation.

According to Sim and Waterfield (2019) the group setting poses a set of
ethical challenges. For instance, there is a possibility that one of the
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interviewees can communicate statements to someone outside of the
group. This could have been a potential risk, which would have been
impossible to prevent. However, the author of this thesis considers that
to be an unlikely scenario. Another ethical challenge is having
adolescents participate in a group discussion, which some may find
uncomfortable. A standard statement was read ahead of the interview, to
inform the interviewees of the interview procedure, their option to
decline to respond or to opt out at any time.

The power structure of the interview was also an ethical consideration
ahead of, during and after the interviews. Challenges related to the
potential power that the interviewer may have over the interviewees are
discussed by Allmark et al. (2009). In this case, the power relations
between interviewees and interviewer may be insignificant. However,
there may be a challenge related to the power relations between the
teacher and the student interviewees. For instance, although participation
in the interviews was voluntary, students may have felt pressured to
participate when asked by their teachers.

Lastly, the importance of validity should be highlighted. In quantitative
research, validity refers to the relevance of the measuring instrument and
whether the researcher is measuring what the researcher intends to
measure (Hammersley, 1987). In qualitative research, however, validity
refers to the accurate representation of the “features of the phenomena”
that an account intends to “describe, explain or theorise” (Hammersley,
1992, p. 69). Based on this definition, one can say that validity has an
ethical dimension, as it entails an honest and correct representation of a
phenomenon and people within it. Providing accurate representations
was a tenet throughout the process of planning, executing and
interpreting the qualitative data collection. This required a reflexive
strategy, which can be defined as a “continual evaluation of subjective
responses, intersubjective dynamics, and the research process itself”
(Finlay, 2002, p. 532). However, to paraphrase Whittemore, Chase, and
Mandle (2001), validity cannot be assumed by the researcher, readers
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must be able to critically evaluate findings; explaining how the findings
were produced is equally important as the findings themselves. With this
in mind, the author of this thesis has attempted to provide a valid account
of the implementation process of intervention model 2.
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6 Results
This section presents the title, aim and results of each paper, separately.

6.1 Paperl

The association between physical fitness and mental health in
Norwegian adolescents

The aim of the paper was to investigate the cross-sectional association
between health-related components of physical fitness and mental health
in Norwegian adolescents.

This study used data from the baseline measurements of the School in
Motion study. Due to much missing data (Figure 1), only 1486
participants were included in the analyses. When separately testing the
associations between the physical fitness components and TDS, the
results did not indicate an association for BMI (b = 0.058; 95% CI = -
0.027 to 0.142; p = .184), but there were inverse associations for
muscular strength (b = -0.458; 95% CI = -0.810 to -0.109; p = .010) and
CRF (b=-0.006; 95% CI=-0.009 to -0.003; p<.001). The fully
adjusted model, however, showed no association between muscular
strength and TDS, or between BMI and TDS. The fully adjusted model
showed results compatible with an inverse association between CRF and
TDS (b =-0.006; 95% CI =-0.009 to -0.002; p = .001). The association
between CRF and TDS suggested that every 100 m distance increase in
the CRF test was associated with 0.6 points (1.5%) lower levels of
psychological difficulties. Relative to the TDS-levels of the overall
population (10.3), the association between 100 m distance increase in the
CRF and 0.6 points lower TDS corresponds to 6% lower TDS.
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6.2 Paper?2

A process evaluation of a school-based physical activity intervention:
Influencing factors and potential consequences of implementation

The aim of the study was to evaluate the implementation of the DWBH
intervention, by examining 1) how DWBH was implemented and 2) what
influenced implementation.

The main factors that influenced the implementation were frame factors,
intervention characteristics, participant characteristics and provider
characteristics. The results showed large differences between the four
investigated schools for how DWBH was implemented. School 2 had
many students, inadequate facilities and too few teachers to supervise
students who were off school grounds (frame factors — fidelity and
quality). The school also added the lessons on top of the existing
schedule, which caused the students to miss their school bus, which, in
turn made the students dislike the intervention (frame factors —
adaptations — responsiveness). Because of the negative response, many
reported that truancy was common (responsiveness, participant
characteristics — dose received). School 3 also had few facilities, but
adaptations were made to the intervention so that the lessons were carried
out in separate classes (frame factors — adaptations). Due to this
scheduling, however, one of the classes did not have access to the
gymnasium because another class had PE lessons (frame factors — dose
delivered and dose received). They were also often without a teacher
because of long-term sick leave (provider characteristics and frame
factors — quality, dose delivered and dose received). Students in School
3 were still highly positive toward the intervention, which was also the
case among the students in Schools 1 and 4 (intervention characteristics
— responsiveness). Additionally, Schools 1 and 4 had ample facilities
and made small adaptations that were advantageous for the
implementation as a whole (frame factors, provider characteristics —
adaptation, fidelity, quality and responsiveness). One example of an
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adaptation that was positively received by the students, was made in
Schools 1, 3 and 4: The supervising teachers decided that both lessons
should allow students to pursue the activity of their interest, within their
activity group. Thus, both lessons followed the BH guidelines. The
implementation process in Schools 1 and 4 can be characterized as
successful.

6.3 Paper 3

Effects of school-based physical activity interventions on mental health
in adolescents: The School in Motion cluster randomized controlled trial

The study aimed to investigate whether the two PA-interventions used in
the School in Motion study had any effects on participants’ mental
health.

Due to missing values, the analyses included 523 participants from
intervention group 1, 381 participants from intervention group 2 and 487
participants from the control group (total n = 1391; see Figure 1). Results
were not compatible with effects on the overall population. Interaction
effects warranted subgroup analyses of immigrant status (p = .061) and
baseline TDS levels (p = .008). In the abnormal TDS subgroup (n = 71),
results were compatible with a mean difference in change for TDS in
favor of intervention model 1, compared to their control group
counterparts (b =-2.9; 95% CI =-5.73t0 -0.07; p = .045). Relative to the
estimated baseline levels within the abnormal TDS subgroup (23 points),
intervention model 1 reduced TDS by 22%, while the control condition
reduced TDS by 9%. Follow-up analyses of the TDS subscales showed
that the result could mainly be attributed to difference in change for
conduct problems (b = -0.99; 95% CI = -2.02 to 0.04; p = .058) and
hyperactivity (b =-1.13; 95% CI = -2.1 t0 -0.19; p = .019).

In the immigrant subgroup (n = 118), results were compatible with a
mean difference in change for TDS in favor of intervention model 1 (b =
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-1.6; -3.53 t0 0.27; p = .093) and intervention model 2 (b =-2.1; -4.36 to
0.21; p = .075), compared to their control group counterparts. Relative
to the estimated baseline levels within the immigrant subgroup (11
points), TDS increased 5% in intervention group 1, 0% in intervention
group 2 and 18% in the control group. Follow-up analyses of the TDS
subscales showed that the result from intervention model 1 could mainly
be attributed to difference in change for emotional problems (b = -1.1;
95% Cl =-1.89t0-0.29; p =.008), and the result from intervention model
2 could mainly be attributed to difference in change for emotional
problems (b =-1.0; 95% CI =-1.99 to -0.07; p = .036) and hyperactivity
(b =-0.94; 95% CI = -1.90 to 0.02; p = .055).

The analyses on the immigrant/non-immigrant subgroups with the SDQ
subscales as dependent variables showed an unexpected result: in the
non-immigrant subgroup, there was compatibility with a mean difference
in change for peer problems indicating an increase from intervention
model 2 (b = 0.32; 95% CI = 0.03 to 0.62; p = .034), compared to the
corresponding control subgroup. This warranted a thorough exploration
of the potential heterogeneous effects on peer problems. The results were
compatible with a mean difference in change for peer problems in
disfavor of intervention group 2 within the non-immigrant girls subgroup
(n=652;b=0.42;0.11t0 0.72; p = .010) and within the borderline TDS
subgroup (n = 138; b = 0.89; 0.10 to 1.67; p = .029), compared to their
control group counterparts. Relative to the estimated baseline levels
within the non-immigrant girls subgroup (1.6 points), peer problems
increased 19% in intervention group 2, while their control group
counterparts displayed a 13% decrease. Similarly, relative to estimated
baseline levels within the borderline TDS subgroup, (3.2 points), peer
problems increased 6% in intervention group 2, while their control
counterparts displayed a 31% decrease.
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6.4 Paper4

The association between a one-year change in physical fitness and
mental health status in Norwegian adolescents

The aim of the study was to investigate whether one-year changes in
physical fitness components were associated with mental health status
among Norwegian adolescents.

The study treated the randomized study sample as one cohort, and out of
the full study sample (n = 2084), 925 participants were included, due to
missing values (Figure 1). The results for the overall population were not
compatible with an association between follow-up TDS and change in
BMI or change in muscular strength. The results were compatible with
an inverse association between change in CRF and follow-up TDS (b =
-0.004; 95% CI = -0.008 to -0.001; p = .040). Interaction effects
warranted subgroup analyses of sex (p = .010), immigrant status (p =
.110) and SES (p = .011). Results after stratifying for sex were
compatible with an inverse association between change in CRF and
follow-up TDS among boys (b =-0.009; 95% CI = -0.015 to -0.003; p =
.006). The results suggest that 100 m increase in CRF was associated
with 8.5% (0.9 points) lower follow-up TDS, relative to boys’ mean
values. (10.5 points). Analyses of the TDS subscales showed that the
results could mainly be attributed to lower conduct problems (b =-0.002;
95% CI1 =-0.005 to -0.001; p = .034), hyperactivity (b =-0.003; 95% ClI
=-0.006 to -0.001; p = .011) and peer problems (b =-0.003; 95% CI = -
0.005 to -0.001; p = .005).

Results after stratifying for immigrant status were compatible with an
inverse association between change in muscular strength and follow-up
TDS among immigrants (b = -1.96; 95% CI = -4.03 to 0.092; p = .061).
These results suggest that one standard deviation increase in the z-score
composite of handgrip strength, standing broad jump and sit-ups, was
associated with 18% (1.96 points) lower follow-up TDS, relative to the
immigrant population’s mean values (10.7). Analyses of the TDS
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subscales showed that the results could mainly be attributed to lower
conduct problems (b = -0.48; 95% CI = -1.05 to 0.08; p = .095), and
hyperactivity (b = -0.64; 95% CI = -1.45 to0 0.16; p = .113).

Results after stratifying for SES were compatible with inverse
associations between change in CRF and follow-up TDS in SES groups
1-3 (unstandardized coefficients between -0.007 and -0.04, p-values
between .039 and .063). SES group 4 (highest levels of parental
education) demonstrated an opposite tendency (b = 0.004; 95% CI = -
0.004 to 0.012; p = .278). This warranted further investigation of SES
group 4. Results after stratifying for SES and sex were compatible with
an association between change in CRF and TDS status among girls in
SES group 4 (n = 135; b = 0.014; 95% CI = 0.003 to 0.025; p = .014).
These results suggest that 100m increase in CRF was associated with
13% (1.4 point) higher follow-up TDS, relative to girls in SES group 4’s
mean values at follow-up (10.5). Subscale analyses showed that these
results could mainly be attributed to more emotional problems (b =
0.005; 95% CI =-0.001 to 0.01; p = .076) and hyperactivity (b = 0.007;
95% CI =0.003 t0 0.012; p = .002).
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7 Discussion

The overarching aims of this thesis were to elucidate various aspects of
the relationship between school-based PA interventions, physical fitness
and mental health among adolescents, and the feasibility of school-based
PA interventions in lower secondary school. In pursuit of these aims,
four research papers have been produced and presented as the main
content of this thesis. Each paper has its distinct aim, methodological
approach and results that contribute to a more solid knowledge base for
the research field. In this chapter, the results of each paper are discussed
and interpreted in light of the theoretical framework and empirical
background, outlined in Chapter 3. The discussion is structured around
the three research questions of this thesis, presented in Chapter 4.

7.1 Research question 1

What is the nature of the association between physical fitness
components and mental health among students in Norwegian lower
secondary school?

This question is elucidated by Papers 1 and 4, which respectively, aimed
to investigate the cross-sectional and the prospective association between
physical fitness and mental health. The main findings in Paper 1
indicated that only CRF was inversely associated with psychological
difficulties. Muscular strength, independently, was inversely associated
with psychological difficulties, but not when controlling for CRF. There
were three main findings in Paper 4: 1) a one-year change in CRF was
inversely associated with follow-up psychological difficulties among
boys; 2) a one-year change in muscular strength was inversely associated
with follow-up psychological difficulties among immigrants; and 3) a
one-year change in CRF was associated with follow-up psychological
difficulties among girls in the highest SES-group.
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7.1.1 Cardiorespiratory fithess

The findings in Paper 1 are nearly in line with the findings of a recent
study by Janssen et al., (2020), which found that CRF was the only
health-related component of fitness associated with internalizing
problems, which is composed of emotional problems and peer problems
of the SDQ. Also similar, CRF has been found to be the only fitness
component associated with higher quality of life (Andersen et al., 2017),
lower depression levels (Rieck, Jackson, Martin, Petrie, & Greenleaf,
2013; Yeatts et al., 2017) and improved well-being (Kelly et al., 2010).
Studies that have found associations between muscular strength and
mental health outcomes in adolescents did not control for CRF (Lubans
& CIiff, 2011; Padilla-Moledo et al., 2012). Adjusting for CRF has also
been omitted in studies that found associations between body
composition and mental health outcomes, as shown in the review of
Luppino et al. (2010).

The findings in Paper 4 add nuance to the cross-sectional relationship
between CRF and psychological difficulties. Firstly, the association
between a one-year change in CRF and mental health status among boys
was larger (b = 0.009) than the baseline cross-sectional association
between CRF and mental health in the overall population (b = 0.006).
Although the unstandardized coefficients seem small, it is important to
note that they represent change on the TDS-scale for every one-meter
increase in the CRF-test. Considering that the overall results for the CRF-
test at baseline and follow-up, respectively, were 906 m and 927 m,
discussing an unstandardized coefficient based on a difference of one
meter is not very meaningful. Instead, by discussing the outcomes’
associations with 100 m increases on the CRF-test, the unstandardized
coefficients from Papers 1 and 4 (0.6 and 0.9) can be discussed in more
practical terms. It has been suggested by Goodman and Goodman (2009)
that every one-point increase in TDS may represent a 16% to 23%
increased likelihood of developing a mental disorder. Thus, both
associations may be of clinical significance.
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The results in Paper 4 add to a research body of inconclusive findings
regarding the heterogeneous associations between CRF and mental
health for boys and girls: Ruggero et al. (2015), found baseline CRF to
be inversely associated with follow-up depression levels among girls, not
boys. Similarly, in the cross-sectional study by Greenleaf et al. (2010),
higher levels of CRF indicated lower levels of depression among girls
only. Similar findings were shown in the recent study by Janssen et al.
(2020), in which there were stronger associations between CRF and
internalizing problems among girls than among boys. Rieck et al. (2013),
however, showed that boys, but not girls, with low CRF had higher odds
of elevated depression than boys classified as having high CRF. Studies
have also investigated whether the effect of PA interventions on mental
health is moderated by sex. A meta-analysis found that the effect on
mental health outcomes was larger for boys than girls in randomized
studies; however, the effect was larger for girls than boys in non-
randomized studies (Ahn & Fedewa, 2011). If the association between
CRF and psychological difficulties is moderated by sex, the moderator
may, in turn, be age-dependent, considering that adult women and men
show similar favorable associations between CRF and mental health (Sui
et al., 2009).

The mixed findings of the abovementioned studies, in conjunction with
the present results limit the ability to make unequivocal conclusive
arguments. Moreover, due to the scarcity of existing research examining
the prospective associations between physical fitness and mental health
outcomes, much of the following discussion relies on comparisons with
studies measuring various forms of PA and exercise. Based on the
subscale analyses that were carried out in Paper 4, potential explanations
can be postulated: The inverse association between change in CRF and
follow-up TDS was attributed to conduct problems, hyperactivity and
peer problems. Firstly, conduct problems are more common among boys
than girls (Button et al., 2007). Less conduct problems could be caused
by improved self-regulation (Okado & Bierman, 2015), which implies a
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behavioral mechanism (Lubans et al., 2016). Improved self-regulation
could be caused by aerobic PA among adolescents (Laberge et al., 2012;
Wills, Isasi, Mendoza, & Ainette, 2007). Additionally, the study by
Stroth et al. (2009) found CRF to be associated with one of the
subcategories of self-regulation, executive functions. Self-regulation is
more common among girls than boys (Raffaelli, Crockett, & Shen, 2005)
and therefore, the potential for change in self-regulation and,
consequently, conduct problems, is larger among boys than girls. This
lends support from the study by Lakes and Hoyt (2004), which also
found reductions in conduct problems among boys only, and that the
reduction was associated with an increase in self-regulatory skills, as the
result of a martial arts program.

The inverse association between one-year change in CRF and mental
health status among boys could also be attributed to lower hyperactivity.
This may have occurred through a neurobiological mechanism (Lubans
et al., 2016). Limited research elucidates the link between CRF and
hyperactivity. However, CRF has been found to be beneficial for
neurocognitive functioning (Moore, Drollette, Scudder, Bharij, &
Hillman, 2014), which is a known impairment among individuals with
ADHD, and especially among boys (Balint et al., 2009). According to
Gapin et al. (2011), there are many potential neurobiological ways that
PA can influence hyperactivity, for instance by increasing blood flow to
the frontal region of the brain, or by increasing the availability of
dopamine and norepinephrine. This was supported in the recent review
by Ng, Ho, Chan, Yong, and Yeo (2017), which concluded that
“...moderately-to-intense aerobic exercise, is a beneficial and well-
tolerated intervention for children and adolescents with ADHD”.
Unfortunately, the majority of studies investigating the effect PA may
have on hyperactivity has only included a male population, which makes
it difficult to evaluate potentially heterogeneous associations between
boys and girls (Kamp, Sperlich, & Holmberg, 2014). However, that
aerobic exercise may affect hyperactivity differently for boys and girls
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has been observed previously, although explanations for the differences
were unclear (Tantillo, Kesick, Hynd, & Dishman, 2002).

Lastly, the association between a one-year change in CRF and mental
health status among boys could be attributed to peer problems. Similarly,
in a previous study by Andersen et al. (2017), CRF was associated with
social support and peers, although the effect size was interpreted to be
trivial. Also, Lamb and Gulliford (2011), found lower levels of peer
problems in children after an aerobic exercise program, and Sagatun,
Sggaard, Bjertness, Selmer, and Heyerdahl (2007) found an inverse
association between time spent in PA and peer problems among boys.
The association between aerobic PA and peer problems may occur
through a psychosocial mechanism, which specifically involves social
interaction and relatedness (Lubans et al., 2016). Participation in team
sports provides much opportunity for social interaction and the
development of social skills (Eime, Young, Harvey, Charity, & Payne,
2013) and may be a potential explanation. Less peer problems may also
be directly connected to reductions in hyperactivity and conduct
problems, as adolescents who have problems in peer relationships
commonly also display signs of hyperactivity (Bagwell, Molina, Pelham,
& Hoza, 2001) or conduct problems (Woodward & Fergusson, 1999).
The difference between boys and girls may be explained by previous
results showing that boys perceive more social support, benefits, self-
efficacy and fun from PA, compared to girls (Cardon et al., 2005). Thus,
by experiencing more benefits from PA, boys are likely to be more active
than girls, which in turn provides them with more perceived benefits,
further prompting continued PA. This may lead boys into a self-
perpetuating positive circle where PA and perceived benefits influence
each other. Although this hypothesis is speculative and requires further
exploration, it is supported by previous evidence indicating that
adolescent girls experience less peer support than boys to participate in
PA (Edwardson, Gorely, Pearson, & Atkin, 2013), and that adolescent
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girls in general enjoy PE less than boys (Cairney et al., 2012; Laxdal &
Giske, 2019).

The association between change in CRF and follow-up psychological
difficulties among girls in the highest SES group was surprising. The p-
value suggests very low compatibility with a null-hypothesis and the
upper limit of the confidence interval suggests a concerning association:
100m increase in CRF was associated with up to 24% higher follow-up
psychological difficulties than the mean levels in this subgroup (10.5).
The result contradicts established knowledge: Aerobic PA, which is
positive for CRF, is associated with improved mental health (Bailey et
al., 2017). Furthermore, the result was attributed to hyperactivity and
emotional problems. This is also incongruent with previous research
showing that aerobic PA has a positive effect on hyperactivity and
ADHD (Ng et al., 2017), and that meeting the recommended PA levels
is associated with fewer emotional problems (Wiles et al., 2008).
Importantly, these incongruences increase the likelihood of a spurious
association. However, there may be an explanation: According to the
annual report on Norwegian adolescents (Bakken, 2019), more girls than
boys perceive stress and pressure, which is also more prevalent in high
SES populations. Stress has been shown to be associated with
hyperactivity (Biederman et al., 1995) and emotional problems
(Moksnes, Moljord, Espnes, & Byrne, 2010). Therefore, it can be
hypothesized that, within a female high SES-group, CRF may increase
because of stress and pressure from high self-expectations to exercise
more often than average, and to obtain body image ideals. Thus, the poor
mental health status was not necessarily caused by an increase in CRF;
instead, the variables may have mutually been affected by external stress
and pressure, hence the association. Future studies that examine the
association between physical fitness and mental health among
adolescents should include SES as a covariate and potential moderator,
to be able to substantiate, or contradict these findings.
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7.1.2 Muscular strength

The results from Paper 1 showed a cross-sectional association between
muscular strength and TDS when the mixed model did not control for
CRF. However, the association was not present when controlling for
CRF. A possible explanation is that the participants with high CRF were
also likely to have a relatively high muscular strength (Moliner-Urdiales
et al., 2011) but the participants with high muscular strength did not
necessarily have high CRF. A further interpretation is that muscular
strength is not associated with psychological difficulties; they were only
associated in the initial model because the fitness components are
strongly correlated. Paper 1 and other previous cross-sectional studies
ruled out muscular strength as associated with mental health outcomes,
when controlling for CRF (Andersen et al., 2017; Janssen et al., 2020;
Kelly et al., 2010; Rieck et al., 2013; Yeatts et al., 2017). These studies,
however, did not examine immigrant subgroups, which makes the
findings of Paper 4 important, as they provide evidence of an
understudied subgroup.

The immigrant subgroup examined in Paper 4 showed an inverse
association between change in muscular strength and follow-up
psychological difficulties. However, based on interpretations of the p-
value and confidence interval, this is the least certain of the present
findings. The p-value of the association (p = .061) is non-significant in
the traditional sense, however, it still indicates that the data conforms
more toward the association hypothesis, rather than the null hypothesis
(Greenland et al., 2016). Furthermore, the confidence interval crosses the
null value, but the limits indicate that the association with 1 SD muscular
strength increase spanned from 38% lower- to 0.9% higher follow-up
TDS than the immigrant means (10.7). The upper limit represents an
association of small clinical significance, while the lower limit represents
a potentially relevant and clinically important association (Goodman &
Goodman, 2009). Given the scarcity of similar previous research, it can
only be speculated why the present results indicated that increased
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muscular strength may be favorable for conduct problems and
hyperactivity, among immigrant adolescents specifically. A possible
explanation is a psychosocial mechanism (Lubans et al., 2016) revolving
around “the self” a collective term that includes related concepts such as
self-esteem, self-perception and self-efficacy (Collins et al., 2019).
Studies have found muscular strength to be associated with self-esteem
and similar concepts such as self-perception, perceived physical
appearance and physical self-worth (Lubans & CIiff, 2011; Smith et al.,
2014). These findings have also been supported by recent research
suggesting a strong link between strength training and “the self” in
adolescents (Collins et al., 2019). In turn, lower self-esteem has been
associated with both conduct problems (Ha, Petersen, & Sharp, 2008)
and hyperactivity (Edbom, Lichtenstein, Granlund, & Larsson, 2006).
The reason why the present association was found only among
immigrant adolescents could be due to immigrants having lower self-
esteem than their non-immigrant peers (Bankston & Zhou, 2002). To
discuss potential reasons why immigrant adolescents may have poorer
sense of self than their non-immigrant peers is beyond the scope of this
thesis. However, when considering the challenging process of adolescent
development (Christie & Viner, 2005; Steinberg & Morris, 2001), in
combination with the challenges to peer relationships and identity
development that immigrated adolescents experience (Oppedal,
Regysamb, & Heyerdahl, 2005; Virta, Sam, & Westin, 2004), it appears
that there are greater threats to immigrants’ sense of self than their native
peers. Research suggests that how adolescents perceive their physical
appearance is the most important aspect of their overall sense of self
(Harter, 2003; Harter & Whitesell, 2001). Furthermore, positive peer
relationships and belonging to a peer group are associated with
adolescent identity development (Rageliené, 2016). However, perceived
physical appearance, feelings of belonging to a peer group and identity
development can be distorted by discrimination (Virtaetal., 2004). Thus,
the present findings in concert with previous research, suggest the
possibility that improving muscular strength can attenuate this distortion
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and prevent negative senses of the self. The societal importance of
integration and acculturation of immigrants warrants more research to
corroborate the findings.

7.1.3 Body composition

The present results showed no cross-sectional or prospective association
between BMI and psychological difficulties. This is in congruence with
similar studies that control for CRF in the analyses, and do not find
associations between body composition and depression, or similar
mental health outcomes (Janssen et al., 2020; Kelly et al., 2010; Rieck et
al., 2013; Ruggero et al., 2015; Yeatts et al., 2017). There are examples
of studies with adolescent populations that find body composition to be
associated with appearance-related mental health outcomes, such as self-
esteem, physical self-worth, body image and body satisfaction
(Greenleaf et al., 2010; Lubans & CIiff, 2011; Voelker, Reel, &
Greenleaf, 2015). It might be a psychosocial mechanism, through which
body composition influences appearance-related mental health
outcomes, but not depression. According to Markey (2010), body image
IS not static; it refers to ““...how individuals feel about themselves as they
inevitably undergo physical changes across the lifespan”. Considering
the major physical changes that characterize adolescence, it is a period
in which body image can be vulnerable. Body image is also an important
aspect of adolescent development, considering that perception of
physical appearance may constitute the most important aspect of
adolescents’ sense of self (Harter, 2003; Harter & Whitesell, 2001).
Body image and -satisfaction/dissatisfaction is largely influenced by
cultural appearance ideals, peers, parents and social comparison (Grabe
et al., 2008; Lawler & Nixon, 2011; Schaefer & Salafia, 2014). It is
therefore likely that, among adolescents especially, appearance-related
components of physical fitness, such as body composition, are associated
with body image and similar concepts. Regrettably, the instruments used
in the School in Motion study do not measure these subsets of mental
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health and it is therefore assumed with caution that the association might
exist within the present population. However, the potential link between
physical fitness and appearance-related mental health outcomes is
important to elucidate, considering the link between body image and
depression, which has been shown to persist from adolescence to
adulthood (Blashill & Wilhelm, 2014). Equally important is the
elucidation of a major limitation among several studies of this research
area: The studies that found associations between body composition and
mental health outcomes, did not control for CRF in their analyses
(Greenleaf et al., 2010; Lubans & CIiff, 2011). This limitation is also
prevalent in similar studies of adult populations: Close examination of
two systematic reviews that found body composition to be associated
with depression, revealed that none of the reviewed studies controlled
for CRF (Luppino et al., 2010; Pereira-Miranda, Costa, Queiroz, Pereira-
Santos, & Santana, 2017). Not controlling for the potentially
confounding effect of CRF, or muscular strength, can potentially lead to
erroneous conclusions. Thus, future studies should control for all three
components of physical fitness, or at the very least, researchers should
be mindful of the limiting consequences of only measuring body
composition, when assessing associations with mental health outcomes.

In summary, the nature of the association between physical fitness
components and mental health among students in Norwegian lower
secondary school, is complex. The findings suggest that the associations
depend on moderators such as sex and immigrant status. Moreover, the
findings also suggest that the moderators influence different components
of physical fitness (e.g., sex and SES — CRF, immigrant status —
muscular strength).

7.2 Research question 2

How is a complex school-based PA intervention implemented in
Norwegian 9" grades and what influences the implementation process?
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This question is elucidated in Paper 2, which aimed to evaluate the
process of how intervention model 2, Don’t worry, be happy, was
implemented.

The main findings show large differences between schools regarding
how DWBH was implemented and how various factors influenced the
implementation. Schools 1 and 4 made minor adaptations in the way
DWBH was organized, and these were positively received by the
students. Intervention characteristics, spacious facilities, scheduling and
participant- and provider characteristics positively influenced all aspects
of implementation. School 2 made major adaptations to how DWBH was
scheduled, which reduced both responsiveness and fidelity.
Additionally, limited facilities, participant- and provider characteristics
negatively impacted fidelity, quality and dose received. School 2 was the
only school where the intervention was negatively received. School 3
made one major adaptation in how DWBH was organized, and it was
poorly received by the students. The intervention itself was otherwise
positively received. Limited facilities and scheduling negatively
impacted fidelity. Intervention-, participant- and provider characteristics
positively influenced responsiveness, quality and perhaps also dose
received.

In Schools 1, 3 and 4, the teachers decided to have two identical BH
lessons rather than DW and BH. The providing teachers decided on this
adaptation because they thought it fit with the purpose of the intervention
and because they had the opportunity to do it. Students and teachers
agreed that the adaptation was beneficial. In School 2, however, the
adaptations were made primarily from contextual limitations: All grades
and classes followed a fixed schedule and they could not reorganize only
for 9" grade students. Therefore, two intervention lessons were added to
the schedule instead of only one, which reduced students’ leisure time
and caused a negative response before the intervention had even started.
Moreover, School 2 had inadequate facilities relative to their number of
students. Therefore, most of the students had to do their BH activities off
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school grounds. These factors, in combination with limited teacher
supervision, likely led to frequent truancy among students in School 2.
There were also contextual limitations that caused adaptations in School
3: There were inadequate facilities relative to the number of students,
which compelled the supervising teacher to carry out BH in separate
classes. However, because of poor scheduling, the gymnasium was
occupied during one of the intervention lessons, which prevented one
class from using the gymnasium in their BH lessons. The adaptation was
not positively received among students. These adaptations and their
respective reactions can be elucidated by Moore, Bumbarger, and
Cooper (2013) who claim that adaptations can be either positive, neutral
or negative, and be carried out for either logistical or philosophical
reasons. An intervention can be adapted to fit the context and positively
influence implementation (Berkel et al., 2011; Durlak & Dupre, 2008),
which is what happened in Schools 1 and 4, and to some extent in School
3, where they made  positive adaptations for philosophical reasons. In
School 2 and partly in School 3, however, negative adaptations for
logistical reasons negatively impacted implementation. The findings
involving adaptations indicate that schools that were likely (because of
their preconditions) to succeed in implementing DWBH anyway, made
the positive adaptations. Conversely, the schools that were less likely
(because of their preconditions) to succeed in implementing DWBH
made the negative adaptations.

Facilities were an important frame factor that differentiated the schools
and influenced how DWBH, was adapted differently in each school. In
combination with the facilities, the implementation process continued to
develop from the dynamic interaction between intervention components,
teachers and students. Furthermore, this development occurred
differently on multiple levels: the school level (e.g. different facilities,
scheduling and teachers), class level (e.g. the scheduling problem in
School 3, where one of the participating classes did not have facilities
during DW), activity-group level (e.g. few groups within a school
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pursued the same activities) and student level (e.g. students lost interest
and changed groups). This development fits the concept of emergence,
described in complexity theory as unpredictable behavior that comes
from complexity, irrespectively of previous knowledge (Mason, 2008).
Moore et al. (2019) have also argued that introducing a complex
intervention in a complex system poses an almost infinite number of
uncertainties. Therefore, and despite plenty of qualitative information,
conclusive remarks cannot be stated regarding how suitable DWBH is
for all lower secondary schools in Norway. Moreover, addressing
whether DWBH “worked” is not within the scope of Paper 2. The
process evaluation, however, provides additional information about
whom, under what circumstances and why (Bonell et al., 2012; Deaton
& Cartwright, 2018), to improve the ability to interpret the outcome
results (Oakley et al., 2006).

To summarize how DWBH was implemented and what influenced
implementation process; the degree of implementation varied greatly and
depended upon several factors, with facilities emerging as potentially the
most important factor. Moreover, the results indicate that the majority of
students and teachers found DWBH to be relevant and enjoyable when
1) DWBH had few or no consequences for students’ leisure time; 2)
DWBH was executed with adequate facilities; 3) DWBH was provided
by teachers who were present and cared about what their students did;
and 4) adaptations were perceived positively and did not negatively
impact on 1), 2) or 3).

7.3 Research question 3

To what extent can two school-based PA interventions affect the mental
health of Norwegian 9" graders?

Paper 3 attempts to answer this question, by presenting the intervention
outcomes of the School in Motion study. The aim of Paper 3 was to
assess the effect of two school-based PA interventions on adolescents’
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mental health. The complete case results indicated that psychological
difficulties for the overall population were not affected by the
interventions. Subgroup analyses, however, showed beneficial effects
from both interventions: Intervention model 1 reduced psychological
difficulties in the subgroup with the highest baseline levels of TDS, and
both interventions prevented psychological difficulties from increasing
in the immigrant subgroup. Analyses of the SDQ subscales also revealed
an opposite effect: Intervention model 2 caused peer problems to
increase among non-immigrant girls and in the subgroup with borderline
TDS at baseline.

Although the immigrant subgroups’ mixed model p-values were non-
significant in the traditional sense, they were low enough to indicate that
the data conformed more to the hypothesis of an effect, than the null
hypothesis (Greenland et al., 2016). Furthermore, compared to the
control group, the difference in change of 95% of intervention group 1
spanned from a 3.5 points lower increase to a 0.3 points higher increase
in TDS. The equivalent difference in change for 95% of intervention
group 2 spanned from a 4.4 points lower increase to a 0.2 points higher
increase. The two upper limits of 0.3 and 0.2 points, respectively, suggest
an increase of no clinical importance. The lower limits, however,
represent effects of potentially substantial clinical significance
(Goodman & Goodman, 2009). Therefore, despite p-values above the
traditional significance level and confidence intervals containing null-
values; the interventions may have assisted in preventing a clinically
significant risk-increase for developing a mental disorder for a majority
of the immigrant subgroup.

Respectively, 85% and 83% in intervention groups 1 and 2 had normal
levels of psychological difficulties. The absence of an overall effect is
therefore not surprising, and it is possible that a ceiling effect has
occurred. Ceiling effects were also suspected in the studies by Eather et
al. (2016), Smith et al. (2018) and Christiansen et al. (2018), which
compare closely to Paper 3. One possible explanation is the intervention
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period: The School in Motion interventions lasted 29 weeks, longer than
in similar studies (Eather et al., 2016; Lubans et al., 2016; Smith et al.,
2018). However, it might have been too short to attenuate an overall
increase in psychological difficulties among generally healthy
adolescents. Furthermore, although 80-81% of the dose was registered
as delivered, analyses on PA outcomes show that intervention model 1,
“Active Learning”, slightly increased school-time PA levels, while
DWBH did not (Kolle et al., 2020, submitted). This difference may have
been caused by the design of DWBH: All three components of Active
Learning were teacher-led and were anticipated to be performed with
moderate to high intensity. DWBH, however, contained two lessons that
were mainly student-led. The process evaluation in Paper 2 substantiates
the hypothesis that the extensive freedom and student-led activities that
characterized DWBH sometimes led to truancy. Additionally, the
intervention specified that students were allowed to choose their
preferred activity, which involved everything from low intensity walking
to high intensity soccer. These factors may have resulted in a
dichotomization among the DWBH participants, characterized by
physical activity and inactivity. The absence of an overall effect may also
be partially explained by the control population, who also were
physically active: Lower secondary school students in Norway attend at
least two PE lessons per week and can opt in for the elective subject of
physical activity and health (often organized weekly in 90-minute
lessons). In addition, 63% of lower secondary school students in Norway
participate in leisure time sports (Bakken, 2019). Among upper
secondary school students, however, only 40% participate in leisure time
sports and it is possible that an intervention continuing into this period
of adolescence would have shown an effect in the overall population.

7.3.1 Abnormal psychological difficulties at baseline

TDS decreased in all abnormal TDS at baseline subgroups respective to
intervention group 1, 2 and control, indicating a regression to the mean.
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However, the abnormal TDS at baseline subgroup within intervention
group 1 displayed a reduction in TDS that was more than twice as big as
the reduction in the corresponding control subgroup. The subgroup’s
mean reduction from Active Learning was nearly 3 points larger than the
reduction in the corresponding control subgroup, which may represent a
clinically important difference (Goodman & Goodman, 2009). The
results concur with previous studies that also found effects in subgroups
with poor mental health at baseline (Christiansen et al., 2018; Eather et
al., 2016; Smith et al., 2018).

The effect on TDS could be attributed to reductions in conduct problems
and hyperactivity. A possible explanation for the reduction in conduct
problems is the behavioral mechanism (Lubans et al., 2016), which also
was proposed as an explanation for part of the findings in Paper 4. To
reiterate, aerobic PA can positively influence self-regulation (Laberge et
al., 2012; Wills et al., 2007) and coping (Wijndaele et al., 2007), which
may act as a preventive factor against conduct problems (Ebata & Moos,
1991; Okado & Bierman, 2015). There is conflicting evidence against
this finding also, for example the meta-analysis by Ahn and Fedewa
(2011), which did not show an association between PA and conduct
problems. The reduction in hyperactivity can be explained by the
neurobiological mechanism (Lubans et al., 2016), another possible
explanation for findings in Paper 4. According to the review by Gapin
etal. (2011), PA can be beneficial for hyperactivity/ADHD by increasing
cerebral blood flow, availability of dopamine and norepinephrine, and
brain derived neurotrophic factor.

7.3.2 Immigrants

The immigrant subgroups that received Active Learning and DWBH
displayed a smaller increase and no increase in TDS, respectively,
compared to the corresponding control subgroup. Mainly, the effect from
Active Learning could be attributed to reductions in emotional problems,
and the effect from DWBH could be attributed to reductions in emotional
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problems and a prevented increase in hyperactivity. Possibly, the
psychosocial mechanism, social support, may explain the results from
both interventions (Lubans et al., 2016): Social support has been
associated with sports participation (Babiss & Gangwisch, 2009), which
can explain the results from Active Learning. Moreover, social support
may have been improved from DWBH, considering the interventions
was designed to facilitate positive social relationships. Immigrant
adolescents experience less social support than non-immigrants, and
therefore might have a larger potential for change (Oppedal & Rgysamb,
2004). Social support has been inversely associated with hyperactivity
(Mastoras, Saklofske, Schwean, & Climie, 2015) and can also stave off
emotional problems (Garnefski & Diekstra, 1996), thus potentially
explaining the results from both interventions.

In the discussion of Paper 4 (Chapter 7.1.2), the sense of self was
suggested as a potential explanatory mechanism for the prospective
association between muscular strength and psychological difficulties
among immigrant adolescents. This might also help explain the
interventions’ effects. To reiterate, adolescent immigrants may have
lower self-esteem than their non-immigrant peers (Bankston & Zhou,
2002) and may therefore have more potential for change. Furthermore,
PA is associated with adolescent self-esteem (Dale, Vanderloo, Moore,
& Faulkner, 2019) and it is possible that immigrants’ sense of self
improved as a result of the positive social context of DWBH. In turn,
self-esteem is associated with hyperactivity (Edbom et al., 2006) and
emotional health (Moksnes & Espnes, 2012). Identity development is an
important part of adolescence and can be influenced by positive peer
relationships, self-esteem, self-perception and self-efficacy (American
Psychology Association, 2002; Collins et al., 2019; Ragelieng¢, 2016).
However, racial discrimination against immigrants occurs and can
influence these and other connected outcomes (Virta, Sam, & Westin,
2004). Although more data is needed to support these speculations, it is
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possible that both interventions contributed to reduce negative influences
on immigrants’ sense of self.

Immigrant adolescents are an understudied population when it comes to
investigating the effects of PA on mental health. However, there exist
somewhat comparable studies: For instance, a study on an adult
immigrant population in Sweden investigated the effect of a four-month
lifestyle intervention. The intervention positively influenced mental
health, and the authors emphasized increased PA and social support as
potential causes (Siddiqui, Lindblad, Nilsson, & Bennet, 2019).
Furthermore, in a qualitative study, “enhanced self-confidence,
happiness, and lower stress” were frequently reported as experienced
benefits from PA among adult and adolescent immigrants of different
origins in USA (Wieland et al., 2015).

7.3.3 Detrimental effects

In the subgroups non-immigrant girls and borderline TDS at baseline that
received DWBH, peer problems increased, while their respective control
counterparts displayed decreases. The differences in change were small
to moderate but gave reason for concern. Scoring high on peer problems
is characterized by the SDQ as being solitary, having few friends, being
bullied by others and getting along better with adults than with peers.
The negative effects were surprising, considering that the intervention
was designed to facilitate social relationships through PA. Additionally,
participation in team sports has been associated with fewer mental
problems than participation in individual sports (Breistgl, Clench-Aas,
Van Roy, & Raanaas, 2017), and a recent review by Pels and Kleinert
(2016) concluded that PA could contribute to reducing loneliness. The
process evaluation of DWBH, outlined in Paper 2, offers a possible
explanation for the negative effect among girls: The formation of activity
groups could lead to some girls feeling ostracized, while planning and
cooperating within the group sometimes led to disagreements, which
could cause one or several girls to leave their groups. Previous research
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on sex differences in adolescent peer relationships has shown that social
anxiety, expressed by a “fear of negative evaluation from peers, and
more social avoidance and distress in new situations” (La Greca &
Lopez, 1998), is more prevalent in girls than in boys. Furthermore, while
boys tend to thrive in social groups, girls tend to place more emphasis on
dyadic relationships (Prinstein, Borelli, Cheah, Simon, & Aikins, 2005),
perhaps because they experience less conflicts in these relationships.
According to Xie, Swift, Cairns, and Cairns (2002), conflicts among girls
involving social aggression, e. g., exclusion, isolation and gossiping,
most often occur in groups of four or more members, a common group
size in the DWBH intervention. The potential sources of conflict for the
non-immigrant girls may also have been the reason for the negative
effect in the borderline TDS subgroup; however, it is unclear why the
negative effect occurred specifically in this subgroup.

7.4 Methodological considerations

This thesis contains many strengthening characteristics. The School in
Motion project recruited a large study population; quantitative and
qualitative methodological approaches have been used to reach the
thesis’ aims; three separate components of physical fitness were
objectively measured; a widely used and validated instrument measured
mental health; and analyses included several important covariates and
subgroups. However, there are also several limitations that must be
considered. The following sections present the methodological
limitations, their circumstances and the considerations that were made,
in terms of how the limitations may have influenced the research process.

7.4.1 Quantitative studies

The main limitations of Papers 1, 3 and 4, is the large number of missing
values. Out of 2084 consented participants from all schools participating
in School in Motion, only 925 participants completed both baseline and
follow-up testing. The missing values were primarily handled by
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complete case analyses and supplemented with multiple imputation.
Complete case analysis is debated because it excludes much observed
information (Bartlett, Carpenter, Tilling, & Vansteelandt, 2014).
According to Hughes, Heron, Sterne, and Tilling (2019), complete case
analysis can potentially produce unbiased results if data are missing at
random, missing completely at random and not missing at random.
Others, however, argue that complete case analyses are valid only when
data are missing completely at random, and in case of other missingness
mechanisms, multiple imputation is a superior alternative (Pedersen et
al., 2017; Sterne et al., 2009). On the other hand, when large amounts of
data are imputed, which was the case in the present analyses, multiple
imputation can also produce biased results (Hughes et al., 2019; Lee &
Carlin, 2012). Moreover, multiple imputation can create another problem
if used on cluster randomized groups and subgroups, by skewing the
imputed values toward the mean (Sullivan, White, Salter, Ryan, & Lee,
2018) and thus attenuate potential effects and associations. In reality,
there are no satisfactory solutions when data are missing (Altman &
Bland, 2007), thus missing data handling is more about choosing the
lesser evil and transparent presentation. Ideally, the amount of missing
data should have been prevented when testing; however, this was proven
difficult in the present data collections. Because testing was voluntary,
no participant was forced to complete the tests, which caused some
participants to opt out. To give an anecdotal example, there were many
students who stated that they did not want to run the CRF test and many
did not want to measure their weight. Moreover, the School in Motion
study measured many other outcome variables via questionnaire. Thus,
SDQ was one of many components in a large and extensive
questionnaire, which took a long time to complete (45-60 minutes). The
missing data from the SDQ may be caused by participants who did not
bother to complete or did not bother to fill out all questions. Future
studies that use questionnaires composed of several instruments, should
consider that the size of the questionnaire may be detrimental for
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participation. Another consideration is the possibility of offering an
incentive, to motivate participants to complete the questionnaire.

The main findings of Paper 3 and 4 are based on subgroup analyses and
there is a risk that these findings are spurious. On one hand, it is of this
author’s opinion that by adhering to the critical criteria set by Sun et al.
(2012), the credibility of the subgroup findings remains satisfactory. On
the other hand, considering the small size of the small subgroups and the
potential influence of missing values, the subgroup results are uncertain
and need confirmation in future studies.

As explained in Chapter 5.1.3 Outcome measures, the running field
distance in the CRF-test had to be reduced from 20 m to 16 m, due to
spatial limitations in many gymnasiums. This reduction is a limiting
factor as it makes our CRF-results incomparable to results from other
studies that use the Andersen-test. However, this limitation did not affect
the main results since running distance in meters was used as the
measurement unit, and not estimated maximum oxygen uptake.

There are some concerns regarding the use of the self-report version of
the SDQ. Respondents who are required to evaluate themselves
positively or negatively via self-report questionnaires have been shown
to answer in a socially desirable way (Leising, Locke, Kurzius, &
Zimmermann, 2016). Another concern is the potentially low sensitivity
to change, explained by Goodman et al. (2000): SDQ completed by
parent, teacher and the child itself has the highest sensitivity. Moreover,
the recommendation is that if one of these measures has to be dropped,
it should be the self-report measure. This constitutes a major uncertainty
for the results, considering that SDQ is the main outcome variable. The
key reason for using self-report was to avoid placing an unnecessary load
on the teachers, who already were required to provide the interventions.
To have parents, students and teachers complete the SDQ was not
considered as a possible solution. The internal consistency results
pertaining to SDQ were quite low and are similar to Italian (Riso et al.,
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2010), Finnish (Koskelainen, Sourander, & Vauras, 2001) and Dutch
(Muris et al., 2004) study results. Internal consistency results tend to
favor native English speakers (Goodman et al., 2003; Ruchkin, Jones,
Vermeiren, & Schwab-Stone, 2008), which suggests that they
understand the SDQ statements better than populations who use
translated questionnaires. Age is also a factor, as the internal consistency
is lower for younger adolescents, such as the present population,
compared to older adolescents as examined in studies by Bge, Hysing,
Skogen, and Breivik (2016) and Sagatun et al. (2007).

The cross-sectional and prospective cohort designs of Papers 1 and 4
limit the ability to make causal inferences, while the RCT design of
Paper 3 permits causal inferences. However, the use of RCTs to evaluate
the effect of a complex public health intervention is debated (Byrne,
2013; Hawe et al., 2004) and to quote Bonell et al. (2012), “the
magnitude of effects in complex public health interventions can be much
more modest, gradual, and entangled with other factors”. While
randomization is assumed to eliminate systematic differences between
units, the process evaluation of Paper 2, indicated that at least three
variables (frame factors, participant characteristics and provider
characteristics) varied greatly between schools. The variation may have
caused systematic differences between clusters within the intervention
group and the differences likely influenced DWBH outcomes (Durlak &
Dupre, 2008). The differences caused DWBH to be implemented
differently, to the extent that students in different schools received
different interventions. It is possible that if the pre-determined inclusion
criteria also included adequate facilities, only schools that could
accommodate the intervention would have been invited. This would have
reduced the representativeness of the schools, but on the other hand, the
participants would be more likely to have received the intervention as
intended, and without much variation. The intervention period of 29
weeks may also have been too short. Successful implementation of
interventions in schools can take between three and five years (Rimm-
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Kaufman, Fan, Chiu, & You, 2007; Sugai & Horner, 2006). Moreover,
even if the implementation was adequate the entire period, 29 weeks
might not be enough time to attenuate an overall increase in
psychological difficulties among generally healthy adolescents.

7.4.2 Qualitative study

Ideally, data collection should have occurred more than once (Moore et
al., 2015). Limited time and resources only allowed collection at one
time point and restricted the number of schools that could be
qualitatively evaluated. Implementation can change over time
(Dusenbury et al., 2003), therefore it is important to note that the present
findings might not represent implementation throughout the intervention
period. Moreover, considering that the qualitative data collection
spanned over two months, the implementation process in the first school
evaluated might have been at a different stage than in the last school
evaluated. Possibly, a qualitative data collection at the end of the
intervention period would reflect a more successful implementation.
Unfortunately, this was not possible because the quantitative data
collection was scheduled at the end of the intervention period, thus, there
would not be sufficient time to do both simultaneously.

7.5 Implications

Before the implications of this thesis can be outlined, it is important to
point out that this thesis does not intend to recommend additional school-
time PA as a miracle cure against all mental health problems, academic
struggles and hardships related to adolescent development. There will
always exist specific cases that should be handled individually, with
carefully thought out approaches that go beyond the topics discussed in
this thesis.

The results indicate that school-time PA programs are beneficial for the
mental health of adolescent immigrants and adolescents with high levels
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of psychological difficulties. Moreover, increasing muscular strength
may be beneficial for psychological difficulties among adolescent
immigrants, and increasing CRF may be beneficial for psychological
difficulties among adolescent boys. The Active Learning intervention, or
elements of it, could be implemented as a strategy to positively influence
the mental health of immigrants and students who are at risk of
developing mental problems. Furthermore, it is possible that on a longer
term, the PA program may also show benefits for the overall population,
considering that mental problems increase and PA decrease throughout
adolescence (Bakken, 2019; Dalene et al., 2018). Special notice should
be taken of the results that pertain to the immigrant subgroup. The
hypothesized mechanisms used to explain the results suggest that the
immigrants’ experience Of adolescence is characterized by less positive
peer relationships and threats to the sense of self and identity
development. If school-time PA improves on this experience, it should
be strongly considered by school stakeholders. The DWBH intervention
especially, showed promising effects in the immigrant subgroup. As a
consequence, aspects of the DWBH intervention, such as forming small
activity groups to facilitate positive experiences through PA could be
implemented in school as a program of its own, or as part of ordinary PE
lessons. The design and execution of DWBH should also be thoroughly
revised and evaluated in other studies, to avoid the negative effects on
peer problems that were displayed among non-immigrant girls and those
with borderline psychological difficulties. It is possible that more teacher
supervision can prevent conflicts from occurring, but this can only be
speculated.

Regarding the feasibility of the evaluated PA programs, the results are
generally favorable. However, it is important to note that schools
received extra funding to implement one additional hour to their weekly
schedules. It is therefore unlikely that the programs, as they are, can be
implemented without this funding. Additionally, programs such as
DWBH may be too demanding for some schools that have inadequate
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facilities, relative to the number of students. Attempts to implement
DWBH in schools that are not equipped for having entire grades in
simultaneous activity can have detrimental consequences for how
participants view the program and how it is implemented. However, it is
feasible to implement certain aspects of the DWBH intervention as part
of ordinary PE lessons, as mentioned in the previous paragraph. The
physically active academic lessons of the Active Learning intervention
are likely the most feasible aspect of the two interventions, as they can
be incorporated into other subjects. However, this also requires
resources, as teachers need to learn how to incorporate PA in each
theoretical subject. Both interventions required the schools to allocate
time from other subjects to make room for PA. This can also be
considered feasible, although at least one school failed to comply with
the requirement.

The implications that may come from this thesis should be considered in
light of the educational aims and responsibilities, curricular development
and political initiatives that are outlined in Chapter 2. Firstly, these
results should have implications for how the new core curriculum in
Norway, and its interdisciplinary topic “Health and life skills” (The
Norwegian Directorate for Education and Training, n. d.) is
implemented. Secondly, implementing the PA programs, or aspects of
them, would also assist schools in fulfilling their responsibility of
contributing to students’ health and well-being ("The Education Act,”
1998a). Thirdly, by implementing the PA programs, or part of them,
schools can fulfill the objectives in “The Public Health Message”, which
stated that the government had a responsibility to protect children and
adolescents from the dangers of inactivity (Ministry of Health and Care
Services, 2015).
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7.6 Recommendations for future research

This thesis’ literature review, results, discussion and practical
implications all form a base from which future research should be
directed.

The first recommendation revolves around the novel findings regarding
how adolescent immigrants especially can benefit from school-time PA
and, possibly, increased muscular strength. Discussing the role of school
in issues related to immigration is beyond the scope of this thesis.
However, schools are important arenas for the integration and
acculturation of immigrated children and adolescents. Much effort
should be put into researching whether school-time PA is an approach
that can benefit the mental health of this population, or if the present
findings were spurious.

The second recommendation is to re-evaluate the DWBH intervention,
with the purpose of avoiding negative effects for any subgroup.

The third recommendation is to further explore the relationship between
physical fitness and mental health among adolescents, using longitudinal
designs. Research is scarce, and improved knowledge of this relationship
can be important for how schools, or other societal institutions, work to
promote adolescent health.

Other, more general, but equally important recommendations for the
research field include:

e Always perform a process evaluation of a complex RCT and
connect the findings to the intervention outcomes.

e If possible, investigate potential moderators of the relationships
between PA, physical fitness and mental health.

e Future examinations of the relationship between physical fitness
and mental health should include more than one measure of
physical fitness. They should also include more than one measure
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of mental health and, if possible, measure hypothesized
mechanisms to examine whether they mediate the relationship
between PA, physical fitness and mental health.
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8 Conclusion

The aims of this thesis were to elucidate various aspects of the
relationship between school-based PA interventions, physical fitness and
mental health among adolescents, and the feasibility of school-based PA
interventions in lower secondary school. These topics have been
elucidated through four research papers, using different methodological
approaches.

CRF was associated with mental health and improved CRF over one year
was associated with mental health among boys. In contrast, improved
CRF over one year was associated with poorer mental health among girls
with high socioeconomic status. Although this might be explained by the
stress and pressure experienced by this demographic, the findings nuance
the established knowledge of the association between PA and mental
health and exemplify a context in which other measures than PA should
be considered to promote mental health. Improved muscular strength
over one year was associated with mental health among immigrants,
which constitutes a novel finding in an understudied subgroup.
Implementing complex school-based PA programs in lower secondary
school is feasible, with certain very important caveats, depending on the
intervention characteristics, the school’s frame factors, provider
characteristics and student characteristics. There was a favorable causal
relationship between the interventions and mental health among
immigrants and those with high levels of psychological difficulties at
baseline. In contrast, findings also show a detrimental causal relationship
between one of the interventions and peer relationships among girls and
those with moderate levels of psychological difficulties at baseline. This
negative effect was likely caused by specific aspects of the intervention,
unrelated to PA per se. The collective findings of this thesis indicate that
improving physical fitness and implementing school-based PA programs
can be beneficial for mental health promotion among Norwegian
adolescents.
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Abstract

Background: Studies indicate that health-related components of physical fitness are assoclated with mental health
outcomes, However, research is scarce concerning this relationship in young adolescents in general and non-
existent in Norweglan populations specifically. The aim of the study was to examine whether body composition,
muscular strength and cardicrespiratory finess were assoclated with self-reported mental health in Noeweglan
adolescents.

Methods; Adolescents from four regions of Norway (n = 1486; mean age = 139, girls = 506%) participated. Self-
reported mental health (psychological difficulties) was measured by completing the Strengths and Difficulties
Questionnaire, Cardiorespiratory fitness was assessed with an intermitient running test; muscular strength was
assessed by measuring handarip strenath, standing broad Jump and sit-ups; and body composition was assessed
by calculating body mass index from weight and height. Linear mixed effects models were conducted to assess the
associations between the health-related components of physical fitness and psychological difficulties. Schoaol
clusters were includad as random effects and all modeis were controlled for sex, socioeconomic status and
birthplace (domestic or foreign).

Results: Body composition was not associated with psychological difficulties. Muscular strength was independently
associated with psychological difficutties, but when all independent variables were entered in the fully adjusted
model, only cardiorespiratory fitness was associated with psychological difficulties.

Conclusions: There was a small but sigaificant inverse association between cardiorespiratory fitness and levels of
psychological difficulties in Norweglan adolescents. The resuits suggest that muscular strength s not associated
with psychological difficulties in adolescents, when controlling for cardiorespiratory fitness. Future research should
focus on the prospective association between physical fitness components and mental health outcomes in
adolescents.

Trial registration: The study is registered in ChnicalTrials.gov 1D ne: NCT03817047. Retrospectively registered
January 25, 2019

Keywords: Physical fitness, Mental health, Strenaths and difficulties, Norway, Adolescence, Cross-sectional
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Background

“Mental health is defined as a state of well-being in
which every individual realizes his or her own potential,
can cope with the normal stresses of life, can work pro-
ductively and fruitfully, and is able to make a contribu-
tion to her or his community” [1]. Mental health
problems affect between 10 and 20% of the global child
and adolescent population [2] and approximately 18% of
adults will have experienced a form of mental disorder
within a one-year period [3]. Depression is the most
prevalent mental disorder, accounting for 41% of all
disability-adjusted life years caused by mental and sub-
stance use disorders [4]. Adolescent mental health prob-
lems have increased during recent decades in middle- and
high-income countries [5]. Although part of the increase
may be attributed to more awareness, help-seeking, and a
lower threshold for treatment, a real prevalence increase
for mental health problems has likely occurred. In
Norway, the percentage of lower secondary school girls
reporting depressive symptoms has increased from 16% in
2011 to 20% in 2016 [6]. Furthermore, at the end of upper
secondary school, 12% of boys and 29% of girls display
high levels of depressive symptoms. Onset of depression
during adolescence is associated with poor general health,
increased work impairment and  higher utilization of
health care services at age 20 [7], which has contributed to
mental disorders being the costliest conditions in Norway
[8]. Considering these detrimental effects of adolescent
mental health problems, it is Important to find effective
methods of prevention, or methods to improve adolescent
mental health,

Physical activity, physical fitness and potential
mechanisms
Evidence suggests physical activity is a protective factor
against mental health problems such as depression [9].
Moreover, physical activity can positively affect a range
of other mental health outcomes, such as mood, stress,
cognitive functioning [10], and self-worth [11]. Although
there is no clear consensus, many mechanisms have
been hypothesized to explain the relationship between
physical activity and mental health. Lubans et al. [12]
elucidated three of these mechanisms, First, the neuro-
biological mechanism proposes that physical activity al-
ters structural and functional compositions of the brain,
Second, the psychosocial mechanism proposes that
physical activity can provide social interaction, physical
mastery, independence and improved appearance self-
perception, Lastly, the behavioral mechanism proposes
that changes in behavior, such as sleep and coping skills,
mediates how physical activity affects mental health
outcomes.

While our physical activity level fluctuates from week
to week, physical fitness, although somewhat influenced
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by genes [13], represents the type, frequency, intensity
and duration of physical activity that has occurred over
time [14]. Physical fitness may therefore provide a more
stable measure of habitual physical activity levels, Phys-
ical fitness can be divided into health-related compo-
nents, such as cardiorespiratory fitness (CRF), muscular
strength, and body composition [15). Given the relation-
ship between physical activity and physical fitness, the
mechanisms proposed to explain the relationship be-
tween physical activity and mental health might also
apply for physical fitness and mental health [16}. How-
ever, the aforementioned components of physical fitness
may also be associated with mechanisms influencing
mental health outcomes, independent from physical ac-
tivity [17]. High CRF, as a result of vigorous aerobic
physical activity [18] can affect neurobiological processes
and inhibit Inflammation [16]. Body composition affects
body image [19], which in turn depends on cultural
norms [20]. Therefore, body composition may affect
mental health outcomes through sociocultural or psy-
chosocial mechanisms, in addition to the possible bio-
logical mechanisms that are associated with obesity [21].
Muscular strength may also depend on cultural norms
[22], thercby possibly affecting mental health through
similar mechanisms as body composition. Additionally,
muscular strength may affect neurobiological processes
differently than CRF, however, this is unclear [23],

Mental health and physical fitness in adolescents

Many studies have been conducted with adult popula-
tions regarding associations between mental health out-
comes and physical fitness. For Instance, reviews show
that lower levels of mental disorders have been associ-
ated with higher CRF [24], muscular strength [25] and
healthier body composition [26]. Similar studies examin-
ing adolescent populations, however, are scarce. Ruggero
et al. [27], showed that CRF was Inversely associated
with depression in 12- and 13-year-old girls (r = -.31)
and boys (¢ « -.39). Another study found that adolescent
girls with low CRF exhibited 31% higher levels of depres-
sion, compared to girls with high CRF [28]. The same
study also showed that boys and girls categorized as hav-
ing a fit body composition exhibited 12 and 25% higher
body satisfaction, respectively, compared to students cat-
egorized as having an unfit body composition, Regarding
muscular strength, Lubans and CIiff [29] found an asso-
ciation with self-worth in boys but not girls, and a re-
view by Smith et al. [30] showed a strong association
with self-esteem in adolescent populations,

Aim

A small amount of evidence regarding adolescents indi-
cates a relationship between the components of health-
related physical fitness and mental health outcomes.
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However, to the best of our knowledge, only the study
by Yeatts, Martin and Petrie [31] has measured the three
components CRF, muscular strength and body compos-
ition in association with a mental health outcome in ad-
olescents. Thus, it is unclear whether one component s
more important than others, Regarding Norwegian ado-
lescents specifically, only one study has examined a
mental health outcome in association with physical fit-
ness [32]. Therefore, the aim of the present paper was to
Investigate the relationship between health-related com-
ponents of physical fitness and mental health in Norwe-
gian adolescents.

Methods

Design and participants

The present study used cross-sectional data from the
baseline tests of the School in Motion project [33]. This
was a multicenter study, involving four geographically
separate regional test centers in Norway. Out of 103 in-
vited lower secondary schools, 29 schools agreed to par-
ticipate. Only cighth grade students (13-14-year-olds)
were invited to participate in the study (n=2733).

-
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Informed parental consent was obtained from 76% of
the invited students (m=2084). Not all students had
valid measures on all variables and Fig. 1 shows an over-
view of the participant flow. The participants were tested
in the spring of 2017, during school time, at their re-
spective schools. All test personnel received the same
training beforehand to make sure there were no discrep-
ancies in how the tests were carried out. All test proce-
dures were approved by the Norwegian Centre for
Research Data (project number 49094), and the project
is in accordance with the Declaration of Helsinki for ex-
periments involving humans.

Measurements

Body composition

Participants” weight without shoes was measured by
digital scale (Seca 899, Hamburg, Germany) and all mea-
surements were recorded to the closest 0.1kg. Their
clothes were noted, and their weight adjusted in the fol-
lowing analysis: 1kg was subtracted for pants and/or
sweater, 0.5 kg was subtracted for shorts/tights and t-
shirt, Height was measured by portable stadiometer

I Invited to participate (n = 2733) |

{ Declined or did not respond {n = 649) |

| Provided consent (n = 2084)

]

{Did not perform baseline testing (n = 39)|

[ performed baseiine testing (n = 2045) |

Did not provide all data (n = 559)

Domestic Birthplace (n = 288; 14%)

Standing broad jump (n = 128; 6%)

Sex (n=9; 0.4%)
SES (n = 128; 6%)

8MI (n = 98; 5%)
Handgrip (n = 95; 5%)
Sit-ups (n = 124; 6%)

CRF (n = 280; 14%)
TOS (n = 317; 16%)

73%)

Participants with all values (n = 1486;

cardicrespiratory finess, TDS « tonal difficuities score

Fig. ¥ Flow chart of cecruitment and participation with an overview of missng values. SES « socioeconomic status, BW « body rmass index. CRF =
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(Seca 123, Hamburg, Germany) and was recorded to the
closest mm. The values were used to calculate individual
body mass index (BMI) scores (kg/m?). None of the
measurements were disclosed to the participants.

Muscular strength

Sit-ups (n/305s), standing broad jump (best of two at-
tempts) and handgrip test (best of two attempts), as de-
scribed in the EUROFIT test battery [34] were used to
measure muscular strength. Participants performed sit-
ups with their knees in a 90-degree angle and their fin-
gers locked behind their head, and their feet held to the
floor by test personnel. To get a valid count, the partici-
pants had to touch their knees with their elbows, going
up, and touch the floor with their shoulders, going
down. Participants performed standing broad jump by
jumping as far as they could from a stand still position,
and the distance was recorded from the heel closest to
the starting point. Measurements were recorded to the
closest em. The handgrip strength test was executed
with the participants’ dominant hand, as they held their
arm down alongside their body, gripping a Baseline
dynamometer (Baseline” Hydraulic Hand Dynamometer,
Elmsford, NY, USA) as hard as they could for 3 5. Mea-
surements were recorded to the closest kg.

Cardiorespiratory fitness

CRF was assessed by a 10-min intermittent running test
[35]. The test was performed by the participants running
between two marked lines, 16 m apart, inside a gymna-
stum. They were required to touch the floor behind the
line with one hand before turning and running back. The
participants ran for 155, then paused for 155 on the test
leader’s whistle and this procedure was repeated for 10
min. According to test protocol, the intended distance be-
tween the lines is 20 m; however, limited space in many
school gymnasiums compelled us 10 set a new standard
distance at 16 m. Because of this, we could not estimate
maximum oxygen uptake from the test results, therefore,
we use running distance in meters (m) as an indirect
measurement unit of CRF when describing our results,

Mental health

To measure mental health, the participants completed a
Norwegian language version of the Strengths and Diffi-
culties Questionnaire [SDQ [36);]. The questionnaire
conslsts of 25 items divided into five subscales. The five
subscales cover emotional symptoms, conduct problems,
hyperactivity, peer relationships and prosocial behavior.
The questionnaire contains statements such as “ worry
a lot™,” 1 am easily distracted, | find it difficult to concen-
trate” and” Other people my age generally like me”. Par-
ticipants reply to the statements on a three-point Likert
scale:” not true”,” somewhat true® and” certainly true”.
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Each subscale scores from 0 to 10. Except for the pro-
social subscale, a higher score signifies a higher degree
of difficulties. A high score on the prosocial subscale sig-
nifies social strengths. The scores from all subscales ex-
cept the prosocial are summed to create the total
difficulties score (TDS). TDS scores from 0 to 40 and is a
dimensional measure of mental health for children and
adolescents, which means that on a population level, there
is a detectable reduction in psychopathology for each
point-reduction on the scale [37). It therefore represents
an indication of the general mental health state in the
measured population, but in the continuation of the
paper, we will refer to the outcome as either TDS or psy-
chological difficulties. The psychometric properties of the
SDQ have been validated in several countries [38-40), in-
cluding Norway [41].

Covariates

Other variables associated with mental health are sex
[42], domestic or foreign birthplace [43], and socio-
economic status [SES [44];]. The participants’ sex was
noted by test-personnel, and birthplace (“Were you
born in Norway”) was assessed in the questionnaire.
Parents’ education level was included as a measure of
SES [45).

Statistical analysis

Data management

Data were managed and analyzed in IBM SPSS Statistics
25 (IBM, Armonk, New York, USA). SDQ data were
scored according to the syntax provided by the SDQ in-
formation web page [46]. The syntax summed the scores
from each of the four subscales needed to create the
TDS variable. Cronbach's alpha was employed to assess
the internal consistency of TDS and the result was .62.

We created z scores stratified for sex and BMI quar-
tiles for handgrip strength, standing broad jump and sit-
ups. The z scores were used to create one composite
mean z score for muscular strength, SES was analyzed
by including only the parent with the highest education
level, Next, parents’ education level was categorized as
either” lower secondary school or less™,” upper second-
ary school”, “less than four years university education™
and “four years or more university education”.

Out of 2045 participants, 27% (n = 559; girls = 38.2%)
had at least one missing value. A new grouping varfable
was created to analyze differences between participants
with all values (1~ 1486) and participants with missing
values (n =559), The following primary analyses were
carried out on the complete-case group only, while ex-
tensive missing value analyses were conducted to exam-
ine if they influenced the primary results.
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Complete-case primary analyses

Descriptive statistics were calculated and are presented as
means and standard deviations (SD). Seven linear mixed
effect models with TDS as the dependent variable were
conducted. In models one to six, we assessed the separate
associations between TDS and the muscular strength vari-
ables and the health-related fitness components, In the
seventh model, the fitness components controlled for each
other. All models controlled for the covariates (sex, do-
mestic birthplace and SES). We report estimates (unstan-
dardized coefficients) and their 95% confidence intervals
(95% C1), Estimates reflect the change in TDS as a result
of one unit of measurement increase in the independent
variables. Initial linear mixed effect modelling showed no
statistically significant interaction effects between sex and
the physical fitness variables, using TDS as the dependent
variable. To account for passible effects of clustering of
observations within schools, school site was included as a
random effect in all models. A p value < .05 indicated stat-

istical significance.

Missing value analyses
To assess whether missing values were missing com-
pletely at random (MCAR), Little's MCAR test was used.
The analysis did not support MCAR (104.331, DF = 24,
p<.001). Pattern analysis (not shown) indicated that the
data were likely missing at random (MAR), A possible
explanation for the missing values is that we never
forced the participants to complete the tests, which may
have caused some participants to opt out. For instance,
many stated that they did not want to run the CRF test.
Moreover, the SDQ was one of many components in a
large and extensive questionnaire. The missing data
from the SDQ may be a consequence of the size and
duration of the extended questionnaire, which may have
caused many to quit before completion. However, this is
unclear and there may be other reasons unknown to us.
One-way ANOVA was used to assess differences between
the complete-case group and the missing-values group.
Pearson’s correlation analysis was used on the fitness vari-
ables and TDS, for the purpose of examining if associations
were similar in both groups. Multicenter studies are vulner-
able to differences in missingness between test centers [47],
and this was examined using frequency statistics. As our
final action in handling the missing values, we employed
multiple imputation [48, 49). Five imputations were gener-
ated from relevant variables, using the automatic procedure
with 10 iterations, with the assumption that data were miss-
ing at random. A linear mixed effects model was conducted
on the imputed dataset, with TDS as the dependent vari-
able, and all health-related components of physical fitness
variables and covariates entered as independent variables.
The imputed dataset results are presented, in addition to

Page Sof 10

the complete-case results, as recommended by Manly and
Wells [50] and Sterne et al. [51].

Results

Descriptives and group comparisons

Descriptive results and group differences between the
complete-case group and missing-values group are pre-
sented in Table 1. Compared to the complete-case group,
the missing-values group had 1.5% higher mean BMI
(p = .047), performed 59% worse on the handgrip test
(p <.001), 23% worse on the standing broad jump test
(p = .005) and had 2.9% higher CRF (p < 001). The missing-
values group scored 15.5% higher for TDS (p < .001).

Linear mixed effects models

Results from the linear mixed effects models are summa-
rized in Table 2. Model 1 indicated no association be-
tween BMI and TDS. Model 2 indicated an inverse
association between sit-ups and TDS (b= -.088; 95%
Cl=-.156 to -.020; p=011). Model 3 indicated no as-
sociation between standing broad jump and TDS. Model
4 indicated no association between handgrip strength
and TDS. Model 5 indicated an inverse association be-
tween muscular strength and TDS (b = -.458; 95% Cl =
~810 1o -.109; p=.010) Model 6 indicated an inverse
association between CRF and TDS (b = -.006; 95% Cl =
-009 to -.003; p<.001). The fully adjusted mode! (7)
with all independent variables and covariates entered
simultaneously, revealed no association between muscu-
lar strength and TDS, while the association between
CRF and TDS remained almost identical as in Model 6
(b= -.006; 95% Cl = -009 to -.002; p=.001). The esti-
mates produced by the fully adjusted model suggest that
every 100 m distance increase in the CRF test is associ-
ated with 1.5% (0.6 points) lower TDS.

Results from missing value analyses
Among the 559 excluded participants, 12.2% (u=68)
had completed the SDQ and performed the CRF test.
Correlation analysis indicated a non-significant, inverse
correlation between CRF and TDS (r= -13; p=.139), a
similar relationship as in the complete-case group. Other
correlations were also similar (data not shown), indicat-
ing a small likelihood of systematic differences between
the complete-case group and missing-values group,
There was a difference in missingness between test
centers. One test center represented 10.7% of the partici-
pants in the complete-case group and 304% in the
missing-values group, which means that more than half
of all participants from this region were excluded due to
missing values, This was caused by low completion of
the SDQ, with only 13.5% of these participants complet-
ing the SDQ in the missing-values group. The
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Table 1 Participant mean characteristics from the complete-case group and the missing-values group. Presented as means with

standard deviations (5D)

Total difficulnes score (0~  Body mass Sit-ups
QO index (/30
9
All values present
Yes(n=1456) 103 (5.)) 198 (31 19 @)
No (0 = 242- na s 202 @38y 196
559

Standing troad ump Hanagnp Cardicrespiratory fitness
fem) suength (meers)
(kg
1722 25%) X5 70 €6 (99)
1682 Q78 287 74 932 (115y°

Nete “Dsference between groups is signficant at p level < 05

corresponding completion rates from other test centers
were 51.2-67.6%.

Finally, the pooled dataset from the multiple impatation (7 =
A45) was unalyzed with a fully adjusted linear mixed effects
moded, in the same way as the complete-case dataset. The asso-
ciation between CRF and TDS was close to identical to the
complete-case results (b 006 95% Cl: - 010 to 002
p= 006). Thus, all missing-value analyses indicated that the re-
sults likely would have been unchanged with all values present.

Discussion

The main findings of the present study were that higher
CRF was significantly associated with lower psychological
difficulties in Norwegian adolescents while controlling for
muscular strength, body composition, socioeconomic sta-
tus, school clustering, sex and domestic/foreign birthplace.
The results indicated that psychological difficulties were
not associated with muscular strength or body compos-
ition, when controlling for the aforementioned variables.

Muscular strength, body mass index and metal health
A significant association between muscular strength and
TDS was initially found, However, when controlling for
CRF there was no association between these variables. A

possible explanation Is that the participants with high
CRF were also likely to have a relatively high muscular
strength [52]. However, based on the fully adjusted
model, it can be postulated that participants with high
muscular strength did not necessarily have high CRF. A
possible interpretation is that muscular strength in ado-
lescents is generally a natural consequence of the indi-
vidual's CRF level, which may represent the true
association with psychological difficulties,

The present findings support previous studies that
have suggested CRF to be the only health-related aspect
of fitness associated with mental health outcomes such
as quality of life [53], depression [31, 54| and well-being
[55]. Many studies that have found associations between
muscular strength and mental health outcomes in ado-
lescents did not measure CRF [29, 56]. The present find-
ings did not show an association between BMI and
psychological difficulties, independent from controlling
for CRF. This is congruent with the review by Luppino
et al. |21}, who found an association between overweight
and depression in adults, but not in individuals younger
than 20 years. This indicates a different relationship be-
tween age groups; however, it is important to point out
that none of the reviewed studies controlled for CRF.

Table 2 Lincar mixed effect models with Total difficulties scoce as the dependent variabie

Model Ingependent varable 895% Q) p
1 Body mass index 053 (~027 to .147) L2
2 Sit-ups ~ 088 {~150 10 -0XD an
3 Stanging broad jump 008 {-018 10 003) 147
4 Handgrip strength ~ 024 [-062 10 013) X6
5 Muscudae strength £ scone ~ A58 (- 810 10 =109 010
6 Canorespitatony fress - 006 {-009 1 - 003) <00
7 - Fully adjusted model Intevcept 188 (146 to 220 <00
Body mass index 003 (- D86 to 093] 2l
Musculee strength 2 score —-033 (~450 10 381) 873
Canfioresplistory ftness ~ 006 {~ 009 to - 002) 001
ded for see, WOreC tatus, and place. 8U dired

Note. 29 school clnters were included a3 rndorn effects in ol modely: all models were

level

pefficient, €1 Confic interval, p Sigrli

9
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Although it is possible that muscular strength and BMI
are associated with mental health outcomes, studies that
do not also measure CRF lack important information.
Had we not controlled for all fitness variables in the
present study, we would have erroncously concluded
that muscular strength was associated with TDS. Oppos-
ing findings by Kettunen et al. [57] showed muscular
strength to be more important than CRF to reduce stress
in adults. However, this study categorized continuous
variables and employed ANOVAs, which has been
strongly advised against by Altman and Royston (58]
and might have produced biased results. Additionally,
associations between physical fitness and mental health
might be different in adult and adolescent populations,
For instance, many experimental studies have found ef-
fects of strength training on mental health in older
adults [23]. Positive effects in older adults are not sur-
prising, considering how strength training can reverse
muscle atrophy and improve the daily functioning of
older people [59]. In adolescents however, muscular
strength is mainly associated with appearance-related
mental health outcomes, such as self-perception, per-
ceived physical appearance or physical self-worth [30].
Future studies of associations between health-related
physical fitness and mental health should include differ-
ent mental health outcomes, to gain a better under-
standing of whether specific components of fitness are
associated with specific outcomes of mental health.

Cardiorespiratory fitness and mental health

Although a causal direction between CRF and psychological
difficulties cannot be established from cross-sectional find-
Ings, recent evidence has indicated a one-directional causal
relationship for physical activity as a protective factor
against depression among adults [60]. High-intensity exer-
cise is an important factor for high CRF [18], hence results
from the present study support a hypothesis suggesting that
high-intensity exercise might be more favorable for mental
health than low-intensity exercise. This is in accordance
with the study by Parfitt, Pavey and Rowlands [61], who
found high-intensity exercise to be more favorable for men-
tal health than light-intensity exercise, in a population of
children, Furthermore, the meta-analysis by Ahn and
Fedewa [62] found high-intensity exercise RCT interven-
tions to have the most effect on children’s mental health.
On the other hand, Helgadottir et al. [63] concluded that
low-intensity exercise was more effective on depression
treatment than high-intensity exercise in an adult popula-
tion. The low-intensity group exercised with yoga and this
type of exercise may have a distinct relationship with men-
tal health. However, the results should be treated with cau-
tion, because the intervention had low adherence and did
not mention how this differed between exercise groups.
Additionally, 12 months after the intervention, there were
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no significant differences between the low- and vigorous-
exercise groups. The study by Helgadattir et al. [63] is in-
congruent with the previously mentioned studies, as well as
what Bailey et al. [64] suggested to treat depression in ado-
lescents: “... acrobic-based activity of moderate-to-vigorous
intensity.” It is also possible that intensity might not even
be especially crucial, as long as CRF s improved. Shepherd
et al. [65] prescribed high-intensity interval training and
moderate-intensity continuous training in two groups of in-
active adults and both groups experienced increased CRF
and improved mental health. Few studies have examined
the causal relationship between increased CRF and im-
proved mental health outcomes, but a recent longitudinal
study by Rahman et al. [66] showed that improved CRF
predicted at least a 50% reduction in depression scores for
adults. Ruggero et al. [27] found that high CRF at baseline
was associated with lower levels of depression a year later
in adolescent girls and suggested that CRF might mediate
the effect physical activity has on depression. This was sup-
ported by Eddolls et al. [67) who concluded that CRF medi-
ated the relationship between vigorous physical activity and
mental health in adolescents, thus suggesting that physical
activity interventions to treat depression may only be effect-
ive if they improve CRF,

Research on the potential mechanisms be-
tween muscular strength and mental health is scarce [23].
There are, however, mechanisms that might explain the as-
sociation between CRF and psychological difficuities, One
example is the endocannabinoid system, which mediates
high-intensity acrobic exercise effect on depression [68].
Psychosocial mechanisms may also have had a mediating
role in the present resultss CRF is associated with team
sports like football, handball and basketball [69], which are
important arenas for social relationships and can provide
opportunities to improve self-esteem and body satisfaction
[12]. The topic of explanatory mechanisms between phys-
ical fitness and mental health outcomes requires more re-
search, especially on adolescent populations, in order to
fully understand the relationship between the relevant vari-
ables. Additionally, future studies need to examine how ex-
ercise at different intensities affects different mental health
outcomes, and whether the results are influenced by in-
creases in CRF. Such knowledge can be useful in efforts to
prevent or treat mental disorders.

Strengths and limitations

Strengths of the present study include the large sample
size from separate geographical regions, the use of three
objectively measured health-related components of phys-
ical fitness, and the control of relevant covariates.

The main limitation of the present study was a large
number of missing values; however, the extensive miss-
ing value analyses indicated that the main results most
likely were unaffected by the dropouts. Reducing the
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length of the CRF-test distance is also a limiting factor,
as it makes our CRF-results incomparable to results
from other studies. However, this limitation did not
affect the main results since running distance in meters
was used as the measurement unit, and not estimated
maximum oxygen uptake. Moreover, we did not meas-
ure maturity status, which may act as a confounder for
the associations in the main results.

The present internal consistency results pertaining to
SDQ were quite low and are similar to Italian [70],
Finnish [71] and Dutch [40] results. Internal consistency
results from English speaking populations [72, 73] are
usually higher, which suggests that statements are better
understood by native English speakers, while non-native
English speakers may misinterpret the statements some-
what. Age is also a factor, as the internal consistency is
lower for younger adolescents, such as the present popu-
lation, compared to older adolescents as examined in
studies by Boe et al. [74] and Sagatun et al. [75). Finally,
the cross-sectional nature of the study limits the ability
to make any causal inference.

Conclusion

The main findings from the present study was that higher
cardiorespiratory fitness was significantly associated with
lower levels of psychological difficulties in adolescents,
Body composition was not associated with psychological
difficulties. Muscular strength was separately associated
with psychological difficulties but not when controlling
for cardiorespiratory fitness, This indicates that strength
training or focus on weight reduction may be ineffective
in efforts to prevent or treat mental health problems in
adolescents, Future research in this area should examine
the prospective associations between physical fitness com-
ponents and mental health outcomes and explore poten-
tial reasons why cardiorespiratory fitness seems to be
more important for adolescent mental health outcomes
than muscular strength and body composition,
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Abstract

Purpose — This paper evahutes the implementation of a school-based physical activity mtervention and

discusses how the intervention outcomnes can be influenced by the implementation,

Design/methodology/approach - In four of the nine lower secondary schools in which the intervention was

conducted, the authors examined implementation fidelity, adaptation, quality, responsiveness and dose

received. The authors conducted focus group interviews with teachers (n = 8)and students (7 = 46) and made

observations. Dose delivered was examined quantitatively, with weekly registrations.

Findings - Results showed that two out of four schools made few and positive adaptations, implemented the

mtervention with high fidelity and quality and responded positively. Four mam factors were found to influence

implementation: frame factors, intervention characteristics, participant characteristics and  provider

characteristics,

Research limitationsfimplications - A crosssectional design was used and may not represent

implementanion throughout the whole school year.

Practical implications - In terms of large scale implementation, the intervention may be generalizable,

However, intervention criteria such as adequate facilities and a flexible timetable may be unattainable for some

schools. The intervention can be adapted without compromising its purpose, but adaptations should be a result

of cooperation between students and teachers.

Originality/value - Process evalustions on this topic are rre, This study adds to i limited knowledge base

ﬁmkx ng what factors may influence mplementation of school-based physical activity interventions for
plCsoents,

Keywords Process evaluation, School, Intervention, Physical activity, Implementation, Qualitative methods
Paper type Research paper

Introduction

Schools are considered viable settings for intervention, reaching children and adolescents
irrespective of sex, socioeconomic status and ethnicity, Studies evaluating school-based
physical activity (PA) interventions have largely examined whether the interventions affect
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students’ academic achievement (Norris ef al, 2015), physical activity and fitness (Kriemler
et al,, 2011) or mental health (Smith ef @/, 2018; Lubans ¢f al, 2016). The way in which such
interventions are implemented may partly determine their effectiveness (Durlak and Dupre,
2008). However, monitoring and evaluating implementations has not been prioritized in
school-based PA intervention research (Naylor ef al, 2015; Watson e/ al, 2017; Daly-Smith
el al, 2018), increasing the risk of a type 3 error (Dobson and Cook, 1980). A type 3 error can
occur when researchers dismiss a potentially effective intervention based on unsatisfactory
results, when, in fact, the results were caused by poor implementation and not the
intervention itself. Among the existing studies evaluating school-based PA interventions,
only a few have addressed the link between implementation and outcome (Naylor et al, 2015),
thus limiting our understanding of their relationship.

Recent reviews of school-based PA interventions have shown mixed results in terms
of physical, mental and cognitive outcomes (Demetriou and Honer, 2012; Daly-Smith
et al., 2018; Watson et al., 2017; Singh ef al., 2018; Hynynen et al.,, 2016). One reason for
this may have to do with the difference between efficacy and effectiveness. Efficacy
refers to an intervention’s effect under ideal circumstances, while effectiveness refers to
an intervention’s effect under real-life conditions (Revicki and Frank, 1999). Conducting
interventions in real-life conditions, such as in schools, makes it more difficult to assess
effects, since variables outside the researcher’s control may come into play.
Additionally, schools are complex social systems (Moore et al, 2019), because the
individual agents (e.g. students, teachers) within the system are “numerous, dynamic,
autonomous, highly interactive, learning and adaptive” (Keshavarz ef al, 2010). These
agents and other school factors can influence implementation (Clarke, 2010). For
instance, in their review of school-based PA interventions, Naylor ef al. (2015) identified
20 factors that could hamper implementation. “Limited time” was the most frequently
mentioned factor, followed by “lack of resources,” “lesson scheduling” and “weather.”
The outcomes from a school-based cluster randomized controlled trial (RCT) may,
therefore, have more to do with the specific school context than the intervention itself.

Interventions can also be complex, posing further challenges to evaluating outcomes
(Craig el al, 2008). When a complex intervention is introduced in several unique complex
contexts, dynamic processes and interactions can lead to the intervention evolving differently
in the different contexts, This could in turn influence the intervention outcomes (Hawe ¢f al,
2009) and obstruct researchers’ ability to make causal inferences (Rickles, 2009). However, by
monitoring and evaluating the process of implementation, we can improve our ability to
interpret outcomes and causes (Oakley ef al, 2006; Tarp et al, 2016).

This paper reports on the process evaluation of the “Don’t worry, be happy” (DWBH)
intervention, one of two separate intervention arms in a cluster RCT called School in Motion
(ScIM). ScIM was designed to assess whether 120 min of additional weekly school time PA
affected students’ academic achievement, learning environment, physical fitness, PA levels
and mental health. The findings of the process evaluation should be used as a supplementary
tool when interpreting the outcomes of the ScIM study, which will be published in upcoming

papers.

Aim and research questions

The aim of this research was to evaluate the implementation of the DWBH intervention.
Furthermore, in the context of searching for feasible methods to increase school time PA for
adolescents, we aim to increase our understanding of what works under what circamstances
and why. In order to reach these aims, we asked the following questions:

(1) How was the intervention implemented?

(2) What influenced the implementation?
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Theoretical background

The purpose of a process evaluation is to “explore the implementation, receipt, and setting of
an intervention and help in the interpretation of the outcome results” (Oakley et al, 2006). The
DWBH intervention can be seen as a complex intervention, which according to Craig ef al
(2008), is characterized by (1) the number of interacting components, (2) the number and
difficulty of behaviors required by those delivering or receiving the intervention, (3) the
number of groups or organizational levels targeted by the intervention, (4) the number and
variability of outcomes and (5) the degree of flexibility. The present study understands
implementation as defined by Durlak (2016); “. . .the ways a programme is put into practice
and delivered to participants.” According to Durlak and Dupre (2008), implementation
consists of eight separate but overlapping aspects. The present study addresses five: fidelity,
adaptation, quality, responsiveness and dose delivered. Dose received does not fall under
implementation as defined by Durlak (2016) but has been included as a sixth aspect in this
evaluation to help understand how relevant the intervention is to the target participants
(Linnan and Steckler, 2002). While dose delivered refers to the specific amount of intervention
that has been provided to its participants, dose received refers to actual participation or
attendance (Berkel ¢/ al, 2011). Including both can offer important information about their
relationship.

Besides dose received, focusing on the aforementioned aspects draws on the
argumentation by Berkel ef al (2011), that they “occur within the delivery of program
sessions, and as a result, constitute potential sources of disconnect between the program as
designed and that which is implemented”. While fidelity, adaptation, quality and dose
delivered are mainly determined by the intervention providers, responsiveness and dose
received are determined by the participants, allowing us to examine the dynamic relationship
between provider and participant, who can influence each other and ultimately, the
intervention results (Berkel ef al, 2011). Evaluating quality has been neglected in previous
implementation evaluations of school-based PA interventions (Naylor ef a, 2015). Humphrey
etal. (2017) argue, however, that quality may be more important than fidelity and dose when it
comes to impacting study outcomes; so this aspect was included. The other three aspects of
implementation — differentiation, monitoring control and reach — can also influence the
outcomes, but are not explicitly part of the program delivery or the relationship between
provider and participant., We therefore chose not to focus on these aspects.

Methods
The School in Motion study
The ScIM study was a multicenter trial conducted in Norway during the 2017-2018 school
year. The study was initiated by the Norwegian Directorate of Health and the Directorate of
Education and Training. The interventions were designed by the project management group
at the Norwegian School of Sports Sciences, piloted with a small number of classes and
adjusted, before commencing the ScIM study. The project management group invited 103
lower secondary schools to participate, and 29 schools accepted. Only students attending
ninth grade (14-15 years) during the intervention period were included. The intervention
period lasted 29 weeks and since the intervention would be part of the school's curriculum, all
the 2,733 eligible students were required to participate, as they would in any other school
subject. The DWBH intervention was assigned to nine schools (663 eligible students). Each
school chose one teacher liaison, who was responsible for the intervention execution and for
communicating with the researchers at their respective test center. The ScIM study was
approved by the Norwegian Centre for Research Data (project number 49094).

The Don’t worry, be happy intervention. The goal of the DWBH intervention is to facilitate
positive experiences with PA in order to contribute to healthy adolescent development.
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Table 1.

characteristics and
their refationship with
the mplementation
aspects

A summary of key DWEH intervention characteristics and their relationship with fidelity,
adaptation, quality, responsiveness and dose delivered/received are presented in Table 1.
DWBHs theoretical framework and components are extensively described elsewhere (Kolle
et al, 2020), Briefly, DWBH draws on the theoretical perspectives on positive youth
development (Lerner, 2015), relational developmental systems theory (Lerner ef al, 2015y and
positive movement experiences (Agans ef al, 2013). According to the intervention's
underlying theories, the goal of the DWBH intervention is achieved by allowing the students
individuality and personal interest in their choice of activities. Furthermore, the activities
need to take place in a social environment that enables the participants to experience
competence, confidence, connection, character and caring.

The intervention consisted of two separate weekly lessons, “Don’t worry” (DW) and “Be
happy™ (BH). DW could be conducted as a regular physical education (PE) lesson, although
we encouraged the teachers to allow students to pursue activities of their choice. BH was the
main component and requires a more detailed description. There was an initial planning
phase in which students were asked to choose an activity or sport they wanted to pursue for
the rest of the school year. Next, students who chose the same activity formed groups and
started planning long-term activity goals, conflict solution strategies and organized a
leadership structure. The plans were formalized in a written “activity contract” (see
attachment 1), which was signed by the group members and approved by the teacher. Once
approved, the planning phase was over, and the students pursued their activities in the BH
lessons for the rest of the school year. Students were not assessed in BH. Although BH was
student-led, teachers were the formal providers of the intervention and were required to be
qualified PE teachers, Their tasks were to be present, observe and provide guidance when
necessary. BH was to be organized so that students could participate together across
homeroom classes,

Guidelines were provided for the incorporation of the two DWBH lessons into the school's
schedule, To schedule one of the lessons, the schools were required to reallocate 5% of the
time from other subjects. The other lesson was added on top of the existing schedule. This

Fidelity (1) “Don't worry™; Similar to ordinary PE in separate clisses but students have the
opportunity to choose their activity. “Ie happy™; students pursue activities of
their choice, In groups across homeroom classes, that they formed themselves

(2)  Students choose activity based on interest, not based on who they can be
together within the group, Groups should stay together. Maximum exght
students per group

(3)  Sufficient information must be given to the students, Students must use the
activity contract to conduct long-term planning. All groups must have a
leadership structure, group goals and plan for conflict resolution

(4) 5% of time from other subjects should be taken to make room for one lesson. The

second comes in addition to the ordinary schedule

Sufficient facilities and equipment

Sufficient teacher-to-student ratio

Teachers should be available and able to help when necessary. They should

interfere when necessary by recognizing the need for flexibility, evaluation,

group alterations and conflict resolution

Responsiveness (1) Positive response toward DWBH, and regarding the intervention as relevant,
useful, advantageous in any way

(2) Responsivencss also applics to how the teachers respond to the intervention

Quality

a88s

Dose delivered/ (1) Two lessons per week during the 2-week mtervention period
received
Adaptations (1) No predetermined adaptations have been defined. Small adaptations can be

made if necessary and/or if they benefit overall implementation
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resulted in students having a 45-60 min longer school day once a week, for which the schools
were economically compensated. The schools were free to choose when to conduct the two
lessons but were encouraged to choose two separate days of the week.

The process evaluation

Design and participants. This process evaluation used a cross-sectional design to gather
qualitative data by conducting interviews and observations. A longitudinal design was used
to collect quantitative data, by teachers reporting dose delivered each week throughout the
intervention period. Participant sampling for the interviews was a combination of random
and purposive. We randomly selected four schools assigned DWBH, one from each of the four
regions in Norway where the intervention was carried out. School 1 included 52 students from
two classes and was located in a rural area outside a major city. School 2 included 117
students from four classes and was located in a residential/rural area outside a major city.
School 3 included 47 students from two classes and was located in a residential/urban area
close to a smaller city. School 4 included 87 students from four classes and was located in a
residential/urban area between two moderate-sized cities. Teacher liaisons at each school
accepted the invitation to participate in the process evaluation. Next, the teacher liaisons were
asked to perform a purposive sampling of students to be interviewed: three activity groups
representing different activities and opinions toward the intervention and PA in general. The
purposive sampling strategy was employed to cover a diversity of experience, in order to
prevent bias toward presenting only one type of information from one type of participants
(Robinson, 2014). Teachers who supervised DWBH were also interviewed to obtain
knowledge about the implementation process from the providers' perspectives. A total of 54
individuals were interviewed. This amounted to 12 student focus group interviews (n = 46),
two individual teacher interviews and two teacher focus group interviews (n = 6). Student
interviewees provided written informed consent from their parents, and teacher interviewees
gave their consent verbally. This study has been designed, conducted and reported so as to
ensure the confidentiality and anonymity of participants.

Data collection. We conducted semistructured focus group interviews and individual
interviews to capture participants’ and providers' experiences of the intervention. Initially, all
the interviews were supposed to be conducted in groups, but two teacher interviews were
individual because of illness among the teachers. The interview guide was constructed to
elicit answers that could be linked to the six included implementation aspects (see attachment
2). We chose semistructured interviews based on our expectation of broad variation of
opinions and experiences regarding DWBH and other emerging issues (Barriball and While,
1994). Focus group interviews are suitable for program evaluation because participants
answer questions about a specific topic in a social context; they can discuss and potentially
reveal information that would not have emerged in an individual interview (Frey and
Fontana, 1991).

Secondary data were gathered (Manzano, 2016) by observing one BH lesson in each of the
selected schools. Observations were conducted to experience a physical presence, which
provides an impression of the environmental surroundings, the participants, attitude toward
the intervention and the dynamics between provider and participants. The purpose of these
impressions was to assist in analyzing the interviews.

Qualitative data were gathered within the same week in each school, during the second
half of the intervention period (between mid-January and mid-March 2018). The interviews
took place during school hours at the participants’ respective schools, in a classroom with
only the researcher and the interviewee(s) present. The interviews lasted between 30 and
55 min and were audio recorded.

We defined dose delivered as the percentage of lessons provided to the participants,
relative to the number of lessons that were possible to provide during the intervention period.
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the five steps of the
framework analysis
were followed

igure 1.
Detailed outline of how

To measure dose delivered, the teacher liaisons used an online registration tool to weekly
register DWBH lessons as executed/not executed. We considered 80°% and above to be a high
delivered dose. It is important to note that dose received is also a quantitative concept and by
assessing it qualitatively, we only get an indication of how attendance has been relative to the
dose delivered.

Data analysis. Audio recordings of the interviews were imported into NVivo qualitative
data analysis Software 12 (QSR International Pty Ltd,, Doncaster, Australia) and transcribed
verbatim. Data were further analyzed in NVivo and Excel, using the five steps of the
framework analysis (Spencer and Ritchie, 2002). The rationale behind choosing this approach
is that it exists within the family of content or thematic analysis and can be used to “identify
commonalities and differences (.. .) focusing on relationships between different parts of the
data, thereby seeking to draw descriptive and/or explanatory conclusions” (Gale ef al, 2013),
How we followed the five steps is outlined in Figure 1. Briefly, one deductive analysis and one
inductive analysis were conducted consecutively. The deductive analysis was guided by
research question 1 (how the intervention was implemented), while the inductive analysis was
guided by research question 2 (what influenced implementation). The first author (AA) was
responmble for coding the material. The codes and initial analyses were discussed in
meetings with three of the coauthors (SEO, SD, EL), and this contributed to mterpreung.
summarizing and synthesizing the data. The inductive analysis resulted in the merging of

* L g to the audior dings

. fumxublm
Reading transcripts several times.

*  Generating an impression of the data
redevant to the research questians

1. Familiarizanon

«  The first framework was deductive *  The second framework was inductive
'zr‘:"'"“"‘l"‘“"“”‘ and focused on how DWEH was and focused on identifying factors
implemented (RQL) that i d the impl
{RQ2)
* This framework was applied by coding *  This framework was applied by coding
3. Indext data into the key concepts based on the data into categories that emarged
viceNs Durlak and Dupee (2008): fidedity, jnductively from the data, guided by
adaptation, quality and the second research question
resporsiveness
* Codes and cases were organized in * Categorics and cases were organized
toble charts with rows (cases) ond in table charts with rows and columns
columns (categories) * Data were compared between and
*  Data were compared between and within cases
4. Charting within cases *  Data were carefully read, summarized
*  Data wore carefully read, summarized and synthesized
and synthesized to be lef with the *  Categories were merged into four
mast relevant descriptions main factors interpreted to influence
Implementation

*  Symhesized data from both framewocks were combined and used to:

5. Mapping ond 1. Clucidate similarities, differonces and associations between and within cases,

“ 2 Provide explanations for reasons behind implementation and Influencing factors;
terpreting 1 Predict possible implications froe the implementation process
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subcategories into four main factors that were interpreted to be the influencers of
implementation: (1) frame factors, (2) intervention characteristics, (3) participant
characteristics and (1) provider characteristics (see Table 2). The fifth and final step of the
analysis (mapping and interpreting) involved combining the inductive and deductive
findings to interpret and outline processes behind the implementation and the influencing
factors, Notes from the observations assisted in the interpretation and coding of the interview
material, in particular by supporting the coherence between what the interviewees stated and
what was observed (Mays and Pope, 1995).

Results

In the following section, results are presented within the context of the main factors that were
found to influence fidelity, adaptation, quality, responsiveness and dose delivered/received.
Average dose delivered in the five schools that were not included in the process evaluation
was 80%.

Frame factors

Frame factors represent the contextual opportunities and limitations that exist on an
organizational and environmental level. As an influencer to all the examined implementation
aspects, scheduling was one of the most influential frame factors. Schools 1 and 4 scheduled
DWBH as intended: one lesson was added to the existing schedule, while the other lesson

Main factors Subcategories Sample quotes
Frame factors (1) Adapting intervention Subcategory 3,4 and 5
components We do not have access to the gymmasium that
(2)  After school consequences of one lesson [DW] and we do not have a teacher
DWBH ather, just a substitute teacher sometimes, so
(3) Faalities and equipment we just end wp playing cards. (School 3,
(4) Scheduling students)
(5) Teacher availability
Intervention (1) Freedom of choice Subcategory 1
characteristios (2)  All classes together 1 think they [students] think that this [DWBH] is
(3) No asscssment very empoyable, particularly that they are allowed
(4)  Extra time in school to decide themselves what to do. (School 4,
teachers)
Participant (1) Characteristics, skills, other Subcategory 1 and 2
characteristics 2) Efforts, engagement, interest How they [students] handle the freedom in
and motivation DWBH s about maturily. Those who pursue
3) Group dynamics, relationships — aclivslies in school do what ey are supposed to,
and conflicts buet some, who probably could be in school,
choose something else, off school grownds
because il is caster lo sneak off. (School 2,
teachers)
Provider (1) Actions, involvement, Subcategory 1
characteristics supervision, guidance and That time when onr plans just got onl of
communication control, the teacher came and gave us some
(2) Characteristics, attitudes and directions, so we changed the group and
motivation changed our plan; he kind of straightened us
(3) Belief in students’ capabilities out. (School 1, students)
(4) Participating in student
activities
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received 5% allocated time from other subjects. School 2 was unable to schedule DWBH as
intended and added both lessons on top of the existing schedule, giving students two
additional periods in school per week. This had undesirable consequences for the students
because they were unable to take the school bus after the extra lessons. Many of these
students had long travel distances to school and missing the school bus meant that many
arrived at home much later than usual. These consequences strongly influenced how
students in School 2 responded to the intervention, illustrated by the following quotes:

School 2, group 1:

Student 1: We do not get a school bus, that’s the worst part, I think.

S2: We could have gotten the bus home, because it gets really stressful.

S1: Yes, that’s the least they could have done.

¢.)

S2: We spend a long time to get home (.. .) it makes us late for sports practice.
S3: It messes up everything.

School 3 was also unable to schedule the intervention as intended: one subject was removed,
and time was allocated from one other subject and one recess period. Although the adaptation
limited recess time, the students were still positive toward the intervention.

Schools 1, 2 and 3 scheduled the two lessons on separate days, as the intervention
guidelines recommended, while School 4 scheduled DWBH as one double period. The
students preferred this adaptation, and according to the teachers, it was necessary:

School 4, teachers:

Teacher 1: Because the gymnasium is a ways away, we would have lost a lot of time if we had two
single lessons.

T2: The lessons would have had to be the last of the day (. ..) so they had time to change clothes
before and after. That takes a lot of time.

Facilities emerged as an important factor influencing fidelity, quality, responsiveness and
dose received. There were big differences between schools: the gymnasium in School 3 was
too small to accommodate two classes at once; therefore, the teacher made the adaptation to
have both lessons with separate classes. This scheduling, however, in combination with
limited facilities and limited teacher availability, caused another problem for one of the two
classes: During DW, they did not have access to the gymnasium because it was being used by
another class, and they did not have a teacher because one of the two supervising teachers
was on long-term sick leave. Sometimes, a substitute teacher would be present, but they were
rarely aware of the purpose of the lesson. The dose delivered in School 3 was registered to be
75%, but these limiting factors suggest that the dose received might be lower:

School 3, teacher:

It was a bit embarrassing last time, because the local ScIM-coordinator came from the university to
observe DW, and the substitute had no clue about what was supposed to happen. So the students had
just said “well, usually we just play cards in these lessons”, so they were just inside the classroom
playing cards, which wasn’t good.

Schools 1 and 4 had spacious facilities that allowed all the students to participate together.
These students expressed satisfaction with the facilities, which included large gymnasiums
with ample equipment and many opportunities for outdoor activities. The teachers from
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School 2, however, said that their facilities were too limited to carry out DWBH as intended.
The gymnasium was small and there was a swimming pool that, according to the students,
was often closed for maintenance. The limited facilities led to the adaptation that two-thirds
of students had to pursue their activities off school grounds. Additionally, the number of
teachers available was limited, as two teachers were always assigned to the swimming pool
for safety reasons. These combined factors made it difficult to see and supervise the students
on and off school grounds. In contrast, there were always four teachers present during
DWBH in School 4. This made it possible to supervise all students inside and outside the
gymnasium. The teachers sometimes felt superfluous, but were cognizant of the advantages
of being many as illustrated by the following excerpt:

School 4, teachers:
T3: .. .after all, they’re 80 students
T2: Yes, and they’re spread out, outside and inside

T3: They're everywhere, so if the fire alarm goes off, two teachers will not be enough (. . .) so we might
feel superfluous then and there, but it is a safety factor.

T2: Mhm, and when we're four, it’s easier to supervise groups well, we can be outside by the soccer
field, we can go to the gym down the street. . .

T3: .. .where we have students, and there’s a hiking group we can join, so there are more options

Adaptations to the intervention emerged as a factor influencing fidelity, quality and
responsiveness. For instance, responsiveness was positively influenced by the adaptation to
execute DW in the same way as the BH lesson, which occurred in Schools 1, 3 and 4. In School
2, however, DW was usually organized as what resembled a PE lesson, in which the students
could vote on an activity. The teacher justified this adaptation by contending that he had
difficult students who did not take DW seriously and needed stricter boundaries. In one class,
the vote was often soccer, which left some students unhappy with the lesson:

School 2, group 2:

S1: We have a vote, but the problem is that it always ends up with soccer (.. .) I'm not so fond of
soccer; it’s okay, but some people hate soccer, so not so many like DW.

Intervention characteristics

Intervention characteristics represent specific components of the intervention, such as
additional time in school, additional PA, freedom to choose and the lack of assessment.
Various intervention characteristics emerged as factors that influenced responsiveness
among students and teachers. Students in Schools 1, 3 and 4 most frequently mentioned the
freedom to pursue an activity that interested them as a positive intervention characteristic:

School 1, group 1:
S1: We are interested in it, so you will not get that “oh I do not want to do this” or whatever.
S3: It’s like, we do it properly because we like it and then we want to do it.

The students in School 2 did not care that they were able to choose their own activity, because
they were not interested in having the intervention at all:

School 2, group 1:

S2: To me, it was just random. I just chose something, to have something to do, really.
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(i)
S1: We did not really want to do it (laughter)

Additional time in school also potentially influenced responsiveness. As previously
mentioned, students in School 2 received twice as much additional time as DWBH
intended, which caused negative responses. Conversely, the students in Schools 1, 3 and 4
received just one additional period. Some of these students took issue with the added time, but
also said it was worth it because they could have DWBH.

An important intervention characteristic was that students were not supposed to be
assessed during BH. Teachers in Schools 1 and 3, and two student groups, respectively from
Schools 3 and 4 talked positively about the lack of assessment. In contrast, a student group
from School 2 would have preferred to have the lessons assessed:

School 2, group 2:
S2: It's better if we can, like. . .
S1: Use it for something

S2: Show it, yes, use it for something, like, if you do a great job in BH, none of the teachers see it (.. .)
it's better if it matters for the grade, and it’s not just something we do, like, for nothing, since
everything is about grades in lower secondary school (laughter).

The students’ freedom of choice and the absence of assessment were intervention
characteristics that influenced teachers’ responsiveness positively in Schools 1, 3 and 4. In
contrast, teachers in School 2 acknowledged that DWBH had some good ideas, but argued
against some of the intervention’s characteristics, such as having BH for all classes
simultaneously and allowing students excessive freedom to choose. The following quote
illustrates a somewhat negative attitude toward the intervention and the researchers who
designed it:

School 2, teachers:

T1:1 think the whole thing shows that DWBH was designed by people who do not work in school,
because there are a lot of good intentions but when you face common practice, it becomes difficult.

Participant characteristics

Participant characteristics include participants’ attitudes, skills, interests, actions and
participation that are specifically related to the intervention. Students’ attitude toward the
intervention was likely an important influencing factor for dose received: all activity groups
in Schools 1, 3 and 4 repeatedly stated that they enjoyed DWBH and all groups wanted to
continue with the lessons in tenth grade. The delivered doses reported from Schools 1 and 4
were 81 and 86 %, respectively, and the positive attitudes expressed in the interviews indicate
that the received dose was high, that is, truancy was low. School 2 registered 75% of the dose
delivered; however, the interviews indicate that the received dose might have been lower,
because of truancy. The negative attitudes toward DWBH suggested high motivation for
truancy. Consequently, when BH was scheduled as the last lesson of the day and when
two-thirds of students could leave school to do their activities elsewhere, truancy
became easy:

School 2, group 2:

S2: There are actually a lot of groups that do not do anything in those lessons (.. .) I've seen many
groups who just go home, or something.
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S3: They say they're going on a hike, but they just hike to the bus stop (laughter).
(...)

S1: Yes, I think few actually attend the BH lessons

Interviewer: Have you or anyone else said something about this to the teachers?
S1: No

S2: Snitches get stitches, (laughter)

The participants’ interest and motivation also influenced fidelity, in particular regarding the
planning process and use of the activity contract. Though participants spent time planning
and writing the activity contract, adherence to the activity contract varied within and
between schools. In Schools 1, 2 and 4, most groups pursued only one activity and the lessons
were more formal than in School 3. In School 3, some groups wrote “various activities” on
their activity contract, while others decided on the spot what to do in a given lesson. Some
groups also decided to play together, regardless of what they had written in their activity
plans. Although the participants initiated this adaptation, an enabling influencing factor was
the provider, who allowed it. The adaptation did not seem to have a negative influence on
participation or efforts:

School 3, group 2:

S2: Leadership?

S1: No, there’s no leadership

S2: We're pretty much, like, we lead each other

S1: We're all leaders, so one of us might say “let’s play soccer today”, then we play soccer (. . .) we just
run in, get a ball, and start playing.

Conflicts between students emerged as a factor influencing fidelity and was mainly reported
in School 4, where they struggled with conflicts within female groups. According to the
teachers, DWBH did not cause the conflicts; rather, DWBH helped expose pre-existing hidden
conflicts. The conflicts forced the teachers to intervene, because the students could not or
would not try to solve the conflicts themselves. This resulted in reduced participation and
altered group compositions and a lack of fidelity to groups’ conflict resolution plans:

School 4, teachers:
T3: We've definitely steered some students here and there (laughter).
G:9)

T2: We're still working on the worst conflicts. But conflicts have been solved by some changing
groups.

Provider characteristics

The providers, that is, the teachers, emerged as important influencers of all aspects of
implementation. In School 1, one of the two teachers providing DWBH was on long-term sick
leave, leaving the second teacher alone with two classes. He expressed a limited ability to
supervise all the students because he was mostly compelled to be present in the gymnasium.
Sometimes, a substitute teacher was also present, which allowed the main teacher to visit
activity groups outside the gymnasium. The teacher maintained that although he could
handle being the sole supervisor, two teachers were necessary to ensure all students felt they
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were seen and to act as a mediator in case of a conflict between students. Regardless, the
remaining teacher’s actions and status among the students were positively influencing
factors in School 1:

School 1, group 3:

S2: He is the kind of teacher that you have a good relationship with, and you're not afraid to talk to
him or anything. He is a really good teacher (. . .) Sometimes he plays soccer with us.

S1: It’s fun.

As the quote suggests, the students in School 1 appreciated the teacher’s participation in their
activity. Similar positive responses occurred in School 3, where the teacher also participated
with students on occasion. There were no guidelines from project management regarding
teacher participation in the students’ activities, but the teacher in School 1 felt that it had a
positive influence on his relationship with the students. The students from Schools 1, 3 and 4
spoke of their teachers in either positive or neutral terms. The students from School 2, on the
other hand, were more critical of their teachers. For instance, they could not remember what
they had written in their activity contract, which they blamed on their teacher. Allegedly, he
had collected the contracts when they were completed and the students had not seen them
since. One of the groups that had activities off school grounds went even further in its
negative description of the teachers:

School 2, group 3:

S2: They definitely do not care about the project. | met a teacher down at the mall after school when [
was supposed to be in the Be Happy lesson, and she was like “hi, should not you be in Be Happy?”. 1
was like “yeah”, and she just said “okay”. Like, the teachers at this school are so bad.

Discussion

The main findings show large differences between schools regarding how DWBH was
implemented and how various factors influenced the implementation. Schools 1 and 4 made
minor adaptations in the way DWBH was organized, and these were positively received by
the students. Intervention characteristics, spacious facilities, scheduling and participant and
provider characteristics positively influenced all aspects of implementation. School 2 made
major adaptations to how DWBH was scheduled, which reduced both 7 responsiveness and
fidelity. Additionally, limited facilities and participant and provider characteristics
negatively impacted fidelity, quality and dose received. School 2 was the only school
where the intervention was negatively received. School 3 made one major adaptation in how
DWBH was organized, and it was poorly received by the students. The intervention itself was
otherwise positively received. Limited facilities and scheduling negatively impacted fidelity.
Intervention, participant and provider characteristics positively influenced responsiveness,
quality and perhaps also dose received.

Reasons for and consequences of adaptations

A common adaptation in Schools 1, 3 and 4 was that the teachers decided to have two
identical BH lessons rather than DW and BH. The adaptation was made because the teachers
wanted to and because they thought it fit with the purpose of the intervention. Students and
teachers agreed that it was a positive adaptation. The adaptations in School 2, however, were
mostly made because of contextual limitations. For instance, two periods were added to the
schedule instead of one, because all grades and classes followed a fixed schedule, so they
could not reorganize the schedule for only some of the students. The adaptation reduced
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students’ leisure time, which caused a negative response before the intervention had even
started. Contextual limitations were the reasons for the main adaptation in School 3 as well
and also caused a negative response among the affected students. Initially, limited
gymnasium space compelled the teacher to carry out BH in separate classes. However, one of
the classes had access to the gymnasium during only one of the two weekly lessons, because it
was being used by another PE class, These adaptations and their respective reactions can be
elucidated by Moore ¢f al (2013), who claim that adaptations can be either positive, neutral or
negative and either logistical or philosophical. An intervention can be adapted to fit the
context and positively influence implementation (Durlak and Dupre, 2008; Berkel et al, 2011),
which is what happened in Schools 1 and 4, and to some extent in School 3, where they made
positive adaptations for philosophical reasons. In Schools 2 and 3, however, negative
adaptations for logistical reasons negatively impacted implementation. The findings
involving adaptations indicate that schools that were likely (because of their
preconditions) to succeed in implementing DWBH anyway, made the positive adaptations.
Conversely, the schools that were less likely (because of their preconditions) to succeed in
implementing DWBH made the negative adaptations.

Dose is not enough

The findings indicated frequent truancy among many students in School 2, caused by
negative responsiveness, in combination with poor facilities, scheduling BH to the last lesson
of the day and limited teacher supervision. In contrast, positive responsiveness and student
interest positively influenced participation in Schools 1, 3 and 4. This concurs with the model
designed by Berkel ef al (2011), which proposed that dose received is partly determined by
responsiveness, In the review by Navlor ¢f al (2015), a similar factor to responsiveness,
“student characteristics, engagement and motivation,” was presented as one of 22 factors
influencing dose delivered/received. Although dose received is not an aspect of
implementation as defined by Durlak and Dupre (2008), it was included in the review by
Naylor ef al. (2015), as being one of the most frequently used measures of implementation for
school-based PA interventions, along with dose delivered. Dose delivered and dose received
provide important information about amount; however, the present study revealed details
about the specific components of the intervention that were actually executed, how well they
were executed, how students and teachers experienced them and whether these aspects
interacted in some way. The present findings suggest that a single focus on dose delivered/
received may be a somewhat limited view of implementation that says little about how
suitable the intervention is in any school context. This coincides with the findings of Tarp
et al. (2016), who conducted a school-based PA intervention cluster RCT and found no effect.
According to objective measurements, they could not deliver their target PA dose, but they
could not explain why. They therefore recommended that qualitative data on implementation
be included in future studies to improve the ability to explain results.

The present results also raise concerns about quantitatively measuring dose delivered
without comparing it to dose received. Delivery alone tells us nothing about motivation,
interest or actual participation, which has more impact on the intervention outcomes than
delivery (Khanal ef al, 2019; Roth, 1985; Durlak and Dupre, 2008). Dose delivered is easy to
measure and can be an accurate depiction of the amount provided. However, if dose delivered
is the only measure of implementation, researchers may erroneously assume a successful
implementation on the grounds of high delivery rates, while low levels of fidelity, quality and
responsiveness remain unobserved. On the other hand, and despite plenty of qualitative
information, the present results do not tell us how important fidelity, quality and
responsiveness to DWBH are for achieving the expected outcomes for physical fitness,
mental health, academic achievement or learning environment. The results only indicate that
the majority of students and teachers found DWBH to be relevant and enjoyable when (1)
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DWBH had few or no consequences for students' leisure time; (2) DWBH was executed with
adequate facilities; (3) DWBH was provided by teachers who were present and cared about
what the students did; and (4) adaptations were perceived positively and did not negatively
impact (1), (2) or (3).

Context and suitability

The present results reveal the complexity of the school context, how schools can differ and
how differently schools can carry out a complex and demanding intervention. For instance,
facilities were an important factor that differentiated the schools and influenced how DWBH,
from the beginning, was adapted, differently, in each school. On top of this, a dynamic
interaction between intervention components, teachers and students determined how the
implementation process developed. Furthermore, this development occurred differently on
multiple levels: the school level (e.g. different facilities, scheduling and teachers), class level
(e.g. the scheduling problem in School 3, where one of the participating classes did not have
facilities during DW), activity-group level (e.g. few groups within a school pursued the same
activities) and student level (e.g. students lost interest and changed groups). Moore ef al
(2019) argued that introducing a complex intervention in a complex system poses an almost
infinite number of uncertainties, which no evaluation is able to address completely, That may
be the case, but the process evaluation enables us to address the suitability of DWBH in
Norwegian lower secondary schools, which is required in order to say anything about the
intervention’s generalizability (Bonell e al, 2006). The somewhat limited implementation that
occurred in two out of four schools indicates that DWBH may not have been suitable for these
schools. Assuming that other lower secondary schools are as varied as our sample, a strict
DWBH program may not be generalizable. However, with the knowledge of the factors that
influenced implementation of DWBH, it might be possible to adapt the intervention in a way
that fits all contexts, without compromising its purpose. Furthermore, the main negatively
influencing factors in Schools 2 and 3 were perhaps not caused by an unsuitable intervention,
but by the schools being unable to introduce any program on short notice. Thus, the
generalizability of DWBH as a sustainable way to increase PA in lower secondary schools
remains uncertain, although we must underscore that having suitable facilities might be the
most important precondition.

Design challenges

RCTs are regarded as the gold standard for evaluating effectiveness of public health
interventions (Moore ¢f al, 2015; Victora ef al., 2004), and the use of RCTs has been contested
(Byrne, 2013) and defended (Hawe ef al, 2004). Causal inferences from an RCT are based on
outcome comparisons between the intervention group and the control group (Rubin, 1974)
and depend on randomization to eliminate differences in observed or unobserved variables
between the groups. However, the present results indicate that at least three variables (frame
factors, participant characteristics and provider characteristics) varied greatly between
schools and may cause systematic differences between intervention group and control group.
To avoid these differences, a matched pairs design, based on key frame factors such as
facilities, could have been a viable option (Stuart, 2010). However, in our cluster RCT, the
problem was not necessarily differences between intervention group and control group, but
large differences within the intervention group. The differences caused DWBH to be
implemented differently to the extent that students in different schools received different
interventions. DWBH outcomes were most likely influenced by these differences (Durlak and
Dupre, 2008) and randomization, unfortunately, is not a solution to the problem. It is possible
that if we had certain predetermined inclusion criteria, such as facilities, we would only have
recruited schools that were able to accommodate the intervention. The results might then
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have shown fewer implementation differences between the schools. Although this would
reduce the representativeness of the included schools, we cannot expect an outcome to change
if the intervention school is unable to accommodate the intervention. The variation in
facilities may have been the single aspect that mattered the most for the implementation
quality, further underscoring the importance of including the aspect in process evaluations,
In future cluster RCTs for school-based PA interventions, it is therefore important that
researchers ask themselves “what will the intervention require from the school, if it is to be
implemented with high quality?” and recruit schools accordingly.

When interpreting the results from a complex cluster-RCT intervention, the results froma
process evaluation represent an invaluable tool, and the evaluation should always be
conducted whenever there may be variability in the implementation process (Craig ef al,
2008; Oakley et al, 2006). Traditionally, the RCT attempts to answer the question “what
works?" Combining the RCT with a process evaluation helps us answer “why things work?”
(Deaton and Cartwright, 2018) and “under what circumstances?” (Bonell ef al, 2012),
Answering these questions is essential to designing school-based PA interventions that are
feasible for large-scale implementation,

Strengths and limitations

By combining qualitative information on fidelity, adaptation, quality, responsiveness and
dose received with quantitative information on dose delivered, the present study provides
detailed information regarding the implementation of a school-based PA intervention,
compared to previous research (Naylor ef al, 2015; Watson ef al, 2017; Daly-Smith ef al., 2018).
Previously conducted process evaluations have highlighted the use of quantitative and
qualitative methods as important strengths (De Meij e/ al, 2013; Burges Watson ef al, 2016).
However, this study has several limitations. Limited time and resources compelled us to
conduct interviews in only four out of nine intervention schools and at only one point in time,
rather than multiple times, as recommended by the literature (Moore ef al, 2015). As
implementations can change over time (Dusenbury ef al, 2003), it is 1mpoﬂant to note that the
present findings might not represent implementation throughout the intervention period.
Moreover, considering that the qualitative data collection spanned over two months, the
implementation process in the first school evaluated might have been at a different stage than
in the last school evaluated. Finally, the authors of this paper were stakeholders in the cluster
RCT evaluating DWBH and may have an interest in portraying it positively. This may have
influenced how we conducted the process evaluation, interpreted and reported the results.

Conclusion

This process evaluation showed that two out of four qualitatively examined schools delivered
the intervention with high fidelity, quality, dose delivered and dose received, while obtaining
positive responsiveness from participants and providers. The other two schools had major
adaptations and limitations and delivered the intervention with varying fidelity, quality, dose
delivered and dose received. Frame factors, intervention characteristics, participant
characteristics and provider characteristics influenced implementation, and differences
between schools may impact the intervention outcomes. Positive adaptations were made in
schools that were likely to succeed anyway, based on their preconditions, while negative
adaptations were made in schools that, based on their preconditions, were less likely to
succeed. The results indicate that adequate facilities and scheduling that did not affect
participants’ leisure time were important to ensure that the intervention was positively
received. Negative responsiveness negatively influenced dose received. Future school-based
PA interventions should be designed to generate positive response, perhaps by organizing
student-led lessons. However, if responses are negative in certain schools, providers,
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researchers and students should cooperate to adapt the intervention in order to make it more
relevant and suitable. Careful monitoring of multiple aspects of implementation is key to be
able to act upon such responses. We therefore recommend that qualitative process
evaluations are conducted on future trials involving school-based PA interventions.
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Abstract

Purpose: To investigate the effects of two school-based physical activity interventions on
mental health in Norwegian adolescents.

Methods: Students from 29 lower secondary schools in Norway (n = 2084; 14-15 years; 49%
female) were cluster-randomized into either a control group or one of two intervention groups
(M1 and M2). Two interventions based on different theoretical frameworks aimed to increase
physical activity in school by approximately 120 minutes per week, throughout a 29-week
intervention period. M1 consisted of 30 minutes physically active learning, 30 minutes physical
activity and one 60 minutes physical education lesson. M2 consisted of one physical education
lesson and one physical activity lesson, both focusing on facilitating students’ interest,
responsibility and social relationships. The self-report version of the Strengths and Difficulties
Questionnaire was used to assess mental health. Physical activity was measured by
accelerometry. Linear mixed effects models were used to examine the effects of the

interventions.

Results: No effects were found for the overall study population. Interaction effects warranted
subgroup analyses: M1 showed favorable results in the subgroup with the highest levels of
psychological difficulties at baseline (b = -2.9; -5.73 to -0.07; p = .045) and in the immigrant
subgroup (b = -1.6; -3.53 to 0.27; p = .093). M2 showed favorable results in the immigrant
subgroup (b =-2.1; -4.36 t0 0.21; p = .075).

Conclusions: The two interventions did not improve mental health in the full study population.
However, results indicated beneficial effects among immigrants and those with poor mental
health at baseline. More research is needed due to missing values and the results should

therefore be interpreted with caution.

Keywords: Physical activity, mental health, school-based intervention, cluster randomized

controlled trial
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1. Introduction

The leading causes for disability among children and adolescents worldwide are mental- and
substance use disorders (Erskine et al., 2015). In Norway, 10% of boys and 28% of girls
graduating from lower secondary school report mental health problems (Bakken, 2019).
Furthermore, from 2014 to 2019, the amount of Norwegian adolescent boys and girls reporting
mental health problems has increased, respectively, from 8% to 10% and 21% to 27% (Bakken,
2015; Bakken 2019). Similar increases in adolescent mental health problems have also been
found internationally (Collishaw, 2015). For adolescents, mental disorders such as depression
have been associated with poor academic achievement, low school attendance and alcohol and
drug use (Frojd et al., 2008; Glied & Pine, 2002). Adolescents who experience mental disorders
are also more likely to develop similar or more severe conditions as adults (Kessler et al., 2007).
Adolescent mental health therefore also represents an economic challenge as mental disorders
topped the list of the costliest conditions in Norway in 2013 (Kinge, Selensminde, Dieleman,
Vollset, & Norheim, 2017). The above mentioned studies provide a solid foundation to establish

feasible methods for the purpose of preventing these problems.

Physical activity (PA) as a treatment against mental health problems in clinical adolescent
populations has been researched extensively, and two recent reviews concluded that a large
variety of PA interventions and moderate to high intensity aerobic exercise were likely to have
a positive effect on depression (Bailey, Hetrick, Rosenbaum, Purcell, & Parker, 2017; Biddle,
Ciaccioni, Thomas, & Vergeer, 2019). Studies examining the potential effect of PA on
internalizing and externalizing problems in generally healthy adolescent community
populations show mixed or weak results, indicating a potential ceiling effect due to a smaller
potential for improvement (Spruit, Assink, van Vugt, van der Put, & Stams, 2016). However,
the data is inconclusive and further research in community populations (Biddle et al., 2019), for
instance, among adolescent school students, is warranted. Schools are optimal arenas for
intervening, as researchers can reach students equally across sex, SES and ethnicity. The World
Health Organization (WHO) has recommended that schools take part in promoting PA, for the
purpose of raising children’s and adolescents’ PA levels and improving health (WHO, 2010).
Since students spend a significant portion of the day at school, there is an opportunity to
facilitate increased PA during school hours (Hills, Dengel, & Lubans, 2015). Potentially, this
would make an impact on Norwegian 15-year-olds’ PA levels, as only half of this demographic

meet the recommended 60 minutes of daily moderate to vigorous PA (Dalene et al., 2018).
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Additionally, concerns that cognition or academic achievement would be negatively affected
by increasing school-based PA at the expense of theoretical subjects are not supported by
research (Donnelly et al., 2016; A. S. Singh et al., 2019).

The few studies examining how school-based PA interventions affect mental health in children
and adolescents show mixed results. Bonhauser et al. (2005) Casey et al. (2014) and Lubans et
al. (2016) examined low-SES populations and showed, respectively, a decrease in anxiety and
an increase in self-esteem, improvements in health-related quality of life for adolescent girls,
and improved well-being for boys. Christiansen et al. (2018), Smith et al. (2018) and Eather,
Morgan, and Lubans (2016) examined generally healthy community populations and found no
overall effect. However, Smith et al. (2018) found a tendency toward an effect on self-esteem
in the overweight/obese subgroup. Eather et al. (2016) found that the subgroup with the most
psychological difficulties at baseline showed beneficial effects on self-esteem, perceived body
fat, perceived appearance and physical self-concept. Lastly, Christiansen et al. (2018) found
improvements in self-worth for students who did not participate in leisure-time sports. These
findings suggest that school-based PA interventions are unlikely to elicit detectable effects on
mental health outcomes in generally healthy adolescent populations. However, the findings also
suggest that certain subgroups may benefit more from a school-based PA intervention than the
average population. This substantiates findings of Cerin (2010), which indicated that PA effects
can be heterogeneous, and therefore warrants investigation of relevant subgroups. In this
context, relevant subgroups have been shown to display lower PA levels and poorer mental
health than the population outside of the subgroups. This is the case among immigrants (Abebe,
Lien, & Hjelde, 2014; Sagatun, Kolle, Anderssen, Thoresen, & Sggaard, 2008; Singh, Yu,
Siahpush, & Kogan, 2008), low socioeconomic status (SES) populations (Bge, @verland,
Lundervold, & Hysing, 2012; Heelan et al., 2010), girls (Bakken, 2019; Dalene et al., 2018)
and poor mental health populations (Pinto Pereira, Geoffroy & Power, 2014). Although school-
based PA interventions have been shown to be effective on mental health in low-SES groups
(Casey et al., 2014; Lubans et al., 2016) and poor mental health groups (Eather et al., 2016),
the knowledge base is limited. Furthermore, PA has been shown to be beneficial for mental
health among immigrants (Siddiqui, Lindblad, & Bennet, 2014); however, to the authors’
knowledge, no studies have examined the association between PA and mental health among
immigrant adolescents. Although the use of subgroup analyses is debated (Sun et al., 2012;
Wang & Ware, 2013), Biddle et al. (2019) recommended that future research should focus on
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the potentially different effects between sexes and between those with different mental health

conditions.

The primary aim of the present paper was to assess the effect of two school-based PA
interventions on adolescents’ mental health. We hypothesized heterogeneous effects, so a
secondary aim was to analyze subgroups. A third aim was to examine the subscales of the
mental health instrument to establish which aspects of mental health a potential effect could be

attributed to.

2. Method
2.1 Design and participants

This paper presents data from the School in Motion study. Briefly, School in Motion was a
multicenter study, designed as a cluster randomized controlled trial (RCT) involving four test
centers in Norway. The primary aim of the study was to assess whether two different school-
based PA interventions affected PA levels. The secondary aims were to assess the effects on
physical fitness, mental health, learning environment and academic achievement. Thirty lower
secondary schools accepted the invitation to participate and were randomized into three groups:
two intervention groups and one control group. A neutral third party was responsible for the
randomization process, after which, one of the schools withdrew from the study. Students
attending ninth grade during the intervention period were invited to participate, and we obtained
informed parental consent from 76% of the eligible students (n = 2084). The intervention period
was 29 weeks. The study is registered in ClinicalTrials.gov ID nr: NCT03817047. Fig. 1 shows

the participant flow from enrollment to post-testing.
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Invited to participate (n =
103)

Excluded (n = 73)

- Did not satisfy inclusion criteria
» (n=14)

- Declined to participate (n » 54)
< Did not respond (n = 5)

v
[Randomized (n = 30 [2733])]

| Exciuded (0 = 1 (51]) ]

v ‘

Allocated to intervention Allocated to intervention Allocated to control group
model 1 (n = 10 [668 of 847 model 2 (n = 10 [598 of 717 (n=9 (818 of 1169 gave
gave consent to gave consent to consent to participate])
participate]) participate])

v v v

m Lost to follow-up, Lost to follow-up, Lost to follow-up,
withdrawn from study (n = withdrawn from study (n = withdrawn from study (n =
0 (o)) 1(51)) ofo)

v v

Analyzed (n = 10 [523]) Analyzed (n = 9 [381]) Analyzed (n =9 [487)).
Excluded from analyses for Excluded from analyses for Excluded from analyses for
not providing TDS at both not providing TDS at both not providing TDS at both
time points: n =0 {132) time points: n = 0 [208] timepoints: n = 0 {314

Fig. 1. The flow diagram shows the flow of schools and participants through the School in Motion-study. Numbers
represent schools [children]. TDS = Total difficulties score.

2.2 Interventions

Intervention model 1 (M1), named “Active learning”, consisted of weekly physically active
academic lessons (30 min/week), PA not connected to a curriculum (30 min/week), and one
additional physical education (PE) lesson (45-60 min/week). The purpose of M1 was to increase
PA levels and assess the feasibility of incorporating PA into theoretical subjects in lower
secondary school. We encouraged the schools to incorporate PA into all theoretical subjects,
but they were ultimately in charge of which subjects they wanted to be included in the project.
The intervention draws on three theoretical perspectives: Physical Literacy (Whitehead, 2010),
Self-efficacy (Bandura, 1982) and Basic Psychological Needs Theory (Ryan & Deci, 2002). In
short, the intervention is theorized to increase students’ motivation for PA, to let students’
physical learning influence other types of learning and to increase self-efficacy. In turn,
increased self-efficacy is associated with mental health outcomes, such as anxiety and
depression (Muris, 2002). Intervention model 2 (M2), named “Don’t worry, be happy”,
consisted of one additional PE lesson (45-60 min/week) and one additional PA lesson (45-60

min/week). The purpose of M2 was not only the PA dose itself, but also to encourage students
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to pursue activities of their own interest in groups they formed themselves. They were allowed
to choose what they wanted to do and small “activity groups” were formed based on students’
choices. The intervention draws on three theoretical perspectives: Positive Youth Development
(Lerner & Lerner, 2013), Relational Developmental Systems (Lerner, Hershberg, Hillard &
Johnson, 2015) and Positive Movement Experiences (Agans, Séavfenbom, Davis, Bowers, &
Lerner, 2013). In short, the intervention is theorized to facilitate that students develop social
relationships and experience positive emotions while participating in activities that are
meaningful to them. In turn, the intervention is thought to increase participants” motivation for
PA and influence mental health through a psychosocial mechanism. Although activities in M2
were mostly student-led, both interventions were formally delivered by the teachers. Extended
descriptions of the design and implementation of the M2-intervention has been published
elsewhere (Avitsland, Ohna, et al., 2020).

Teachers from both intervention groups participated in a workshop where they received
instructions and training. In addition, halfway through the intervention period, another
workshop was organized, in which teachers from different schools could discuss their progress
and solutions with each other and the researchers. Considering the design of M2, teachers
providing this intervention did not require extensive training. The teachers in M1, however, had
access to an online “tool-kit” containing various suggestions for physically active academic
lessons. Throughout the intervention period, researchers from each test center kept in touch

regularly with schools via emails and visited the schools at least twice per semester.

2.3 Measurements

Mental health

To measure mental health, the participants completed the Strengths and Difficulties
Questionnaire (SDQ; Goodman, 1997) at baseline (T1, May-August 2017) and at follow-up,
(T2, April-June 2018). The SDQ is a self-report questionnaire consisting of 25 items, divided
into five subscales, each containing five items. The main outcome variable is psychological
difficulties, expressed by the total difficulties score (TDS), which is made up of four subscales:
1) emotional problems (worry, unhappy, nervous, scared), 2) conduct problems (temper
tantrums, fights, lies, steals), 3) hyperactivity (restless, fidgety, distracted) and 4) peer problems
(solitary, not liked, bullied). The subscales score from 0-10 and TDS ranges from 0-40. A higher

score signifies increased psychological difficulties. In large populations, TDS can detect
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changes in psychopathology on each point of the scale, and therefore it can be seen as a
dimensional measure that can indicate a general mental health state in children and adolescents
(Goodman & Goodman, 2009). The TDS scale can be divided into three levels, in order to
identify the risk of mental disorders: “normal” (0-15), “borderline” (16-19) and “abnormal”
(20-40), which is characterized as being at risk of developing mental disorders (Goodman, Ford,
Simmons, Gatward, & Meltzer, 2000). The psychometric properties of the SDQ have been
validated in many countries, including Norway (Van Roy, Veenstra, & Clench-Aas, 2008).

Subgroups

To allow for the examination of interaction effects and subgroup analyses, participants self-
reported their sex and status as either immigrant or non-immigrant. Immigrant status was
determined by foreign or native birthplace (born in Norway, yes/no). We used national
registries to obtain SES, which is expressed as the parent with the highest education level
(Erola, Jalonen, & Lehti, 2016). SES was divided into four subgroups: 1) lower secondary
school or less, 2) upper secondary school, 3) less than four years university education, and 4)
four years or more university education. We created baseline TDS subgroups based on the
predetermined cutoffs defining “normal”, “borderline” and “abnormal” TDS. This paper
adheres to the three most critical criteria used to assess credibility of subgroup effects by Sun
et al. (2012): subgroup variables must be assessed at baseline, subgroup hypotheses must be

specified ahead of analyses and there must be an interaction effect.

Physical activity

PA was objectively measured with Actigraph accelerometers, models GT3X and GT3X+
(Actigraph, LLC, Pensacola, Florida, USA). Measurements were carried out over seven
consecutive days, and participants were instructed to wear the accelerometer on their right hip,
and to take it off during sleep, or when in contact with water. The accelerometers were
initialized to start recording at 06:00 the day after the participants started wearing them. We
excluded data recorded between 00:00 and 06:00, and intervals with more than 20 consecutive
minutes without accelerations. Days with more than 480 minutes of active recording were
considered valid. School-time PA was defined as occurring between 08:00 and 14:00.
Schooldays with more than 40% of active recording during school-time were considered valid.
Valid school-time measurements were also determined by manually coding each class’
schedules to control that valid measurements occurred on days when the intervention was
scheduled. The subsequent analyses included only participants with at least two
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days/schooldays with valid measurements. We used Actilife software (Actigraph, LLC,
Pensacola, Florida, USA) to initialize and download the accelerometer data. STATA (Stata
Statistical Software, StataCorp LP) was used to process and analyze the raw data. Epoch was
set to 10 seconds. Overall PA is expressed as average counts per minute (counts-min™t). To
assess average minutes per day and per school-day spent sedentary or in moderate to vigorous
PA, time registered with <100 counts per minute and >1999 counts per minute, was divided by
valid days/school-days of assessment. We used established cut-points for moderate to vigorous
PA of 2000 counts per minute, which is equivalent to a >4km/h walking speed, among
adolescents (Kolle, Steene-Johannessen, Andersen & Anderssen, 2010). The interventions’

effects on PA are outlined in a separate paper (Kolle et al., 2020, submitted).

Adherence to protocol

Several measures were taken to ensure adherence to protocol. To assess fidelity, adaptation,
quality and responsiveness, qualitative process evaluations were carried out on both
interventions. The process evaluation for M2 has been published elsewhere (Avitsland, Ohna,
et al., 2020), while the process evaluation for M1, is provisional and only available in
Norwegian (Kolle et al., 2019). Dose delivered was also measured: One teacher liaison from
each school was responsible for reporting the intervention components as executed/not
executed on an online platform. Dose delivered is expressed as the mean percentage of
intervention components that were executed relative to the total number of intervention

components that were possible to execute during the 29-week intervention period.

2.4 Statistical analyses

All analyses were performed in IBM SPSS Statistics 25 (IBM, Armonk, New York, USA).
SDQ data were managed and organized into the predetermined scales by the syntax provided
by the SDQ information web page (Youthinmind, 2018). We report descriptive statistics from
T1 and T2 as means and standard deviations (SD). We used Cronbach’s alpha to assess the
internal consistency of TDS and its subscales. The respective results from T1 and T2 were as
follows: emotional problems (0.67 and 0.71), conduct problems (0.51 and 0.53), hyperactivity
(0.66 and 0.68), peer problems (0.61 and 0.61) and TDS (0.62 and 0.61). We tested the baseline
differences between M1 and control, and between M2 and control, using one-way ANOVA
with Fisher’s LSD post hoc test.
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Of the students who consented to participate in the study (n = 2084), 83% (n = 1728) completed
the SDQ at T1. Missing values between enrollment and T1 have been described previously
(Avitsland, Leibinger, et al., 2020). Of the completers at T1, 20% (n = 337) did not complete
the SDQ at T2, resulting in the complete case group (completers at T1 and T2) including 1391
participants. To examine if the data were missing completely at random (MCAR), Little’s
MCAR test was conducted with the variables TDS at T1 and T2, sex, SES and immigrant status.
The test did not indicate that data were compatible with MCAR (chi square = 39.408; DF = 9;
p < .001). We used logistic regression to examine whether TDS at T1 or T2, sex, SES,
immigrant status and three auxiliary physical fitness variables (cardiorespiratory fitness,
muscular strength and body composition; see Avitsland, Leibinger, et al., 2020), could predict
the likelihood of being a complete case or having at least one missing TDS value. The results
(odds ratio; 95% CI; p) indicated that missingness did not depend on the outcome (1.0; 0.91 to
1.1; p = .658), baseline TDS (1.0; 0.95 to 1.05; p = .821) or any other variable included in the
model. We therefore assumed the possibility that complete case analyses could produce
unbiased results (Hughes, Heron, Sterne, & Tilling, 2019). Two final post hoc tests were carried
out to assess whether experimental groups influenced missingness: First, the logistic regression
described above was stratified for experimental group to examine whether variables predicted
missingness differently between M1, M2 and control. Second, ANOVA with Fisher’s LSD post
hoc test was used to assess whether TDS at T1, among those with missing TDS at T2, was
different between M1, M2 and control. Neither of these tests indicated differences between the

groups.

Intervention effects

To test the effect of the interventions, we conducted complete case analyses using linear mixed
effects models, with schools as a random effect. We tested the effect of group (M1, M2 and
control) on change in the dependent variables, in models that included the respective baseline
variable as a covariate. Moderating effects for change in the dependent variables were
determined by testing a categorical subgroup * group interaction in models controlling for main
effects on group and subgroup. The moderating variables were sex, SES, immigrant status and
TDS level at baseline. In cases where the results indicated an interaction effect, subgroups were
analyzed separately by stratifying the data file. If a model indicated results that we interpreted
to be compatible with an effect on TDS at T2, subsequent analyses were conducted with the
TDS subscales as dependent variables. We report the estimated mean difference in change
between groups (b), 95% confidence intervals (Cl), exact p-values and the intraclass correlation
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coefficient (ICC) for the cluster effect of schools. The estimated mean difference in change is
expressed by measurement units on the scale of the dependent variable, adjusted for potential
baseline differences (M1-control and M2-control).

We have not used the Bonferroni adjustment, as we concur with its critics (Moran, 2003;
Nakagawa, 2004; Perneger, 1998) who argued that the adjustment increases the risk of type 2
error, and that “simply describing what tests of significance have been performed, and why, is

generally the best way of dealing with multiple comparisons” (Perneger, 1998).

In an effort to adhere to the American Statistical Association’s statement on statistical
significance and p-values (Wasserstein & Lazar, 2016), and more recent recommendations in a
special issue of the journal The American Statistician (Wasserstein, Schirm, & Lazar, 2019);
we do not dichotomously interpret the p-values to be either significant or non-significant.
Instead, we interpret the p-values as continuous quantities that express how compatible the
observed data are with the null-hypotheses: Smaller p-values indicate greater incompatibility
with the null-hypotheses. Based on the continuous p-values, the size of the unstandardized
regression estimates (b) and the limits of the confidence intervals, we interpret how compatible
the results are with our hypotheses and present the results accordingly (Amrhein, Greenland, &
McShane, 2019; Greenland et al., 2016). Other factors that influence our interpretations are
related to prior evidence, plausibility of mechanism, study design and data quality (McShane,
Gal, Gelman, Robert, & Tackett, 2019).

Multiple imputation

Despite the plausible MCAR assumption, the high amount of missing values increases the
possibility that the data might be missing at random (MAR) or not missing at random (MNAR).
Therefore, multiple imputation was employed. With five imputations and ten iterations, missing
data were imputed with TDS at T1 and T2, moderating variables and other auxiliary variables
(muscular strength, body composition and cardiorespiratory fitness), using the automatic
procedure. We did not impute on the SDQ subscale variables, because SPSS cannot carry out
multiple imputation with that many missing values (Mustillo & Kwon, 2015). Analyses that
showed results compatible with effects from the complete case data were repeated on the
imputed dataset. Complete case results and multiple imputation results are presented as
recommended by Manly and Wells (2015) and Sterne et al. (2009).
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3. Results
3.1 Descriptives and baseline differences

Table 1 shows the number of participants with valid data from each group at both time points,
baseline characteristics and PA levels, results from T1 and T2, and the distribution of
participants within the TDS subgroups “normal”, “borderline” or “abnormal” at T1 and T2. The
results were compatible with baseline differences between intervention groups and control
group: M1 had 6% higher TDS (b = 0.6; 95% CI = 0.003 to 1.17; p = .049) than control, and
M2 had 3.4% lower SES (-0.2 to 0.0; p = .039) than control. Furthermore, regarding school-
time PA, M1 had 13% fewer counts per minute (b = -65.0; 95% CI =-90.2 to -39.8; p < .001),
6% more sedentary time (b = 14.2; 95% CI = 10.2 to 18.2; p < .001) and 14% less moderate to
vigorous PA (b =-4.3; 95% CI = -5.9 to -2.6; p < .001) than control.
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3.2 Adherence to protocol

Average dose delivered in the M1 schools was registered to be 81%, ranging from 72% to 95%.
Average dose delivered in the M2 schools was 80%, ranging from 67% to 93%. This is
equivalent to 97 and 96 minutes, respectively, out of 120 possible minutes per week of

additional school-based PA. The compliance for reporting was 98.2%.
3.3 Intervention effects

Table 2 shows the estimated mean difference in change between the intervention groups and
the control group. The ICC was 0.007 for TDS, which indicates small to no difference between
schools (Killip, Mahfoud, & Pearce, 2004). For the overall population, the results were
incompatible with an effect of M1 or M2 on TDS. We interpreted the results to be incompatible
with interaction effects for sex (p = .150) or SES (p = .951), and compatible with interaction
effects for immigrant status (p = .061) and baseline TDS levels (p = .008). The subsequent
subgroup analyses showed beneficial results. In the abnormal TDS subgroup, results were
compatible with a mean difference in change for TDS in favor of M1, compared to their control
group counterparts (b = -2.9; 95% CI = -5.73 to -0.07; p = .045). Relative to the estimated
baseline levels within the abnormal TDS subgroup (23 points), M1 reduced TDS by 22%, while
the control condition reduced TDS by 9%. Subsequent analyses of the SDQ subscales showed
that the result could mainly be attributed to difference in change for conduct problems (b = -
0.99; 95% CI = -2.02 to 0.04; p = .058) and hyperactivity (b =-1.13; 95% Cl =-2.1t0 -0.19; p
=.019).

In the immigrant subgroup, results were compatible with a mean difference in change for TDS
in favor of both M1 (b =-1.6; 95% CI = -3.53 t0 0.27; p =.093) and M2 (b =-2.1; 95% Cl = -
4.36 t0 0.21; p = .075), compared to their control group counterparts. Relative to the estimated
baseline levels within the immigrant subgroup (11 points), TDS increased 5% in M1, 0% in M2
and 18% in the control group. Subsequent analyses of the SDQ subscales showed that the result
in favor of M1 could mainly be attributed to difference in change for emotional problems (b =
-1.1; 95% CI = -1.89 t0 -0.29; p = .008), and the result in favor of M2 could mainly be attributed
to difference in change for emotional problems (b = -1.0; 95% CI = -1.99 to -0.07; p = .036)
and hyperactivity (b =-0.94; 95% CI = -1.90 to 0.02; p = .055).
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The analyses on the immigrant/non-immigrant subgroups with the SDQ subscales as dependent
variables showed an unexpected result: in the non-immigrant subgroup, there was compatibility
with a mean difference in change for peer problems indicating an increase from M2 (b = 0.32;
95% CI = 0.03 to 0.62; p = .034), compared to the corresponding control subgroup. This
warranted further investigation into the subscale peer problems to understand whether there
were heterogeneous effects between specific subgroups. The results were compatible with a
mean difference in change indicating that M2 increased peer problems among non-immigrant
girls (b = 0.42; 95% CI1 = 0.11 to 0.72; p = .010) and in the subgroup with borderline TDS at
baseline (b = 0.89; 95% CI = 0.1 to 1.67; p = .029), compared to their respective control group
counterparts. Relative to the estimated baseline levels within the non-immigrant girls subgroup
(1.6 points), peer problems increased 19% in M2, while their control group counterparts
displayed a 13% decrease. Similarly, relative to estimated baseline levels within the borderline
TDS at T1 subgroup, (3.2 points), peer problems increased 6% for M2, while their control

counterparts displayed a 31% decrease.
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Table 2

Estimated mean difference in change in dependent variables, between groups.

Dependent variable

Groups/subgroup

Estimated mean difference in change (b (95% CI; p))

M1-control

M2-control

Total difficulties score

All participants (n = 1391)
Normal TDS at T1 (n = 1182)
Borderline TDS at T1 (n = 138)
Abnormal TDSat T1 (n = 71)
Immigrant (n = 118)
Non-immigrant (n = 1263)

0.04 (-0.65 t0 0.73; p = .899)
0.33(-0.50 to 1.15; p = .410)
-1.08 (-3.03t0 0.88; p =.277)
-2.9(-5.73 10 -0.07; p =.045)
-1.6 (-3.53t00.27; p =.093)
0.14 (-0.55 t0 0.84; p = .665)

0.16 (-0.57 t0 0.90; p = .641)
0.24 (-0.64t0 1.11; p = .571)
0.21 (-1.66 to 2.08; p = .825)
-1.4 (-4.87 t0 1.99; p = .405

-2.1(-4.36 10 0.21; p = .075)
0.31 (-0.43 t0 1.05; p = .382)

Emotional problems

Immigrant (n = 118)
Non-immigrant (n = 1263)

-1.1(-1.89 t0 -0.29; p = .008)
0.11 (-0.26 t0 0.47; p = .556)

-1.0 (-1.99 to -0.07; p = .036)
-0.03 (-0.41 0 0.36; p = .892)

Conduct problems

Normal TDS at T1 (n = 1182)
Borderline TDS at T1 (n = 138)
Abnormal TDS at T1 (n = 71)

0.02 (-0.17 t0 0.21; p = .835)
-0.01 (-0.77 t0 0.74; p = .973)
-0.99 (-2.02 t0 0.04; p = .058)

0.02 (-0.19t0 0.23; p = .812)
-0.04 (-0.79 t0 0.72; p = .922)
-0.08 (-1.31 to 1.16; p = .903)

Hyperactivity

Normal TDS at T1 (n = 1182)
Borderline TDS at T1 (n = 138)
Abnormal TDSat T1 (n=71)
Immigrant (n = 118)
Non-immigrant (n = 1263)

0.22 (-0.05 to 0.48; p = .098)
-0.48 (-1.26 t0 0.29; p =.220)
-1.13(-2.1t0-0.19; p=.019)
-0.58 (-1.42t00.27; p=.171)
0.12 (-0.11 t0 0.35; p = .292)

-0.02 (-0.30 t0 0.26; p = .880)
0.06 (-0.69 t0 0.80; p = .879)
-1.07 (-2.22 t0 0.08; p = .067)
-0.94 (-1.90 t0 0.02; p = .055)
0.01 (-0.24 10 0.25; p = .957)

Peer problems

Normal TDS at T1 (n = 1182)
Borderline TDS at T1 (n = 138)
Abnormal TDSat T1 (n=71)
Immigrant girls (n = 63)
Non-immigrant girls (n = 652)
Immigrant boys (n = 55)
Non-immigrant boys (n = 612)

0.11 (-0.16 t0 0.38; p = .416)
0.25 (-0.53 to 1.03; p = .509)
-0.07 (-1.14 to 1.0; p = .899)

0.49 (-0.55 to 1.52; p = .349)
0.23(-0.06 t0 0.52; p = .116)
-0.14 (-1.11 t0 0.83; p = .775)
-0.03 (-0.44 t0 0.38; p = .875)

0.24 (-0.04 t0 0.53; p = .093)
0.89 (0.10 to 1.67; p =.029)

0.26 (-1.01 to 1.53; p = .685)
0.11 (-1.07 to 1.28; p = .860)
0.42 (0.11 t0 0.72; p = .010)

-0.01 (-1.26 to 1.25; p = .990)
0.24 (-0.19 10 0.68; p = .260)

Note. We display results from analyses of intervention groups as a whole, and subgroups that show heterogeneous effects. TDS
= total difficulties score. T1 = baseline. M1 = intervention group 1. M2 = intervention group 2. Results interpreted to be
compatible with effects are accentuated in bold.

3.4 Multiple imputation

Compared to the complete case results, the linear mixed effects model conducted on the
imputed dataset showed results that were less compatible with effects on TDS, although the
unstandardized coefficients and confidence intervals showed similar tendencies (Table 3).
These results may be biased, however, because of the large amount of data that were imputed
and the majority of missing data existed in the outcome variable (Hughes et al., 2019; Lee &
Carlin, 2012). Additionally, multiple imputation on datasets containing cluster randomized
groups and subgroups may skew the imputed values toward the mean (Sullivan, White, Salter,
Ryan, & Lee, 2018). This may explain why the results for the immigrant subgroup and the
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abnormal TDS subgroup were less compatible with effects than in the complete case analyses.
For these reasons, the emphasis in the discussion will be placed on the complete case results.

Table 3. Estimated mean difference in change in Total Difficulties Score between groups, using the imputed dataset

Dependent  Groups analyzed Estimated mean difference in change (b (95% ClI; p)
variable
M1-control M2-control

TDS
All participants (n = 2045) -0.04 (-0.6 to 0.5; p = .884) 0.08 (-0.6 t0 0.7; p =.793)
Normal TDS at T1 (n = 1452) 0.26 (-0.4 to 1.0; p = .461) 0.20 (-0.5t0 0.9; p = .569)
Borderline TDS at T1 (n = 171) -1.22 (-3.0t0 0.5; p =.176) 0.34 (-1.3t0 2.0; p = .693)
Abnormal TDS at T1 (n = 105) -1.68 (-4.2 to 0.83; p =.188) -0.98 (-4.0t0 2.0; p = .519)
Immigrants (n = 192) -0.94 (-2.9 to 1.0; p = .340) -1.1(-3.2t0 0.9; p = .280)
Non-immigrants (n = 1893) 0.07 (-0.4t0 0.6; p=.775) 0.32(-0.210 0.9; p = p .252)

Note. T1 = baseline. M1 = intervention model 1. M2 = intervention model 2.

4. Discussion

The aim of this paper was to assess the effect of two school-based PA interventions on
adolescents” mental health. The complete case results indicate that the interventions did not
affect TDS in the overall population. Subgroup analyses, however, showed beneficial effects
from both interventions. Specifically, M1 reduced TDS in the subgroup with the highest levels
of psychological difficulties at T1 and both interventions prevented an increase in TDS for a
majority in the immigrant subgroup. Analyses of the SDQ subscales revealed, surprisingly, that
M2 caused peer problems to increase in both the non-immigrant girls subgroup and the
borderline TDS at T1 subgroup.

Although the immigrant subgroups’ mixed model p-values were non-significant in the
traditional sense, they were low enough to indicate that the data conformed more to the
hypothesis of an effect, than the null hypothesis (Greenland et al., 2016). Furthermore,
compared to M1, the difference in change for 95% of the control group spanned from a 3.5
points bigger increase to a 0.3 points lower increase. Compared to M2, the difference in change
for 95% of the control group spanned from a 4.4 points bigger increase to a 0.2 points lower
increase. The two upper limits indicate an increase with no practical implications, while the
lower limits indicate substantial clinically significant effects. This interpretation is based on the
findings by Goodman and Goodman (2009), suggesting that every one-point increase in TDS
represents a 16% to 23% increased likelihood of developing a mental disorder. Therefore, even
though the p-values were above the traditional significance level and the confidence interval
contained the null-value; a majority of the immigrant subgroup who received the interventions
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may have experienced a substantial decrease in the likelihood of developing a mental disorder,

compared to the respective control subgroup.
4.1 Overall population

The lack of an overall effect was not surprising, considering that 85% and 83% of the respective
M1 and M2 populations had normal levels of psychological difficulties. Similar ceiling effects
were suspected in comparable studies by Eather et al. (2016), Smith et al. (2018) and
Christiansen et al. (2018). Although our intervention period of 29 weeks was longer than in
similar studies (Eather et al., 2016; Lubans et al., 2016; Smith et al., 2018); it might have been
too short to attenuate an overall increase in psychological difficulties among generally healthy
adolescents. Furthermore, although 80-81% of the dose was registered as delivered, analyses
on PA outcomes show that M1 slightly increased school-time PA levels, while M2 did not
(Kolle et al., 2020). This difference may have been caused by the design of the M2 intervention:
All three M1 intervention components were teacher-led and were anticipated to be performed
with moderate to high intensity. M2, however, contained two lessons that were mainly student-
led. The process evaluation substantiates the hypothesis that the extensive freedom and student-
led activities that characterized M2 sometimes led to truancy (Avitsland, Ohna, et al., 2020).
Additionally, the intervention specified that students were allowed to choose their preferred
activity, which involved everything from low intensity walking to high intensity soccer. These
factors may have resulted in a dichotomization among the M2 participants, characterized by
physical activity and inactivity. It is also important to note that the control population was not
physically inactive: The Norwegian lower secondary school curriculum mandates at least two
PE lessons per week and students can also opt in for the elective subject of physical activity
and health (often organized in weekly 90-minute lessons). In addition, 63% of lower secondary
school students in Norway participate in leisure time sports (Bakken, 2019). Among upper
secondary school students, however, only 40% participate in leisure time sports and it is
possible that an intervention continuing into this period of adolescence would have shown an

effect in the overall population.
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4.2 Subgroups

Abnormal TDS at T1

TDS decreased in all abnormal TDS at T1-subgroups respective to M1, M2 and control,
indicating a regression to the mean. However, the abnormal TDS at T1 subgroup that received
the M1 intervention displayed a reduction in TDS that was more than twice as big as the
reduction in the corresponding control subgroup. The almost 3 points larger mean reduction in
M1 may be a substantial clinically significant difference (Goodman & Goodman, 2009). The
results concur with previous studies that also found effects in similar subgroups (Christiansen
et al., 2018; Eather et al., 2016; Smith et al., 2018).

The effect on TDS could be attributed to reductions in conduct problems and hyperactivity,
although this does not align with the meta-analysis by Ahn and Fedewa (2011), which did not
show an association between PA and conduct problems. However, a possible explanation for
the present reduction is that PA can influence mental health through a behavioral mechanism,
for example by improving coping and self-regulation (Lubans et al., 2016), which are inversely
associated with conduct problems in adolescents (Ebata & Moos, 1991). The reduction in
hyperactivity is supported by a substantial amount of evidence suggesting that PA has a
beneficial effect on hyperactivity through neurobiological pathways (Gapin, Labban, & Etnier,
2011).

Immigrants

The immigrant subgroups that received the M1 and M2 interventions displayed a smaller
increase and no increase in TDS, respectively, compared to the corresponding control subgroup.
Mainly, the effect from M1 could be attributed to reductions in emotional problems, and the
effect from M2 could be attributed to reductions in emotional problems and a prevented increase
in hyperactivity. These effects might be explained by a psychosocial mechanism (Lubans et al.,
2016): Social support may be the psychosocial mechanism that was affected, as it has been
shown to be associated with sports participation (Babiss & Gangwisch, 2009) and the M2
intervention was designed to facilitate positive social relationships. Immigrant adolescents
experience less social support than non-immigrants, and therefore might have a larger potential
for change (Oppedal & Rgysamb, 2004). In turn, social support can stave off emotional

problems (Garnefski & Diekstra, 1996) and is inversely associated with hyperactivity
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(Mastoras, Saklofske, Schwean, & Climie, 2015). Self-esteem is another potential psychosocial
mechanism that may explain the results, considering that PA is associated with adolescent self-
esteem (Dale, Vanderloo, Moore, & Faulkner, 2019), which, in turn is associated with
hyperactivity (Edbom, Lichtenstein, Granlund, & Larson, 2006) and emotional health
(Moksnes & Espnes, 2012). Moreover, adolescent immigrants may have lower self-esteem than
their non-immigrant peers (Bankston & Zhou, 2002). To discuss potential reasons why
immigrant adolescents experience less social support or have poorer senses of selves than their
non-immigrant peers is beyond the scope of this paper. However, racial discrimination occurs,
and can influence connected outcomes such as perceived physical appearance, feelings of
belonging to a peer group and identity development (Virta, Sam, & Westin, 2004). To the
authors’ knowledge, no previous study on the effect of school-based PA interventions on mental
health in adolescent populations has specifically identified immigrants as a subgroup. However,
in a recent study on an adult immigrant population in Sweden, a four-month lifestyle
intervention positively influenced mental health, and the authors emphasized increased PA and
social support as potential causes (Siddiqui, Lindblad, Nilsson, & Bennet, 2019). Furthermore,
in a qualitative study, “enhanced self-confidence, happiness, and lower stress” were frequently
reported as experienced benefits from PA among adult and adolescent immigrants of different
origins in USA (Wieland et al., 2015). The immigrant experience of school-based PA
interventions has been neglected in previous research. Similar studies in the future should
identify this subgroup, not only to assess quantitative effects, but also to assess why this
subgroup may benefit from increasing school-time PA.

Non-immigrant girls and borderline TDS at T1

In the subgroups non-immigrant girls and borderline TDS at T1 that received the M2
intervention, peer problems increased, while their respective control counterparts displayed
decreases. Although the differences in change were small to moderate — respectively 0.4 and
0.9 points — the percentage results relative to baseline gave reason for concern. Scoring high on
peer problems is characterized by the SDQ as being solitary, having few friends, being bullied
by others and getting along better with adults than with peers. The negative effects were
surprising, considering that the intervention was designed to facilitate social relationships
through PA. Additionally, participation in team sports has been associated with fewer mental
problems than participation in individual sports (Breistgl, Clench-Aas, Van Roy, & Raanaas,
2017), and a recent review by Pels and Kleinert (2016) concluded that PA could contribute to
reducing loneliness. The process evaluation of the M2 intervention offers a possible explanation
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for the negative effect among girls (Avitsland, Ohna, et al., 2020): The formation of activity
groups could lead to some girls feeling ostracized, while planning and cooperating within the
group sometimes led to disagreements, which could cause one or several girls to leave their
groups. Previous research on sex differences in adolescent peer relationships has shown that
social anxiety, expressed by a “fear of negative evaluation from peers, and more social
avoidance and distress in new situations” (La Greca & Lopez, 1998), is more prevalent in girls
than in boys. Furthermore, while boys tend to thrive in social groups, girls tend to place more
emphasis on dyadic relationships (Prinstein, Borelli, Cheah, Simon, & Aikins, 2005), perhaps
because they experience less conflicts in these relationships. According to Xie, Swift, Cairns,
and Cairns (2002), conflicts among girls involving social aggression, e. g., exclusion, isolation
and gossiping, most often occur in groups of four or more members, a common group size in
the M2 intervention. The potential sources of conflict for the non-immigrant girls may also have
been the reason for the negative effect in the borderline TDS subgroup; however, it is unclear

why the negative effect occurred specifically in this subgroup.

4.3 Strengths and limitations

Strengths of this study include a large sample of an understudied population, the use of a cluster-
RCT design and multilevel analyses of whole groups and subgroups. The mental health
outcome variable is comprised of four subscales, which can be helpful for interpreting the
explanatory mechanisms. Except for the non-immigrant girls subgroup, all subgroups were
determined a priori and fulfil most of the credibility criteria set by Sun et al. (2012). However,
limitations must be addressed and there are at least six specific factors that increase the
uncertainty of the results: 1) The participating schools volunteered and may be systematically
different from schools that declined to participate. This may restrict the generalizability of the
results. 2) There is also the possibility of a collider bias, i. e. that the mental health of
participants predicted different rates of participation at follow-up, depending on the
experimental groups. Between T1 and T2, M1, M2 and the control group lost 22%, 36% and
40% of their respective participants. The loss in M2 can be explained by the school withdrawing
from the project. The high attrition in the control group, however, cannot be accounted for and
may influence the results somehow. 3) Although we assumed that complete case analyses could
produce unbiased results, the assumption is uncertain. The high levels of missing values may
have influenced the results. 4) The subgroups in which we interpreted effects contained between
5% and 47% of the full population and testing of the smallest subgroups may have been low in

power. The small subgroups may also not be representative of equivalent subgroups outside of
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the study population. 5) The internal consistencies of TDS and subscales were below the
recommended cutoff point at 0.7 (Bland & Altman, 1997). This could be due to poor
understanding of the questions, unwillingness to answer the questions honestly, or actual low
consistency. Although this contributes to uncertainty, it should be noted that the relevance of
Cronbach’s alpha has been criticized (Sijtsma, 2009). It should also be considered a limitation
that we only used one measure of mental health, as there may be other instruments that are more
sensitive to change. 6) Lastly, schools are complex contexts (Moore et al., 2019) and our
interventions can be characterized as complex (Craig et al., 2008). This means that there are

many potential interacting systems that we cannot control, that may influence the results.

5. Conclusions

The School in Motion cluster-RCT with two intervention arms spanning over 29 weeks, did not
affect psychological difficulties in the overall population (14-15-year-olds in Norway attending
ninth grade). Results indicated beneficial effects in two subgroups: those with the highest
baseline levels of psychological difficulties and immigrants. The effects could be attributed
either to a reduction, or prevented increase, in conduct problems, hyperactivity and/or
emotional problems. The present results indicate that school-based PA interventions may cause
clinically significant changes in psychological difficulties in these subgroups, and these
changes may reduce the odds of developing mental disorders. The M2 intervention may be
beneficial for immigrants in its current form, although further studies are needed with adapted
versions to avoid an increase in peer problems in some subgroups. Future research should focus
on the causal relationship between school-time PA and adolescent immigrants’ mental health,

as no previous research exists on this subject.
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Abstract

Objectives: To investigate the association between one-year changes in three components of

physical fitness and mental health status in adolescents.

Design: Participants in a cluster-randomized controlled trial were treated as one cohort with a
prospective study design, involving data collection at two time points separated by one year.

Methods: Norwegian 14-15-year-olds (n = 925) had valid data for both time points. Mental
health was assessed via self-report questionnaire and cardiorespiratory fitness, muscular
strength and body composition were objectively measured. Change scores were calculated from

the physical fitness variables and serve as independent variables in linear mixed effects models.

Results: There was no association between change in body composition and psychological
difficulties. Sex, immigrant status and socioeconomic status moderated associations. Subgroup
results were compatible with inverse associations between change in cardiorespiratory fitness
and psychological difficulties among boys (b = -0.009; 95% CI = -0.015 to -0.003; p = .006);
change in muscular strength and psychological difficulties among immigrants (b = -1.97; 95%
Cl =-4.0310 0.09; p =.061). Results were also compatible with an association between change
in cardiorespiratory fitness and psychological difficulties among girls in the highest
socioeconomic group (b =0.014; 95% CI = 0.003 to 0.025; p = .014).

Conclusions: Increased cardiorespiratory fitness was associated with a beneficial mental health
status among boys; increased muscular strength was associated with a beneficial mental health
status among immigrants; and increased CRF was associated with a disadvantageous mental
health status among high SES girls. The associations for different fitness components were
dependent on different moderators. Possibly, this indicates that associations in different
subgroups are mediated by different mechanisms. Moderated associations should be addressed

in future investigations.
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1. Introduction

Mental health problems are the leading cause of disability among adolescents (Erskine et al.,
2015), and because most adult mental disorders begin in adolescence (Jones, 2013), it is
important to investigate viable methods of prevention. There is compelling evidence in favor
of physical activity (PA) as a preventive measure against mental disorders in adults (Choi et al.,
2019), however, evidence is more inconclusive among adolescents (Biddle, Ciaccioni, Thomas,
& Vergeer, 2019).

It is unclear how PA influences mental health, however, Lubans et al. (2016) have suggested
that the influence may be caused by different neurobiological-, psychosocial- or behavioral
mechanisms. For instance, the neurobiological mechanism can refer to how aerobic PA can
influence structures and functions in various regions of the brain (Matta Mello Portugal et al.,
2013). Furthermore, the psychosocial mechanism can refer to how strength training can
positively influence senses of “self” (e.g. self-esteem, self-efficacy, self-perceptions; Collins,
Booth, Duncan, Fawkner, & Niven, 2019). Lastly, the behavioral mechanism can refer to how
various aerobic PA may influence self-regulation skills, such as attention and concentration
(Laberge, Bush, & Chagnon, 2012). In turn, the mechanisms might influence various mental
health outcomes, such as depression (Nestler et al., 2002; Steiger, Allemand, Robins, & Fend,
2014) or well-being (Steinberg, 2014, p. 177). Knowledge of the mechanisms is “critical to
developing effective targeted interventions to promote mental health and reduce mental
disorders in youth” (Doré et al., 2020). Unfortunately, we still know little about the mechanisms
and Biddle et al. (2019) have called on future research to focus on identifying them.

To improve our ability to identify the mechanisms, measurement precision and validity is
important, considering that the mechanisms can be moderated by “frequency, intensity, time,
type and context” of PA (Lubans et al., 2016). This level of detail in PA measurement can prove
challenging, considering how complex and multidimensional PA behavior is (Warren et al.,
2010). Physical fitness is strongly related to PA (Fogelholm, Stigman, Huisman, &
Metsamuuronen, 2008) and can be divided into three health-related components:
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cardiorespiratory fitness (CRF), muscular strength and body composition (Caspersen, Powell,
& Christenson, 1985). Although these components do not necessarily provide specific
information regarding frequency, intensity, time, type and context of PA, the components can
at least give some indication of some of these moderators and how they occur over time (Blair,
Cheng, & Holder, 2001). Thus, physical fitness may be a more suitable measure in the effort to
investigate the association between habitual PA and mental health, and the potential
explanatory mechanisms of the association. Moreover, “an important distinction between
physical activity and fitness is the intraindividual day-to-day variability; physical activity will
undoubtedly vary on a daily basis, whereas fitness will remain relatively static, taking time to
change” (Warren et al., 2010). Thus, objectively measured health-related components of
physical fitness might be a more stable measurement of habitual PA. This has also been
advocated in previous studies, which have measured physical fitness either as a “surrogate
measure of physical activity exposure” (Dishman et al., 2012) or “a physiological outcome
achieved through prolonged physical activity” (Ruggero, Petrie, Sheinbein, Greenleaf, &
Martin, 2015). Other studies that argue for using physical fitness over PA have suggested that
“quantification of fitness is more objective than physical activity” (Schuch et al., 2016) and that
“fitness is a more relevant disease or prognostic marker” (Tacchi, Heggelund, & Scott, 2019).
It has also been suggested that physical fitness itself mediates the effect of PA on mental health
outcomes (Eddolls et al., 2018; Ruggero et al., 2015).

There is an abundance of studies examining the cross-sectional association between physical
fitness and mental health among adults (Papasavvas, Bonow, Alhashemi, & Micklewright,
2016; Pereira-Miranda, Costa, Queiroz, Pereira-Santos, & Santana, 2017; Volaklis,
Mamadjanov, Meisinger, & Linseisen, 2019). Longitudinal studies that examine the association
over time, however, are scarce. The existing evidence suggests that having a lower body mass
index (BMI) and avoiding CRF from declining is prospectively associated with lower odds of
depression (Bjerkeset, Romundstad, Evans, & Gunnell, 2008; Dishman et al., 2012; Shigdel,
Stubbs, Sui, & Ernstsen, 2019). Regarding muscular strength, a recent study indicated that grip
strength is associated with lower odds for developing depression, for females only (McDowell,
Gordon, & Herring, 2018).

In the context of physical fitness and mental health research, adolescents are an understudied

population. Cross-sectional studies have found positive associations between mental health

outcomes and CRF (Greenleaf, Petrie, & Martin, 2010), muscular strength (Smith et al., 2014)

and body composition (Eddolls et al., 2018). Longitudinal studies, however, are scarce, which
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should be considered a major gap in our knowledge of how physical fitness is associated with
mental health over time, in the period of adolescent development. The first and only review of
such longitudinal studies was published recently by Tacchi et al. (2019). The results of the
review associated higher levels of physical fitness with less onset of mental health problems;
however, the authors listed several limitations regarding the reviewed studies. For instance,
there was an overweight of male participants, CRF was the only fitness component included,
and studies did not control for important covariates, such as socioeconomic status (SES).
Examples of categorical variables that are associated with both mental health and physical
fitness include SES (Bge, @verland, Lundervold, & Hysing, 2012; Cleland, Ball, Magnussen,
Dwyer, & Venn, 2009), sex (Frojd et al., 2008) and immigrant status (Abebe, Lien, & Hjelde,
2014; Lammle, Worth, & Bos, 2012). It is therefore important to control for these variables and
to investigate whether they have moderating effects on the association between physical fitness

and mental health.

To learn more about the possible preventive properties of the health-related components of
physical fitness, there is a need for more research on the prospective association between
physical fitness and mental health outcomes in adolescent populations. The aim of the present
paper was therefore to investigate whether one-year changes in physical fitness components
were associated with mental health status among Norwegian adolescents. Secondary aims were
to explore potential moderators of the association, and to explore whether an association could

be attributed to specific aspects of the mental health instrument.

2. Methods

2.1 Design and participants

This was a prospective cohort study that used baseline (May-August 2017) and follow-up
(April-June 2018) data from the School in Motion study. Briefly, School in Motion was a
multicenter cluster randomized controlled trial (RCT) that took place in four geographical
regions in Norway. The primary purpose of School in Motion was to investigate whether two
separate school-based PA interventions had an effect on PA levels. The secondary purpose was
to investigate the effect on physical fitness, mental health, academic achievement and learning
environment. Participants were ninth grade students from 29 lower secondary schools (n =
2084; age 14-15) and the schools were randomized into two intervention groups and one control

group. In the present paper, all participants are treated as one cohort, but we control for school
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clustering and experimental group allocation in the analyses. Figure 1 shows participant flow
and missing values between baseline and follow-up. School in Motion and its procedures were
approved by the Norwegian Centre for Research Data (project number 49094), and the study is
in line with the Declaration of Helsinki for experiments involving humans. The study is
registered in ClinicalTrials.gov ID nr: NCT03817047.

All values at baseline (n = 1485) |

Did not provide all values at follow-
up (n =560)

BMI (n = 254; 17%)
Muscular strength (n = 316; 21%)
CRF (n = 450; 30%)

TDS (n = 279; 19%)

Complete case: participants with all
values at both time points (n = 925;
62%)

Fig. 1. Participant flow chart between baseline and follow-up. Percentages represent amount relative to 1485; BMI = body
mass index; CRF = cardiorespiratory fitness; TDS = Total Difficulties Score.

2.2 Measurements

Measurement procedures for all variables have been described in detail in the paper outlining
the cross-sectional associations between physical fitness and mental health at baseline
(Avitsland et al., 2020). Therefore, a brief description is provided below.

Mental health

Mental health was assessed by using the self-report version of the Strengths and difficulties
questionnaire (SDQ; Goodman, 1997). The SDQ consists of 25 items, divided into five
subscales, each holding five items. Four of the subscales — emotional problems, conduct
problems, hyperactivity and peer problems — are summed to create the Total difficulties score
(TDS). The TDS ranges from 0-40 and a higher score indicates increased psychological
difficulties. The TDS functions as a dimensional measure that indicates a general mental health
state in children and adolescents, as it has been found to detect changes in psychopathology on

each point of the scale (Goodman & Goodman, 2009). To differentiate between groups and
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identify risk of mental disorders, the TDS can be divided into three levels: Scoring 0-15 is
“normal”, scoring 16-19 is “borderline”, and scoring 20-40 is “abnormal”. The abnormal range
has been shown to indicate an increased risk of developing mental disorders (Goodman, Ford,
Simmons, Gatward, & Meltzer, 2000). The psychometric properties of the SDQ have been
validated several times in many countries, including Norway (Van Roy, Veenstra, & Clench-
Aas, 2008).

Physical fitness

We measured CRF with a modified version of the Andersen-test (Andersen, Andersen,
Andersen, & Anderssen, 2008). The modification was the test field distance, which in the
standardized Andersen-test is supposed to be 20 meters, but because of limited space in the
gymnasiums, we used 16 meters. The outcome variable for CRF in this study is the total
distance run in meters (m). To assess muscular strength, the participants performed sit-ups,
standing broad jump and handgrip test, as they are described in the EUROFIT test battery
(Council of Europe, 1988). As an expression of body composition, we measured participants’
height and weight and calculated BMI (kg/m?). All physical fitness tests were conducted at the
participants’ respective schools, by trained test-personnel.

Covariates and subgroups

We obtained categorical data for covariates and potential moderators. Sex was noted by test-
personnel. Immigrant status was self-reported in the questionnaire by asking if the participant
was born in Norway. Socioeconomic status (SES), is expressed as the parent with the highest
education level (Erola, Jalonen, & Lehti, 2016), which we obtained from national registries.
The education level was split in four subgroups: lower secondary school or less; upper
secondary school; less than four years university education; more than four years university
education. Based on the “normal”, “borderline” and “abnormal” TDS cutoffs, we created a
categorical baseline TDS variable. Lastly, we also used the categorical data describing
participants’ allocation to one of the three experimental groups. To ensure the credibility of our
subgroup analyses, we adhere to the three most critical criteria set forth by Sun et al. (2012):
subgroup variables must be assessed at baseline, subgroup hypotheses must be specified ahead

of analyses and there must be an interaction effect.
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2.3 Statistical analyses

All analyses were performed in IBM SPSS Statistics 25 (IBM, Armonk, New York, USA).
SDQ data were managed and organized into the predetermined scales by the syntax provided
by the SDQ information web page (Youthinmind, 2018). Cronbach’s alpha was employed to
assess the internal consistency of TDS and its subscales. The respective alphas from baseline
and follow-up were as follows: emotional problems (0.67 and 0.71), conduct problems (0.51
and 0.53), hyperactivity (0.66 and 0.68), peer problems (0.61 and 0.61) and TDS (0.62 and
0.61). We report all values from both time points with descriptive statistics as means and
standard deviations (SD). Paired t-tests were conducted with all outcome variables to assess the
overall changes from baseline to follow-up.

We calculated individual change scores for the physical fitness variables (follow-up - baseline),
which functioned as the independent variables. The change score for muscular strength is a
mean composite z-score, stratified for sex. It was constructed from the change scores for
handgrip test, standing broad jump and sit-ups, which were transformed into separate z-scores
and averaged.

To test the prospective association between changes in health-related components of physical
fitness and mental health status, we conducted linear mixed effects models, with schools as a
random effect. We assessed the potential moderating effect of sex, SES, immigrant status, TDS
category at baseline (normal, borderline and abnormal) and experimental group on the
association between the independent and dependent variables by creating separate models for
each moderator. In each model we added the moderator as an interaction term for all three
independent variables, while also controlling for the independent variables. Subsequently, we
performed subgroup analyses of the categorical variables that indicated an interaction effect.
Follow-up TDS was the primary dependent variable and when a model indicated results that
were compatible with an association, we conducted analyses to investigate if the association
could be attributed to any of the TDS subscales (emotional problems, conduct problems,
hyperactivity and peer problems). All models controlled for the dependent variable’s baseline
result, sex, SES, immigration status and experimental group allocation. We report
unstandardized regression coefficients (b) with 95% confidence intervals (Cl) and exact p
values (b; 95% CI; p). The b represents difference on the scale of the dependent variable for
each unit increase on the scale of the independent variable.
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We do not dichotomously interpret the p-values to be either significant or non-significant.
Instead, we adhere to the guidelines provided by the American Statistical Association’s
statement on statistical significance and p-values (Wasserstein & Lazar, 2016), and more recent
guidelines (Wasserstein, Schirm, & Lazar, 2019). Specifically, we interpret p-values as
continuous quantities that express how compatible the observed data are with the null-
hypotheses: Higher p-values indicate greater compatibility with the null-hypotheses. We
interpret and present our results based on a continuous interpretation of the p-values, the size
of the unstandardized regression estimates (b) and the limits of the confidence intervals
(Amrhein, Greenland, & McShane, 2019; Greenland et al., 2016). Our interpretations are also
influenced by prior evidence, plausibility of mechanism, study design and data quality
(McShane, Gal, Gelman, Robert, & Tackett, 2019).

Missing values

Missing values between enrollment and baseline have been described extensively in a previous
paper (Avitsland et al., 2020) which argued that the cross-sectional associations at baseline were
likely not affected by the missing values. Of the participants with all values at baseline (n =
1485), 62% (n = 925) had all values at follow-up. A grouping variable was created, and one-
way ANOVAs were used to analyze differences between the complete case group, and

participants with present values at baseline but missing values at follow-up (n = 560).

To assess whether missing values were missing completely at random (MCAR), Little’s MCAR
test was conducted on the group with all values at baseline (n = 1485). The MCAR test of
missing values for TDS, CRF, BMI and muscular strength at follow-up indicated that the
missing data in this group were either missing at random (MAR) or not missing at random
(MNAR; 47.401, DF = 25, p =.004). To investigate missing data further, we used descriptive
and frequency statistics to determine the degree of missing values from each variable.

As a final measure of handling missing data, we conducted multiple imputation. With five
imputations and ten iterations, missing data were imputed from TDS, CRF, muscular strength
and body composition at both timepoints and covariates, using the automatic procedure. SPSS
cannot handle multiple imputation with too many variables, thus we did not impute on the SDQ
subscales (Mustillo & Kwon, 2015). The linear mixed effects models that were compatible with
effects on the complete case dataset, were conducted on the imputed dataset. We report results
from complete case analyses and after multiple imputation, which has been recommended by

Manly and Wells (2015) and Sterne et al. (2009).
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3. Results

3.1 Descriptives and group differences

The complete case group included 925 participants, of which 474 (51%) were girls and 74 (8%)
were immigrants. The four SES groups contained, from lowest to highest SES, 43 (5%), 246
(27%), 374 (40%) and 262 (28%) participants. Table 1 shows the means with standard
deviations from both time points, and the respective mean changes (the mean results from
baseline and follow-up respective to each categorical moderator subgroup is presented in
Supplementary table 1a). All variables, except conduct problems and peer problems indicated

increases at follow-up.

Table 1. Mean results and difference between baseline and follow-up

Mean
Baseline (SD) Follow-up (SD) change  95%ClI p
Total difficulties score (0-40) 10.1 (5.0) 10.6 (5.4) 0.5 0.2t00.8 .001
Emotional problems (0-10) 3.0(2.2) 3.2(24) 0.2 0.1to0.4 <.001
Conduct problems (0-10) 15(1.4) 1.6 (1.5) 0.03 0.07to 0.1 .535
Hyperactivity (0-10) 3.9(2.1) 41(2.2) 0.2 0.1t00.3 .001
Peer problems (0-10) 1.7 (1.6) 1.8(1.7) 0.1 0.1t00.2 371
Body mass index 19.8 (2.9) 20.3(3.1) 0.5 0.5t00.6 <.001
Standing broad jump (cm) 174 (25) 181 (26) 7 6to8 <.001
Sit-ups (n/30 seconds) 19 (4) 20 (4) 1 0.8t01.2 <.001
Handgrip strength (kg) 30.5(7) 33.3(9) 2.8 241031 <.001
Cardiorespiratory fitness (m) 909 (91) 927 (101) 18 13t0 22 <.001

3.2 Associations between change in fitness and mental health

status

The results were compatible with an inverse association between change in CRF and follow-up
TDS for all participants (b =-0.004; 95% CI = -0.008 to -0.001; p = .040). The results were not
compatible with associations between follow-up TDS and change in BMI or change in muscular
strength. The results from moderator analyses were compatible with three separate interaction
effects for associations with follow-up TDS: sex * change CRF (p = .010); immigration status
* change muscular strength (p = .110); and SES * change CRF (p = .011).

Subsequent subgroup analysis of sexes was compatible with an inverse association between
change in CRF and follow-up TDS among boys only (-0.009; 95% CI = -0.015 to -0.003; p =
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.006). These results suggest that 100m increase in CRF was associated with 8.5% (0.9 points)
lower follow-up TDS, relative to boys’ mean values. (10.5 points). Subscale analyses showed
that the results could mainly be attributed to lower conduct problems (-0.002; 95% CI = -0.005
to -0.001; p = .034), hyperactivity (-0.003; 95% CI = -0.006 to -0.001; p = .011) and peer
problems (-0.003; 95% CI = -0.005 to -0.001; p = .005).

The subgroup analysis of immigrants/non-immigrants was compatible with an inverse
association between change in strength and TDS among immigrants only (-1.96; 95% CI = -
4.03 t0 0.092; p = .061). These results suggest that 1 standard deviation increase in the z-score
composite of handgrip strength, standing broad jump and sit-ups, was associated with 18%
(1.96 points) lower follow-up TDS, relative to the immigrant population’s mean values (10.7).
Subscale analyses showed that the results could mainly be attributed to lower conduct problems
(-0.48; 95% CI = -1.05 to 0.08; p = .095), and hyperactivity (-0.64; 95% CI = -1.45 to 0.16; p
= 113).

The subgroup analysis of SES indicated inverse associations between change in CRF and
follow-up TDS in SES groups 1-3 (unstandardized coefficients between -0.007 and -0.04, p-
values between .039 and .063). SES group 4 (highest levels of parental education) demonstrated
an opposite tendency (b = 0.004; 95% CI = -0.004 to 0.012; p = .278). This prompted further
investigation by stratifying the SES groups. The analysis stratified for SES and sex was
compatible with an association between change in CRF and follow-up TDS among girls in SES
group 4 (n = 135; 0.014; 95% CI = 0.003 to 0.025; p = .014). These results suggest that 200m
increase in CRF was associated with 13% (1.4 point) higher follow-up TDS, relative to girls in
SES group 4’s mean values (10.5). Subscale analyses showed that these results could mainly
be attributed to emotional problems (0.005; 95% CI =-0.001 to 0.01; p =.076) and hyperactivity
(0.007; 95% CI = 0.003 to 0.012; p =.002). No other sub-stratification of SES showed results
compatible with associations that have not been described. Results from the full study sample

and subgroups are presented in Table 2.
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Table 2.
Associations between independent variables (change scores T2-T1) and dependent variables at T2.

Independent
variable Dependent variable
Group Unstandardized b (95% Cl) p
Change CRF Follow-up TDS
All participants -0.004 (-0.008 to -0.001) .040
Boys -0.009 (-0.015 to -0.003) .006
Girls 0.001 (-0.004 to 0.006) 739
Girls in SES group 1 -0.038 (-0.106 to 0.029) .238
Girls in SES group 2 -0.004 (-0.015 to 0.007) 4T3
Girls in SES group 3 -0.001 (-0.008 to 0.005) 704
Girls in SES group 4 0.014 (0.003 to 0.025) .014
Emotional problems
Girls in SES group 4 0.005 (-0.001 to 0.01) .076
Conduct problems
Boys -0.002 (-0.005 to -0.001 .034
Hyperactivity
Boys -0.003 (-0.006 to -0.001) 011
Girls in SES group 4 0.007 (0.003 to 0.012) .002
Peer problems
Boys -0.003 (-0.005 to -0.001) .005
Change strength Follow-up TDS
All participants -0.14 (-0.59 t0 0.30 523
Immigrants -1.97 (-4.03 t0 0.09) .061
Non-immigrants -0.05 (-0.50 to 0.40) .830
Conduct problems
Immigrants -0.48 (-1.05 to 0.086) .095
Hyperactivity
Immigrants -0.645 (-1.45 to0 0.157) 113
Change BMI TDS
All participants -0.10 (-0.33 t0 0.13) .400

Note. All models included the three physical fitness variables, experimental group belonging, the dependent variable at baseline,
sex, immigration and socioeconomic status, except in models where the categorical variable itself stratified the data. b =
regression coefficient; ClI = confidence interval; CRF = Cardiorespiratory fitness; BMI = Body mass index; SES =
Socioeconomic status

3.3 Missing value analyses

Missing value analyses showed that results were compatible with some differences between the
complete case group and the group with missing values (n = 560). Specifically, the complete
case group displayed 6% higher SES (p < .001); 6% lower baseline TDS (0.6 points; p =.017)
and 10% lower follow-up TDS (1.1 points; p = .002) and ran 1% (10m; p = .064) farther at
baseline, compared to the missing values group. The results were not compatible with any other
differences. Further exploration revealed that the missingness was largely due to participants
not performing the CRF-test. Between test centers, not participating in the CRF-test at follow-

up caused 62% to 89% of the missing values from the follow-up data collection.
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After multiple imputation, linear mixed effects models showed similar associations as in the
complete case results: Change in CRF was inversely associated with follow-up TDS for all
participants (n = 2044, -0.005; -0.009 to 0.001; p = .062) and subgroup analyses showed the
association was only present among boys (b = -0.007; -0.013 to -0.001; p = .047). However,
compared to the complete case results, results after multiple imputation were much less
compatible with associations between change in muscular strength and follow-up TDS among
immigrants (n = 190; -0.69; -1.95 to 0.57; p = .278); and between change in CRF and follow-
up TDS among girls in SES group 4 (b = 0.002; -0.006 to 0.01; p = .588). Considering that
values were imputed for 55% (n = 1119) of the study sample and that an independent variable,
follow-up CRF, was the main reason for missing values, the results from the multiply imputed
dataset should be treated with caution (Hughes, Heron, Sterne, & Tilling, 2019). We will
therefore focus our attention on the complete case results in the discussion, although we

acknowledge that our results are uncertain.
4. Discussion

We aimed to investigate whether one-year changes in physical fithess components were
associated with adolescent mental health status. The main findings were 1) an inverse
association between change in CRF and follow-up psychological difficulties among boys; 2) an
inverse association between change in muscular strength and follow-up psychological
difficulties among immigrants; and 3) an association between change in CRF and psychological
difficulties among girls in the highest SES group. The three findings are discussed separately.

4.1 Boys

Based on interpretation of the p-values alone, the inverse association between change in CRF
and follow-up psychological difficulties among boys appear quite certain. To interpret the
meaningfulness of the association, we use the paper by Goodman and Goodman (2009), which
showed that a one-point reduction in TDS has been associated with a 16% to 23% lower
likelihood of developing a mental disorder. Thus, the association may be meaningful in a
clinical sense, considering that psychological difficulties in boys overall increased, while 200m
increase in CRF suggested 14% to 3% lower levels than the boys’ mean (10.5), according to
the confidence intervals.
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These results are in support of the baseline findings from the same population, which were
incompatible with any associations between muscular strength and mental health, or BMI and
mental health (Avitsland et al., 2020). The results are also supported by previous cross-sectional
studies that only found CRF to be associated with a mental health outcome, while controlling
for at least one other measure of physical fitness (Andersen et al., 2017; Rieck, Jackson, Martin,
Petrie, & Greenleaf, 2013; Yeatts, Martin, & Petrie, 2017). To the best of our knowledge, only
Ruggero et al. (2015) have previously investigated the prospective association between physical
fitness and mental health outcomes in a similar adolescent population. However, the present
results stand in contrast to the results by Ruggero et al. (2015), which showed that baseline CRF
was inversely associated with follow-up depression levels among girls, not boys. Similarly, in
the cross-sectional study by Greenleaf et al. (2010), higher levels of CRF indicated lower levels
of depression among girls only. Moreover, a recent cross-sectional study by Janssen et al.
(2020), showed stronger associations between CRF and internalizing problems among girls
than among boys. Rieck et al. (2013), however, had similar findings as ours and showed that
boys, but not girls, with low CRF had higher odds of elevated depression than boys classified
as having high CRF. Studies have also investigated whether the effect of PA interventions on
mental health is moderated by sex. A meta-analysis found that the effect on mental health
outcomes was larger for boys than girls in randomized studies; the effect was opposite in non-
randomized studies (Ahn & Fedewa, 2011).

Considering that adult women and men show similar favorable associations between CRF and
mental health (Sui et al., 2009), the different associations in the present results may be specific
to the adolescent age group. The present subscale results might provide some explanation.
Firstly, conduct problems, one of the three aspects of psychological difficulties that the inverse
association with TDS was attributed to, is more common among boys than girls (Button et al.,
2007). This was also true for the present study population (data not shown). Lower conduct
problems may be caused by an increase in self-regulation, a behavioral mechanism (Lubans et
al., 2016), which has been associated with PA among adolescents (Wills, Isasi, Mendoza, &
Ainette, 2007) and is more common among girls than boys (Raffaelli, Crockett, & Shen, 2005).
Therefore, the potential for change in conduct problems and self-regulation is larger among
boys than girls. This was demonstrated in the study by Lakes and Hoyt (2004), which also found
reductions in conduct problems among boys only, and that the reduction was associated with

an increase in self-regulatory skills, as a result of a martial arts program.
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The inverse association between change in CRF and follow-up psychological difficulties was
also attributed to hyperactivity. This may have occurred through a neurobiological mechanism
(Lubans et al., 2016). According to Gapin, Labban, and Etnier (2011), there are many potential
neurobiological ways that PA can influence hyperactivity, for instance by increasing blood flow
to the frontal region of the brain, or by increasing the availability of dopamine and
norepinephrine. This was supported in the recent review by Ng, Ho, Chan, Yong, and Yeo
(2017), which concluded that “...moderately-to-intense aerobic exercise, is a beneficial and
well-tolerated intervention for children and adolescents with ADHD”. Furthermore, that
aerobic exercise may affect hyperactivity differently for boys and girls has been observed
previously (Tantillo, Kesick, Hynd, & Dishman, 2002). Unfortunately, the majority of studies
investigating the effect PA may have on hyperactivity has only included a male population,
which makes it difficult to evaluate potentially different associations between boys and girls
(Kamp, Sperlich, & Holmberg, 2014).

Lastly, the inverse association between change in CRF and follow-up psychological difficulties
among boys was also attributed to peer problems. Similar findings include Lamb and Gulliford
(2011), who found lower levels of peer problems in children after an aerobic exercise program;
and Sagatun, Sggaard, Bjertness, Selmer, and Heyerdahl (2007), who found an inverse
association between time spent in PA and peer problems among boys. A change in peer
problems may occur through a psychosocial mechanism, which specifically involves social
interaction and relatedness (Lubans et al., 2016). Participation in team sports provides much
opportunity for social interaction and the development of social skills (Eime, Young, Harvey,
Charity, & Payne, 2013) and is therefore a potential explanation for how aerobic PA affects
peer problems through the psychosocial mechanism. Lower peer problems may also be directly
connected to reductions in hyperactivity and conduct problems, as adolescents who have
problems in peer relationships commonly also display signs of hyperactivity (Bagwell, Molina,
Pelham, & Hoza, 2001) or conduct problems (Woodward & Fergusson, 1999). The difference
between boys and girls may be explained by previous results showing that, compared to girls,
boys report more social support, perceived benefits, self-efficacy and fun from PA (Cardon et
al., 2005).

4.2 Immigrant adolescents

The inverse association between change in muscular strength and follow-up psychological
difficulties among immigrants is the least certain of the present findings, based on p-value and
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confidence interval interpretation. The p-value of the association is non-significant in the
traditional sense, however, it still indicates that the data conforms more toward the association
hypothesis, than the null hypothesis (Greenland et al., 2016). Furthermore, the confidence
interval crosses the null value, but the limits indicate that the association with 1 SD strength
increase spanned from 38% lower- to 0.9% higher follow-up TDS than the immigrant means
(10.7; see Supplementary Table 1a). The upper limit is not very meaningful, while the lower
limit represents an association that may be meaningful in a clinical sense (Goodman &
Goodman, 2009).

The inverse association between change in muscular strength and psychological difficulties is
contrary to previous cross-sectional studies, which ruled out muscular strength as being
associated with mental health outcomes, when controlling for CRF (Andersen et al., 2017; Kelly
et al., 2010; Rieck et al., 2013; Yeatts et al., 2017). These studies, however, did not examine
whether being born in the country or having immigrated to the country, moderated the
associations. Given the scarcity of research about the association between physical fitness and
mental health among immigrant adolescents, we can only speculate why increased muscular
strength was associated with follow-up psychological difficulties in the subgroup. The
association was attributed to conduct problems and hyperactivity, which points to self-esteem
as a possible explanation: A review by Smith et al. (2014) showed consistent cross-sectional
associations between muscular strength and perceived physical appearance, perceived sports
competence, self-worth and self-esteem. These findings have also been supported in more
recent research (Collins et al., 2019). Lower self-esteem has been associated with both conduct
problems (Ha, Petersen, & Sharp, 2008) and hyperactivity (Edbom, Lichtenstein, Granlund, &
Larsson, 2006) and it is possible that increasing muscular strength leads to improved self-
esteem, which in turn leads to less conduct problems and hyperactivity. The reason why this
association was present among immigrants alone may be due to immigrants having lower self-
esteem than their non-immigrant peers (Bankston & Zhou, 2002); however, we do not know
whether this was true for our population. Although it is an interesting and important topic, to
discuss reasons why immigrant adolescents have poorer self-esteem than their non-immigrant
peers, is beyond the scope of this paper. However, this subgroup can experience racial
discrimination, which can influence self-esteem-related outcomes, such as perceived physical
appearance, feelings of belonging to a peer group and identity development (Virta, Sam, &
Westin, 2004).
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Importantly, these results are based on low-powered subgroup analyses and might be spurious;
irrespectively, the associations should be investigated in future studies, as immigrant
adolescents have been severely neglected in this research field. Accumulated knowledge is
important and can be applied by persons working with integrating and acculturating immigrant

adolescents.
4.3 High socioeconomic status girls

The association between change in CRF and follow-up psychological difficulties among girls
in the highest SES group was surprising. The p-value suggests very low compatibility with a
null-hypothesis and the upper limit of the confidence interval suggests a concerning association:
100m increase in CRF was associated with up to 24% higher follow-up psychological
difficulties than the mean levels in this subgroup (10.5).

To the best of our knowledge, there is no previous research to support this association, which
contradicts what we consider to be established: Aerobic PA, which is positive for CRF, is
associated with improved mental health (Bailey, Hetrick, Rosenbaum, Purcell, & Parker, 2017).
The association between change in CRF and psychological difficulties in the present study was
attributed to hyperactivity and emotional problems. This contradicts research showing that
aerobic PA has a positive effect on hyperactivity and ADHD (Ng et al., 2017), and research
showing that meeting the recommended PA levels is associated with fewer emotional problems
(Wiles et al., 2008). On one hand, these incongruences increase the likelihood of a spurious
association. On the other hand, there may be an explanation: According to the annual report on
the health and well-being of Norwegian adolescents (Bakken, 2019), stress and pressure is more
often experienced by girls than boys and is also more prevalent in high SES populations. Stress
has been shown to be associated with hyperactivity (Biederman et al., 1995) and emotional
problems (Moksnes, Moljord, Espnes, & Byrne, 2010). Therefore, it can be hypothesized that
within a female high SES group, CRF might increase as a consequence of stress and pressure
from high self-expectations to exercise more often than average, and to obtain body image
ideals. Furthermore, the same stress and pressure might also lead to an increase in
psychological difficulties. Future studies that examine the association between change in
physical fitness and mental health status among adolescents should include SES, to be able to

substantiate, or contradict these findings.
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4.4 Strengths and limitations

Strengths of the present study include a high number of participants, objective measurements
of three components of physical fitness, adjusting for covariates, and the option to conduct
interaction analyses and subsequent subgroup analyses. Importantly, subgroup analyses are
debated as they are susceptible to arbitrary findings due to chance. However, the present
subgroup findings can be considered credible, as we have fulfilled most of the credibility
criteria for subgroup analyses, set by Sun et al. (2012). A strength of the SDQ is that it allows
investigation into subscale associations, which can help us understand the underlying

mechanisms that explain the relationship between PA or physical fitness and mental health.

The most important limitation of the present study is the large amount of missing data at both
time points, which may have influenced the results. Additionally, the prospective cohort study
design limits causal interpretations, and a longer study period with more tests could have
provided more knowledge in that regard. Compared to the full study sample, the subgroups
were relatively small, thus reducing the statistical power of the analyses. Furthermore, the
present subgroups may not represent equivalent subgroups outside of the study population.
Lastly, the SDQ is a self-report questionnaire, which can be considered a limitation because
respondents might answer in ways they perceive to be socially desirable (Leising, Locke,
Kurzius, & Zimmermann, 2016). Moreover, TDS and subscales performed poorly on the
Cronbach’s alpha-test, compared to the recommended cutoff point at 0.7 (Bland & Altman,
1997). This could be due to poor understanding of the questions, unwillingness to answer the
questions honestly, or actual low consistency. This is another factor that may contribute
uncertainty to the results, however, the relevance of Cronbach’s alpha has been debated
(Sijtsma, 2009). The present study could also have benefitted from using more than one measure
of mental health.

5. Conclusions

This one-year prospective investigation has shown three separate associations indicating that
increased CRF is associated with a beneficial mental health status among boys; increased
muscular strength is associated with a beneficial mental health status among immigrants; and
increased CRF is associated with a disadvantageous mental health status among high SES girls.
The hypothesized mechanisms of the associations are plausible, and the results suggest that

changes in physical fitness components influence mental health through different mechanisms,
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depending on sex, immigrant status and SES. However, more research is needed on this subject,
due to a scarcity of comparable studies and lack of knowledge, and the high amount of missing
data, which makes the present results uncertain. Further exploration of the potentially
moderated associations is necessary to improve our understanding of how we can use PA to

prevent mental health problems in different subgroups.
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Appendix 2

Strengths and Difficulties Questionnaire Sn-17

For each item, please mark the box for Not True, Somewhat True or Certainly True. It would help us if you answered all items as
best you can even if you are not absolutely certain or the item seems daft! Please give vour answers on the basis of how things
have been for you over the last six months.

Your Name Male/Female

Date of Birth

Not Somewhat  Certainly
True True True

I try to be nice to other people. I care about their feelings

I am restless, | cannot stay still for long

I get a lot of headaches, stomach-aches or sickness

T usually share with others (food, games, pens etc.)

I get very angry and often lose my temper

I am usually on my own. I generally play alone or keep 1o mysell’

I usually do as [ am told

I worry a lot

I am helplul if someone is hurt, upset or leeling ill

I am constantly fidgeting or squirming

I have one good friend or more

I fight a lot. T can make other people do what [ want

I am often unhappy, down-hcarted or tearful

Other people my age generally like me

I am easily distracted, [ [ind it dillicult to concentrate

I am nervous in new situations. 1 casily lose confidence

I am kind to younger children

I am ollen accused of lying or cheating

Other children or young people pick on me or bully me

I often volunteer to help others (parents, teachers, children)

I think before T do things

I take things that arc not mine from home, school or clsewhere

I get on better with adults than with people my own age

I have many [ears, I am easily scared

I finish the work I'm doing. My attention is good

OO0OO0O0o0ooOo0oooooooOoooooooe|o
[O|O0OO0OooO0ooOoooooooooo;oonoonoo|o
|DDDDDDDDD OoOooooooooooooo|t

Do you have any other comments or concerns?

Please turn over - there are a few more questions on the other side



Overall, do you think that you have difficultics in one or morc of the following arcas:
emotions, concentration, behaviour or being able to get on with other people?

Yes- Yes- Yes-
minor definite severe
No difficulties difficulties difficulties

O O O a

If you have answered "Yes", please answer the following questions about these difficulties:

« How long have these difficulties been present?

Less than 1-5 6-12 Over
a month months months a year

a O a a

« Do the difficulties upset or distress you?

Not Only a Quite A great
atall little alot deal

O O O O

« Do the difficultics interfere with your everyday life in the following arcas?

Not Only a Quite A great
atall little a lot

HOME LIFE O O O
FRIENDSHIPS O | O
CLASSROOM LEARNING O O O
LEISURE ACTIVITIES O O O

OoO0o00g

« Do the difficulties make it harder for those around you (family, friends, teachers, etc.)?

Not Only a Quite A great
atall little alot deal

O a O O

Your Signature

TOORY'S DBDR «ooisenasconssssarsiumsussssantiopsponse

Thank you very much for your help VA —



Appendix 3

Interview guide: Students model 2

The reason we are conducting this interview is that i would like to know what you think about the
project that you are part of, where you get more physical activity and physical education than usual.
This is not a test, there are no wrong answers. | hope you are honest and provide your true opinions,
not what you think others would have answered. The interview is recorded by this recorder so that |
do not have to write down all that we talk about. No names will be used and | will not tell the school,
your teachers or your parents, what you tell me. The interview will last approximately 30 minutes. If
you do not want to answer questions, you are allowed to, if there is a question you do not
understand, let me know and | will explain better. Do you have any questions for me? Then, | will
start the recorder and we will begin.

Goals/Understanding
1. Do you know that you are part of a project? Can you talk about what the project is about?
a. Explain what they are part of if they do not know, or are unable to articulate.

Be happy — to be social in motion
1. Fidelity — to what degree does the execution correspond with the intervention’s intentions:
a. What activity have you chosen, and why?
b. What other activity groups are in your class?
c. Can you tell me about how the planning process occurred?
i. How was it to choose groups?
ii. How was it to choose activity?
iii. What decided your choice of group, was it friends or was it the activity itself?
iv. Are the activity groups formed within each homeroom class or across the
classes?
v. Could you decide yourselves what you wanted to do?
vi. How much did the teacher help?
vii. Can you tell me about how you chose a leadership structure in the group?
viii. Can you tell me about how you worked on your group goals and activity
goals?
ix. Do you think that you have become better acquainted with students from
other homeroom classes after you started the activity groups?
x. Has it happened that you could not have BH because of tests, days off, other
projects or other reasons?
2. Quality — how well has the different components been executed?
a. Can you describe an average BH lesson?
i. How are activities commenced?
ii. Towhat extent do you receive help/guidance from your teacher during a BH
lesson?
iii. Do you ever receive help from your teacher without asking for help or
guidance?
b. Do you have access to necessary equipment to do what you want?
i. Do you know if anyone could not pursue their chosen activities due to limited
equipment?
Can you tell me about where you are during the BH lessons?
d. Can you tell me about where the other groups are during the BH lessons?
e. Can you provide me with one or more examples of a BH lesson where you:

0



i. Had fun?
ii. Were social?
iii. Accomplished something difficult?
iv. Exhausted yourselves physically?
f. Can you provide me with one or more examples of a BH lesson, which:
i. Was bad, or not so fun?
1. Who were responsible for the bad lesson?
3. Responsiveness — to what extent is the program stimulating for the participants?
a. What do you think about the lessons? Elaborate as much as you can.
b. Do you think there is a difference between girls and boys regarding how much they
like BH?
c. Do you think there is a difference between students who do leisure time sports and
those who do not, regarding how much they like BH?
d. Can you tell me about whether you have had any arguments or conflicts during the
lessons?
i. How were they solved?
ii. Do you have examples from any other groups?
e. Have there been BH lessons where you did not want to do what you were supposed
to?
i. In which case, what happened?
ii. Did you do anything else?
iii. How did you get back your motivation?
f. Have any of you switched activity since the beginning?
i. Why?
ii. Have others also switched activity?
g. Do you think you have improved your skills in your chosen activity?
i. Canyou give me an example?
4. Adaptation — what changes were done to make the program fit the school?
a. Adaptations will be discovered by comparing our aims for the intervention with what
the students answer.

Don’t worry — extra PE/social in motion.
1. Fidelity
a. Canyou describe how a DW lesson usually occur?
i. Isitdifferent from BH? In what way?
1. Ifyou do not have BH activities, what do you do? As many examples
as you can think of.
2. Are you part of choosing the activity?
3. Yes/no? What do you think about that?
4. What does the teacher do in the lessons?
ii. If you have BH activities, is the lesson identical with the BH lesson?
1. What do you think about that?
2. What do you think the other students think about that?
2. Quality
a. Do you usually have good efforts in the DW lessons?
b. Do you have enough time for activity in a single lesson?
c. Do you get help/guidance from your teacher during the lesson?
i. Ifyes, is it good guidance? In what way?



ii. If no, do you miss receiving guidance and help?
d. Can you give one or more examples of a DW lesson where you:
i. Had fun?
ii. Were social?
iii. Accomplished something difficult?
iv. Exhausted yourselves physically?
e. Can you give on or more examples of a DW lesson that was bad or not so fun?
3. Responsiveness
a. What do you think about the DW lessons? Elaborate as much as you can.
b. Do you think there is a difference between boys and girls, regarding how much they
like DW?
¢. Do you think there is a difference between students who do leisure time sports and
those who do not, regarding how much they like DW?
d. Do you think an extra PE lesson has any effect on you? Good or bad?
4. Adaptation
a. Adaptation is discovered by comparing our goals for the intervention with what the
students answer.

Overall experience of the year — effect and implications

1. Can you say anything about what you think has been positive about increased physical activity
this year?

2. Can you say anything about what you think has been negative about increased physical
activity this year?

3. Would you like to keep having DW and BH in tenth grade?

a. Why/why not?

4. Inthe project that you are involved in, researchers are trying to figure out whether
adolescents participating in more physical activity in school, will improve their wellbeing in
school, their physical health, mental health and their academic achievement. What do you
think about this?

a. Wellbeing and mental health?

b. Physical health?

c. Learning environment and social relationships?
d. Learning and academic achievement?

5. If the government decides that all lower secondary school students will get one hour of daily
physical activity in their schedule, how do you think that it should be organized?



Interview guide teachers model 2

The reason we are conducting this interview is that | would like to know what you teachers think
about the project. There are no wrong answers and | am not looking for confirmation that the project
is all good. | hope you are honest and that you provide your true opinions. The interview will be
recorded by this recorder so | do not have to write down what you say. No names will be used and no
one has to know you have said. The interview will last approximately 30 minutes. If you do not want
to answer a question, that is fine. If | ask stupid questions, you are allowed to let me know. If there
are any questions you do not understand, let me know and I will explain better. Do you have any
questions for me? Then, | will start the recorder and we will begin.

Goals/understanding
1. What is your opinion on having more physical activity in school?
2. How was the mood among your colleagues regarding the school’s participation in the study?

Be happy — being social in motion
1. Fidelity — to what extent does the execution correspond to the intervention’s intentions?
a. What activity groups are in your school?
b. Can you tell me about how the planning process went, regarding group choices and
activity choices?
i. How did it go when the students chose groups?
ii. How did it go when the students chose activities?
iii. Activity groups exclusive to each homeroom classes or across classes?
iv. What was your role in the planning process?
v. How much did you help?
vi. Can you tell me about how the students chose a leadership structure?
c. Has it ever occurred that you could not have BH because of tests, days of, projects or
other reasons?
d. How many teachers are involved in the execution of BH?
i. How is it to work together with your colleagues in these lessons?
2. Quality — how well are the different components executed?
a. Canyou describe an average BH lesson?
i. How is the activity commenced?
ii. To what extent do students receive help/guidance from teachers during BH?
b. Have you had sufficient equipment to let students do what they wanted?
i. Have any students been unable to do what they wanted because of limited
equipment?
c. Canyou tell me about where the students are during BH?
i. Do you think your presence influences the quality of the lesson? How/how
not?
d. Can you give one of more examples of a BH lesson where you, as teachers:
i. Felt a need to intervene in what goes on?
ii. Have been superfluous?
iii. Have been impressed by students’ ability to work from their own initiative?
iv. Have been disappointed by students’ lacking ability to work from their own
initiative?
3. Responsiveness ~ to what extent is the program stimulating for its participants
a. How do you think the students respond to BH? Elaborate as much as you can.
i. How much do the teachers matter for the response?



ii. How much does the intervention matter for the response?
b. Do you think there is a difference between boys and girls, regarding how much they
like BH?
c. Do you think there is a difference between those who do leisure time sports and
those who do not, regarding how much they like BH?
d. Can you tell me if you have observed any arguments or conflicts in the lessons?
i. How were they solved?
ii. Do you have other examples that you have heard from other teachers or
students?
e. Have there been BH lessons where the students did not want to do what they were
supposed to?
i. Ifyes, what happened?
ii. Did they do something else?
iii. How were the subsequent BH lessons, how did the motivation return?
f. Have students switched activity since the beginning?
i. Why?
g. Do you think that your relationship with the students in the BH lessons is different
from your relationship with the students in an ordinary PE lesson?
h. Do you think the ninth grade students in your school can handle the freedom and
responsibility that comes with the intervention?
i. Isthere a difference between students regarding this?
1. Boys and girls?
2. Those who excel in PE and those who do not?
4. Adaptation — what changes have been done to make the program fit the school
a. What adaptations have you done to make BH fit your school?
i. Other adaptations that have been done along the way?
b. Have you experienced resistance from someone, for instance the university, school
leaders, parents or students, against making adaptations that you thought were
necessary?

Don’t worry — extra PE/being social in motion.

uestions mainly apply to teacher led DW lessons that are organized differently from BH

1. Fidelity
a. Canyou describe an average DW lesson?
i. Isitdifferent from BH? In what way?
1. If you did not have BH activities, what did you do? As many examples
as you can think of.
2. Did you allow students to participate in choosing activity? Why/why
not?
ii. If you have BH activities, is the lesson identical with the BH lesson?
1. What do you think about that?
2. What do you think the students think about that?
2. Quality
a. Do the students usually exhibit good efforts in the DW lessons?
b. Do the students get to be social during the DW lessons? How/how not?
c. Isone single lesson enough time to be in activity?
d. What is your role in a DW lesson?



e. Inateacher led DW, can you give one or more examples where you, as teachers:
i. Felt the need to intervene in the lesson?
ii. Have been superfluous?
jii. Thought that the students acted differently than in an ordinary PE lesson?
3. Responsiveness
a. Questions apply to teacher led DW lessons
i. What do you think of these lessons? Elaborate as much as you can
ii. Do you think there is a difference between boys and girls, regarding how
much they like DW?
iii. What do you think about DW compared to ordinary PE lessons? Is there a
difference?
iv. Has DW influenced how you view PE? Do you know if this has happened to
any of the other teachers?
4. Adaptations
a. What adaptations have you done to make DW fit your school?
b. Have you experienced resistance from, for instance the university, school leaders,
parents or students, against making adaptations that you thought were necessary?
c. If you could choose freely, how would you adapt DWBH?

Overall experience of the year — effect and implications

1. Can you say something about what has been positive about extra physical activity this year?
2. Canyou say something about what has been negative about extra physical activity this year?
3. Would you like to keep having DW and BH in tenth grade?
a. Why/why not?
4. If the government decide that all lower secondary school students shall have a daily lesson
physical activity in their schedule, how do you think this should be organized?



Appendix 4

Protocol for activity groups (Be happy groups)

Group name:
Group members
Name Class
Rules
*  E g.:First and foremost, we are good friends in motion — all shall be heard, ali shall be seen and all shall thrive.
*  E g.:First and foremost, we ore skiers. We shall develop each other, exercise tagether and get in better shape.
*  E g.: Weda parkour. We will learn from Youtube, help each other and challenge each other.
* E g.: Weare homework joggers. We will run and discuss other school subjects.
*  F.g.: Wedo street dance and we shall develop each other, be friends and have fun dancing.

We have the following rules that shall govern what we are doing:

E.g.:
E g.:
E g.:
E.g:
E. g.:

Aims for the year

We will get to know each other well by participating in activity together.

We will improve as skiers so we can become trainers for the younger skiers in our organization.
We will perform a dance show at the local mall.

We shall learn so much about yoga so that we can teach others.

We will improve our English speaking skills.

Our aim for the year is:




Short-term period aims:

* L. g.:In the period until November first, we shall mainly have fun doing our activity.
*  E. g.:In the period until November first, we will learn four new tricks.

* £ g.:In the period until November first, we will do basic training for cross country skiing.

In the period

Long-term plans and name of the responsible person:

Date

What we are doing

Where

Responsible for
starting the lesson

Strategy for solving conflicts

E. g.: If we have disagreements that last, we have to figure out how to solve them together. We have
to dare to bring up difficult subjects. If we are unable to do this, we ask help from our teacher.

If our group experience problems, we will:

1:
28




Routines for reporting attendance, deviances, etc.

e E. g.: We keep a protocol of who attends and whether things happen. Our teacher can see this
whenever he or she wants to. If we experience problems, we will ask our teacher for help.

Wes hall report attendance, deviances and other occurrences the following way:

Signatures from all group members:




Appendix 5

Supplementary Table 1a. Mean results from baseline and follow-up, and mean change between timepoints. Respective to

each categorical moderator subgroup.

Mean

Subgroup Variable Baseline (SD) Follow-up (SD)  change p

Boys (n =

451) Total difficulties score (0-40) 9.9 (5) 10.5(6.7) 0.6 .010
Emotional problems (0-10) 2.3(1.8) 25(2.1) 0.2 022
Conduct problems (0-10) 1.8(1.6) 1.9(1.7) 0.1 452
Hyperactivity (0-10) 4.0(2.1) 43(2.2) 0.3 .006
Peer problems (0-10) 1.8(1.7) 1.9(1.8) 0.1 416
Body mass index 19.3(2.8) 20.1(3.1) 0.7 <.001
Standing broad jump (cm) 181 (27) 194 (27) 13 <.001
Sit-ups (n/30 seconds) 20 (4) 21 (4) 1 <.001
Handgrip strength (kg) 32(8.1) 37(9.3) 5 <.001
Cardiorespiratory fitness (m) 934 (98) 962 (102) 28 <.001

Girls (n =

474) Total difficulties score (0-40) 10.2 (5.1) 10.6 (5.1) 0.4 .023
Emotional problems (0-10) 3.6(2.8) 3.9(24) 0.2 .008
Conduct problems (0-10) 1.2(1.3) 1.2(1.2) 0 >.999
Hyperactivity (0-10) 3.7(2.1) 39(2.2) 0.2 .042
Peer problems (0-10) 1.6 (1.5) 1.6 (1.6) 0.1 .662
Body mass index 20.2 (3) 20.6 (3) 0.4 <.001
Standing broad jump (cm) 167 (21) 168 (21) 1 .069
Sit-ups (n/30 seconds) 18 (4) 19 (4) 1 <.001
Handgrip strength (kg) 29.1(6) 29.7 (6) 0.6 .002
Cardiorespiratory fitness (m) 886 (78) 894 (88) 8 .007

Immigrant (n

=74) Total difficulties score (0-40) 10.2 (5.3) 10.7 (5) 0.6 .364
Emotional problems (0-10) 3.1(2.1) 3.1(2.3) 0.1 911
Conduct problems (0-10) 1.6 (1.5) 1.6 (1.3) 0.1 .832
Hyperactivity (0-10) 3.7(2) 41(2.1) 0.5 .042
Peer problems (0-10) 1.8(1.6) 2.0(1.6) 0.2 457
Body mass index 19.6 (3.1) 20.1(3.4) 0.5 <.001
Standing broad jump (cm) 175 (23) 181 (27) 7 <.001
Sit-ups (n/30 seconds) 19 (4) 20 (4) 1 .002
Handgrip strength (kg) 30.4 (7) 32(9) 1.8 .005
Cardiorespiratory fitness (m) 903 (82) 927 (93) 24 .006

Non- Total difficulties score (0-40) 10.1 (5) 10.6 (5) 05 .001

immigrant (N emotional problems (0-10) 2.9(2.2) 3.2(2.4) 0.3 <.001

=851) Conduct problems (0-10) 1.5(1.4) 1.6 (1.5) 0.1 473
Hyperactivity (0-10) 3.9(2.1) 41(22) 0.2 .004
Peer problems (0-10) 1.7 (1.6) 1.7(1.7) 0.1 498
Body mass index 19.8(3) 20.3(3) 0.6 <.001
Standing broad jump (cm) 174 (25) 181 (28) 7 <.001
Sit-ups (n/30 seconds) 19 (4) 20 (4) 1 <.001
Handgrip strength (kg) 30.6 (7) 33.4(9) 2.8 <.001
Cardiorespiratory fitness (m) 910 (92) 927 (101) 17 <.001

SES group 1

(n=43) Total difficulties score (0-40) 11.1(5) 11.7 (6) 0.6 .509
Emotional problems (0-10) 3.1(2.2) 3.2(2.4) 0.1 717
Conduct problems (0-10) 1.7(1.3) 2.0(1.9) 0.3 .313
Hyperactivity (0-10) 4.1(1.8) 4.5(2.0) 0.4 .138
Peer problems (0-10) 2.2(1.8) 2.0(1.6) -0.3 377
Body mass index 20 (3) 20.4(3) 0.4 .023
Standing broad jump (cm) 171 (24) 177 (26) 6 .014
Sit-ups (n/30 seconds) 18 (4) 19 (3) 1 .070
Handgrip strength (kg) 29.6 (7) 32.7 (8) 3 .001
Cardiorespiratory fitness (m) 884 (88) 908 (105) 25 .002

SES group 2

(n=246) Total difficulties score (0-40) 10.8 (5) 11.7 (5) 0.9 .004
Emotional problems (0-10) 29(2.1) 3.2(2.3) 0.3 .038



Conduct problems (0-10) 1.7 (1.6) 1.9(1.5) 0.2 .085

Hyperactivity (0-10) 4.4(2.1) 47(2.1) 0.3 .008
Peer problems (0-10) 1.8(1.6) 1.9(1.8) 0.1 .304
Body mass index 20.1(4) 20.7 (4) 0.6 <.001
Standing broad jump (cm) 174 (25) 181 (28) 6 <.001
Sit-ups (n/30 seconds) 19 (4) 19 (4) 1 <.001
Handgrip strength (kg) 30.8 (8) 33.5(9) 2.7 <.001
Cardiorespiratory fitness (m) 904 (92) 917 (103) 13 .007

SES group 3

(n=374) Total difficulties score (0-40) 9.9 (5) 9.9(5) 0 .980
Emotional problems (0-10) 29(2.2) 3.1(2.3) 0.1 .210
Conduct problems (0-10) 1.4(1.4) 1.4(1.4) 0.1 .216
Hyperactivity (0-10) 3.8(2) 39(22) 0.1 .599
Peer problems (0-10) 1.7 (1.6) 1.6 (1.7) 0.1 406
Body mass index 20 (3) 20 (3) 0.5 <.001
Standing broad jump (cm) 174 (25) 181 (27) 7 <.001
Sit-ups (n/30 seconds) 19 (4) 20 (4) 1 <.001
Handgrip strength (kg) 30.5(7) 33.1(8) 25 <.001
Cardiorespiratory fitness (m) 912 (94) 939 (102) 18 <.001

SES group 4

(n=262) Total difficulties score (0-40) 9.4 (5) 10.3(5) 0.9 .002
Emotional problems (0-10) 3.0(2.2) 3.4(2.4) 0.4 .005
Conduct problems (0-10) 14(1.4) 15(1.4) 0.1 .696
Hyperactivity (0-10) 3.4(2.1) 3.6(2.2) 0.3 .015
Peer problems (0-10) 1.6 (1.6) 1.8(1.7) 0.2 .051
Body mass index 19(3) 20 (3) 0.5 <.001
Standing broad jump (cm) 174 (25) 182 (27) 8 <.001
Sit-ups (n/30 seconds) 20 (4) 20 (4) 1 <.001
Handgrip strength (kg) 30.5(7) 33.6(9) 3 <.001
Cardiorespiratory fitness (m) 914 (87) 936 (95) 22 <.001

Intervention

group 1 (n =

386) Total difficulties score (0-40) 10.3(5) 10.6 (5) 0.3 .150
Emotional problems (0-10) 29(2.1) 3.1(3) 0.2 .021
Conduct problems (0-10) 1.6 (1.4) 1.5(1.3) 0.1 215
Hyperactivity (0-10) 3.9(2.1) 41(22) 0.2 014
Peer problems (0-10) 1.9(1.7) 1.8(1.7) 0.1 .598
Body mass index 20 (3) 20 (3) 0.6 <.001
Standing broad jump (cm) 170 (26) 179 (26) 8 <.001
Sit-ups (n/30 seconds) 18 (3) 20 (4) 1 <.001
Handgrip strength (kg) 30.4 (6) 32.9(8) 25 <.001
Cardiorespiratory fitness (m) 900 (98) 931 (113) 31 <.001

Intervention

group 2 (n =

230) Total difficulties score (0-40) 10.2 (5) 10.7 (5) 0.5 .081
Emotional problems (0-10) 3.1(22) 3.2(2.3) 0.1 448
Conduct problems (0-10) 1.5(1.5) 1.7 (1.6) 0.2 .089
Hyperactivity (0-10) 39(2.2) 40(2.2) 0.1 793
Peer problems (0-10) 1.6 (1.5) 1.8(1.7) 0.2 .067
Body mass index 20 (3) 20 (3) 0.6 <.001
Standing broad jump (cm) 176 (24) 181 (29) 5 <.001
Sit-ups (n/30 seconds) 19 (4) 20 (4) 1 <.001
Handgrip strength (kg) 30.9(8) 33.1(9) 2.2 <.001
Cardiorespiratory fitness (m) 910 (85) 912 (99) 2 .708

Control

group (n =

309) Total difficulties score (0-40) 9.7 (5) 10.4 (6) 0.8 .005
Emotional problems (0-10) 29(2.2) 3.2(2.5) 0.3 .007
Conduct problems (0-10) 1.4(1.4) 1.5(1.6) 0.1 .375
Hyperactivity (0-10) 3.7(2.1) 4.0(2.2) 0.3 .005
Peer problems (0-10) 1.6 (1.6) 1.6 (1.7) 0.1 531
Body mass index 20 (3) 20 (3) 0.5 <.001

Standing broad jump (cm) 177 (23) 184 (27) 7 <.001



Sit-ups (n/30 seconds) 20 (4) 20 (4) 1 <.001

Handgrip strength (kg) 30.5(7) 33.9(9) 35 <.001
Cardiorespiratory fitness (m) 920 (86) 933 (84) 13 <.001

Normal TDS

at baseline (n

=799) Total difficulties score (0-40) 8.6 (4) 9.6 (5) 1 <.001
Emotional problems (0-10) 2.5(1.8) 29(2.2) 0.4 <.001
Conduct problems (0-10) 1.3(1.2) 1.4(1.4) 0.1 .005
Hyperactivity (0-10) 3.5(1.9) 3.8(2.1) 0.3 <.001
Peer problems (0-10) 1.4(1.3) 1.6 (1.6) 0.2 .002
Body mass index 20 (3) 20 (3) 0.6 <.001
Standing broad jump (cm) 174 (25) 182 (28) 7 <.001
Sit-ups (n/30 seconds) 19 (4) 20 (4) 1 <.001
Handgrip strength (kg) 30.7 (7) 33.3(9) 2.6 <.001
Cardiorespiratory fitness (m) 911 (91) 930 (100) 19 <.001

Borderline

DS at

baseline (n =

84) Total difficulties score (0-40) 17.1(2) 15.3(5) -1.8 .002
Emotional problems (0-10) 5.2(1.9) 4.8(2.5) -0.4 135
Conduct problems (0-10) 2.8 (1.7) 25(1.7) -0.3 117
Hyperactivity (0-10) 6.0 (2) 55(2.1) -0.5 .033
Peer problems (0-10) 3.1(1.6) 2.6(2) -05 .029
Body mass index 20 (3) 20 (3) 0.6 <.001
Standing broad jump (cm) 170 (22) 175 (26) 15 .001
Sit-ups (n/30 seconds) 18 (4) 19 (4) 1 .048
Handgrip strength (kg) 29.5(7) 32.7 (8) 3.2 <.001
Cardiorespiratory fitness (m) 893 (95) 908 (97) 15 .061

Abnormal

TDS at

baseline (n =

42) Total difficulties score (0-40) 229 (3) 18.9 (6) -4 <.001
Emotional problems (0-10) 6.9 (2) 6.0 (2.4) -0.9 .035
Conduct problems (0-10) 4.2 (1.6) 2.9(1.8) -1.3 <.001
Hyperactivity (0-10) 6.9 (1.7) 6.2(2.1) -0.6 .039
Peer problems (0-10) 4.9(2) 3.8(2) -1.1 .004
Body mass index 20 (4) 21 (4) 0.3 179
Standing broad jump (cm) 172 (28) 177 (30) 5 .058
Sit-ups (n/30 seconds) 18 (4) 19 (4) 0.4 437
Handgrip strength (kg) 30.8(8) 34.6 (10) 3.8 <.001
Cardiorespiratory fitness (m) 904 (86) 912 (111) 8 439

Girls in SES

group 4 (n =

135) Total difficulties score (0-40) 9.7 (5) 10.4 (5) 0.7 .071
Emotional problems (0-10) 3.7(2.3) 42(2.3) 0.4 .026
Conduct problems (0-10) 1.1(1.2) 1.2(1.2) 0.1 773
Hyperactivity (0-10) 3.3(21) 34(21) 0.1 433
Peer problems (0-10) 1.5(1.4) 1.6 (1.6) 0.1 .387
Body mass index 20 (3) 20 (3) 0.3 .001
Standing broad jump (cm) 169 (20) 169 (21) 0.2 .884
Sit-ups (n/30 seconds) 18 (4) 19 (4) 1 <.001
Handgrip strength (kg) 29.5(5) 30.3(6) 0.8 .038
Cardiorespiratory fitness (m) 889 (73) 906 (81) 17 .001

Note. SES = Socioeconomic status expressed as the parent with highest education. SES-group 1 = lower secondary
school; SES-group 2 = upper secondary school; SES-group 3 = <4 years university education; SES-group 4 = >4years
university education. TDS = Total Difficulties Score; Normal, Borderline, Abnormal TDS = 0-15, 16-19, 20-40



