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ABSTRACT

Mental health problems are the leading causes of disability in Canada. Nearly 70% of mental health
problems have their onset during childhood or adolescence. Thus, identifying modifiable
determinants of mental health problems in children and adolescents can inform future interventions
intended to prevent them in this age group. Until recently, research has examined relationships of
movement behaviours, including sleep, sedentary behaviour and physical activity mainly with
physical health indicators (e.g., adiposity, cardiovascular disease risk factors, etc.). The few studies
that have examined the relationships between movement behaviours and mental health indicators
have considered the former individually and in isolation of each other, ignoring the intrinsic and
empirical interactions between these behaviours. Adjusting for all these behaviours in a traditional
regression model that assumes independence between variables has been shown to produce flawed

and inconsistent findings.

The purpose of this doctoral dissertation is to examine how the combinations of physical activity,
sedentary behaviour, and sleep duration are associated with depression and other mental health
outcomes in children and adolescents, through a series of five research studies (one systematic
review, 3 cross-sectional studies, and one longitudinal study). Empirical studies used data from 3
large and diverse samples of children and adolescents from Canada and the United States.
Conventional regression models and structural equation modelling, and novel analytical

techniques, including compositional data analysis were used to analyze the data.

The systematic review confirmed the paucity of existing research in this area and identified
important research gaps to be filled. Collectively, the results from cross-sectional studies showed

that meeting all three recommendations was associated with lower odds of depressive symptoms

iv



and other mental health outcomes. However, this association appeared to be mainly driven by
meeting the sleep duration recommendation, and to a lesser extent the screen time + sleep duration
recommendations. There was a dose-response gradient from meeting none of the recommendations
up to meeting two recommendations. Results from the longitudinal study using compositional data
analysis provided further evidence suggesting that increasing sleep duration relative to the
remaining behaviours (i.e. screen time and physical activity) was associated with lower depressive
symptoms among all age/sex subgroups. Results further indicated that predicted changes in
depressive symptoms were strongest and most beneficial when removing screen time while adding
sleep duration. Finally, results from both cross-sectional and longitudinal analyses suggest that age
and sex moderate the association between movement behaviour recommendations (individual or
combined) and mental health indicators, depending on the type of movement behaviour and the

type of mental health indicators.

The findings from this body of work have shed new light on the association between movement
behaviours and mental health indicators in children and adolescents by demonstrating that meeting
all three movement behaviour recommendations is associated with better mental health, and that
sleep duration and screen time were more strongly associated with mental health compared with

physical activity in our studies.
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Chapter 1

INTRODUCTION

Good mental health is integral to human health and well-being. The World Health Organization
(WHO) 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” [1]. In line with this definition, mental
health researchers increasingly acknowledge that the absence of mental illness does not necessarily
imply a state of psychological well-being [2, 3]. Mental health problems account for 16% of the
global burden of disease and injury in people aged 10-19 years [4], and they are a leading cause
of disability worldwide [5, 6]. It is estimated that 10 to 20% of children and adolescents globally
experience mental health problems [5]. Nearly 70% of mental health problems have their onset
during childhood or adolescence [7]. However, mental health problems in childhood often track

into adulthood [8].

Depression is one of the most common major psychiatric disorders to occur and frequently begins
during adolescence [9]. The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) defines Major Depression by the presence of five or more symptoms within a 2-week
period [10]. One of the symptoms should be either a depressed mood (or irritability in children) or
anhedonia (loss of interest or pleasure in almost all activities) and at least three (for a total of at
least five) of the following symptoms present most days: weight loss or change in appetite,
insomnia or hypersomnia, psychomotor agitation or retardation, fatigue or loss of energy, feelings

of worthlessness or excessive guilt, decreased concentration or indecisiveness, and recurrent

1



thoughts of death or suicide [10]. Depression is the second leading cause of years lived with
disability and a leading cause of disability-adjusted life years [6]. It is well known to have adverse
life-long consequences [11], impairing both physical and mental health and limiting opportunities
to lead fulfilling lives as adults [4]. Research has shown that adolescent depression is associated
with greater risk of depression, anxiety disorders, suicidality, and several psychosocial outcomes

in adulthood [12, 13].

Approximately 1 in 5 children and adolescents has a mental health challenge in any given year
[14-16]. A study using data collected in 2014 showed that 8% of Ontario adolescents aged 12 to
17 years self-reported major depressive symptoms [16]. A United States study in adolescents
reported that the prevalence of depressive symptoms changed from 8.7% in 2005 to 11.3% in 2014
[17], suggesting that the prevalence of depressive symptoms has increased over the past years. In
2016, the number of adolescents aged 12 to 17 years in the United States who had at least one
major depressive episode was estimated at 3.1 million, representing 12.8% of the United States
population aged 12 to 17 years [18]. Moreover, approximately 60% of adolescents with major
depressive episodes did not receive treatment [18]. Studies suggest that the full economic impact
of mental health problems and illnesses in Canada is between $48.5 and $51 billion per year [19,
20]. These alarming data support the need for novel research to understand the determinants of
depression and other mental health disorders among children and adolescents to inform ongoing
and future prevention efforts. This is particularly important given the ongoing coronavirus disease
2019 (COVID-19) pandemic, which has had a tremendous impact on mental health of children and
adolescents [21, 22]. This underscores the need to be doing more now than ever to improve the

mental health of children and adolescents. Evidence has shown that promotion, prevention, and



early interventions will not only improve health and well-being, but will also produce significant

cost benefits, particularly with children and adolescent programs [23, 24].

One target for prevention and intervention against mental health problems is lifestyle behaviours,
particularly physical activity, screen time, and sleep [25, 26]. However, the role of these movement
behaviours, and in particular their combined influence in the development of mental health
problems in children and adolescents has received less attention than in adults. Thus, identifying
healthy lifestyle choices that promote psychological well-being and reduce mental problems would
be useful to prevent mental disorders. Along the same lines, the way school-aged children and
adolescents spend their time over a 24-hour period has been suggested to have important mental
health implications [27]. Poor lifestyle, such as physical inactivity, sedentary behaviour, and short
sleep duration have been shown to be important determinants of mental health problems among

children and adolescents [28-31].

1.1. Physical activity

Physical activity is often defined as any bodily movement produced by skeletal muscles that results
in energy expenditure [32]. It is a multifaced behaviour that is usually described using its
frequency, intensity, type, and duration. Physical activity could be seen as a continuum ranging
from virtually no movement at all (e.g., sedentary behaviour or sitting time) through light physical
activity (e.g., standing, slow walking) to moderate-to-vigorous physical activity (MVPA) (e.g.,
brisk walking, playing sports, cycling) [33]. Physical inactivity refers to not meeting physical
activity guidelines of at least 60 minutes of MVVPA per day for children and adolescents aged 5 to
17 years [34]. Indeed, MVPA is the most common form of physical activity intensity that is

reported in the literature, mainly because it is related to guidelines and is easy to measure in
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population surveys, particularly through self-reports. Children and adolescents engage in different
types of physical activity, including outdoor active play (e.g., playing at recess, exploring nature),
active transportation (e.g., walking or biking to school), curriculum-based physical activity (e.g.,
physical education), and organized sport (e.g., playing soccer or basketball). Physical activity can
be measured using device-based (e.g. accelerometers, pedometers) and subjective (e.g. self-report,

parent-report) tools.

Physical activity is vital to the physical, mental, social, and cognitive health of school-aged
children and adolescents [31]. Insufficient physical activity is one of the 10 leading risk factors for
death worldwide [35]. Physical inactivity has been identified as the fourth leading risk factor for
global mortality (6% of deaths globally) [36, 37]. Approximately 3.2 million deaths each year are
attributable to insufficient physical activity [38]. To derive health benefits, it is recommended that
children and adolescents aged 5 to 17 years spend at least 60 minutes per day in MVPA [36].
However, globally, 81% of adolescents aged 11-17 years are not meeting this recommendation
[35]. This is of greater concern given (1) the host of health benefits provided by regular physical
activity; (2) physical activity constitutes an important tool in efforts to fight against childhood
obesity; and (3) physical activity has potentially beneficial effects for reducing depressive

symptoms in children and adolescents; however, the evidence base is limited.

In a large, nationally representative sample of nearly 3,000 adolescents from the Avon
Longitudinal Study of Parents and Children, Wiles et al. [39] found that adolescents who were
physically active had lower odds of depressive symptoms, but they did not find a significant

association between the intensity of physical activity and depressive symptoms, once total physical



activity was taken into account. Belair et al. [40] showed that Canadian children and adolescents
who reported engaging in leisure time physical activity less than 1 day per week were at higher
risk for depressive and anxiety symptoms compared with those reporting at least 1 day of physical
activity per week, suggesting that physical activity may be protective against depression. Two
meta-analyses provided evidence suggesting that physical activity could be effective to reduce
depressive symptoms among adolescents [41, 42]. A recent meta-analysis by Korczak et al. [43]
indicated that physical activity in childhood or adolescence was associated with lower concurrent
depressive symptoms, and the association with future depressive symptoms was weak. In their
reviews of reviews conducted in 2010, Biddle and Asare [44] found very little evidence base for
the potential benefits of physical activity on children and adolescent mental health indicators,
including depression, anxiety, and cognitive functioning; however, research designs were often
weak (many reviews include cross-sectional studies) and the effects were small to moderate. Eight
years later, in their recently updated review of systematic reviews and meta-analyses on the
association between physical activity and mental health in children and adolescents, Biddle et al.
[45] found that, although there was an increase in research on physical activity and depression,
self-esteem, and cognitive functioning, the strongest evidence for a causal association seems to

be for cognitive functioning, and the evidence is partial for depression.

The mechanisms underlying the association between physical activity and mental health are
biological and psychological. The biological mechanisms rely on energy expenditure resulting
from physical activity, particularly MVPA which leads to an increase in the availability of
monoamines, such as serotonin [46] and norepinephrine [47]. Physical activity also reduces

physiological reactivity to stress via the hypothalamo-pituitary-adrenal (HPA) axis to contribute



to cortisol regulation. Physical activity increases endorphins and Brain-Derived Neurotrophic
Factor (BDNF) which are linked to mood and depression [48]. Finally, physical activity increases
hippocampal cell proliferation [49] and reduces levels of proinflammatory cytokines [50]. The
psychological mechanisms underlying the association between physical activity and mental health
rely on three main psychological hypotheses, including distraction, self-efficacy, and social
interaction. The distraction hypothesis suggests that distraction from stressful stimuli results in an
improved mood associated with exercise [51]. The self-efficacy hypothesis indicates that physical
activity is a challenging activity that leads to an improved mood and self-esteem of individuals
who are able to perform it on a regular basis [52]. According to the social interaction hypothesis,
physical activity favours social relationships as well as a wide and supportive social network,
which is beneficial to mental health [53]. Research has shown that physical activity participation
also favours the satisfaction of feelings of autonomy, competence, and relatedness specific to the
physical activity context [54, 55]. Nevertheless, a reverse-causal relationship is possible as

individuals with better mental health could be more likely to engage in physical activity [56].

1.2. Sedentary behaviour

Sedentary behaviour is defined as any waking behaviour characterized by an energy expenditure
<1.5 metabolic equivalents (METs), while in a sitting, reclining, or lying posture [57]. There are
different types of sedentary behaviour, including TV viewing, using a computer, reading, writing
and eating, which can be accumulated during different domains including work, transportation,
and leisure time [58]. Screen time, such as social media use, TV viewing, and recreational
computer use is the most common form of sedentary time among children and adolescents [59-61]

(the present thesis will focus on screen time as a measure of sedentary behaviour). Public health



guidelines recommend that youth aged 5 to 17 years accumulate no more than 2 hours of
recreational screen time per day [34]. However, research has shown that the majority of children
and adolescents exceed this guideline [62-66]. For example, Janssen et al. [67] have indicated that
92% of Canadian children and adolescents aged 10 to 17 years do not meet the screen time
recommendation. This is concerning because sedentary behaviour during childhood tends to
continue into adolescence and into adulthood [68], and excessive sedentary time is associated with
increased morbidity and mortality [69-71]. Sedentary time can be measured using device-based

(e.g. accelerometers, inclinometers) and subjective (e.g. self-report, parent-report) tools.

Research studies have shown that children and adolescents spend excessive amounts of time being
sedentary, mainly in the form of screen time behaviour, including but not limited to TV viewing,
video gaming, and the use of electronic media devices [60, 61]. Indeed, the rapid advance of
information and communication technology has made the Internet more accessible than ever.
Consequently, electronic media devices, such as smartphones, tablets, computers, or gaming
consoles have become omnipresent in the everyday life of most children and adolescents [72]. A
recent report indicated that the majority of Ontario high school students use electronic devices for
more than three hours a day in their free time [73]. Specifically, one-third (33.3%) of students use
them for three to four hours, 17.7% use them for five to six hours, and 11.8% use them for seven
hours or more per day. Only 1% report not using electronic devices each day in their free time
[73]. Social media use is currently one of the main activities on electronic media devices among
adolescents, with nearly 86% of middle and high school students reporting daily use of these web-

based platforms [73].



Associations between sedentary behaviour and mental health problems among children and
adolescents has been well-documented [74]. For example, a systematic review conducted by Hoare
et al. [74] found strong consistent evidence suggesting that excessive recreational screen time is
associated with high levels of depressive symptoms and psychological distress among adolescents.
Similarly, in their systematic review and meta-analysis, Stanczykiewicz et al. [75] and Allen et al.
[76] have found that higher levels of sedentary behaviours are associated with high levels of
symptoms of anxiety among children, adolescents, and adults. Many publications have also
underlined the association of social media use with mental health problems, such as depressive
symptoms and suicidal ideation and attempts [62, 77, 78]. Moreover, research has indicated that
the mental health effects of screen time can extend into adulthood. Longitudinal studies have
shown that longer recreational screen time in adolescence is associated with depressive symptoms

in adulthood [79-81].

The association between screen time and mental health problems could be direct and/or indirect.
The direct effects of screen time on mental health can be related to the addictive nature of screen
time and the nature of the content (e.g. violence, suicide, crimes, etc.) users are exposed to on these
platforms. Indirectly, heavy screen time can reduce an individual’s participation in more active or
productive tasks, which in turn could impede their quality of life. This is often referred to as the
displacement hypothesis [82]. Heavy screen time can also affect mental health via a third factor.
Indeed, screen time has been associated with a wide range of risk behaviours [83], which in turn
are associated with mental health problems in children and adolescents [84]. Social media use has
been associated with social comparison [85], dissatisfaction with body mass [86], cyberbullying

victimization [87], unhealthy eating behaviour [88], substance use [89, 90], short sleep duration



[91], and negative school outcomes [92], which are all linked to mental health problems. For
example, in their systematic review, Seabrook et al. [78] found that negative interactions and social
comparisons on social media were related to higher levels of depression and anxiety. Alternatively,
a reverse-causal relationship is possible as individuals with mental health problems could be more
likely to engage and spend more time using screen time as a possible coping strategy (as they are
trying to escape from their experiences) or as a possible source of social support. For example,
Frison and Eggermont (2015) have found that adolescents reported logging onto Facebook to

receive social support to deal with their stress [93].

1.3. Sleep duration

Sleep is a physiological state that is generally defined as a naturally recurring state of body and
mind characterized by altered consciousness, relatively inhibited sensory activity, inhibition of
nearly all voluntary muscles, and reduced interactions with surroundings [94]. Sleep duration is
the most common measure of children and adolescent sleep in the literature [95, 96], and the
present thesis will focus on sleep duration as a measure of sleep. Sleep can be measured using
device-based (e.g. polysomnography, actigraphy/accelerometry) and subjective (e.g. self-report,

parent-report) measures.

Sleep is an essential component of healthy development and is required for physical and mental
health. Sleep duration is often qualified as sufficient or insufficient (short sleep) based on the
current public health guidelines [34, 95]. To maximize overall health benefits, it is recommended
that children aged 6-13 years sleep between 9 and 11 hours per night, while adolescents aged 14—

17 years should sleep 8-10 hours per night [34, 95]. However, research has shown that 68% of



children aged 10-13 years and 72% of adolescents aged 14-17 years sleep for the recommended
amount per night when averaged across all days of the week [97]. With recent research indicating
that nearly one-third of Canadian children and adolescents sleep less than recommended by public
health authorities for optimal health [98, 99], short sleep duration has become endemic in modern
societies. It is associated with daytime sleepiness and poor daytime functioning [100-102] and has
been identified as a serious threat to the academic success, health, and safety of children and
adolescents [101, 103]. In their systematic review of 76 studies on the functional consequences of
sleep problems in adolescents, Shochat et al. [102] found that sleep disruption had a negative effect

on psychosocial health, school performance, and risk-taking behaviours.

Evidence has shown that sleep problems are common symptoms of psychiatric disorders, such as
depression and anxiety disorder [26]. More specifically, short sleep duration has been associated
with mental health problems in children and adolescents [104]. For example, using a large sample
of Chinese adolescents, Liu [105] found that short sleep duration was associated with greater odds
of suicide attempts. Similarly, Fitzgerald et al. [106] found that short sleep duration was associated
with suicidal ideation, plans, and attempts among United States high school students. Numerous
longitudinal studies examining the directional relationship between sleep and depression among
adolescents suggested that sleep problems constitute a precursor to the development of depression

[107]. Moreover, sleep has been identified as an important factor in promoting mental health [108].

Physiologically, sleep is regulated by an interaction between the circadian clock and homeostatic
mechanisms [109]. With the biological changes happening during adolescence, there is a

biological shift in adolescents’ circadian clock to a later point [110]. This delayed sleep phase is
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often exacerbated by evening light exposure, early school start time, and social and school
obligations [110]. On the pathological level, the association between short sleep duration and
mental health problems could be direct and/or indirect. The direct path impacts upon the nervous
system, whereas the indirect path is mediated by other factors, such as physical activity, screen
time, cyberbullying, etc. Short sleep duration affects brain activity and neurochemicals that
regulate mood and cognitive function [111]. It also increases stress reactivity via a dysregulation
of the hypothalamic-pituitary-adrenal axis, thus increasing the risk of psychopathological
disorders [112]. Short sleep impairs executive functions [113], such as inhibitory control and
cognitive flexibility, that could result in increased irritability, impulsivity, anger, and aggression
[114, 115]. Indirectly, short sleep duration results in daytime sleepiness, fatigue, and tiredness
[100, 101], which in turn can make the maintenance of a healthy lifestyle (e.g., physical activity)
more difficult, or render the concerned children and adolescents more vulnerable and perfect
targets for bullying victimization [116]. It is noteworthy that there is a possibility of reverse
causation in the relationship between sleep and mental health [117-119]. That is, students who
have mental health problems may be more prone to short sleep duration than their healthy
counterparts. For example, a systematic review and meta-analysis examining the relationship
between sleep and depressive symptoms among adolescents found that depressed adolescents were
more likely to experience more wakefulness in bed and lighter sleep, and they reported more

subjective sleep disturbances [107].

1.4. Canadian 24-hour movement guidelines

Public health recommendations for physical activity [37], screen time [120], and sleep duration

[95] have long been considered separate and independent from each other. However, time spent in
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these three behaviours are codependent because they are mutually exclusive, and time spent in all
three behaviours across a day must collectively account for the entire 24-hour period [67].
Therefore, time spent in physical activity, screen time, and sleep duration should be considered
simultaneously. The importance of an integrated approach that considers all behaviours across the
movement continuum has been previously highlighted [34, 121, 122]. Canada was the first country
to develop integrated guidelines that provide recommendations regarding the movement
behaviours for children and adolescents aged 5 to 17 years. The Canadian 24-Hour Movement
Guidelines for Children and Youth: An Integration of Physical Activity, Sedentary Behaviour, and
Sleep were released in June 2016. These guidelines provide specific recommendations on the
amount of time during a typical 24-hour day that children and adolescents aged 5 to 17 years
should spend engaged in MVPA (at least 60 minutes), recreational screen time (no more than 2

hours), and sleep (9 to 11 hours for 5- to 13-year-olds; 8 to 10 hours for 14- to 17-year-olds) [34].

Previous research studies that examined the combinations between physical activity, sedentary
behaviour, and sleep duration, as displayed in Figure 1 have mainly focused on their associations
with physical health outcomes [123-125]. However, the effect of different combinations among
physical activity, sedentary behaviour, and sleep duration on mental health in children and
adolescents has received significantly less attention. Little is known about the extent of the gaps
in the current literature regarding different combinations of physical activity, sedentary behaviour,
and sleep in relation to mental health outcomes. It is also unclear whether some combinations
among physical activity, sedentary behaviour, and sleep could be more beneficial than others in
relation to mental health outcomes. Gaining the knowledge on which combinations of physical

activity, sedentary behaviour, and sleep are most strongly associated with better mental health
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outcomes is crucial, in order to design evidence-based interventions aimed at improving the health

of children and adolescents.

Figure 1. Different combinations of adherence to the physical activity, screen time, and

sleep duration recommendations

PHYSICAL ACTIVITY SCREEN TIME

Meeting all 3

SLEEP DURATION

In one of the systematic reviews that were conducted as part of the process of creating
comprehensive movement behaviour guidelines for school-aged children, Saunders et al. [126]
examined how combinations of different levels of physical activity, screen time, and sleep were
associated with health indicators among children and adolescents aged 5-17 years. Their results
supported the possibility of synergistic benefits to achieving optimal levels for multiple movement
behaviours [126]. More specifically, their results showed that school-aged children and
adolescents who have the most ideal combination of movement behaviours (i.e. high physical

activity/high sleep/low screen time) generally have more desirable measures of physical health
13



outcomes, when compared with those with the least ideal combination of movement behaviours
(i.e. low physical activity/low sleep/high screen time) [126]. Furthermore, they found that children
and adolescents who do well in any two movement behaviours (e.g. high physical activity/high
sleep or high physical activity/low screen time) are also likely to experience health benefits, when
compared with children and adolescents who do poorly in the same two movement behaviours (i.e.

low physical activity/low sleep, or low physical activity/high screen time) [126].

Importantly, Saunders et al. [126] identified several important research gaps in the published
literature to be addressed in future research, including but not limited to the following. First,
research has examined relationships of movement behaviours with physical health indicators to a
large extent (e.g., adiposity and cardio-metabolic disease risk factors) [122, 126]. Mental and
psychosocial health indicators need to be considered in future studies. Second, the majority of
studies compared only the best and worst combinations of behaviours (e.g., high physical
activity/high sleep/low screen time vs. low physical activity/low sleep/high screen time), without
directly comparing intermediate combinations. Thus, it is unclear how the health of children and
adolescents who meet recommendations for 2 of the 3 movement behaviours compares with the
health of children and adolescents who meet recommendations for a different combination of 2

movement behaviours.

With reports indicating a decline in physical activity and sleep duration and an increase of
sedentary behaviour and mental health problems such as depressive symptoms across a lifespan,
it is important to properly examine how physical activity, screen time, and sleep duration are

associated with mental health among children and adolescents. First, childhood and adolescence
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are critical periods where risk behaviours emerge and can extend into adulthood. Second, it is
important to inform intervention programs, especially because childhood and adolescence are
target age groups for intervention efforts before unhealthy behaviours become engrained. Third,
physical activity, sedentary behaviour, and sleep duration are modifiable risk factors. Finally, there
is a large body of literature (as discussed above) that suggests that these behaviours are each

individually linked to mental health.

1.5. Research Objectives

The purpose of this doctoral dissertation is to examine how the combinations of physical activity,
sedentary behaviour, and sleep duration are associated with depression and other mental health
outcomes in children and adolescents using innovative statistical analyses. More specifically, this

dissertation aims to answer the following research questions:

1. How are various combinations of physical activity, sedentary behaviour, and sleep duration
related to depression and other mental health indicators among children and adolescents?

2. Is adherence to the Canadian 24-hour movement behaviour guidelines for children and
adolescents associated with improved mental health?

3. How does movement behaviour composition relate to depression and other mental health
indicators among children and adolescents?

4. s replacing time spent in one type of movement behaviour with another associated with

changes in mental health in children and adolescents using compositional data analyses?
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1.6. Dissertation Organization and Outline
This dissertation is organized in an article format following the University of Ottawa dissertation

guidelines. A brief overview of each chapter is provided below:

e Chapter 1 provides a brief introduction, overview, and justification of the dissertation topic.

e Chapter 2 is the first manuscript of this dissertation, entitled: Combinations of physical
activity, sedentary time, and sleep duration and their associations with depressive
symptoms and other mental health problems in children and adolescents: a systematic
review. This manuscript is published in the International Journal of Behavioral Nutrition
and Physical Activity.

e Chapter 3 is the second manuscript of this dissertation, entitled: 24-Hour Movement
Behaviors and Internalizing and Externalizing Behaviors Among Youth. This manuscript
is published in the Journal of Adolescent Health.

e Chapter 4 is the third manuscript of this dissertation, entitled: The Canadian 24-hour
movement guidelines and psychological distress among adolescents. This manuscript is
published in The Canadian Journal of Psychiatry.

e Chapter 5 is the fourth manuscript of this dissertation, entitled: 24-hour movement
guidelines and suicidality among adolescents. This manuscript is published in the Journal
of Affective Disorders.

e Chapter 6 is the fifth and final manuscript of this dissertation, entitled: Longitudinal
association between movement behaviours and depressive symptoms among adolescents

using compositional data analysis. This manuscript is currently under peer-review.
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e Finally, Chapter 7 provides a general discussion, including a summary of the key findings,
overall strengths and limitations of this thesis, and future implications of the dissertation

results.
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ABSTRACT

Background: For optimal health benefits, the Canadian 24-Hour Movement Guidelines for
Children and Youth (aged 5-17 years) recommend an achievement of high levels of physical
activity (>60 minutes of moderate-to-vigorous physical activity), low levels of sedentary
behaviour (<2 hours of recreational screen time), and sufficient sleep (9-11 hours for children or
8-10 hours for adolescents) each day. The objective of this systematic review was to examine how
combinations of physical activity, sedentary time, and sleep duration relate to depressive
symptoms and other mental health indicators among children and adolescents.

Methods: Literature was obtained through searching Medline, EMBASE, PsycINFO, and
SportDiscus up to September 30, 2019. Peer-reviewed studies published in English or French were
included if they met the following criteria: population (apparently healthy children and adolescents
with a mean age of 5-17 years), intervention/exposure (combinations of physical activity,
sedentary time, and sleep duration), and outcomes (depressive symptoms and other mental health
indicators). A risk of bias assessment was completed for all included studies using the methods
described in the Cochrane Handbook. The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework was used to assess the quality of evidence for
each health indicator. Narrative syntheses were employed to describe the results due to high levels
of heterogeneity across studies.

Results: A total of 13 cross-sectional studies comprised in 10 papers met inclusion criteria. Data
across studies involved 115,540 children and adolescents from 12 countries. Overall, the findings
indicated favourable associations between meeting all 3 recommendations and better mental health
indicators among children and adolescents when compared with meeting none of the

recommendations. There was evidence of a dose-response gradient between an increasing number
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of recommendations met and better mental health indicators. Meeting the screen time and sleep
duration recommendations appeared to be associated with more mental health benefits than
meeting the physical activity recommendation. The quality of evidence reviewed was “very low”
according to GRADE.

Conclusions: The findings indicate favourable associations between meeting all 3 movement
behaviour recommendations in the 24-hour guidelines and better mental health indicators among
children and adolescents. There is a clear need for high-quality studies that use robust measures of
all movement behaviours and validated measures of mental health to increase our understanding

in this topic area.

Key words: exercise, recreational screen time, sleep, depression, mental health, youth
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INTRODUCTION

Depression is a serious public health issue worldwide [1]. It affects more than 300 million people
of all ages around the world [2], with a low prevalence in children (less than 1%), and then
increases significantly throughout adolescence [3]. Depression is one of the most common major
psychiatric disorders to occur that frequently begins during adolescence [4, 5]. However, its
negative impacts can extend into adulthood [6, 7]. Several longitudinal studies demonstrated that
experiencing depression in early life is associated with a wide range of negative outcomes in
adulthood, such as substance use, violent behaviour, and criminal outcomes [8-10]. Depression is
the second leading cause of years lived with disability and a leading cause of disability-adjusted
life years [11]. It is therefore important to identify modifiable factors that could prevent or alleviate

depressive symptoms among children and adolescents.

Achieving high levels of physical activity, low levels of sedentary behaviour, and getting sufficient
sleep have been individually associated with better mental health among children and adolescents
[12-14]. However, the fact that physical activity, sedentary time, and sleep have been considered
separately from each other is concerning, because research has shown that these three behaviours
are codependent and should be considered simultaneously [15, 16]. Consequently, the Canadian
24-Hour Movement Guidelines for Children and Youth (aged 5 to 17 years) have been released in
2016 and recommend >60 minutes/day of moderate-to-vigorous physical activity (MVPA), <2
hours/day of recreational screen time, and 9 to 11 hours of sleep per day for 5- to 13-year-olds or
8 to 10 hours of sleep per day for 14- to 17-year-olds to support healthy development [17].

However, the prevalence of children and adolescents from different countries around the world
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who meet all three recommendations contained within the guidelines varies between 3 to 10% [18-
23]. Such low prevalence is concerning, so gaining a better understanding of how it relates to

mental health is important to study from a public health perspective.

Previous studies looking at the 24-hour movement guidelines and health indicators have primarily
focused on examining the associations between the combinations of physical activity, sedentary
time, and sleep duration with physical health outcomes [12, 14, 24]. However, little is known about
the extent of the gaps in the current literature regarding different combinations of physical activity,
sedentary time, and sleep duration in relation to mental health indicators. It is also unclear whether
some combinations of physical activity, sedentary time, and sleep duration could be more
beneficial than others. Understanding which combinations are more strongly associated with better
mental health is important to help design evidence-informed interventions aimed at improving the
health of children and adolescents. This is particularly important given the developmental origins
of depression and other mental health conditions begin in childhood and track into adulthood [25].
The systematic review by Saunders et al. [26] on the associations between different combinations
of physical activity, sedentary time, and sleep duration with health indicators in children and
adolescents is 5 years old and only included studies with objectively-measured physical activity.
With the release of movement behaviour guidelines in 2016 [17], there has been a substantial
increase in the number of studies investigating indicators of mental health and associations with
specific combinations of movement behaviours. Therefore, it is necessary to have a better and
current understanding of the combined influence of movement behaviours on mental health

indicators. This knowledge will also help to inform and refine public health guidelines.
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The purpose of this systematic review was to examine how combinations of physical activity,
sedentary time, and sleep duration relate to depressive symptoms in children and adolescents,
while secondary aims examined associations with a broader spectrum of mental health indicators.
It was hypothesized that meeting all three movement behaviour recommendations would be
associated with less depressive symptoms and better overall mental health compared to meeting

two, one, or none of the recommendations.

METHODS

Protocol and registration

This review was registered a priori with the International Prospective Register of Ongoing
Systematic Reviews (PROSPERO; submitted 25/11/2019, registration pending), and was
conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) statement for reporting systematic reviews and meta-analyses [27].

Eligibility criteria
The population, interventions, comparisons, outcomes, and study design (PICOS) framework [28]
was followed to identify key study concepts in the research question a priori, and to facilitate the

search process.

Population
Studies of apparently healthy school-aged children and adolescents (aged 5-17 years) were
eligible. The mean age of eligible studies had to fall within the bracket of 5 to 17 years, regardless

the study sample age range. For example, if the study sample ranged from 11 to 20 years and the
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mean age was equal to 15 years, the study was included. Studies were excluded if they reported
on a clinical sample (e.g., populations exclusively composed of adolescents with depressive
symptoms) or if the behaviour (i.e., physical activity, sedentary time, and/or sleep duration) was

not measured during the 5-17-year-old age boundaries for at least one time point.

Intervention (exposure)

Studies were included if they reported all three movement behaviours (i.e., physical activity,
sedentary time, and sleep duration). Studies were included if they used (1) objective (actigraphy,
accelerometry, heart rate monitors, pedometers, arm bands) or subjective (self/proxy-report)
measures of physical activity; (2) objective (actigraphy, accelerometry, inclinometer) or subjective
(self/proxy-report) measures of sedentary time; and (3) objective (polysomnography, actigraphy,

accelerometry) or subjective (self-report, proxy-report) measures of sleep duration.

There are a few specifications worth mentioning here. Objective measures of physical activity can
differentiate light-intensity physical activity (LPA) from MVPA, whereas subjective measures
capture most often MVPA. For the sedentary component, objective measures report sedentary
time, while subjective measures generally report screen time. Sedentary time is defined as the time
spent for any duration (e.g., minutes per day) or in any context (e.g., at school or home) in
sedentary behaviours, and a sedentary behaviour is any waking behaviour characterized by an
energy expenditure <1.5 METS, while in a sitting, reclining or lying posture [29, 30]. Screen time
refers to the time spent on screen-based behaviours. These behaviours can be performed while
being sedentary or physically active [30]. Recreational screen time is the time spent in screen

behaviours that are not related to school or work [17].
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Comparison
Various levels and combinations of physical activity, sedentary time, and sleep duration. However,

a comparator or control group was not required for inclusion.

Outcomes

Depressive symptoms represented our primary outcome (indicator) measure. Secondary outcomes
(indicators) included other negative (e.g., anxiety, psychological distress, suicidal behaviour) and
positive aspects (e.g., flourishing, pro-social behaviour) of mental health, substance use,
behavioural problems or disorders (e.g., aggression, child behavioural disorder, child development

disorder), and quality of life/well-being.

Study design

There was no restriction on the types of study designs eligible for inclusion. Only published or in
press peer-reviewed articles were included. We excluded case studies and grey literature (e.g.,
book chapters, dissertations, conference abstracts). For longitudinal studies, any follow-up length
was allowed as long as the exposure was measured before follow-up at least once during the
identified age range (5-17 years). Follow-up measures of mental health outcomes could occur

above this age.

Information sources and search strategy
The electronic search strategy was created by a research librarian with expertise in systematic
review. The following databases were searched: MEDLINE (1946 to September 30, 2019),

EMBASE (1947 to September 30, 2019), PsycINFO (1987 to September 29, 2019) using the Ovid
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interface and SPORTDiscus (from inception to September 29, 2019) using the EBSCO platform.
The searches looked for journal articles reporting on sleep, sedentary time and physical activity
using previously developed and validated searches [12-14, 31]. Searches did not include terms
pertaining to outcomes as this review examines outcomes that may be indexed or categorized in
several different manners, and including outcome keywords in our search may lead to exclusion
of studies that would meet eligibility criteria otherwise. There was no restriction by type of
statistical analyses used. Searches were limited to articles published in English or French. The

search strategies are presented in Additional file 1.

Study selection

After duplicate records were removed online, records retrieved by the electronic search were
downloaded and imported into the Reference Manager Software (Thompson Reuters, San
Francisco, California, USA) for additional removal of duplicate references. Titles and abstracts of
potentially relevant articles were imported to Covidence (a secure, internet-based software;
Evidence Partners, Ottawa, Ontario, Canada) where two reviewers screened them independently.
Exclusion by both reviewers was required for a study to be excluded at level 1 (title and abstract)
screening. At level 2, two independent reviewers performed full-text review of potentially eligible
articles. Consensus was required for articles to be included; discrepancies between reviewers were
resolved by discussion between them or with a third reviewer, if needed. Reference lists of

included articles and relevant reviews were also checked for additional relevant studies.
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Data extraction

Data extraction forms were created by the study coordinators, reviewed by study collaborators,
and pilot tested by all reviewers. One reviewer completed the data extraction electronically in
Microsoft Excel. A second reviewer independently extracted data from eligible articles and entered
this information into the extraction form. Forms were compared afterwards, and discrepancies
were resolved by consensus. Reviewers were not blinded to the authors or journals when extracting
data. Results were extracted from the most fully adjusted models for studies that reported findings

from multiple models.

Data items
Important study characteristics (e.g., publication year, study design, country, sample size, age and
sex of participants, measure of physical activity, sedentary time, sleep, and mental health

indicators, results, and confounders) were extracted.

Risk of bias and study quality assessment

A risk of bias assessment was completed for each outcome within each study using the methods
described in the Cochrane Handbook [32]. Following the recommendations for observational
studies, the risk of bias assessment identified methodological features of each study that could
affect confidence in the overall estimate of effect for an outcome. More specifically, we assessed
the risk of selection bias, performance bias, selective reporting bias, detection bias, attrition bias,
and potential confounding [33]. Both exposures (i.e. physical activity, screen time, and sleep
duration) and outcomes (i.e. depressive symptoms and other mental health indicators) were

considered in the assessment of bias related to measurement. When the only source of bias was
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performance bias due to selection bias due to convenience sampling, this was not considered
“serious risk of bias”. Risk of bias was assessed by one reviewer for all included articles, and then

verified by another reviewer.

The overall quality of research evidence for mental health indicators was assessed using the
Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework
[33]. The GRADE framework categorizes the quality of evidence into four groups (“high”,
“moderate”, “low”, and “very low”). Evidence quality ratings start at high for randomized studies
and at low for all other experimental and observational studies. The quality of evidence can be
downgraded if there are limitations across studies in any of the five criteria, including risk of bias,
imprecision, inconsistency, indirectness, and publication bias [33]. If there is no cause to
downgrade, the quality of evidence can be upgraded if there is a large effect size, there is a dose-
response gradient, or if all plausible confounders would decrease an apparent treatment effect. The
quality of evidence assessment was evaluated by one reviewer and verified by the larger review

team. Disagreements were resolved by discussion among the team members, if needed.

Data synthesis

Meta-analyses were planned if data were sufficiently homogenous with regards to methodological,
statistical, and clinical characteristics. However, a meta-analysis was not possible due to
heterogeneous data for the above characteristics. Therefore, a narrative synthesis was used to

describe each health indicator.

49



RESULTS

Description of studies

A PRISMA flowchart summarizing the article selection process is displayed in Figure 1. A total
of 1,217 records were identified during the electronic database search. Of these records, 677 were
identified in Medline, 442 in EMBASE, 73 in SportDiscus, and 25 in PsycINFO. After duplicates
were removed, a total of 885 records remained. After titles and abstracts were screened, 28 full-
text articles were obtained for further review and 10 articles met the inclusion criteria (7 unique
samples). Reasons for excluding articles were: not reporting a combination of physical activity,
sedentary time, and sleep duration (n=10), no measure of mental health indicators (n=6), and

ineligible age (n=2). Some studies were excluded for multiple reasons.

Characteristics of the 10 included articles are summarized in Table 1. Data across studies
involved 115,540 children and adolescents from 12 countries. All studies were cross-sectional, and
were published in 2016 or later, with participants’ age ranging from 6 to 20 years. The 10 articles
comprised 13 studies because some papers had more than one mental health outcome. Of those, 3
reported on depressive symptoms [18, 19, 34], 3 on social and emotional health [35-37], 2 on
health-related quality of life [38, 39], 1 on anxiety [34], 1 on substance use (including cigarette
smoking, alcohol consumption, and cannabis use) [18], 1 on impulsivity [40], 1 on cognitive
functions [20], and 1 on life satisfaction and prosocial behaviour [37]. Three studies reported on
more than one mental health indicator [18, 34, 37]. The included articles used various statistical
analyses (Table 1). Three papers used logistic regression analyses [18, 19, 34], 2 papers used
compositional data analysis [36, 39], 2 papers used mixed linear models [20, 38], 2 other papers

used standard linear regression [35, 37], and 1 paper used structural equation modelling [40].
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Overall, the prevalence of depressive symptoms was 42.7% (unweighted) in a sample of more than
59,000 adolescents in the United States [18], 14.4% in a sample of nearly 4,000 adolescents in the
United Kingdom [19], and 10.3% in a sample of more than 35,000 children and adolescents from

the United States [34].

The prevalence of children and adolescents who met the physical activity recommendation in the
included studies ranged from 4.1% to 40.5%, with the majority in the 33.3%-40.5% bracket; those
who met the screen time recommendation ranged from 8% to 48.2%, with the majority in the
36.5%-48.2% bracket; and those who met the sleep duration recommendation ranged from 41.9%
to 89.3%, with the majority in the 66.2%-89.3% bracket. The proportion of children and
adolescents who met any one recommendation in the included studies ranged from 34.9% to
51.1%, those who met any two recommendations ranged from 18.4% to 37.0%, and those who met

all three recommendations ranged from 2.6% to 17.1%.

Measurement of movement behaviours

Physical activity was measured with accelerometers in 5 studies from 3 unique datasets [19, 35,
36, 38, 39], and was either self-reported or parent-reported in the other studies [18, 20, 34, 37, 40].
Sedentary time was objectively measured using accelerometers in 3 studies [36, 38, 39], and self-
reported in the rest of the studies [18-20, 34, 35, 37, 40]. Sleep duration was objectively measured
in 2 studies [38, 39] and either self-reported or parent-reported in the other studies [18-20, 34-37,

40].
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Depressive symptoms (primary outcome)

Depressive symptoms were reported in 3 studies [18, 19, 34], representing 3 unique datasets, and
84,004 individual participants with age ranging from 6 to 20 years (Table 2). All three studies had
a combined measure of meeting all 3 movement behaviour recommendations (i.e., meeting all 3
vs. none). However, only one study examined different combinations of physical activity,
sedentary time, and sleep duration (i.e., meeting 3, 2, 1 vs. none) [34]. Two studies stratified their
results by sex [18, 19], while the other study stratified their analysis by age group (6—11 years old
vs. 12-17 years old) [34]. Both of the studies that conducted sex-specific analyses found that
depressive symptoms were associated with lower odds of meeting all 3 guidelines in both male
and female adolescents [18, 19]. The study that conducted age-specific analyses found that meeting
all three 24-hour movement guidelines was associated with lower odds for anxiety and depression
among adolescents (i.e. 12—-17 years old) compared to meeting none of the recommendations [34].
Meeting all three recommendations was associated with significantly lower odds of depressive
symptoms among adolescents than meeting none, one, or any combination of two
recommendations among adolescents [34]. However, among children (i.e. 6-11 years old),
meeting the screen time recommendation alone, both the screen time and sleep duration
recommendations, or both the physical activity and sleep duration recommendations was

associated with lower odds of depressive symptoms than meeting none or all three guidelines [34].

Following the GRADE protocol, the quality of evidence for the three studies examining the

association between the 24-hour movement guidelines and depressive symptoms began with a low-

quality rating due to their observational design. Given that only one study used an objective
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measure of physical activity and a reliable and valid measure of depression in children [19], the

quality of evidence was downgraded from “low” to “very low” due to a serious risk of bias.

Other mental health indicators (secondary indicators)

A total of 10 studies examined the association between the 24-hour movement guidelines and other
mental health indicators, including 1 on anxiety [34], 3 on social and emotional health [35-37], 2
on health-related quality of life [38, 39], 1 on substance use (including cigarette smoking, alcohol
consumption, and cannabis use) [18], 1 on impulsivity [40], 1 on cognitive functions [20], and 1
on life satisfaction and prosocial behaviour [37] (Table 3). All studies were cross-sectional,
involving 111,641 participants aged 6 to 20 years from 6 unique datasets. These studies were
consistent in showing better mental health indicators in participants who met all three
recommendations compared to those who met none of the recommendations. While some studies
found that meeting the recommendations for MVVPA, screen time, and sleep duration each had a
comparable strength of association with mental health indicators [34, 37], three studies found that
meeting the screen time recommendation or the screen time + sleep duration recommendations
could have more benefits to mental health [20, 38, 40]. Four studies [35, 36, 38, 39] from 2 unique
datasets used objective measures of physical activity and only 2 studies [38, 39] used objective
measures of sedentary time and sleep duration. Therefore, the quality of evidence was downgraded
from “low” to “very low” because of a serious risk of bias (i.e., most studies used a subjective
assessment of physical activity, screen time, and sleep duration with no psychometric properties
reported). Only two studies [35, 37] examined and documented a positive dose-response gradient

between the number of recommendations met with mental health indicators (3>2>1>0), indicating
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that a greater number of recommendations met was associated with a lower risk of mental health

problems. However, other studies did not examine a possible dose-response gradient.

DISCUSSION

This systematic review synthesized peer-reviewed evidence from 13 studies examining the
associations between combinations of physical activity, sedentary time, and sleep duration with
depressive symptoms and other mental health indicators among children and adolescents aged 5—
17 years. A total of 115,540 participants from 12 countries were represented in this review. All
studies were published in 2016 or later, consistent with the release of the Canadian 24-Hour
Movement Guidelines in 2016 [17]. The overall quality of evidence was rated as “very low”
according to the GRADE framework [33]. Collectively, the findings indicate favourable
associations between meeting all 3 recommendations and better mental health indicators among
children and adolescents when compared with meeting none of the recommendations. In these
studies, meeting the screen time and sleep duration recommendations seemed to be more strongly
associated with mental health than meeting the physical activity recommendation. However,
evidence in relation to each specific mental health indicator was limited. This comprehensive
assessment of available evidence highlights the need for continued efforts to promote the 24-hour
movement guidelines for overall mental health benefits in children and adolescents. It also
highlights the need for higher quality research using longitudinal and experimental study designs,
robust measures of movement behaviours, and validated measures of mental health indicators to

increase our understanding in this topic area.
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To our knowledge, this is the first time the relationship between 24-hour movement guidelines and
mental health indicators in children and adolescents has been systematically reviewed since the
release of aforementioned guidelines in 2016 [17]. Our findings are also of importance as they
address the three important research gaps areas within the context of the Canadian 24-Hour
Movement Guidelines for Children and Youth that have been previously identified in a systematic
review on the health benefits of combined movement behaviours [26]. Indeed, Saunders et al. [26]
highlighted first that existing evidence was mainly based on physical health indicators such as
obesity, urging the need for mental and social health indicators to be considered in future studies.
Second, it was unclear whether meeting a given specific recommendation was associated with
more health benefits than meeting the others. Third, researchers have mainly compared meeting
all 3 recommendations versus meeting none, ignoring potential influence of intermediate
combinations. Unfortunately, to date, only 13 studies have examined mental health indicators in
the context of the 24-hour movement guidelines among children and adolescents. These findings
highlight the slow growth of new research on the 24-hour movement guidelines as they relate to
mental health indicators in children and adolescents. Overall, our results provide some support that
meeting all 3 recommendations is associated with better mental health among children and
adolescents when compared with meeting none of the recommendations. Although previous
evidence has shown that physical activity may prevent depression and/or alleviate its symptoms in
children and adolescents [41-43], our results indicate that meeting the screen time and sleep
duration recommendations were more strongly associated with fewer depressive symptoms and
positive mental health than meeting the physical activity recommendation. These findings are
interesting and warrant further investigations, along with potential mechanisms linking these

lifestyle behaviours and mental health.
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The mechanisms explaining the association between excessive screen time and mental health
problems may be direct or indirect. Direct pathways could be observed through the content
watched on screens, disrupted interpersonal relationships, or through direct cognitive effects,
creating low emotional stability and impulsivity [44]. Indirect pathways could be observed through
certain intermediate factors, such as insufficient sleep, unhealthy eating behaviours, dissatisfaction
with body mass, cyberbullying victimization, etc. [45-48]. Moreover, excessive screen time could
reduce physical activity time [49], thus limiting potential benefits of physical activity on mental
health. Several possible mechanisms could explain the association between short sleep duration
and mental health problems among children and adolescents. First, short sleep duration negatively
affects levels of neurotransmitters that regulate mood and thinking [50]. It also impairs executive
functions [51], including working memory, cognitive flexibility, and inhibitory control [52, 53].
Second, short sleep duration could be associated with heightened stress reactivity, which has been
associated with the activation of the hypothalamic-pituitary-adrenal and the sympatho-adrenal-
medullary axes, thus increasing the risk of mental health disorders [54]. Finally, short sleep
duration can make the maintenance of healthy active living more difficult due to subsequent
daytime sleepiness and fatigue [55, 56]. However, the possibility of reverse causation is not
excluded, as excessive screen time may be a coping strategy for individuals who are already
suffering from mental health problems [44]. It is also possible that mental health problems precede
short sleep duration [57], suggesting that individuals with mental health problems could be more

likely to sleep less.
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In the current review, we found that the majority (80%) of papers used traditional regression
models to examine the associations between 24-hour movement behaviours (sleep duration,
sedentary time, and physical activity) and mental health indicators in children and adolescent.
However, research has indicated that movement behaviours are codependent and require analyses
that are sensitive to this collinearity [15, 16, 58]. Compositional data analysis has been suggested
to represent the most appropriate analytical approach for understanding the association between
24-hour movement behaviours and health indicators, because time is finite over a period of 24
hours [59]. However, in the current review, only 2 studies used compositional data analyses [36,
39]. Indeed, the use of these novel statistical analyses in the context of 24-hour movement
behaviours is still in its infancy, but it is growing. Future research including the use of
compositional analyses is needed to examine the association between 24-hour movement

behaviours and mental health indicators among children and adolescents.

To date, evidence addressing the third research gap area identified by Saunders et al. [26] is still
limited. Only two studies have examined and documented a dose-response gradient between the
number of recommendations met and mental health outcomes [35, 37], where a greater number of
recommendations met was associated with a lower risk of mental health problems. These findings
suggest that added mental health benefits may be derived from achieving optimal levels of multiple
movement behaviours. For example, Janssen et al. [37] provided evidence for a dose-response
gradient between the number of movement behaviour recommendations met and mental health
indicators, and found that different intermediate combinations of the recommendations had similar

influence on mental health indicators while the number of recommendations met was the same.

57



There is a need for more studies to clarify dose-response gradients and relationships (through

intervention studies) between 24-hour movement behaviours and mental health indicators.

In this review, we focused on MVPA because it is included in the 24-hour movement guidelines
and it is the most common indicator that could be measured both objectively and subjectively.
Although 5 articles used objective measures of physical activity, light physical activity was also
included in 2 articles that used compositional data analyses. None of the 10 papers included in the
present systematic review have reported on vigorous-intensity physical activity apart from MVPA.
Research has shown that different intensities of physical activity could differentially impact mental
health outcomes in children and adolescents [60, 61]. For example, Goldfield et al. [62] found a
dose-response relationship between intensity of physical activity and psychological distress
whereby vigorous physical activity reduces phycological distress in adolescents compared to
moderate and light physical activity. Likewise, the current review focused on sedentary time,
particularly total recreational screen time, and did not look at the time spent in specific types of
sedentary behaviours (e.g., watching television, using social media, playing games, reading,
eating, travelling in a car). Research has shown that types of sedentary behaviour differentially
impact upon mental health indicators [63]. Further research that simultaneously measures specific
types of sedentary behaviour and different intensities of physical activity is needed to better
understand the impacts of different combinations of sedentary behaviour and movement

behaviours on mental health among children and youth.

Another measurement issue that is not considered within the context of 24-hour movement

guidelines relates to different aspects of sleep, such as sleep efficiency, time to fall asleep, number
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of awakenings, that may be associated with mental health. Indeed, the “sleep component” of the
24-hour movement guidelines focuses on sleep duration. However, different aspects of sleep have
been associated with mental health problems among adolescents [64, 65]. Future research
examining the association between the 24-hour movement guidelines and mental health indicators
could account for other aspects of sleep health in their analyses to provide more insights into this

important relationship.

Strengths and limitations

This systematic review has several strengths. First, it uses a comprehensive electronic search
process that was created by an experienced research librarian, with the inclusion of a broad range
of mental health indicators, comprising emotional, psychosocial, and cognitive health. Second, the
review used a rigorous methodology following the PRISMA statement for reporting systematic
reviews and meta-analyses [27] and GRADE framework [33]. Finally, to our knowledge, this is
the first systematic review of the evidence regarding the associations between 24-hour movement
guidelines and mental health indicators in children and adolescents since the release of the

guidelines in 2016 [17].

Limitations of the included studies

The included studies are limited in several ways. First, the quality of evidence assessed using
GRADE was of “very low” quality, mainly because of the cross-sectional nature of all included
studies, and the use of subjective measures for physical activity, recreational sedentary time, and
sleep duration with no psychometric properties reported, raising concerns about possibility of risk

of bias. Second, many studies have used a single item measure of mental health problems (e.g.,
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depressive symptoms) which could raise validity and reliability issues. Third, the cross-sectional
design of all the included studies precludes temporality and causal relationships between
combinations of physical activity, screen time, and sleep duration and mental health indicators.
Thus, future studies using longitudinal or experimental designs are needed to confirm cause-and-
effect relationships between movement behaviours and mental health indicators among children

and adolescents.

Limitations of the systematic review

There are several limitations worth mentioning. First, only articles published in English or French
were included in the present study. Therefore, we did not include any studies that may have been
published in other languages. Second, the present systematic review is limited by the exclusion of
grey literature, which was not included in the current systematic review because of its
unconventional format and lack of standard indexing [66]. Third, a meta-analysis was not possible
due to heterogenous data on the measurement of physical activity, screen time, sleep duration, and
mental health indicators. Future research using standardized methodology is needed to address this
limitation. Finally, the strength of our conclusions is limited by the small number of included
studies and lack of longitudinal and intervention studies examining the associations between 24-

hour movement guidelines and mental health indicators in children and adolescents.

Future directions
Research evidence is just beginning to emerge regarding the relationships between 24-hour
movement guidelines and mental health outcomes among children and adolescents, and there is a

clear need for future studies to use longitudinal designs, robust measures of movement behaviours,
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and validated items for mental health indicators. Further research using high-quality study designs
will be required to better inform the relationships between 24-hour movement guidelines and
mental health among children and adolescents. It is also important for future studies to examine

potential age and sex differences to inform the design of tailored prevention efforts.

CONCLUSION

We systematically reviewed studies that looked at combinations of physical activity, sedentary
time, and sleep duration with depressive symptoms and other mental health indicators among
children and adolescents. Our review provides supporting evidence that adherence to the 24-hour
movement guidelines for children and adolescents is associated with better mental health status.
These findings underscore the need to encourage children and adolescents to meet the 24-hour
movement guidelines. It is important that all stakeholders including parents, schools, caregivers,
health professionals, policymakers, and children and adolescents themselves be informed about
the potential benefits of adherence to the 24-hour movement guidelines. However, the available
evidence is of very low quality (using the GRADE framework), as it relies heavily on cross-
sectional studies using self-reported measures of physical activity, screen time, and sleep duration.
Higher quality research is desired to better determine whether a dose-response gradient exists
between the number of movement behaviour recommendations met and mental health to better

support the 24-hour guideline paradigm.
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Table 1. Characteristics of included studies.

Age N and
gﬂ?;:jse;gi Year Location rar?ge statistic_al PA measure SED measure Sleep measure Meonl}?:or:ﬁzlth Main Findings
(years) analysis
Carson et al. 2017 | Canada 6-17 4,157 (1239 | Accelerometer Questionnaire Questionnaire Social and emotional There was a dose—response pattern
[35] fasting (Actical, (Parents/guardia | (Parents/guardians | health (Behavioral between the number of
subsample) | Respironics) ns for those for those aged 6 to | strengths and recommendations achieved and social
Cross-sectional aged 6to 11 11 years and self- | difficulties scores) and emotional health. Compared to
Linear MVPA years and self- reported by meeting all three recommendations,
regression reported by participants aged meeting none, one, and two
participants 12 to 17 years). recommendations were associated with
aged 12 to 17 a higher behavioral strengths and
years). Estimated sleep difficulties score in a gradient pattern.
duration in a 24- Unstandardized beta coefficients and
Screen time hour period. their 95% confidence intervals in
parenthesis for meeting 3>2>1>0
recommendations were: 0 (reference
group), 0.12 (0.01, 0.24), 0.23 (0.10,
0.37), and 0.34 (0.18, 0.50).
Carson et al. 2016 | Canada 6-17 4,169 Accelerometer Accelerometer Questionnaire Social and emotional The composition of movement
[36] (Actical, (Actical, (Parents/guardians | health (Behavioral behaviours was found to be associated
Compositio | Respironics) Respironics) for those aged 6 to | strengths and with all health indicators.
Cross-sectional nal data 11 years and self- | difficulties scores) LPA was positively associated with
analysis LPA and Sedentary time reported by unfavourable behavioural strengths and
MVPA participants aged difficulties scores, whereas sleep was

12 to 17 years).

negatively associated with unfavourable
behavioural strengths and difficulties

scores.
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Authors and Age N and Mental health
Study design Year Location range statistic,tal PA measure SED measure Sleep measure outcome Main Findings
(years) analysis
Estimated sleep
duration in a 24-
hour period.
Dumuid et al. 2018 | Auwustralia, 9-11 5,855 Accelerometer Accelerometry Accelerometry Health-related quality The relationship between children’s
[39] Brazil, (Actigraph (Actigraph (Actigraph of life (KIDSCREEN- health-related quality of life and their
Canada, Compositio | GT3X+) GT3X+) GT3X+) 10) movement behaviors is moderated by
Cross-sectional China, nal data their country’s human development
Colombia, analysis LPA and Sedentary time Nocturnal sleep index.
Finland, India, MVPA duration
Kenya, In the very high human development
Portugal, index strata alone, health related quality
South Africa, of life was significantly related to the
United movement behavior composition, with
Kingdom, and moderate-to-vigorous physical activity
United States (relative to remaining behaviors) being
positively associated with health-related
quality of life.
Guerrero et al. 2019 | United States | 9-10 4,524 Questionnaire Questionnaire Questionnaire Impulsivity (UPPS-P Adherence to individual movement
[40] (Reported by Impulsive Behavior behavior recommendations as well as
Structural MVPA Daily average parents using the Scale, Behavioral combinations of adherence to
Cross-sectional equation recreational Parent Sleep Inhibition System movement behavior recommendations
modelling screen time Disturbance Scale | (BIS)/ Behavioral were associated with each dimension of

for Children)

Sleep duration on

most night

Activation System
(BAS) Scale, and cash
choice delay

discounting task)

impulsivity
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Authors and
Study design

Year

Location

Age
range
(years)

N and
statistical
analysis

PA measure

SED measure

Sleep measure

Mental health
outcome

Main Findings

Janssen et al.
[37]

Cross-sectional

2017

Canada

10-17

17,000

Linear

regression

Questionnaire

MVPA

Questionnaire

Average daily

screen time

Questionnaire

Average nightly

sleep duration

Emotional problems,
Life satisfaction
(Cantril ladder),

Prosocial behaviour

Achieving any given recommendation
had preferable scores for the health
outcomes compared with participants
who did not meet the recommendations.
There was a dose—response pattern
between the number of
recommendations achieved and the
health outcomes. The adjusted mean
and standard errors in parenthesis for
meeting 3>2>1>0

recommendations were: 0.72 (0.04),
0.48 (0.03), 0.30 (0.04) and 0.08 (0.07)
for emotional problems, —0.82 (0.05),
-0.62 (0.05), —0.43 (0.05) and —0.29
(0.09) for life satisfaction, and —0.37
(0.05), —0.20 (0.05), —0.02 (0.06) and
0.11 (0.09) for emotional problems.
When the number of recommendations
achieved was the same, there were no

differences in the health outcomes.

Knell et al. [18]

Cross-sectional

2019

United States

13-20

59,397

Logistic

regression

Questionnaire

MVPA

Questionnaire

Average daily

screen time

Questionnaire

Average nightly

sleep duration

Depressive symptoms
(2-week sadness),
cigarette smoking,
alcohol consumption,
and cannabis use over

the past 30 days

Meeting all 3 recommendations was
associated with lower odds of
depressive symptoms among males and
females, alcohol consumption among
females, and cannabis use among males
compared to meeting none of the
recommendations. Meeting the 3
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Authors and Age N and Mental health
Study design Year Location range statistic,tal PA measure SED measure Sleep measure outcome Main Findings
(years) analysis
guidelines was associated with greater
odds of smoking cigarette among males
compared with meeting none of the
recommendations.
Pearson et al. 2019 | United 14 3,899 Accelerometer Questionnaire Questionnaire Depressive symptoms Meeting all 3 recommendations was
[19] Kingdom (GENEActiv) (Mood and Feelings associated with lower odds of
Logistic Screen time on Average nightly questionnaire (MFQ)) depressive symptoms among both
Cross-sectional regression MVPA typical weekday | sleep duration males and females compared with
meeting none of the recommendations.
Sampasa- 2017 | Auwustralia, 9-11 6,106 Accelerometer Accelerometry Accelerometry Health-related quality Children meeting the screen time
Kanyinga et al. Brazil, (Actigraph (Actigraph (Actigraph of life (KIDSCREEN- recommendation, the screen time and
[38] Canada, Linear GT3X+) GT3X+) GT3X+) 10) sleep recommendation, and all three
China, mixed recommendations had significantly
Cross-sectional Colombia, models LPA (not Sedentary time Nocturnal sleep better HRQoL than children not
Finland, India, included in duration meeting any of these guidelines.
Kenya, statistical
Portugal, analyses) and
South Africa, MVPA
United
Kingdom, and
United States
Walsh et al. 2018 | United States | 9-10 4,524 Questionnaire Questionnaire Questionnaire Global cognition There was a positive gradient between
[20] (Reported by (Youth NIH Toolbox) global cognition and each additional
Linear MVPA Daily average parents using the recommendation met. Meeting the
Cross-sectional mixed recreational Parent Sleep screen + sleep or screen-only
effects screen time Disturbance Scale recommendations were the strongest
models for Children) predictors of superior cognition
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Authors and Age N and Mental health
. Year Location range statistical PA measure SED measure Sleep measure Main Findings
Study design . outcome
(years) analysis
compared to not meeting any
Sleep duration on recommendations.
most night
Zhu et al. [34] 2019 | United States | 6-17 20,708 Questionnaire Questionnaire Questionnaire Anxiety and depression | Meeting all three 24-hour movement
(parent- reports) guidelines was associated with lower
Cross-sectional Logistic All intensities Daily average Average odds for anxiety and depression among
regression recreational weeknight sleep adolescents compared with meeting

screen time

duration

none of the recommendations.

PA

: physical activity; SED: sedentary time; MVPA: moderate-to-vigorous physical activity; LPA: light-intensity physical activity.
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Table 2. Combinations of physical activity, sedentary time, and sleep duration and their relationships with depressive

symptoms.

. . Quality assessment No of Absolute effect .
No of studies Design _ _ _ _ __ . Quality
Risk of bias | Inconsistency Indirectness Imprecision Other participants
Cross- Serious risk | No serious No serious No serious None 84,004 MEETING ALL 3 RECOMMENDATIONS VERY LOW
sectional of bias? inconsistency indirectness imprecision [18, 19, 34]
study? 3/3 studies found that meeting all 3

recommendations (compared with meeting none)
was associated with lower odds of depressive
symptoms among male and female adolescents
[18, 19] but not children [34].

DIFFERENT COMBINATIONS OF
PHYSICAL ACTIVITY + SEDENTARY
BEHAVIOUR + SLEEP [34]

1/1 study found that meeting all three
recommendations was associated with
significantly lower odds of depression among
adolescents compared with meeting none, one, or
any combinations of two recommendations
among adolescents. However, among children,
meeting the screen time recommendation alone,
both the screen time and sleep duration
recommendation, or both the physical activity
and sleep duration recommendations was
associated with lower odds of depression than

meeting none or all three guidelines.

Note: Age ranged between 6 and 20 years, and all data collection was cross-sectional.
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4Includes 3 cross-sectional studies [18, 19, 34].

bAll studies used a subjective assessment of movement behaviours with no psychometric properties reported, except one study that
measured physical activity by accelerometer [19]. Depression was measured differently across studies, with only one study that used a
validated instrument [19]; one study [18] used an item that asked students if they felt sad or hopeless almost every day for two weeks
or more in a row in the past year; another study [19] used the Mood and Feelings questionnaire (MFQ), a reliable and valid measure
of depression in children, and another study [34] used parents’ response (“currently have condition”) to the question asking if they had
ever been told by a health care professional that the child had the condition, and whether the child currently has depression. Therefore,

the quality of evidence was downgraded from “low” to “very low” due to a serious risk of bias.
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Table 3. Combinations of physical activity, sedentary time, and sleep duration and their relationships with other mental health

indicators.
. . Quality assessment No of Absolute effect .
No of studies | Design _ _ _ _ __ . Quality
Risk of bias | Inconsistency Indirectness Imprecision Other participants
10 Cross- Serious risk No serious No serious No serious None 111,641 MEETING ALL 3 RECOMMENDATIONS [18, | VERY
sectional | of bias® inconsistency | indirectness imprecision 20, 34-40] LOW
study? 10/10 studies found that meeting all 3

recommendations was associated with lower odds
of mental outcomes among children and

adolescents compared with meeting none.

Anxiety [34]

Among children, meeting all three guidelines was
associated with lower odds of anxiety compared to
meeting the physical activity, and the screen time
recommendations. Among adolescents, meeting all
three guidelines was associated with lower odds of
anxiety compared to meeting none of the

recommendations.

Social and emotional health [35-37]

3/3 studies found that participants achieving all 3
recommendations had preferable scores for the
health outcomes compared with participants who

did not meet the recommendations.

Health-related quality of life [38, 39]
1/2 study found that the relationship between
children’s health-related quality of life and their
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No of studies

Design

Quality assessment

Risk of bias

Inconsistency

Indirectness

Imprecision

Other

No of

participants

Absolute effect

Quality

movement behaviors is moderated by their

country’s human development index [38].

1/2 study found that meeting all three
recommendations was associated with significantly
better HRQoL than not meeting any of these
guidelines [39].

Substance use® [18]

1/1 study found that compared with meeting none
of the recommendations, meeting all 3
recommendations was associated with lower odds
of alcohol consumption among females, and
cannabis use among males. Meeting all 3
recommendations was also associated with greater

odds of smoking cigarette among males.

Impulsivity [40]
1/1 study found that meeting all 3 recommendations
was associated with better impulsivity scores

compared with meeting none.

Cognitive functions [20]
1/1 study found that meeting all three
recommendations was associated with superior

global cognition compared with meeting none.

80




No of studies

Design

Quality assessment

Risk of bias

Inconsistency

Indirectness

Imprecision

Other

No of

participants

Absolute effect

Quality

Life satisfaction and prosocial behaviour [37].
1/1 study found that participants achieving all 3
recommendations had preferable scores for the
health outcomes compared with participants who
did not meet the recommendations.

DIFFERENT COMBINATIONS OF
PHYSICAL ACTIVITY + SEDENTARY TIME
+ SLEEP

9/10 studies assessed different combinations
between movement recommendations and mental
health outcomes [20, 34-40].

3/10 studies found that meeting the screen time
recommendation alone, and both the screen time
and sleep duration recommendations, were
consistently associated with better cognitive
functions, impulsivity scores and HRQoL [20, 38,
40].

2/10 studies found a dose-response relationship
between the number of recommendations met and

mental health outcomes [35, 37].

2/10 studies used compositional data analyses and
found that the composition of movement

behaviours was associated with social and
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No of studies

Design

Quality assessment

Risk of bias

Inconsistency

Indirectness

Imprecision

Other

No of

participants

Absolute effect

Quality

emotional health [36] and with HRQoL [39];
whereas 8/10 used traditional methods [18-20, 34,

35, 37, 38, 40].

HRQoL: health-related quality of life.

Note: Age ranged between 6 and 20 years, and all data collection was cross-sectional.

4Includes 10 cross-sectional studies [18, 20, 34-40].

bFour studies [35, 36, 38, 39] from 2 unique datasets used objective measures of physical activity and only 2 studies [38, 39] used
objective measures of sedentary time and sleep duration. Therefore, the quality of evidence was downgraded from “low” to “very

low” because of a serious risk of bias (i.e., most studies used a subjective assessment of physical activity, screen time, and sleep

duration with no psychometric properties reported).

“Including cigarette smoking, alcohol consumption, and cannabis use.
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Figure 1. PRISMA flow diagram for the identification, screening, eligibility, and

inclusion of studies

Records identified through database Additional records identified
searching through other sources
(n=1217) (n=0)
A 4 Y

Records after duplicates removed

(n =885)
\ 4
Records screened R Records excluded
(n = 885) (n =857)

A 4

Full-text articles
' > excluded, with reasons*

(n=18)

Full-text articles assessed
for eligibility
(n=28)

A 4

Acrticles included in
systematic review
(n=10)

*Reasons for excluding articles were: not reporting a combination of physical activity, sedentary
time, and sleep duration (n = 10), no measure of mental health indicators (n = 6), and ineligible
age (n=2).
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Avrticle preface: The objective of this study was to examine the association of meeting different
combinations of the 24-hour movement guidelines with internalizing and externalizing behaviours
among children. This study tested the hypothesis that meeting the 24-hour movement guidelines

would result in a lower risk of having high internalizing and externalizing behaviour scores.

Contribution statement: | am the first author on this article. | was responsible for generating the
study objectives and design, with guidance from my supervisor and co-authors. | conducted the
necessary statistical analyses, created all of the tables and figures, wrote the first draft of the

manuscript, submitted the final version for publication, and addressed reviewer comments.
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ABSTRACT

Purpose: The Canadian 24-Hour Movement Guidelines for Children and Youth (>60 minutes of
moderate-to-vigorous physical activity per day, <2 hours of recreational screen time per day, and
9-11 hours of sleep per night for 5-13 years old) are associated with better physical health, but less
is known about how these behaviours are related to mental health. This study examined the
association of meeting these guideline recommendations with internalizing and externalizing
behaviours among children.

Methods: A large and broadly representative cross-sectional sample of 9- to 11-year-old U.S.
children (N =11,875) from the Adolescent Brain and Cognitive Development (ABCD) study was
analyzed. Internalizing and externalizing behaviours were measured using the Child Behaviour
Check List (CBCL). Associations were examined using negative binomial regression adjusted for
several confounders.

Results: Compared to meeting none of the recommendations, meeting recommendations for
screen time and sleep but not physical activity was associated with a lower prevalence ratio of
total, internalizing, and externalizing behaviours. Meeting two or all three recommendations was
more strongly associated with these outcomes than meeting one recommendation or none. The
prevalence ratio (PR) of the group meeting all three recommendations was 0.77 (95% CI: 0.68-
—0.86) for total problem scores, 0.78 (95% CI: 0.68—0.89) for internalizing problem scores, and
0.79 (95% CI: 0.68-0.91) for externalizing problem scores.

Conclusion: Meeting the 24-hour movement guidelines was associated with a lower risk of
internalizing and externalizing behaviours in children. These associations were mainly explained

by meeting the screen time and sleep duration recommendations.
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Key words: physical activity; sedentary behaviour; sleep; internalizing behaviour; externalizing

behaviour; epidemiology.

IMPLICATIONS AND CONTRIBUTION

This study found that children aged 9 to 11 years who met the 24-hour movement guidelines have

less total problem behaviours as well as internalizing and externalizing problems. These

associations were mainly driven by meeting the screen time and sleep duration recommendations.
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INTRODUCTION

Mental health problems in children and youth are common. Nearly 10 to 20% of children and
youth globally experience mental disorders [1]. Common symptoms of mental disorders tend to
lie on two dimensions: internalizing (e.g., depression, anxiety, somatic complaints) and
externalizing (e.g., aggression, delinquency). Thus, children can reveal their mental health
problems on an emotional level or behaviourally [2]. Children’s internalizing and externalizing
behaviours have negative impacts on themselves, their family and society in the short- and long-
term [3, 4]. ldentifying modifiable factors associated with children’s internalizing and
externalizing behaviours could provide evidence that would inform intervention programs

intended to enhance children’s mental health.

Physical inactivity is associated with an increased likelihood of having several internalizing and
externalizing behaviours [5] and the benefits of regular physical activity on children mental health
are well known [6]. Physical activity enhances well-being, improves mood and can boost general
self-esteem via improvements in skills and competence, body image, and physical fitness [7].
Physical activity is also associated with enhanced cognitive functioning, especially for tasks
involving more complex executive functioning [8]. Importantly, physical activity is a potential

therapy for internalizing and externalizing behaviours among children [9].

With rapid progress in information and communication technology, use of digital media has
become ubiquitous in the everyday life of most children. Excessive screen time is associated with

greater internalizing and externalizing behaviours [10]. Several possible mechanisms could
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explain the association between screen time and problem behaviours among children. Screen time
may adversely impact mental health through the content watched on screens, disrupted
interpersonal relationships, or through more direct cognitive effects, creating low emotional
stability and low self-control [11]. Moreover, the mechanisms by which excessive screen time may
affect mental health may be indirect [11], via intermediate factors, such as displacing physical
activity or sleep, unhealthy eating behaviour, dissatisfaction with body mass, and/or cyberbullying
victimization [12-14]. Alternatively, excessive screen time may be a coping strategy for

individuals who are already suffering from internalizing and externalizing behaviours [11].

Short sleep duration is increasingly widespread among children [15], and it could increase the risk
of developing symptoms of internalizing and externalizing behaviours [10]. Short sleep duration
affects brain activity and neurochemicals that regulate mood and cognitive function [16]. It impairs
executive functions [17], such as inhibitory control and cognitive flexibility, that could result in
increased irritability, impulsivity, anger and aggression [18, 19]. Short sleep duration can also
make the maintenance of a healthy lifestyle (e.g., physical activity) more difficult because of
subsequent daytime sleepiness, fatigue, and tiredness [20, 21]. Lastly, insufficient sleep duration
could be associated with heightened stress reactivity within the hypothalamic-pituitary-adrenal

axis, increasing the risk of psychopathological disorders [22].

However, previous research studies examining the associations of physical activity, screen time,
and sleep duration with mental health indicators have considered these behaviours separately from
each other, ignoring their codependence [23, 24]. This is concerning because these movement

behaviours interact to influence health and should therefore be considered simultaneously. This
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has motivated the development and promotion of the Canadian 24-Hour Movement Guidelines for
Children and Youth, which are integrated recommendations intended to provide parents,
caregivers, health professionals, and policymakers guidance on the quality and quantity of physical
activity, sedentary behaviour, and sleep children need in a 24-hour period to achieve health
benefits. These guidelines were released in 2016 and they recommend at least 60 minutes of
moderate-to-vigorous physical activity per day, 2 hours or less of recreational screen time per day,
and 9-11 hours of sleep per night for 5- to 13-year-olds and 8-10 hours per night for 14- to 17-
year-olds [25]. The development of these guidelines followed a comprehensive, rigorous, and
transparent process. It was informed by 4 systematic reviews and included consultation findings,

compositional analysis findings, experts, different stakeholders, and end-users [25].

Research has shown that children who meet the 24-hour movement guidelines have better
cognitive function [26], less impulsivity [27], better quality of life [28], improved emotional and
psychosocial health [29], less depressive and anxiety symptoms [30], and better dietary patterns
[31]. However, little is known about the association of different combinations of movement
behaviour recommendations with internalizing and externalizing behaviours (as a more global
measure rather than a single mental health indicator) in children. In a sample of over 500 Canadian
children aged 3 years (i.e. preschoolers), Carson et al. [32] found that children who met more
recommendations had lower internalizing and externalizing behaviours as measured by the Child
Behavior Checklist (CBCL). They also found that physical activity and screen time, and screen
time and sleep were the specific combinations of movement recommendations associated with
internalizing and externalizing behaviours [32]. However, to the best of our knowledge, no

previous study has specifically examined the association between the combinations of all 3
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movement behaviour recommendations and the CBCL in later childhood (i.e. schoolchildren). It
is also unclear if movement behaviours are differentially associated with internalizing versus
externalizing problems in this age group. Gaining such knowledge is important to inform public

health interventions and policies.

The purposes of this study were to examine the association of meeting different combinations of
the 24-hour movement guidelines with internalizing and externalizing behaviours among children.
We hypothesized that meeting the 24-hour movement guidelines would result in a lower risk of
having high internalizing and externalizing behaviour scores. The results from these cross-
sectional analyses should not be interpreted as being causal, but rather informative for future

hypothesis generation.

METHODS

The cross-sectional data from 11,875 children aged 9-11 years was obtained from the Adolescent

Brain Cognitive Development (ABCD) Study (release 2.0; www.abcdstudy.org), a longitudinal
observational study that tracks children through adolescence across domains related to brain
development and health over a 10-year period [33]. It is the largest long-term study of brain
development and child health in the United States. The ABCD study uses probability sampling of
public and private elementary schools within the catchment areas of 21 data collection sites across
the United States resulting in a nationally diverse and geographically stratified sample [33].
Across recruitment sites, inclusion criteria included being in the desired age range (910 years of
age) and able to provide informed consent (parents) and assent (child). Exclusions were minimal

and were limited to lack of English language proficiency in the children, the presence of severe
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sensory, intellectual, medical or neurological issues that would impact the validity of collected
data or the child’s ability to comply with the protocol, and contraindications to magnetic resonance
imaging scanning. The data for this analysis were collected between September 1, 2016 and
November 15, 2018. Detailed information on procedures, sampling, and recruitment for the ABCD
study have been described previously [33]. All parents/guardians provided written informed
consent and child assent was obtained prior to participation in the study. All procedures were

approved by a central institutional review board and site-level institution research ethics boards.

Dependent variables

The Child Behavior Checklist/6-18 (CBCL) was used to assess problem behaviours over the past
six months [34]. The CBCL is a parent-report measure that consists of 113 questions, each scored
on a three-point Likert scale (O=absent, 1=occurs sometimes, 2=occurs often), and takes 15-20
minutes to complete. Responses were summed, with higher scores representing higher levels of
emotional and behavioural problems. Raw scores (vs. standardized scores) were used for our data
analyses following previous recommendations [35]. The CBCL/6-18 is made up of eight syndrome
scales, including anxious/depressed, withdrawn/depressed, somatic complaints, social problems,
thought problems, attention problems, rule-breaking behaviour, and aggressive behaviour. Scores
on the CBCL have shown high validity and reliability (o=.78 to .94), and the eight-syndrome scale
has displayed strong fit indices in 30 different societies [35]. Scores for total, internalizing, and
externalizing problems were calculated. Total score includes all eight syndrome scales.
Internalizing score comprises the following syndrome scales: anxious/depressed,
withdrawn/depressed, and somatic complaints. The externalizing score comprises the rule-

breaking and aggressive behaviour syndrome scales. In these data, internalizing and externalizing
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scores have shown a good reliability of 0.87 and 0.90, respectively; the total scores had an excellent

reliability of 0.95.

Independent variables

Physical activity was measured using questions from the Youth Risk Behavior Survey [36].
Participants reported the number of days that they were physically active for a total of at least 60
minutes per day in the past 7 days. Recreational screen time was measured using the Youth Screen
Time Survey [37], which asked participants to report the number of hours spent on a typical
weekday and weekend day performing a variety of recreational screen-based activities, including:
1) TV watching, 2) video watching (e.g., YouTube™), 3) video game playing, 4) texting on
cellphone, tablet, or computer, 5) visiting social media sites, or 6) using video chat. Daily
recreational screen time was calculated by taking a weighted average of weekday and weekend
screen time, using the following formula: [(the sum of week day screen time in minutes x 5) + (the
sum of weekend day screen time in minutes x 2)]/ 7. Sleep duration was measured using one item
from the Parent Sleep Disturbance Scale for Children [38], which asked parents to indicate the
number of hours of sleep a child gets on most nights. The midpoint of each response option was
used to provide a unique value for sleep duration in hours, as follows: 9-11 hours = 10 hours; 8-9
hours = 8.5 hours; 7-8 hours = 7.5 hours; 5-7 hours = 6 hours; < 5 hours: 2.5 hours. Children who
reported being physically active 7 days per week, accumulating <2 hours of daily recreational
screen time, and sleeping 9-11 hours per night were considered to be meeting the

recommendations of the 24-hour movement guidelines [25].
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Covariates

Covariates included age (years), gender (girls/boys), ethnoracial background (African-
American/Asian/Caucasian/Hispanic/multiracial), household income (combined income in past 12
months from all sources before taxes and deductions), parental education (measured in years), and
body mass index (BMI) z-scores. BMI was calculated from measured height and body mass, and

age- and sex-specific BMI z-scores were calculated using reference data from the WHO [39].

Statistical analyses

Analyses were adjusted for the cluster effect of sites using STATA 14.1 (Stata Corp., College
Station, Texas, USA) using svyset command. Descriptive statistics including means, standard
deviations, and proportions were used to characterize the sample. The outcome variables of total,
internalizing, and externalizing problems were treated as count variables and exhibited an over-
dispersion (i.e., greater variances than means). Therefore, negative binomial regression analyses
were used to examine the associations of meeting different combinations of movement behaviour
recommendations with the three outcomes. Prevalence ratios (PR), their 95% confidence intervals,
and p-values are presented. PR is a measure of association that quantify the strength of association
between a given outcome and a suspected risk factor [40]. It indicates how large is the prevalence
of the outcome in a group of exposed subjects (i.e. with suspected risk factor) relative to the group
of unexposed subjects (i.e. without the suspected risk factor). Covariates included age, gender,
ethnicity, family income, parental education, and BMI z-scores. Given that genderxmeeting
movement behaviour recommendations interaction was not significant for any of the outcomes,
data for both genders were pooled to maximize statistical power. Missing data were handled using
complete case analyses by outcome. Information regarding missing data is described in Table 1.
Statistical inferences were based on p values <0.05 and confidence intervals.
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RESULTS

The descriptive characteristics of the sample are shown in Table 1. The mean age of the 11,875
participants was 9.9 = 0.6 years. Just over half (52.1%) were boys, 52.5% were Caucasian and
17.4% were of Hispanic ethnic background. Overall, the prevalence of meeting the physical
activity, screen time, and sleep duration recommendations were 16.4%, 35.1%, and 47.4%,
respectively (Figure 1). Different combinations of meeting the physical activity, screen time, and
sleep duration recommendations are displayed in Figure 1. Overall, only 3.9% of the participants
met all three movement behaviour recommendations, while 32.2% did not meet any of the
recommendations. Boys were more likely than girls to meet the physical activity recommendation
alone (6.7% vs. 4.8%), sleep duration recommendation alone (24.8% vs. 20.4%), or both (5.1%

vs. 3.3%).

Results from negative binomial regression analyses examining the associations of meeting
different combinations of movement behaviour recommendations with total, internalizing, and
externalizing problems are summarized in Tables 2 to 4. Compared to children who met none of
the recommendations, meeting any single movement behaviour recommendation or any
combination of movement behaviour recommendations was associated with a lower risk of total
problems, except for physical activity alone (PR: 1.06; 95% CI: 0.99 — 1.15). Meeting the sleep
duration recommendation alone or any combination of movement behaviour recommendations
was also associated with a lower risk of internalizing problems relative to children who met none
of the recommendations. Meeting the screen time recommendation (PR: 0.85; 95% CI. 0.77 —

0.94), the sleep duration recommendation (PR: 0.86; 95% CI: 0.80 — 0.93), the screen time + sleep
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duration recommendation (PR: 0.74; 95% CI: 0.67 — 0.81), and all 3 recommendations (PR: 0.79;
95% CI: 0.68 — 0.91) were associated with a lower risk of externalizing problems. In contrast,
children who met the physical activity recommendation had a greater risk of externalizing
problems than those who met none of the recommendations (PR: 1.18; 95% CI: 1.08 — 1.30).
Meeting the physical activity + screen time (PR: 0.90; 95% CI: 0.78 — 1.04) or screen time + sleep
duration (PR: 0.91; 95% CI: 0.78 — 1.07) recommendations were not significantly associated with
externalizing behaviours. The multivariable associations between meeting different combinations
of movement behaviour recommendations and each syndrome scales are outlined in Supplemental

Table 1.

The associations of number of movement behaviour recommendations met with total,
internalizing, and externalizing problems are summarized in Supplemental Table 2. There was a
dose-response gradient from meeting none of the recommendations up to two recommendations,
but not from two to three recommendations. Meeting all three recommendations had comparable

strength of associations to meeting two recommendations for all three outcomes.

Given that 8.6% were dropped due to missing data on family income, a sensitivity analysis (where
family income was removed from the multivariable models) was conducted and showed similar
results (data not shown). Similarly, sensitivity analyses using multiple imputations provided

similar results (data not shown).
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DISCUSSION

This study examined the association between meeting different combinations of the 24-hour
movement guideline recommendations and problem behaviours among children and tested if
gender was a moderator of the associations. Our results showed that, compared to meeting no
recommendations, meeting all 3 recommendations was associated with a lower risk of total,
internalizing, and externalizing problems in a large and broadly representative sample of U.S.
children, and these associations were mainly explained by meeting the screen time and sleep
duration recommendations. Although boys were more likely than girls to meet the physical activity
and sleep duration recommendations, the genderxmovement behaviour recommendation
interactions were not significant, suggesting that the association of meeting the movement
behaviour combinations with internalizing and externalizing behaviours in children did not differ

by gender.

Our results are consistent with previous studies that found that meeting all 3 movement behaviour
recommendations is associated with lower emotional problems in children and adolescents, such
as depressive and anxiety symptoms [30]. Similarly, in a large nationally representative sample of
over 17 000 Canadians aged 10-17 years from the 2013/2014 cycle of the Health Behaviour in
School-aged Children study (HBSC), Janssen et al. [29] found that meeting all 3 recommendations
was associated with lower odds of emotional problems. However, children can manifest their
mental health problems on an emotional level or in a more behavioural manner [2]. To our
knowledge, we are the first to show that meeting all three movement behaviour recommendations

is associated with a lower risk of behavioural problems, including rule-breaking behaviour and
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aggressive behaviour, before and after adjusting for multiple confounders in a large and

representative sample of children.

Contrary to Janssen et al. [29] who found a monotonic dose—response pattern between the number
of recommendations achieved and emotional problems, indicating that the health outcome
improved as more recommendations were achieved, our study identify a dose-response gradient
from meeting none of the recommendation up to meeting two recommendations, but not from two
to three recommendations. It is possible that differences in sample characteristics and outcome
measures explain, at least in part, the discrepant findings. Indeed, our sample was comprised of
children aged 9 to 10 years, whereas the HBSC data used by Janssen et al. [29] encompassed
students aged 10 to 17 years. There are important variations between emotional/behavioural
problems by age groups [41]. For example, the prevalence of depression is very low among
prepubescent children (less than 1%), and then increases significantly throughout adolescence
[42]. It is also possible that differences in the measures of movement behaviour explain these
discrepancies. For example, Janssen et al. [29] added together the amount of MVPA participants
did in their class time at school, in their free time (including organized sports and programs and
active play), and time spent in active transportation. However, the ABCD has a particularly weak
measure of physical activity using a single item measure. Moreover, emotional health in our study
was measured using the CBCL [34], a well validated parent-reported measure. However, in the
HBSC study, emotional health was measured using a 9-item self-report measure, which was

constructed based on underlying theory and on factor and reliability analyses [2].
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Our results further indicated that the significant associations between meeting all three
recommendations and a lower risk of internalizing and externalizing behaviours were mainly
driven by meeting the screen time and sleep duration recommendations. These findings are
somewhat consistent with those from previous studies suggesting that meeting the physical activity
recommendation is not as important as meeting the screen time and the sleep duration
recommendations regarding mental health outcomes in the ABCD dataset. Indeed, Walsh et al.
[26] found that meeting the screen + sleep or screen-only recommendations were the strongest
predictors of superior cognition compared to not meeting any recommendations. Similarly,
Guerrero et al. [27] found that children who met the sleep and screen time recommendations scored
more favourably on all 8 dimensions of impulsivity than children who did not meet any
recommendation. They also found that meeting the sleep duration + screen time recommendations
had the strongest association with the impulsivity dimensions [27]. It is possible that the poor
measure of physical activity (i.e., single item measure) in the ABCD explains, at least in part, the
lack of association between physical activity and emotional and behavioural problems. However,
in a sample of Canadian adolescents, Patte et al. [43] found no prospective association between
meeting the physical activity recommendation and depressive symptoms. Future studies using
objective measures of physical activity are needed to replicate these findings. Although meeting
the physical activity recommendation was not associated with a lower risk of emotional and
behavioural problems, active living should not be neglected due to its proven multiple health
benefits in children and youth [6]. Research has further indicated that physical activity is a good

treatment option for emotional problems, such as depression and anxiety [9].
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We found a somewhat counterintuitive finding of the association between meeting the physical
activity recommendation and higher externalizing behaviour. It is possible that reverse causation
explains these results. We cannot rule out this alternative given the cross-sectional nature of our
study. These findings could also be partly due to measurement issue (i.e. single item measure of
physical activity), but also children with behavioural disorders are more likely to be hyperactive
(e.g. attention deficit hyperactivity disorder (ADHD)) and tend to act out more [41]. Children with
behavioural disorders may be more attracted to physical activity, or their parents encourage
physical activity as a means to dealing with behavioural issues. Indeed, physical activity has been
identified as an effective means to manage ADHD symptoms and behavioural disorders [44, 45].
So in this context, the findings are not completely unexpected. As such, physical activity could
constitute a result of people with externalizing symptoms. Longitudinal studies are therefore
needed to confirm temporality between meeting the physical activity recommendation and higher

externalizing behaviour among children.

Strengths and limitations

Strengths of this study include the use of a large and broadly representative sample of U.S.
children, and the use of generalized linear models (negative binomial models) which are more
appropriate for overdispersed response variables than general linear models. The present study is
the first to examine the association between the combination of movement guidelines and
internalizing and externalizing behaviour measured by CBCL in school aged children. Whereas, a
previous study has examined these associations in preschoolers [32]. Other studies have focused
on specific aspects of internalizing problems in adolescents, such as emotional health, anxiety and

depressive symptoms, and suicidality among adolescents [29, 30, 46-48].
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Our analyses adjusted for important covariates, which strengthen the validity of our findings.
Nevertheless, this study had several limitations worth mentioning. First, the cross-sectional nature
of the analyses precludes confirmation of causality between meeting the 24-hour movement
guidelines and problem behaviours. Second, the data were self- (or parent-) reported and may be
subject to recall and social desirability biases. However, the CBCL is a well validated tool [34]
and single-item measures of sleep duration have been indicated to provide a reliable and valid
assessment of sleep duration among children and adolescents [49]. Self-reported questions of
physical activity and screen time tend to be modestly reliable and valid in children [50], suggesting
that a fair amount of misclassification could still occur. Thus, the measure of effects reported in
this study are likely underestimated (and to different extents for different movement behaviours).
Third, the present study did not examine other characteristics of movement behaviour, such as
type, intensity, and context of physical activity, type of screen use, and quality of sleep. The study
did also not assess intermittent patterns of activity, multitasking or overlap in movement
behaviours. Future research could account for these factors in the context of meeting the 24-hour
movement guidelines and internalizing and externalizing behaviours. Finally, although our
analyses adjusted for potential confounders, there is possibility of residual confounding by

unmeasured variables.

CONCLUSION
This study shows that meeting the 24-hour movement guidelines was associated with a lower risk
of total problem behaviours as well as internalizing and externalizing problems. These associations

were mainly explained by meeting the screen time and sleep duration recommendations. These
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findings can help to inform the development of early intervention efforts directed towards the
improvement of the emotional and behavioural health of children. Increased awareness is needed
among all stakeholders, including parents, caregivers, health professionals, policymakers, and
children themselves on the benefits of meeting the 24-hour movement guidelines. Future research
using experimental and longitudinal designs are needed to verify the relationships among 24-hour

movement behaviours and internalizing and externalizing behaviours among children.

102



REFERENCES

1. World Health Organization. Caring for childrenand adolescents withmental disorders:

Setting WHO directions. World Health Organization, Geneva, Switzerland. 2003.

2. Freeman JG, King M, Pickett WE. Freeman, J.G., King, M., and Pickett, W. (Editors).
2012. The Health of Canada’s Young People: A Mental Health Focus. Public Health Agency of

Canada, Ottawa, Ontario, Canada. 2012.

3. Ogundele MO. Behavioural and emotional disorders in childhood: A brief overview for

paediatricians. World J Clin Pediatr. 2018;7(1):9-26. doi: 10.5409/wjcp.v7.il1.9.

4. Clayborne ZM, Varin M, Colman |. Systematic Review and Meta-Analysis: Adolescent
Depression and Long-Term Psychosocial Outcomes. J Am Acad Child Adolesc Psychiatry.

2019;58(1):72-9. doi: 10.1016/j.jaac.2018.07.896.

5. Kirkcaldy BD, Shephard RJ, Siefen RG. The relationship between physical activity and
self-image and problem behaviour among adolescents. Soc Psychiatry Psychiatr Epidemiol.

2002;37(11):544-50.

6. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput J-P, Janssen I, et al. Systematic
review of the relationships between objectively measured physical activity and health indicators

in school-aged children and youth. Appl Physiol Nutr Metab. 2016;41(6):S197-S239.

103



7. Biddle S. Physical activity and mental health: evidence is growing. World Psychiatry.

2016;15(2):176-7. doi: 10.1002/wps.20331.

8. Colcombe S, Kramer AF. Fitness effects on the cognitive function of older adults: a meta-

analytic study. Psychol Sci. 2003;14(2):125-30. doi: 10.1111/1467-9280.t01-1-01430.

9. Larun L, Nordheim LV, Ekeland E, Hagen KB, Heian F. Exercise in prevention and
treatment of anxiety and depression among children and young people. Cochrane Database Syst

Rev. 2006;(3):Cd004691. doi: 10.1002/14651858.CD004691.pub2.

10.  Guerrero MD, Barnes JD, Chaput JP, Tremblay MS. Screen time and problem behaviors
in children: exploring the mediating role of sleep duration. Int J Behav Nutr Phys Act.

2019;16(1):105. doi: 10.1186/s12966-019-0862-X.

11. Domingues-Montanari S. Clinical and psychological effects of excessive screen time on

children. J Paediatr Child Health. 2017;53(4):333-8. doi: 10.1111/jpc.13462.

12.  Viner RM, Gireesh A, Stiglic N, Hudson LD, Goddings AL, Ward JL, et al. Roles of
cyberbullying, sleep, and physical activity in mediating the effects of social media use on mental
health and wellbeing among young people in England: a secondary analysis of longitudinal data.

Lancet Child Adolesc Health. 2019;3(10):685-96. doi: 10.1016/s2352-4642(19)30186-5.

104



13.  Sampasa-Kanyinga H, Hamilton HA. Social networking sites and mental health problems
in adolescents: The mediating role of cyberbullying victimization. Eur Psychiatry.

2015;30(8):1021-7. doi: 10.1016/j.eurpsy.2015.09.011.

14.  Sampasa-Kanyinga H, Chaput JP, Hamilton HA. Use of social networking sites and
perception and intentions regarding body weight among adolescents. Obes Sci Pract. 2016;2(1):32-

9. doi: 10.1002/0sp4.26.

15. Matricciani L, Bin YS, Lallukka T, Kronholm E, Dumuid D, Paquet C, et al. Past, present,
and future: trends in sleep duration and implications for public health. Sleep Health.

2017;3(5):317-23.

16.  Goldstein AN, Walker MP. The role of sleep in emotional brain function. Annu Rev Clin

Psychol. 2014;10:679-708. doi: 10.1146/annurev-clinpsy-032813-153716.

17. Dutil C, Walsh JJ, Featherstone RB, Gunnell KE, Tremblay MS, Gruber R, et al. Influence
of sleep on developing brain functions and structures in children and adolescents: A systematic

review. Sleep Med Rev. 2018;42:184-201. doi: 10.1016/j.smrv.2018.08.003.

18. Ranum BM, Wichstram L, Pallesen S, Falch-Madsen J, Halse M, Steinsbekk S.
Association Between Objectively Measured Sleep Duration and Symptoms of Psychiatric
Disorders in Middle Childhood. JAMA Network Open. 2019;2(12):e1918281-e. doi:

10.1001/jamanetworkopen.2019.18281.

105



19. Rohlf HL, Holl AK, Kirsch F, Krahe B, Elsner B. Longitudinal Links between Executive
Function, Anger, and Aggression in Middle Childhood. Front Behav Neurosci. 2018;12:27. doi:

10.3389/fnbeh.2018.00027.

20.  Owens J. Insufficient Sleep in Adolescents and Young Adults: An Update on Causes and

Consequences. Pediatrics. 2014;134(3):e921.

21.  Wolfson AR, Carskadon MA. Sleep Schedules and Daytime Functioning in Adolescents.

Child Dev. 1998;69(4):875-87. doi: 10.1111/j.1467-8624.1998.tb06149.x.

22. Minkel J, Moreta M, Muto J, Htaik O, Jones C, Basner M, et al. Sleep deprivation
potentiates HPA axis stress reactivity in healthy adults. Health Psychol. 2014;33(11):1430-4. doi:

10.1037/a0034219.

23.  Sund AM, Larsson B, Wichstrgm L. Role of physical and sedentary activities in the
development of depressive symptoms in early adolescence. Soc Psychiatry Psychiatr Epidemiol.

2011;46(5):431-41.

24, Belair MA, Kohen DE, Kingsbury M, Colman I. Relationship between leisure time
physical activity, sedentary behaviour and symptoms of depression and anxiety: evidence from a
population-based sample of Canadian adolescents. BMJ Open. 2018;8(10):e021119. doi:

10.1136/bmjopen-2017-021119.

106



25.  Tremblay MS, Carson V, Chaput JP, Connor Gorber S, Dinh T, Duggan M, et al. Canadian
24-Hour Movement Guidelines for Children and Youth: An Integration of Physical Activity,
Sedentary Behaviour, and Sleep. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S311-27. doi:

10.1139/apnm-2016-0151.

26.  Walsh JJ, Barnes JD, Cameron JD, Goldfield GS, Chaput JP, Gunnell KE, et al.
Associations between 24 hour movement behaviours and global cognition in US children: a cross-
sectional observational study. Lancet Child Adolesc Health. 2018;2(11):783-91. doi:

10.1016/S2352-4642(18)30278-5.

27.  Guerrero MD, Barnes JD, Walsh JJ, Chaput JP, Tremblay MS, Goldfield GS. 24-Hour

Movement Behaviors and Impulsivity. Pediatrics. 2019;144(3). doi: 10.1542/peds.2019-0187.

28.  Sampasa-Kanyinga H, Standage M, Tremblay MS, Katzmarzyk PT, Hu G, Kuriyan R, et
al. Associations between meeting combinations of 24-h movement guidelines and health-related
quality of life in children from 12 countries. Public Health. 2017;153:16-24. doi:

10.1016/j.puhe.2017.07.010.

29.  Janssen I, Roberts KC, Thompson W. Is adherence to the Canadian 24-Hour Movement
Behaviour Guidelines for Children and Youth associated with improved indicators of physical,

mental, and social health? Appl Physiol Nutr Metab. 2017;42(7):725-31.

107



30.  Zhu X, Haegele JA, Healy S. Movement and mental health: Behavioral correlates of
anxiety and depression among children of 6-17 years old in the U.S. Ment Health Phys Act.

2019;16:60-5. doi: https://doi.org/10.1016/j.mhpa.2019.04.002.

31.  Thivel D, Tremblay MS, Katzmarzyk PT, Fogelholm M, Hu G, Maher C, et al.
Associations between meeting combinations of 24-hour movement recommendations and dietary
patterns of children: A 12-country study. Prev Med. 2019;118:159-65. doi:

https://doi.org/10.1016/j.ypmed.2018.10.025.

32.  Carson V, Ezeugwu VE, Tamana SK, Chikuma J, Lefebvre DL, Azad MB, et al.
Associations between meeting the Canadian 24-Hour Movement Guidelines for the Early Years
and behavioral and emotional problems among 3-year-olds. J Sci Med Sport. 2019;22(7):797-802.

doi: https://doi.org/10.1016/j.jsams.2019.01.003.

33. Barch DM, Albaugh MD, Avenevoli S, Chang L, Clark DB, Glantz MD, et al.
Demographic, physical and mental health assessments in the adolescent brain and cognitive
development study: Rationale and description. Dev Cogn Neurosci. 2018;32:55-66. doi:

10.1016/j.dcn.2017.10.010.

34.  Achenbach TM, Rescorla L. Manual for the ASEBA school-age forms & profiles: An

integrated system of multi-informant assessment: Aseba Burlington, VT; 2001.

108



35. Ivanova MY, Dobrean A, Dopfner M, Erol N, Fombonne E, Fonseca AC, et al. Testing the
8-syndrome structure of the child behavior checklist in 30 societies. J Clin Child Adolesc Psychol.

2007;36(3):405-17. doi: 10.1080/15374410701444363.

36.  Centers for Disease Control and Prevention. Youth Risk Behavior Survey, 2017. Available

at: https://www.cdc.gov/healthyyouth/data/yrbs/questionnaires.htm.

37.  Sharif I, Wills TA, Sargent JD. Effect of visual media use on school performance: a

prospective study. J Adolesc Health. 2010;46(1):52-61. doi: 10.1016/j.jadohealth.2009.05.012.

38. Bruni O, Ottaviano S, Guidetti V, Romoli M, Innocenzi M, Cortesi F, et al. The Sleep
Disturbance Scale for Children (SDSC). Construction and validation of an instrument to evaluate
sleep disturbances in childhood and adolescence. J Sleep Res. 1996;5(4):251-61. doi:

10.1111/j.1365-2869.1996.00251 ..

39.  World Health Organization. WHO Anthro (version 3.2.2) and macros, 2011. World Health

Organization, Geneva, Switzerland.

40.  Santos CA, Fiaccone RL, Oliveira NF, Cunha S, Barreto ML, do Carmo MB, et al.
Estimating adjusted prevalence ratio in clustered cross-sectional epidemiological data. BMC Med

Res Methodol. 2008;8:80. doi: 10.1186/1471-2288-8-80.

41. Ogundele MO. Behavioural and emotional disorders in childhood: A brief overview for

paediatricians. World J Clin Pediatr. 2018;7(1):9-26. doi: 10.5409/wjcp.v7.i1.9.

109



42.  Thapar A, Collishaw S, Pine DS, Thapar AK. Depression in adolescence. Lancet.

2012;379(9820):1056-67. doi: 10.1016/S0140-6736(11)60871-4.

43.  Patte KA, Faulkner G, Qian W, Duncan M, Leatherdale ST. Are one-year changes in
adherence to the 24-hour movement guidelines associated with depressive symptoms among

youth? BMC Public Health. 2020;20(1):793. doi: 10.1186/s12889-020-08887-z.

44, Mehren A, Reichert M, Coghill D, Miller HHO, Braun N, Philipsen A. Physical exercise
in attention deficit hyperactivity disorder - evidence and implications for the treatment of
borderline personality disorder. Borderline Personal Disord Emot Dysregul. 2020;7:1. doi:

10.1186/s40479-019-0115-2.

45, Reeves MJ, Bailey RP. The effects of physical activity on children diagnosed with attention
deficit hyperactivity disorder: a review. Educ 3-13. 2016;44(6):591-603. doi:

10.1080/03004279.2014.918160.

46. Knell G, Durand CP, Kohl HW, 3rd, Wu IHC, Pettee Gabriel K. Prevalence and Likelihood
of Meeting Sleep, Physical Activity, and Screen-Time Guidelines Among US Youth. JAMA

Pediatr. 2019;173(4):387-9. doi: 10.1001/jamapediatrics.2018.4847.

47. Pearson N, Sherar LB, Hamer M. Prevalence and Correlates of Meeting Sleep, Screen-
Time, and Physical Activity Guidelines Among Adolescents in the United Kingdom. JAMA

Pediatr. 2019;173(10):993-4. doi: 10.1001/jamapediatrics.2019.2822.

110



48.  Sampasa-Kanyinga H, Chaput JP, Goldfield GS, Janssen I, Wang J, Hamilton HA, et al.
24-hour movement guidelines and suicidality among adolescents. J Affect Disord. 2020;274:372-

80. doi: 10.1016/j.jad.2020.05.096.

49, Nascimento-Ferreira MV, Collese TS, de Moraes ACF, Rendo-Urteaga T, Moreno LA,
Carvalho HB. Validity and reliability of sleep time questionnaires in children and adolescents: A

systematic review and meta-analysis. Sleep Med Rev. 2016;30:85-96.

50. Lubans DR, Hesketh K, Cliff DP, Barnett LM, Salmon J, Dollman J, et al. A systematic
review of the validity and reliability of sedentary behaviour measures used with children and

adolescents. Obes Rev. 2011;12(10):781-99. doi: 10.1111/j.1467-789X.2011.00896.x.

111



Table 1. Descriptive characteristics of the sample.

Sample Missing data
Characteristics N=11,875 (% of overall
sample)
Mean (SD)! n (%)
Socio-demographics and body mass
Age (years) 9.9 (0.6) 0
[Min: 9.0, Max: 10.9]
Gender, n (%) 6 (<1)
Girls 5,681 (47.9)
Boys 6,188 (52.1)
Ethnicity, n (%) 120 (1.0)
Caucasian 1,779 (52.5)
African American 255 (15.1)
Asian 6,176 (2.2)
Hispanic 2,047 (17.4)
Multiracial 1,498 (12.7)
Parental education, years 16.6 (2.8) 20 (<1)
[Min: 1, Max: 21]
Family income? 7.2(2.4) 1,018 (8.6)
[Min: 1, Max: 10]
BMI z-scores 0.7 (1.5) 46 (<1)
[Min: -14.1, Max: 7.5]
Outcomes (CBCL)
Total problems 18.2 (18.0) 0
[Min: 0, Max: 139]
Internalizing problems 5.0 (5.5) 0
[Min: 0, Max: 51]
Externalizing problems 4.2 (5.5) 0
[Min: 0, Max: 47]
Exposures (movement behaviours)
Meet the physical activity recommendation, n (%) 31 (<1)
No 9,896 (83.6)
Yes 1,948 (16.4)
Meet the screen time recommendation, n (%) 29 (<1)
No 7,684 (64.9)
Yes 4,162 (35.1)
Meet the sleep duration recommendation, n (%) 6 (<1)
No 6,241 (52.6)
Yes 5,628 (47.4)

SD = standard deviation. Data are shown as Mean (SD) unless otherwise specified.

112




2Combined income in past 12 months from all sources before taxes and deductions on a scale of
1=<US$5000; 2=$5000—11 199; 3=$12 000—15 999; 4=$16 000—24 999; 5=$25 000—34 999;
6=3%$35 000—49 999; 7=$50 000—74 999; 8=§75 000—99 999; 9=$100 000—199 999; and

10=>$200 000.
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Table 2. Association between meeting different combinations of movement behaviour recommendations and total problems.

Univariable Multivariable
PR 95% ClI p PR 95% CI P
24-hour movement guideline combinations (reference =
meeting none)
Only physical activity 1.04 0.96 —1.12 0.334 1.06 0.99-1.15 0.108
Only screen time 0.81 0.74-0.89 <0.001 0.89 0.82-0.97 0.011
Only sleep duration 0.81 0.75-0.87 <0.001 0.86 0.81-0.92 <0.001
Physical activity + screen time 0.80 0.71-0.90 0.001 0.86 0.77-0.96 0.009
Physical activity + sleep duration 0.83 0.72-0.95 0.009 0.85 0.76 — 0.96 0.012
Screen time + sleep duration 0.68 0.63-0.72 <0.001 0.76 0.71-0.82 <0.001
Physical activity + screen time + sleep duration 0.70 0.61-0.80 <0.001 0.77 0.68 —0.86 <0.001
Covariates
Age 0.97 0.93-1.02 0.275 0.95 0.91-1.00 0.034
Gender (reference = girls) 1.24 1.19-1.29 <0.001 1.21 1.16 - 1.27 <0.001
Ethnicity (reference = Caucasian)
African American 1.09 0.96 -1.24 0.179 0.83 0.74-0.92 0.002
Asian 0.67 0.54-10.83 0.001 0.69 0.58 —0.84 0.001
Hispanic 1.03 091-1.17 0.595 0.86 0.77 - 0.96 0.011
Multiracial 1.18 1.08 - 1.29 0.001 1.03 0.96—1.11 0.394
Family income 0.94 0.92-0.95 <0.001 0.94 0.92-0.95 <0.001
Parental education 0.96 0.95-0.98 0.001 1.00 0.99 -1.01 0.817
BMI Z-scores 1.04 1.02 - 1.06 <0.001 1.02 1.00* - 1.03 0.041

PR: prevalence ratio; Cl: confidence interval; BMI: body mass index.
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Table 3. Association between meeting different combinations of movement behaviour recommendations and internalizing

problems.
Univariable Multivariable
PR 95% CI p PR 95% CI p
24-hour movement guideline combinations (reference =
meeting none)
Only physical activity 0.97 0.90 - 1.06 0.499 1.00 0.91-1.09 0.956
Only screen time 0.93 0.86 —1.02 0.105 0.96 0.88 —1.06 0.414
Only sleep duration 0.85 0.79 - 0.91 <0.001 0.87 0.81-0.93 <0.001
Physical activity + screen time 0.83 0.72-0.96 0.013 0.82 0.71-0.96 0.013
Physical activity + sleep duration 0.82 0.70 = 0.95 0.012 0.82 0.72-0.94 0.007
Screen time + sleep duration 0.80 0.75-0.85 <0.001 0.83 0.77 —0.89 <0.001
Physical activity + screen time + sleep duration 0.76 0.67 - 0.87 <0.001 0.78 0.68 —0.89 0.001
Covariates
Age 1.02 0.97 - 1.07 0.433 1.01 0.96 — 1.05 0.728
Gender (reference = girls) 1.01 0.98 —1.05 0.423 1.00 0.96 —1.04 0.902
Ethnicity (reference = Caucasian)
African American 0.88 0.78 = 1.00 0.044 0.69 0.62 —0.77 <0.001
Asian 0.75 0.58 —0.96 0.024 0.70 0.56 —0.87 0.002
Hispanic 1.04 0.93-1.17 0.469 0.88 0.79 - 0.99 0.029
Multiracial 1.11 1.03 - 1.21 0.012 1.00 0.94-1.07 0.987
Family income 0.96 0.94-0.97 <0.001 0.94 0.93-0.95 <0.001
Parental education 0.98 0.97-0.99 0.002 1.01 1.00%—1.02 0.033
BMI Z-scores 1.03 1.01 - 1.05 0.011 1.02 0.99-1.04 0.151

PR: prevalence ratio; Cl: confidence interval; BMI: body mass index.
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Table 4. Association between meeting different combinations of movement behaviour recommendations and externalizing

problems.
Univariable Multivariable
PR 95% CI p PR 95% CI p
24-hour movement guideline combinations (reference =
meeting none)
Only physical activity 1.13 1.03-1.24 0.010 1.18 1.08 -1.30 0.001
Only screen time 0.73 0.65—0.82 <0.001 0.85 0.77 - 0.94 0.002
Only sleep duration 0.76 0.69 —0.85 <0.001 0.86 0.80-0.93 0.001
Physical activity + screen time 0.78 0.67-0.91 0.004 0.90 0.78 - 1.04 0.153
Physical activity + sleep duration 0.84 0.70 - 1.01 0.056 0.91 0.78 - 1.07 0.233
Screen time + sleep duration 0.60 0.54 - 0.67 <0.001 0.74 0.67 —0.81 <0.001
Physical activity + screen time + sleep duration 0.67 0.56 —0.80 <0.001 0.79 0.68 —0.91 0.002
Covariates
Age 0.96 0.91-1.02 0.214 0.93 0.88-0.99 0.015
Gender (reference = girls) 1.36 1.31-1.42 <0.001 1.32 1.26 —1.39 <0.001
Ethnicity (reference = Caucasian)
African American 1.29 1.09-1.53 0.005 0.91 0.79-1.03 0.138
Asian 0.54 0.42-0.71 <0.001 0.64 0.49 - 0.85 0.003
Hispanic 1.04 0.90-1.19 0.592 0.82 0.71-0.93 0.004
Multiracial 1.23 1.10-1.38 0.001 1.03 0.94-1.14 0.482
Family income 0.91 0.88—-0.94 <0.001 0.92 0.90 - 0.94 <0.001
Parental education 0.94 0.92-0.97 0.001 0.99 0.98 -1.01 0.486
BMI Z-scores 1.05 1.03-1.08 <0.001 1.02 1.00 —1.04 0.036

PR: prevalence ratio; Cl: confidence interval; BMI: body mass index.
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Figure 1. Venn diagram showing the number of children meeting no guidelines, the
physical activity, screen time, and sleep duration recommendations, and various
combinations of the recommendations in the total sample (Panel A, N=11,875), boys

(Panel B, N=6,188), and girls (Panel C, N=5,681).
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Note: p-value of difference between boys and girls was <0.001. Boys were more likely than girls to meet

the physical activity and sleep duration recommendations.
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Supplemental Table 1. Multivariable associations between meeting different

combinations of movement behaviour recommendations and each syndrome scales.

Univariable
PR 95% CI p

INTERNALIZING PROBLEMS

Anxious/depressed

24-hour movement guideline combinations (reference = meeting none)
Only physical activity 1.01 0.93-1.09 0.779
Only screen time 0.99 0.90-1.10 0.910
Only sleep duration 0.87 0.81-0.94 0.001
Physical activity + screen time 0.86 0.72-1.02 0.087
Physical activity + sleep duration 0.84 0.72-0.99 0.037
Screen time + sleep duration 0.87 0.79-0.94 0.003
Physical activity + screen time + sleep duration 0.79 0.66 — 0.94 0.011

Withdrawn/depressed

24-hour movement guideline combinations (reference = meeting none)
Only physical activity 0.87 0.76 — 1.00 0.045
Only screen time 0.98 0.86-1.11 0.703
Only sleep duration 0.83 0.76 — 0.90 <0.001
Physical activity + screen time 0.73 0.56 —0.97 0.031
Physical activity + sleep duration 0.62 0.50-0.78 <0.001
Screen time + sleep duration 0.76 0.71-0.83 <0.001
Physical activity + screen time + sleep duration 0.62 0.53-0.74 <0.001

Somatic complaints

24-hour movement guideline combinations (reference = meeting none)
Only physical activity 1.07 0.95-1.20 0.259
Only screen time 0.90 0.83-0.98 0.021
Only sleep duration 0.88 0.80 —0.98 0.016
Physical activity + screen time 0.82 0.69 —0.99 0.035
Physical activity + sleep duration 0.93 0.84-1.03 0.161
Screen time + sleep duration 0.80 0.74 - 0.87 <0.001
Physical activity + screen time + sleep duration 0.86 0.75-10.98 0.026
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EXTERNALIZING PROBLEMS

Rule-breaking

24-hour movement guideline combinations (reference = meeting none)

Only physical activity 1.19 1.06 - 1.34 0.005
Only screen time 0.77 0.71-0.84 <0.001
Only sleep duration 0.84 0.77-0.91 <0.001
Physical activity + screen time 0.86 0.68 - 1.08 0.172
Physical activity + sleep duration 0.91 0.75-1.11 0.342
Screen time + sleep duration 0.67 0.60 —0.75 <0.001
Physical activity + screen time + sleep duration 0.74 0.62 —0.88 0.002

Aggressive behaviour

24-hour movement guideline combinations (reference = meeting none)
Only physical activity 1.18 1.08 -1.29 0.001
Only screen time 0.88 0.79-0.97 0.016
Only sleep duration 0.87 0.80 —0.94 0.001
Physical activity + screen time 0.92 0.80-1.04 0.168
Physical activity + sleep duration 0.91 0.78 - 1.06 0.219
Screen time + sleep duration 0.76 0.69 —0.84 <0.001
Physical activity + screen time + sleep duration 0.81 0.70-0.93 0.004

PR: prevalence ratio; Cl: confidence interval

Models are adjusted for age, gender, ethnicity, family income, parental education, and BMI z-

Scores.
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Supplemental Table 2. Multivariable associations of number of movement behaviour recommendations met with emotional

and behavioural problems.

Total problem behaviours

Internalizing behaviours

Externalizing behaviours

PR 95% ClI p PR 95% CI p PR 95% CI p

Number of recommendations met
(reference = zero)

One 0.90 0.85-0.95 0.001 0.92 0.86 —0.97 0.007 0.91 0.85-0.97 0.007

Two 0.79 0.75-0.84 <0.001 0.83 0.78 - 0.87 <0.001 0.80 0.73-10.87 <0.001

Three 0.77 0.69 —0.87 <0.001 0.78 0.68 —0.89 0.001 0.80 0.69-0.92 0.003
Age 0.96 0.92-1.00 0.052 1.01 0.97-1.05 0.643 0.94 0.89-0.99 0.032
Gender (reference = girls) 1.22 1.16 —1.28 <0.001 1.00 0.96 - 1.04 0.959 1.34 1.27-1.41 <0.001
Ethnicity (reference = Caucasian)

African American 0.84 0.75-0.93 0.003 0.69 0.63-0.77 <0.001 0.92 0.81-1.05 0.224

Asian 0.69 0.57-0.83 <0.001 0.70 0.57-0.87 0.003 0.63 0.47-10.83 0.003

Hispanic 0.86 0.76 — 0.96 0.013 0.89 0.79-0.99 0.038 0.81 0.71-0.93 0.004

Multiracial 1.03 0.96 - 1.11 0.353 1.00 0.94-1.07 0.924 0.05 095-1.14 0.421
Family income 0.94 0.92-0.95 <0.001 0.94 0.93-0.95 <0.001 0.92 0.90 - 0.94 <0.001
Parental education 1.00 0.99 - 1.01 0.914 1.01 1.00 - 1.02 0.038 0.99 0.97 - 1.01 0.408
BMI Z-scores 1.02 1.00 - 1.03 0.030 1.01 0.99-1.04 0.150 1.02 1.00 - 1.04 0.026

PR: prevalence ratio; ClI

: confidence interval; BMI: body mass index.
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Article preface: The objective of this study was to examine the associations between meeting the
recommendations from the 24-hour movement guidelines and psychological distress in a large and
representative sample of adolescents. This study tested the hypothesis that adolescents who meet
the recommendations of the 24-hour movement guidelines would have lower scores of
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achieve the main objective, a confirmation of the factor structure of the Kessler 6-item
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ABSTRACT

Objective: The Canadian 24-Hour Movement Guidelines for Children and Youth recommend at
least 60 minutes of physical activity per day, 2 hours or less of recreational screen time per day,
and 9-11 hours of sleep per night for 5-13 years old and 8-10 hours per night for 14-17 years old.
This study examined the association between meeting these guidelines and psychological distress
among adolescents.

Methods: The present cross-sectional sample included 6,364 students aged 11 to 20 years from
the 2017 Ontario Student Drug Use and Health Survey. This provincially representative school-
based survey is based on a 2-stage cluster design. A confirmatory factor analysis was first
conducted to confirm the factor structure of the K6, and structural equation modelling adjusted for
age, sex, ethnoracial background, subjective socioeconomic status, and body mass index z-score
was used to investigate the association between meeting the 24-Hour Movement Guidelines and
K6 factors among adolescents.

Results: The confirmatory factor analysis demonstrated that a two-factor model (representing
anxiety and depressive symptoms) of the K6 fit the data well. The anxiety and depression items
demonstrated a composite reliability (Cronbach’s alpha) of 0.86 and 0.83, respectively, indicating
a high level of internal consistency. Compared to meeting none of the recommendations, meeting
all 3 movement behaviour recommendations was associated with lower anxiety (B = —0.076;
p=0.028) and depressive symptoms (B = —0.067; p=0.028). Meeting the screen time + sleep
duration recommendations had the strongest association with anxiety (f = —0.157; p<0.001) and
depressive symptoms (B = —0.139; p<0.001), followed by meeting the sleep duration
recommendation only for both anxiety (B = —0.135; p<0.001) and depressive symptoms (f =

—0.106; p<0.001).
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Conclusion: Meeting the 24-hour movement guidelines was associated with lower anxiety and
depressive symptoms among adolescents, and these associations appear mainly driven by meeting

the sleep duration recommendation.

Key words: physical activity; sedentary behaviour; sleep; anxiety; depression; adolescents;

epidemiology
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INTRODUCTION

Adolescent mental health problems are common, disabling, and have long-term consequences for
individuals, families, and communities [1, 2]. Psychological distress is often defined as a state of
emotional suffering characterized by symptoms of depression and anxiety [3]. It is a risk indicator
for common major psychiatric disorders such as depression and anxiety disorders [4]. Distress is
common among adolescents; for example, the proportion of adolescents with moderate to high
level of psychological distress was 24% in 2013 and increased to 39% in 2017 [5]. There is a need
to identify correlates of anxiety and depressive symptoms that are amenable to intervention

strategies in this population.

The way school-aged children and adolescents spend their time over a 24-hour period has
important mental health implications [6]. Unhealthy lifestyle behaviours, such as lack of physical
activity, excessive sedentary behaviour, and short sleep duration have been individually shown to
be important determinants of anxiety and depressive symptoms among children and adolescents
[7-11]. However, little is known on how these behaviours may concurrently relate to mental health
problems among adolescents. Indeed, the importance of an integrated approach that considers all
behaviours across the movement continuum has been previously highlighted [12-14]. The
Canadian 24-Hour Movement Guidelines for Children and Youth were released in June 2016.
These Guidelines provide specific recommendations on the amount of time during a typical 24-
hour day that children and youth aged 5 to 17 should spend in moderate-to-vigorous physical
activity (at least 60 minutes), recreational screen time (no more than 2 hours), and sleep (9 to 11

hours for 5- to 13-year-olds; 8 to 10 hours for 14- to 17-year-olds) [13]. Because physical activity,
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sedentary behaviour, and sleep duration are modifiable risk factors, there is great desire to optimize
the healthy active living behaviours of children and adolescents to improve their mental health.
However, it is unknown whether meeting all or some combinations of the movement behaviour
recommendations is more important to the mental health of children than meeting single
behaviours. This information is important to inform future interventions and public health

strategies aimed at promoting adolescent mental health.

The K6 scale is commonly used as a brief continuous scale of psychological distress [15-17].
However, the two-factor structure measuring anxiety and depressive symptoms, which represent
the two most common forms of psychological distress [18, 19], has not been well established at
the population level of adolescents. Although anxiety and depressive symptoms are highly
correlated [20, 21], establishing if these represent different constructs in our data would provide
important information to guide intervention. It is also unclear if movement behaviours may be

differentially associated with symptoms of depression versus anxiety.

The purpose of this study was to examine the associations between meeting the recommendations
from the 24-hour movement guidelines and psychological distress in a large and representative
sample of adolescents. We hypothesized that adolescents who meet the recommendations of the
24-hour movement guidelines would have lower scores of psychological distress than those who
meet some or none of the recommendations. In order to achieve our main objective, we sought to
confirm the factor structure of the Kessler 6-item psychological distress scale (K6), information
that would also be important to inform intervention strategies of youth struggling with emotional

distress.

126



METHODS

The Ontario Student Drug Use and Health Survey (OSDUHYS) is a population survey of Ontario
students in grades 7 through 12 in publicly funded schools [22]. Out of scope groups are
adolescents who dropped out of school, the homeless and institutionalized youths. Conducted
biennially since in 1977, OSDUHS is the longest ongoing school survey in Canada and one of the
longest in the world. The purpose of the OSDUHS is to identify epidemiological trends in student
drug use, mental health, physical health, gambling, bullying, and other risk behaviours, as well as
to identify risk and protective factors. The survey employs a stratified (region and school type),
two-stage (school, class) cluster sample design. Within each stratum, schools are selected with
probability-proportional-to-size, and within selected schools, classes are selected with equal

probability.

The 2017 OSDUHS was approved by the Research Ethics Boards at the Centre for Addiction and
Mental Health and York University, as well as 31 school board research review committees.
Student participation required the consent/permission of several entities, including school boards,
school principals, classroom teachers, parents for students aged under 18, and students themselves.
The survey was self-administered, anonymous, and took approximately 30 minutes to complete.
Four split ballot versions of the questionnaire were employed. This allowed researchers to include
as many topics as possible in the survey, while minimizing the burden on students and schools to
a fixed class period. As such, in each classroom, Form A and Form B were distributed alternatively
(i.e., A, B, A, B) to achieve two near-equal random samples completing each form. In total, 11,435

students, from 764 classes, 353 schools, and 52 school boards participated in the survey.
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Participation rates were 61% for students, 94% for classes, and 61% for schools. The response
rates were above average for a survey of students requiring active parental consent [23]. Reasons
for nonresponse among students included absenteeism (12%) and unreturned consent forms or
parental refusal (27%). Analyses for the present study are restricted to the random half sample of
students (N = 6,364) who completed form A, which contained questions regarding psychological

distress. Detailed information on the survey design and methods is available elsewhere [22].

Dependent variable

The Kessler 6-item (K6) psychological distress scale assesses symptoms of depression and anxiety
occurring over the most recent 4-week period [4, 24]. Responses were scored on a five-point
ordinal scale reflecting how often of over the past month respondents had experienced 6 symptoms,
such as “feeling tired out for no good reason” and “sad or depressed”. The measure has five
response categories ranging from 0 (none of the time) to 4 (all of the time). It has been widely used
in research with adolescents [16, 25-27]. The psychometric properties of the K6 have been
extensively examined among adolescents and young adults [15-17, 28]. Some investigators have
confirmed a single factor using confirmatory factor analysis (CFA) [15-17], while others found
that a two-factor model (representing anxiety and depression) fit the data best [28]. There is thus

some uncertainty as to the true factor structure of the measure.

Independent variables

Physical activity was measured using the following item: “On how many of the last 7 days were
you physically active for a total of at least 60 minutes each day? Please add up all the time you

spent in any kind of physical activity that increased your heart rate and made you breathe hard
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some of the time (some examples are brisk walking, running, rollerblading, biking, dancing,
skateboarding, swimming, soccer, basketball, football). Please include both school and non-school
activities.” Response options ranged from 0 to 7 days. Screen time was measured using the
following item: “In the last 7 days, about how many hours a day, on average, did you spend:
watching TV/movies/videos, playing video games, texting, messaging, posting, or surfing the
Internet in your free time? (Include time on any screen, such as a smartphone, tablet, TV, gaming
device, computer, or wearable technology). Response options included none, less than 1 hour a
day to 7 or more hours a day. Sleep duration was measured using the following item: “On an
average school night, how many hours of sleep do you get?”” Response options ranged from 4 hours
or less to 11 or more hours. Students who reported being physically active 7 days per week,
accumulating 2 hours or less of daily recreational screen time, and sleeping 9-11 hours per night
for 11-13-year-olds; 8-10 hours per night for 14-17-year-olds, or 7-9 hours per night for those
>18 years of age were classified as meeting the recommendations of the 24-hour movement
behaviour guidelines [13]. Single-item measures of physical activity and sleep have been
demonstrated to provide reliable and valid assessments of physical activity and sleep among
children and adolescents [29, 30]. Self-report measures of sedentary behaviour have also been
shown to have acceptable reliability and validity in children and adolescents [31, 32]. Although
the 24-hour movement guidelines we are referring to in this study are relevant for children and
adolescents aged 5 to 17 years, we have included in our analyses students aged 18 to 20 years
(n=269) because they are still in high school and may still have most features of adolescent life.
Regardless, we run a sensitivity analysis excluding students aged 18 to 20 years. Different
combinations of movement behaviours examined in the current study include meeting none or any

of the following recommendations: (1) physical activity only, (2) screen time only, (3) sleep
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duration only, (4) physical activity + screen time, (5) physical activity + sleep duration, (6) screen

time + sleep duration, and (7) physical activity + screen time + sleep duration.

Covariates

Covariates included age (years), sex (male/female), ethnoracial background (White/Black/East
and South-East Asian/South Asian/Other), subjective socioeconomic status (SES), and body mass
index (BMI) z-score. Subjective SES was measured using a modified version of the MacArthur
Scale of Subjective Social Status [33]. BMI was calculated from self-reported measures of height
and body mass, and age- and sex-specific BMI z-scores were calculated using reference data from

the World Health Organization [34].

Statistical analyses

Analyses were conducted in Mplus 8.2 and were weighted and accounted for the complex sample
design of the survey using TYPE=COMPLEX function. Descriptive characteristics of participants
are presented using mean, standard deviation, counts, and proportions. Confirmatory factor
analyses employing a weighted least squares means and variance-adjusted estimator were first
carried out to examine the factorial structure of the Kessler 6 scale. Items were treated as
continuous variables [4, 24]. We explored three competing models based on previous work [28],
to determine which model was a better fit to the data and to be used in subsequent analyses.
Specifically, Model 1 had all six items loading on a single factor representing psychological
distress; Model 2 had the items loading on two correlated first-order factors representing

depression and anxiety; and Model 3 had the items loading on two second-order factors
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representing depression and anxiety and having a second-order structure representing
psychological distress. Composite reliability estimates of latent variables were tested using
Raykov composite reliability [35]. Lastly, structural equation modelling was used to examine both
the measurement model and the hypothesized structural model. In the hypothesized structural
model, anxiety and depression were modeled as latent variables, and movement behaviour
combinations modeled as observed variables. Covariates included age, sex, ethnoracial
background, subjective SES, and BMI z-scores. Maximum likelihood estimation with robust
standard errors was used to account for possible nonnormality in responses. Data were missing
completely at random, because there were no relationships between the missingness of the data
and any values, observed or missing. Thus, missing data were handled through full information
maximum likelihood (FIML). Goodness of fit for the measurement models was determined using
the root-mean-square error of approximation (RMSEA), comparative fit index (CFI), Tucker-
Lewis Index (TLI), and standardized root square mean residual (SRMR). Model fit was considered
acceptable if RMSEA and SRMR are below 0.08 and a good fit if they are less than 0.06, CFI and
TLI values of 0.90 or above are seen as acceptable and 0.95 or above are considered a good fit
[36]. We did not rely on the chi-square test to examine model fit because current analyses used a
large sample size, and chi-square is sensitive to sample size [37]. Statistical inferences were based

on P values <0.05 and 95% confidence intervals (ClIs).

RESULTS

Participant characteristics

Descriptive characteristics of the sample are provided in Table 1. The mean age of study
participants was 15.1 + 1.8 years. Half of the sample was male (51.7%) and of White ethno-racial

background (52.5%). Participants who met the physical activity, screen time, and sleep duration
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recommendations represented 21.3%, 33.8%, and 32.4% of the sample, respectively. We found
that only 4.7% of participants met all three recommendations, whereas 38.9% met none of the

recommendations.

Confirmatory factor analysis (CFA) and internal consistency

Results from the CFAs for three competing models are presented in Table 2. Model 1 had all 6
items loading on a single factor of psychological distress (Figure 1), whereas Model 2 had the 6
items loading on 2 correlated first-order constructs of anxiety and depression (Figure 2). Model 3
had two factors of anxiety and depression that have a second-order structure representing
psychological distress (Supplemental Figure 1). While most of the indices were acceptable for
Model 1, it showed a slightly high RMSEA value of 0.065. However, compared to the single factor
model, the two-factor model was a better fit to the data, as defined in the Methods section (RMSEA
= 0.041; CFI = 0.995; TLI = 0.991; SRMR = 0.018). The model fit indices of the second-order
two-factor model (Model 3) of psychological distress indicated poor fit to the data. Therefore, the
2-factor model (Model 2) was retained for subsequent analyses. The anxiety and depression items
demonstrated a Raykov composite reliability of 0.80 and 0.92, respectively, indicating a high level

of internal consistency.

Meeting different movement behaviour combinations with anxiety and depressive symptoms

Results from structural equation modeling examining the associations of meeting different
movement behaviour combinations with constructs of anxiety and depression are outlined in Table

3. Meeting all 3 recommendations was associated with lower anxiety (p = —0.076; p=0.028) and
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depressive symptoms (B = —0.067; p=0.028) relative to meeting none. Moreover, compared to
meeting none of the recommendations, meeting the sleep duration recommendation only (f = -
0.135; p<0.001), physical activity + sleep duration ( = -0.084; p=0.001), and screen time + sleep
duration (B = -0.157; p=0.035) were associated with fewer symptoms of anxiety. However,
meeting the physical activity only, the screen time only, and the physical activity + screen time
recommendations were not associated with anxiety symptoms. Meeting all intermediate movement
behaviour combinations was also associated with fewer depressive symptoms, except meeting the
physical activity only and the screen time only recommendations. Meeting the screen time + sleep
duration recommendations had the strongest relationship with anxiety (B = —0.157; p<0.001) and
depressive symptoms (B = —0.139; p<0.001), followed by meeting the sleep duration
recommendation only for both anxiety (f = -0.135; p<0.001) and depressive symptoms ( =
—0.106; p<0.001). Overall, any of the combinations that included meeting the sleep duration
recommendation showed better mental health outcomes. The combinations that did not include
meeting the sleep duration recommendation (e.g., physical activity only, screen time only, physical
activity + screen time —except for depressive symptoms) were not associated with better mental

health indicators.

Results also showed that being male and having a higher perception of socioeconomic status were
associated with lower anxiety and depressive symptoms. Being older was associated with greater
anxiety and depressive symptoms. Being of non-White ethnoracial background was associated
with greater depressive symptoms (Table 3). Results of sensitivity analysis excluding students

aged 18 to 20 years showed similar results (not shown).
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DISCUSSION

This study examined the association between meeting the 24-Hour Movement Guidelines and
anxiety and depressive symptoms, as measured by the K6 in a province-wide representative sample
of Canadian students in grades 7 through 12. In order to achieve this objective, we first confirmed
the factor structure of the K6 psychological distress scale. Our analysis suggested a two-
dimensional structure of the K6 that assesses symptoms of depression and anxiety. We found that
after adjusting for confounders, meeting all 3 movement behaviour recommendations was
associated with lower anxiety and depressive symptoms. However, this association appeared to be
mainly driven by meeting the sleep duration recommendation, and to a lesser extent
recommendation for screen time + sleep duration. Meeting the sleep duration recommendation
alone was as beneficial for the outcomes as meeting all 3 recommendations (i.e. getting sufficient

sleep + sufficient physical activity + low screen time).

Our results are consistent with previous studies that showed that meeting all 3 movement
behaviour recommendations is associated with lower risk of depressive symptoms. In a large and
nationally representative sample of nearly 60,000 US adolescents from the 2011-2017 cycles of
the Youth Risk Behaviour Surveillance Survey, Knell et al. [38] found that meeting all 3
movement behaviour recommendations was associated with lower odds of depressive symptoms
among adolescents. Similarly, Pearson et al. [39] found that meeting all 3 movement behaviour
recommendations was associated with lower odds of depressive symptoms in a sample of nearly
4,000 United Kingdom adolescents. These findings are in line with compelling evidence that

accumulating sufficient physical activity [40], limiting recreational screen time [41], and getting
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enough sleep [42] are beneficially associated with a variety of physical, mental, and social health
indicators among school-aged children and youth, and provide further support to the 24-hour

guidelines.

Previous studies have mostly examined the relationship between meeting all 3 recommendations
only and depressive symptoms, whereas it is uncertain whether meeting a particular combination
would be more strongly associated with depressive symptoms than others. There is only one study
(by Zhu et al. [43]) we are aware of that has examined the relationship between different
combinations of movement behaviour recommendations with anxiety and depressive symptoms
among adolescents. Indeed, Zhu et al. [43] found that meeting all three recommendations was
associated with significantly lower odds of depression and anxiety compared with meeting none
of the recommendations among adolescents, which is consistent with our findings. They also found
that meeting all 3 recommendations was always the best choice among adolescents compared to

meeting any other combinations.

In contrast, our results showed that meeting the sleep duration recommendation, and to a lesser
extent meeting the screen time + sleep duration recommendation, was as beneficial for the
outcomes as meeting all 3 recommendations. Our findings are somewhat consistent with those of
previous studies indicating that adherence to the screen time and sleep duration recommendations
have generally more benefits for adolescent mental health than meeting the physical activity
recommendation. Indeed, Walsh et al. [44] and Guerrero et al. [45] found that meeting the screen
time and sleep duration recommendations were strongly associated with better cognitive function

and less impulsivity in a representative sample of US children, respectively, while physical activity
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was not. It is possible that other types of physical activity not measured in the OSDUHS nor the
ABCD, such light physical activity be favourably associated with mental health outcomes.
Regardless, physical activity should not be neglected, as it has proven to offer a variety of benefits
on adolescent physical, mental, and social health [40]. Furthermore, previous evidence has shown
that physical activity may prevent depression and/or alleviate its symptoms in children and
adolescents [46-48]. Given that excessive screen time, particularly around bedtime, has been
identified as an important contributor to short sleep duration among adolescents [49, 50], it is
important to address both screen time and sleep duration for mental health benefits. Future
research, particularly from longitudinal studies, is needed to disentangle these findings and to

confirm if getting enough sleep would result in subsequent better mental health.

Sleep duration is the behaviour that plays a bigger role in the present study. This not surprising
because sleep is well known as an essential component of healthy development and is required for
optimal physical and mental health [51]. Our results suggest that adherence to the sleep duration
recommendation could be a good behavioural target to prevent anxiety and depressive symptoms
among adolescents. However, short sleep duration is increasingly widespread among adolescents
[52]. This supports the need for effective sleep intervention programs such as school-based sleep
programs, which have shown potential long-term benefits [53]. Several possible mechanisms could
explain the associations of sleep duration with anxiety and depressive symptoms. Short sleep
duration affects brain activity and neurochemicals that regulate mood and thinking [54]. It is
associated with greater stress reactivity within the hypothalamic-pituitary-adrenal axis, thus

increasing the risk of psychopathological disorder [55]. Finally, it can make the maintenance of a
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healthy lifestyle, such as physical activity, more difficult because of subsequent daytime

sleepiness, fatigue, and tiredness [56, 57].

Our results further indicated that being male and having a positive perception of socioeconomic
status were associated with lower anxiety and depressive symptoms, whereas being older was
associated with greater anxiety and depressive symptoms. These findings are consistent with the
current literature indicating that females are more likely than males to have mental health problems
[58], and that the latter increase with age [59]. The findings that having a positive perception of
socioeconomic status was associated with lower anxiety and depressive symptoms is also
consistent with previous research indicating that subjective SES is related to aspects of adolescent
health and could play an important role in buffering the risk of mental health problems [60-62]. It
is also possible that students who have good mental health tend to report higher levels of subjective
SES. Finally, being of non-White ethnoracial background was associated with greater depressive
symptoms. These findings are not surprising because research has shown that being of non-White

ethnic background is associated with more mental health problems [63].

With regards to distress, although K6 consistently showed very good reliability (as measured by
Cronbach’s alpha) when treated as a simple continuous scale [4, 24], our results showed that a
two-factor model (representing anxiety and depressive symptoms) of the K6 had a better fit. These
findings are consistent with previous studies indicating that a two-factor model representing
anxiety and depression fit the data best in young adults [28] and older adults [64]. The screening

information derived from the two-factor structure allows one to ascertain whether anxiety and/or
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depressive symptoms are elevated, thus providing richer information to guide intervention efforts

compared to its traditional use as a continuous score of distress.

Strengths and limitations

Strengths of this study include the use of a large and representative sample of adolescents, and an
assessment of the factor structure of the K6. While others have treated the K6 as a single scale as
originally designed, our results showed that a two-factor model (representing anxiety and
depression) of the K6 fit the data better in our sample, information that is important to guide
intervention strategies. Our study also highlights the importance of assessing different
combinations of recommendations within the 24-hour movement guidelines, whereas previous
studies examining the relationship between meeting the 24-hour movement guidelines and
depressive symptoms among adolescents have mainly included meeting all 3 movement
recommendations [38, 39]. Lastly, the current study included a comprehensive set of covariates
that statistically controlled for several confounding variables, strengthening the internal validity of

the findings.

Our study has several limitations that should be recognized. First, the study is based on cross-
sectional data and thus the temporal order of meeting the 24-hour movement guidelines and
psychological distress cannot be determined. It is possible that anxiety and depressive symptoms
may have preceded movement behaviours rather than the reverse. Longitudinal studies are
necessary to confirm temporality. Second, analyses are based on self-reported measures, thus
subject to desirability and recall biases. Third, because the OSDUHS is conducted among

adolescents who are within the regular school system, it is possible that the excluded students,
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mostly from private and alternative schools, differ from other adolescents with regards to
movement behaviours and experiences of vulnerability to mental health problems. However, this
is unlikely to be an important limitation because the vast majority of adolescents in Canada attend
publicly funded schools, and our sample represents approximately 93% of students [22]. Fourth,
the present study could not examine whether the observed associations varied with the severity of
anxiety and depressive symptoms. This is an interesting research question that future research
could answer. Fifth, it is worth mentioning that K6 measures anxiety and depressive symptoms,
and it is not indicative of a diagnosed mental health disorder. Although they may indicate risk of
a common mental disorder [24], future research using diagnosed mental disorders is needed to
examine the role of different combinations of movement behaviours. Sixth, it is possible that
strength of associations reported herein are underestimated because the survey excluded
adolescents who dropped out of school, the homeless and institutionalized youths. These excluded
groups are well known to have greater risk of engaging in health compromising behaviours and
experiencing mental health problems [65, 66]. Finally, the possibility of residual confounding by
unmeasured variable such as medication utilization that could influence both sleep duration and

anxiety and depressive symptoms is not excluded.

CONCLUSION

To the best of our knowledge, the present study is among the first to demonstrate that meeting the
24-hour movement guidelines is associated with lower anxiety and depressive symptoms among
adolescents. Our results further indicate that meeting the sleep duration recommendation could be
the main driver of this association, and to a lesser extent meeting the screen time + sleep duration

guidelines. Our findings provide further support for heightened efforts to encourage adolescents
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to meet these guidelines, particularly to get adequate sleep as a possible means to promote
adolescent mental health. It is important to intervene during adolescence because it is when many
mental disorders emerge for the first time [67]. Further research using a longitudinal design is
needed to confirm temporality and to elucidate the mechanisms linking sleep duration to mental
health of adolescents. Future studies are also needed to confirm the validity of the 2- factor

structure of the K6 in large and representative  samples of  youth.

DATA ACCESS

Our data cannot be made available in the manuscript, the supplemental files or a public repository
due to the Centre for Addiction and Mental Health’s and The Ontario Public and Catholic School
Board’s institutional Research Ethics Board agreements. Qualified, interested researchers may

request access to the data at the Centre for Addiction and Mental Health.

ACKNOWLEDGEMENTS

The Ontario Student Drug Use and Health Survey, a Centre for Addiction and Mental Health
initiative, was funded in part through ongoing support from the Ontario Ministry of Health and
Long-Term Care, as well as targeted funding from several provincial agencies. The funders were
not involved in study design; collection, analysis, and interpretation of data; writing the report; or
the decision to submit the report for publication. We would like to thank Dr. Michelle Guerrero

for her assistance with the statistical analyses.

140



CONFLICTS OF INTEREST
Mark Ferro and JianLi Wang serve on the editorial board of the Canadian Journal of Psychiatry.

The remaining authors have no conflicts of interest to declare.

FUNDING

This research paper was partly supported by the Research Council of Norway through its Centres
of Excellence funding scheme, project number 262700 for lan Colman. lan Colman, lan Janssen,
and Mark Ferro are funded by the Canada Research Chairs Program. The funders were not
involved in study design; collection, analysis, and interpretation of data; writing the report; or the

decision to submit the report for publication.

141



REFERENCES

1. World Health Organization. Fact sheet: Adolescent mental health. Geneva, World Health
Organization. Available at: https://wwwwhoint/news-room/fact-sheets/detail/adolescent-mental-

health [Last accessed: March 17, 2020]. 2018.

2. Clayborne ZM, Varin M, Colman I. Systematic Review and Meta-Analysis: Adolescent
Depression and Long-Term Psychosocial Outcomes. J Am Acad Child Adolesc Psychiatry.

2019;58(1):72-9. doi: 10.1016/j.jaac.2018.07.896.

3. Dohrenwend BP, Dohrenwend BS. Perspectives on the past and future of psychiatric
epidemiology. The 1981 Rema Lapouse Lecture. Am J Public Health. 1982;72(11):1271-9. doi:

10.2105/ajph.72.11.1271.

4. Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, et al. Screening for
serious mental illness in the general population. Arch Gen Psychiatry. 2003;60(2):184-9. PubMed

PMID: 12578436.

5. Boak A, Hamilton HA, Adlaf EM, Henderson JL, Mann RE. The mental health and well-
being of Ontario students, 1991-2017: Detailed findings from the Ontario Student Drug Use and
Health Survey (OSDUHS) (CAMH Research Document Series No. 47). Toronto, ON: Centre for

Addiction and Mental Health. 2018.

6. Tremblay MS, Carson V, Chaput JP. Introduction to the Canadian 24-Hour Movement
Guidelines for Children and Youth: An Integration of Physical Activity, Sedentary Behaviour, and

Sleep. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):iii-iv. doi: 10.1139/apnm-2016-0203.

142



7. Teychenne M, Costigan SA, Parker K. The association between sedentary behaviour and
risk of anxiety: a systematic review. BMC Public Health. 2015;15:513. doi: 10.1186/512889-015-

1843-x.

8. Kandola A, Lewis G, Osborn DPJ, Stubbs B, Hayes JF. Depressive symptoms and
objectively measured physical activity and sedentary behaviour throughout adolescence: a
prospective cohort study. Lancet Psychiatry. 2020;7(3):262-71. doi: 10.1016/s2215-

0366(20)30034-1.

9. Roberts RE, Duong HT. The prospective association between sleep deprivation and

depression among adolescents. Sleep. 2014;37(2):239-44. doi: 10.5665/sleep.3388.

10.  Chaput J-P, Gray CE, Poitras VJ, Carson V, Gruber R, Olds T, et al. Systematic review of
the relationships between sleep duration and health indicators in school-aged children and youth.

Appl Physiol Nutr Metab. 2016;41(6):S266-S82.

11. Hoare E, Milton K, Foster C, Allender S. The associations between sedentary behaviour
and mental health among adolescents: a systematic review. Int J Behav Nutr Phys Act.

2016;13(1):108. doi: 10.1186/s12966-016-0432-4.

12. Brawley LR, Latimer AE. Physical activity guides for Canadians: messaging strategies,
realistic expectations for change, and evaluation. Appl Physiol Nutr Metab. 2007;32(S2E):S170-

S84.

13.  Tremblay MS, Carson V, Chaput JP, Connor Gorber S, Dinh T, Duggan M, et al. Canadian

24-Hour Movement Guidelines for Children and Youth: An Integration of Physical Activity,

143



Sedentary Behaviour, and Sleep. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S311-27. doi:

10.1139/apnm-2016-0151.

14.  Carson V, Tremblay MS, Chaput J-P, Chastin SF. Associations between sleep duration,
sedentary time, physical activity, and health indicators among Canadian children and youth using

compositional analyses. Appl Physiol Nutr Metab. 2016;41(6):S294-S302.

15. Mewton L, Kessler RC, Slade T, Hobbs MJ, Brownhill L, Birrell L, et al. The psychometric
properties of the Kessler Psychological Distress Scale (K6) in a general population sample of

adolescents. Psychol Assess. 2016;28(10):1232-42. doi: 10.1037/pas0000239.

16.  Peiper N, Clayton R, Wilson R, Illback R. The performance of the K6 Scale in a large

school sample. Psychol Assess. 2015;27(1):228-38. doi: 10.1037/pas0000025.

17. Ferro MA. The Psychometric Properties of the Kessler Psychological Distress Scale (K6)
in an Epidemiological Sample of Canadian Youth. Can J Psychiatry. 2019;64(9):647-57. doi:

10.1177/0706743718818414.

18. Ridner SH. Psychological distress: concept analysis. J Adv Nurs. 2004;45(5):536-45. doi:

10.1046/j.1365-2648.2003.02938..x.

19. Drapeau A, Marchand A, Beaulieu Prévost D. Epidemiology of psychological distress. In
Mental IlInesses — Understanding, Prediction and Control, (LAbate PL ed.), 2012, InTech, Rijeka,

155-34.

144



20.  Cole DA, Truglio R, Peeke L. Relation between symptoms of anxiety and depression in
children: A multitrait-multimethod-multigroup assessment. J Consult Clin Psychol.

1997;65(1):110-9. doi: 10.1037/0022-006X.65.1.110.

21. Karevold E, Ystrem E, Weeks M. Symptoms of Anxiety and Depression in Early
Adolescence: A Multitrait-Multimethod Factor Analytic Approach. Acta Psychopathol.

2017;3(02).

22. Boak A, Hamilton HA, Adlaf EM, Mann RE. Drug use among Ontario students, 1977-
2017: Detailed findings from the Ontario Student Drug Use and Health Survey (OSDUHS)
(CAMH Research Document Series No. 46). Toronto, ON: Centre for Addiction and Mental

Health. 2017.

23.  Courser MW, Shamblen SR, Lavrakas PJ, Collins D, Ditterline P. The impact of active
consent procedures on nonresponse and nonresponse error in youth survey data: evidence from a

new experiment. Eval Rev. 2009;33(4):370-95. doi: 10.1177/0193841X09337228.

24, Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL, et al. Short
screening scales to monitor population prevalences and trends in non-specific psychological

distress. Psychol Med. 2002;32(6):959-76.

25.  Chan SM, Fung TCT. Reliability and validity of K10 and K6 in screening depressive

symptoms in Hong Kong adolescents. Vulnerable Child Youth Stud. 2014;9(1):10.

26. Green JG, Gruber MJ, Sampson NA, Zaslavsky AM, Kessler RC. Improving the K6 short
scale to predict serious emotional disturbance in adolescents in the USA. Int J Methods Psychiatr

Res. 2010;19 Suppl 1:23-35. doi: 10.1002/mpr.314.
145



27.  Peiper N, Lee A, Lindsay S, Drashner N, Wing J. The performance of the K6 scale in a
large school sample: A follow-up study evaluating measurement invariance on the Idaho Youth

Prevention Survey. Psychol Assess. 2016;28(6):775-9. doi: 10.1037/pas0000188.

28. Bessaha ML. Factor Structure of the Kessler Psychological Distress Scale (K6) Among

Emerging Adults. Res Soc Work Pract 2015;27(5):616-24. doi: 10.1177/1049731515594425.

29. Scott JJ, Morgan PJ, Plotnikoff RC, Lubans DR. Reliability and validity of a single-item

physical activity measure for adolescents. J Paediatr Child Health. 2015;51(8):787-93.

30. Nascimento-Ferreira MV, Collese TS, de Moraes ACF, Rendo-Urteaga T, Moreno LA,
Carvalho HB. Validity and reliability of sleep time questionnaires in children and adolescents: A

systematic review and meta-analysis. Sleep Med Rev. 2016;30:85-96.

31. Lubans DR, Hesketh K, Cliff DP, Barnett LM, Salmon J, Dollman J, et al. A systematic
review of the validity and reliability of sedentary behaviour measures used with children and

adolescents. Obes Rev. 2011;12(10):781-99. doi: 10.1111/j.1467-789X.2011.00896.x.

32.  Schmitz KH, Harnack L, Fulton JE, Jacobs Jr. DR, Gao S, Lytle LA, et al. Reliability and
Validity of a Brief Questionnaire to Assess Television Viewing and Computer Use by Middle

School Children. J Sch Health. 2004;74(9):370-7. doi: 10.1111/j.1746-1561.2004.tb06632.X.

33. Goodman E, Adler NE, Kawachi |, Frazier AL, Huang B, Colditz GA. Adolescents'
perceptions of social status: development and evaluation of a new indicator. Pediatrics.

2001;108(2):E31. doi: 10.1542/peds.108.2.e31.

146



34.  World Health Organization. WHO Anthro (version 3.2.2) and macros. World Health

Organization, Geneva, Switzerland. . 2011.

35. Raykov T. Estimation of Composite Reliability for Congeneric Measures. Appl Psychol

Meas. 1997;21(2):173-84. doi: 10.1177/01466216970212006.

36. Byrne BM. Structural equation modeling with Mplus: Basic concepts, applications and

programming. New York, NY: Taylor & Francis. 2012.

37. Bearden WO, Sharma S, Teel JE. Sample Size Effects on Chi Square and Other Statistics

Used in Evaluating Causal Models. J Mark Res. 1982;19(4):425-30. doi: 10.2307/3151716.

38. Knell G, Durand CP, Kohl HW, 3rd, Wu IHC, Pettee Gabriel K. Prevalence and Likelihood
of Meeting Sleep, Physical Activity, and Screen-Time Guidelines Among US Youth. JAMA

Pediatr. 2019;173(4):387-9. doi: 10.1001/jamapediatrics.2018.4847.

39.  Pearson N, Sherar LB, Hamer M. Prevalence and Correlates of Meeting Sleep, Screen-
Time, and Physical Activity Guidelines Among Adolescents in the United Kingdom. JAMA

Pediatr. 2019;173(10):993-4. doi: 10.1001/jamapediatrics.2019.2822.

40.  Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput J-P, Janssen I, et al. Systematic
review of the relationships between objectively measured physical activity and health indicators

in school-aged children and youth. Appl Physiol Nutr Metab. 2016;41(6):S197-5239.

41. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VVJ, Chaput J-P, et al. Systematic review
of sedentary behaviour and health indicators in school-aged children and youth: an update. Appl

Physiol Nutr Metab. 2016;41(6):S240-S65.

147



42.  Chaput JP, Gray CE, Poitras VJ, Carson V, Gruber R, Olds T, et al. Systematic review of
the relationships between sleep duration and health indicators in school-aged children and youth.

Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S266-82. doi: 10.1139/apnm-2015-0627.

43.  Zhu X, Haegele JA, Healy S. Movement and mental health: Behavioral correlates of
anxiety and depression among children of 6-17 years old in the U.S. Ment Health Phys Act.

2019;16:60-5. doi: https://doi.org/10.1016/j.mhpa.2019.04.002.

44.  Walsh JJ, Barnes JD, Cameron JD, Goldfield GS, Chaput JP, Gunnell KE, et al.
Associations between 24 hour movement behaviours and global cognition in US children: a cross-
sectional observational study. Lancet Child Adolesc Health. 2018;2(11):783-91. doi:

10.1016/S2352-4642(18)30278-5.

45.  Guerrero MD, Barnes JD, Walsh JJ, Chaput JP, Tremblay MS, Goldfield GS. 24-Hour

Movement Behaviors and Impulsivity. Pediatrics. 2019;144(3). doi: 10.1542/peds.2019-0187.

46.  Zahl T, Steinsbekk S, Wichstrem L. Physical Activity, Sedentary Behavior, and Symptoms
of Major Depression in Middle Childhood. Pediatrics. 2017;139(2):e20161711. doi:

10.1542/peds.2016-1711.

47.  Jerstad SJ, Boutelle KN, Ness KK, Stice E. Prospective reciprocal relations between
physical activity and depression in female adolescents. J Consult Clin Psychol. 2010;78(2):268-

72. doi: 10.1037/a0018793.

48. Bailey AP, Hetrick SE, Rosenbaum S, Purcell R, Parker AG. Treating depression with
physical activity in adolescents and young adults: a systematic review and meta-analysis of

randomised controlled trials. Psychol Med. 2018;48(7):1068-83.
148



49.  Sampasa-Kanyinga H, Hamilton HA, Chaput JP. Use of social media is associated with
short sleep duration in a dose-response manner in students aged 11 to 20 years. Acta Paediatr.

2018;107(4):694-700. doi: 10.1111/apa.14210.

50. Hisler G, Twenge JM, Krizan Z. Associations between screen time and short sleep duration
among adolescents varies by media type: evidence from a cohort study. Sleep Med. 2020;66:92-

102. doi: https://doi.org/10.1016/j.sleep.2019.08.007.

51.  Gruber R, Carrey N, Weiss SK, Frappier JY, Rourke L, Brouillette RT, et al. Position
statement on pediatric sleep for psychiatrists. J Can Acad Child Adolesc Psychiatry.

2014;23(3):174-95.

52. Matricciani L, Bin YS, Lallukka T, Kronholm E, Dumuid D, Paquet C, et al. Past, present,
and future: trends in sleep duration and implications for public health. Sleep Health.

2017;3(5):317-23. doi: https://doi.org/10.1016/j.sleh.2017.07.006.

53. Bauducco SV, Flink IK, Boersma K, Linton SJ. Preventing sleep deficit in adolescents:
Long-term effects of a quasi-experimental school-based intervention study. J Sleep Res.

2020;29(1):e12940. doi: 10.1111/jsr.12940.

54.  Goldstein AN, Walker MP. The role of sleep in emotional brain function. Annu Rev Clin

Psychol. 2014;10:679-708. doi: 10.1146/annurev-clinpsy-032813-153716.

55. Minkel J, Moreta M, Muto J, Htaik O, Jones C, Basner M, et al. Sleep deprivation
potentiates HPA axis stress reactivity in healthy adults. Health Psychol. 2014;33(11):1430-4. doi:

10.1037/a0034219.

149



56.  Owens J. Insufficient Sleep in Adolescents and Young Adults: An Update on Causes and

Consequences. Pediatrics. 2014;134(3):e921.

57.  Wolfson AR, Carskadon MA. Sleep Schedules and Daytime Functioning in Adolescents.

Child Dev. 1998;69(4):875-87. doi: 10.1111/j.1467-8624.1998.th06149.x.

58.  Piccinelli M, Wilkinson G. Gender differences in depression: Critical review. Br J

Psychiatry. 2000;177(6):486-92. doi: 10.1192/bjp.177.6.486.

59. Mojtabai R, Olfson M, Han B. National Trends in the Prevalence and Treatment of
Depression in Adolescents and Young Adults. Pediatrics. 2016;138(6):e20161878. doi:

10.1542/peds.2016-1878.

60.  Goodman E, Huang B, Schafer-Kalkhoff T, Adler NE. Perceived socioeconomic status: a
new type of identity that influences adolescents' self-rated health. J Adolesc Health.

2007;41(5):479-87. doi: 10.1016/j.jadohealth.2007.05.020.

61. Sampasa-Kanyinga H, Hamilton HA. Does socioeconomic status moderate the
relationships between school connectedness with psychological distress, suicidal ideation and

attempts in adolescents? Prev Med. 2016;87:11-7. doi: 10.1016/j.ypmed.2016.02.010.

62.  Quon EC, McGrath JJ. Subjective socioeconomic status and adolescent health: a meta-

analysis. Health Psychol. 2014;33(5):433.

63. Grace SL, Tan Y, Cribbie RA, Nguyen H, Ritvo P, Irvine J. The mental health status of
ethnocultural minorities in Ontario and their mental health care. BMC Psychiatry. 2016;16:47-.

doi: 10.1186/s12888-016-0759-z.

150



64. Easton SD, Safadi NS, Wang Y, Hasson RG, 3rd. The Kessler psychological distress scale:
translation and validation of an Arabic version. Health Qual Life Outcomes. 2017;15(1):215doi:

10.1186/s12955-017-0783-9.

65.  Whitbeck LB, Hoyt DR, Bao WN. Depressive symptoms and co-occurring depressive
symptoms, substance abuse, and conduct problems among runaway and homeless adolescents.

Child Dev. 2000;71(3):721-32. doi: 10.1111/1467-8624.00181.

66. Daniel SS, Walsh AK, Goldston DB, Arnold EM, Reboussin BA, Wood FB. Suicidality,

school dropout, and reading problems among adolescents. J Learn Disabil. 2006;39(6):507-14.

67. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime
prevalence and age-of-onset distributions of DSM-1V disorders in the National Comorbidity

Survey Replication. Arch Gen Psychiatry. 2005;62(6):593-602. doi: 10.1001/archpsyc.62.6.593.

151



Table 1. Descriptive characteristics of the sample.

Participants (N=6364)

Unweighted n (%)*

Weighted %?

Age (years)
Mean (SD) 14.7 (1.8) 15.1(1.8)
Missing 1(<1) <1
Sex
Males 2754 (43.3) 51.7
Females 3610 (56.7) 48.3
Missing 0 0
Ethnoracial Background
White 3624 (57.0) 525
Black 562 (8.8) 13.2
East/South-East Asian 555 (8.7) 8.2
South Asian 463 (7.3) 6.0
Other 1160 (18.2) 20.1
Missing 0 0
Subjective socioeconomic status
Mean (SD) 7.0 (1.6) 6.9 (1.7)
Missing 155 (2.4) 4.3
BMI z-scores
Mean (SD) 0.3(1.1) 0.3(1.2)
Missing 391 (6.1) 6.5
Meet the physical activity recommendation
No 4,932 (77.5) 78.0
Yes 1,361 (21.4) 21.3
Missing 74 (1.1) 0.7
Meet the screen time recommendation
No 4167 (65.5) 66.2
Yes 2197 (35.5) 33.8
Missing 0 0
Meet the sleep duration recommendation
No 4173 (65.6) 65.9
Yes 2109 (33.1) 324
Missing 82 (1.3) 1.7
24-hour movement guideline combinations
None 2417 (38.0) 38.9
Only physical activity 456 (7.2) 7.3
Only screen time 937 (14.7) 14.3
Only sleep duration 928 (14.6) 14.5
Physical activity + screen time 319 (5.0) 5.0
Physical activity + sleep duration 263 (4.1) 4.1
Screen time + sleep duration 593 (9.3) 8.8
Physical activity + screen time + sleep duration 308 (4.8) 4.7
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Missing ‘ 143 (2.3) ‘ 2.3

SD = standard deviation.
Data are shown as unweighted count (unweighted percent)® or weighted percent? unless
otherwise specified. The sample weights are applied to ensure that the data are representative of

all Ontario students in grades 7-12 in publicly funded schools.
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Table 2. Confirmatory factor analysis model fit indices.

Criterion One Factor Two Factor Second-Order 2
Factor
Chi square 245.812 91.608 1733.467
df 9 8 9
p >0.05 <0.001 <0.001 <0.001
RMSEA <0.06 0.065 0.041 0.174
90% ClI 0.058 to 0.072 0.033t0 0.048 0.167t0 0.181
p <0.001 0.978 <0.001
CFI >0.95 0.986 0.995 0.901
TLI >0.95 0.977 0.991 0.835
SRMR <0.06 0.028 0.018 0.079

df: degrees of freedom; RMSEA: root mean square error of approximation; CI: confidence

interval; CFI: comparative fit index; TLI : Tucker—Lewis fit index; SRMR: standardized root

mean square residual. *p <0.001.
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Table 3. Standardized path coefficients between combinations of movement behaviour

recommendations and anxiety and depressive symptoms (N =6,364).

Path B SE P 95% CI R?, %
Anxiety 20.7
24-hour movement guideline combinations
Only physical activity 0.010 0.027 0.705 -0.03to0 0.06
Only screen time -0.042 0.037 0.256 -0.10to0 0.02
Only sleep duration -0.135 0.024 <0.001 -0.17 to -0.10
Physical activity + screen time -0.045 0.022 0.141 -0.08to 0.01
Physical activity + sleep duration -0.084 0.026 0.001 -0.13t0 -0.04
Screen time + sleep duration -0.157 0.024 <0.001 -0.20to -0.12
Physical activity + screen time + sleep duration -0.076 0.035 0.028 -0.13 to -0.02
Covariates
Age 0.190 0.032 <0.001 0.14t00.24
Sex (reference = females) -0.268 0.027 <0.001 -0.31t0 -0.22
Ethnoracial background (reference =White) 0.058 0.032 0.068 0.01t00.11
Subjective socioeconomic status -0.156 0.024 <0.001 -0.20to0 -0.12
Body mass index z-score -0.009 0.029 0.767 -0.06 to 0.04
Depressive symptoms 17.9
24-hour movement guideline combinations
Only physical activity 0.001 0.030 0.978 -0.05t0 0.05
Only screen time -0.031 0.036 0.382 -0.09t0 0.03
Only sleep duration -0.106 0.025 <0.001 -0.15t0 -0.07
Physical activity + screen time -0.054 0.017 0.001 -0.08 to -0.03
Physical activity + sleep duration -0.073 0.020 <0.001 -0.11t0 0.04
Screen time + sleep duration -0.139 0.025 <0.001 -0.18t0 -0.10
Physical activity + screen time + sleep duration -0.067 0.031 0.028 -0.12 t0 -0.02
Covariates
Age 0.150 0.040 <0.001 0.08t0 0.22
Sex (reference = females) -0.244 0.025 <0.001 -0.29t0 -0.20
Ethnoracial background (reference =White) 0.078 0.029 0.007 0.03t00.13
Subjective socioeconomic status -0.176 0.028 <0.001 -0.221t0-0.13
Body mass index z-score -0.008 0.028 0.783 -0.05t0 0.04

SE: standard error; Cl: confidence interval. Meeting none of the recommendations represents the

reference group.
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Figure 1. Confirmatory factor analysis of one-factor model of psychological distress (N

=6,364).
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Figure 2. Confirmatory factor analysis of two-factor model of depression and anxiety (N
=6,364).
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Figure 3. Confirmatory factor analysis of second-order two-factor model of

psychological distress by depression and anxiety (N =6,364).
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ABSTRACT

Background: The 24-hour movement guidelines for children and youth recommend >60 min/day
of moderate-to-vigorous physical activity, <2 h/day of screen time, 9-11 h/night of sleep for 11-13
years and 8-10 h/night for 14-17 years. The objectives of this study were to examine the
associations between meeting combinations of the recommendations contained within the 24-hour
movement guidelines for children and youth and suicidal ideation and suicide attempts, and test
whether age and gender moderate these associations.

Methods: Data on 10,183 students were obtained from the 2015-2017 Ontario Student Drug Use
and Health Survey, a representative cross-sectional survey of Ontario students in grades 7-12
(mean [SD] age, 15.2 [1.8] years).

Results: Suicidal ideation and suicide attempts were reported by 13.1% and 3.3% of students,
respectively. Meeting individual recommendations or combinations of recommendations were
differentially associated with suicidal ideation and suicide attempts between adolescent boys and
girls and younger and older (three-way interactions statistically significant for both outcomes).
Meeting all 3 recommendations was associated with lower odds of suicidal ideation (OR: 0.24,
95% CI: 0.09 — 0.69) and suicide attempts (OR: 0.08, 95% CI: 0.02 — 0.41) among boys aged 15
to 20 years, but not those aged 11 to 14 years nor girls in both age groups.

Limitations: The cross-sectional nature of the data precludes causal inferences and there is

possibility of bias related to self-reports.

Conclusion: These findings suggest that adherence to the 24-hour movement guidelines among

adolescents is related to lower odds of suicidality in older boys.

Keywords: Physical activity; sedentary behaviour; screen time; sleep; suicide; teenagers
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INTRODUCTION

Suicide is the third leading cause of death globally for adolescents aged 15 to 19 years [1]. It is the
second leading cause of death in this age group in Canada [2]. Current epidemiological evidence
indicates that the prevalence of adolescent suicide in Canada is increasing [3]. Rates of suicide and
suicidality differ by age and gender among adolescents [4, 5]. Suicidality increases with age and
there is a gender paradox [4, 5], in that girls have higher rates of suicidal ideation and suicide
attempts, but deaths by suicide are more common among boys than girls. Several factors contribute
to youth suicidality, including but not limited to mental disorders, previous suicidal ideation and
attempts, a family history of suicidal behaviours, exposure to childhood maltreatment, and peer
victimization [6-9]. Factors that could protect children and adolescents from suicidality are
numerous [5, 10], and a better understanding of these determinants can inform the development of
effective interventions to reduce suicidality. Physical inactivity, excessive screen time, and short
sleep duration have previously been identified as factors associated with depressive symptoms [11-
13] and suicidality among adolescents [14-17]. However, the associations between mental health
and physical activity, screen time, and sleep duration are dominated by clinical samples. It is
therefore important to examine these associations in population-based studies of adolescents.
Furthermore, previous studies have considered these factors individually [18], ignoring how these

behaviours may concurrently relate to suicidality among adolescents.

The Canadian 24-hour movement guidelines for children and youth were released in 2016 [19].
These guidelines integrate physical activity, sedentary behaviour, and sleep across the 24-hour
period and represent a paradigm shift in thinking about daily movement behaviours. These

guidelines recommend that during a typical 24-hour day children ages 5 to 17 years accumulate a
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minimum of 60 minutes of moderate-to-vigorous physical activity, no more than 2 hours of
recreational screen time, and 9 to 11 hours of uninterrupted sleep per night for those aged 5 to 13
years and 8 to 10 hours for those aged 14 to 17 years [19]. Researchers have started to examine
the relationship between adherence to the recommendations contained within the 24-hour
movement guidelines and health outcomes. Children who meet all 3 recommendations have better
cognitive function [20], less impulsivity [21], lower odds of obesity [22], better dietary patterns
[23], enhanced quality of life [24], and fewer depressive symptoms [25-27] than children who do
not meet any of the recommendations. In a cohort study of over 3000 students (aged 10-11 years)
in Nova Scotia (Canada) on various lifestyle behaviours and physician visits for mental illness,
Loewen et al. [28] found that meeting 7 to 9 lifestyle behaviour recommendations was associated
with fewer physician visits for mental illness during follow-up. However, their exposure (i.e.
adherence to various lifestyle behaviours) conflates the 24-hour movement guidelines to six
recommendations regarding diet. To our knowledge, the association between combinations of
physical activity, screen time, and sleep duration with suicidal ideation and suicide attempts among
adolescents has yet to be explored. As such, it is largely unknown whether adhering to all or certain
combinations of guideline recommendations is associated with less suicidal ideation and fewer
suicide attempts among adolescents. Gaining such knowledge can help inform and improve

adolescent mental health promotion efforts.

Recent research has documented important age and gender differences in adherence to the 24-hour
movement guidelines among children and adolescents [24, 29, 30]. Younger children are more
likely than older children to meet the 24-hour movement guidelines [29]. Among younger children,

boys are more likely than girls to meet all 3 recommendations; however, among adolescents, there
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is no sex-differences in meeting all 3 recommendations.[29] With respect to individual
components of the 24-hour movement guidelines, adolescent boys are more likely than girls to
meet the physical activity recommendation, while females are more likely to meet the screen time
recommendation than their male counterparts [29]. Given the above-mentioned gender differences
in suicidality, and that rates of suicidality increase dramatically in early adolescence [8, 31], it is
possible that the relationship between 24-hour movement behaviours and suicidality differs
between younger and older students, and between boys and girls. Thus, using data from the 2015
and 2017 Ontario Student Drug Use and Health Surveys (OSDUHS), the objectives of the current
study were to examine the associations between meeting combinations of the 24-hour movement
guidelines and suicidal ideation and suicide attempts in adolescents, and test whether age and
gender moderate these associations. We hypothesized that adherence to a greater number of
recommendations would be associated with lower odds of suicidal ideation and suicide attempts

among adolescents, and that age and gender may moderate these associations.

METHODS

Participants

The OSDUHS is a provincially representative survey of Ontario students in grades 7 to 12
attending publicly funded schools [32]. The survey excludes about 9% of the Ontario student
population, including those in schools on military bases, in First Nations communities, hospitals
and other institutions, and private schools. Students in special education classes and English as a
Second Language (ESL) classes were also excluded from selection. The OSDUHS is a repeated
cross-sectional survey that has been conducted every two years since 1977. The survey uses a

stratified (region by school level) two-stage (school, class) cluster design. A total of 10,426
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students drawn from 43 school boards, 220 schools, and 750 classes participated in the 2015 cycle
of the survey. Completion rates were 94% and 59% for classes and students, respectively. In 2017,
the OSDUHS surveyed 11,435 students in grades 7 through 12 in 764 classes and 214 schools
from 52 English and French public and Catholic school boards. Sixty-one percent of randomly
selected schools, 94% of selected classes, and 61% of eligible students in those classes completed
the survey. Participation was considered above average for a student survey where active consent
from a parent or guardian was necessary [33, 34]. Non-response among students for both cycles
was due to absenteeism and lack of parental consent or unreturned consent forms. Pooled data for
2015 and 2017 OSDUHS represented a total of 21,861 students. However, the present study was
restricted to a subsample of 11,767 eligible students who were offered one of the two randomly
distributed questionnaires containing the mental health items. Further details regarding the study
design and methods are available elsewhere [32, 35]. Ethics approval was obtained from the
Research Ethics Boards of the Centre for Addiction and Mental Health, York University, and

relevant school boards. In addition to parental consent, all students also provided their own assent.

Measures

Independent variables

Physical activity, screen time, and sleep duration were measured using items from the Centre for
Disease Control's Youth Risk Behavior Survey (YRBS) [36]. Physical activity was measured by
asking students to report the number of days during which they were physically active for >60
min/day in the last 7 days. They were asked to add up all the time spent on any form of physical
activity that increased their heart rate and made them breathe hard some of the time, such as brisk
walking, running, rollerblading, biking, dancing, skateboarding, swimming, soccer, basketball,
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and football. Response options ranged from 0 to 7 days, and “7 days” corresponded to students
that met the physical activity guideline recommendation [19]. Response options of 0 day through
6 days were collapsed to represent students that did not meet the physical activity guideline
recommendation. Screen time was assessed using a question that asked students to report the
average number of hours per day of the last 7 days that they spent watching TV/movies, playing
video/computer games, chatting on a computer, emailing, or surfing the Internet. Response options
were “none,” “<1 h/day,” “1-2 h/day,” “3-4 h/day,” “5-6 h/day,” and “>7 h/day.” Responses of <2
h/day corresponded to students that met the screen time guideline recommendation [19].
Remaining response options were collapsed to represent students that did not meet the
recommendation. Sleep duration was measured using an item that asked students how many hours
of sleep on an average school night they usually get. Response options ranged from “4 hours or
less” to “10 or more hours”. For analysis, a dichotomous variable was constructed to represent
respondents who had a sleep duration that met the recommended range (9—11 h per night for 11—
13-year-olds; 8-10 h per night for 14-17-year-olds, or 7-9 h per night for those >18 years of age)
compared to those who did not get the minimum amount of recommended sleep [19, 37]. Single-
item measures of sleep and physical activity have shown moderate to strong criterion validity with
accelerometry-assessed sleep and physical activity among children and adolescents [38, 39]. Self-
report methods of quantifying screen time have also been reported to have acceptable reliability

and validity in children and adolescents [40, 41].

Outcomes
Suicidal ideation and suicide attempts were measured using two items that asked: “In the last 12

months, did you ever seriously consider attempting suicide?” and “In the last 12 months, did you
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ever actually attempt suicide?” Response options to both questions were “yes” or “no”. Both
questions are from the Centre for Disease Control's YRBS and have demonstrated good reliability

and validity among students [42].

Potential Moderators

Age (in years) and gender (boy/girl) were self-reported by students. For age comparisons,
participants were grouped into 11- to 14-year-olds (n = 4,719) and 15- to 20-year-olds (n = 5,464)
categories. The cut-point that differentiated the younger and older age groups was based on
Statistics Canada age groups [43]. Age was also treated as a continuous variable ranging from 11

to 20 years.

Covariates

Age and gender were treated as covariates in those instances where there was no evidence that
they were moderators. Other covariates included ethnicity (White/Black/East and South-East
Asian/South Asian/Other), subjective socioeconomic status (SES), and body mass index (BMI) z-
score. Subjective SES was measured using a modified version of the MacArthur Scale of
Subjective Social Status [44]. Students were presented with a 10-rung ladder, where increasing
rungs represented higher perceived status in Canadian society in terms of money, education, and
occupation. They were asked to select the rung that best represented their family. BMI was
calculated using students self-reported height and body mass, as weight divided by the square of
height (kilograms/metres?). Overweight and obesity were defined using the WHO’s sex- and age-

specific BMI cut-points established for children and youth [45] and the International Classification
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for students over 19 years (n=2). A binary variable was constructed to indicate the presence of

“overweight or obesity” vs. not.

Statistical Analysis

All analyses were conducted using Stata 14.1 (Stata Corporation, College Station, TX, USA).
Design-based survey commands were used to adjust for the complex survey sample design of the
OSDUHS. The estimation model was based on a design with 39 strata (region by school level) and
401 primary sampling units (schools). Population weights were included to adjust for the unequal
probability of selection. Missing data were handled through listwise deletion, which reduced the
sample size from 11,767 to 10,183 students. Excluded participants comprised significantly more
students in junior grades (e.g. 21.3% vs. 11.7% in grade 7) and of other ethnic background (21.7%
vs. 16.0%) compared with those included in the present analytical sample. There were no
differences in suicidal ideation, suicide attempts, and movement behaviours between excluded
participants and those included in our analyses. Prevalence and means were used to describe the
sample. Differences among 11- to 14-year-old boys, 11- to 14-year-old girls, 15- to 20-year-old
boys, and 15- to 20-year-old girls were assessed using an adjusted Wald test for continuous
measures and a Pearson’s y? test that was adjusted for survey design and transformed into F-
statistics for categorical data. Given that two-way gender interactions (gender X movement
behaviours), two-way age interactions (age X movement behaviours), and three-way gender and
age interactions (gender X age X movement behaviours) were statistically significant (p<0.05),
analytical analyses were stratified by gender and age groups. Logistic regression analyses were
used to examine the associations between meeting individual and combinations of the 24-hour

movement guidelines for MVPA (>60 minutes/day), screen time (<2 hours/day), and sleep
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duration (9-11 hours/night for 5-13 years and 8-10 hours/night for 14-17 years) with suicidal
ideation and suicide attempts. Confounding variables included age, ethnicity, subjective SES, and
BMI z-score. Adjusted odds ratio (OR) and their 95% confidence intervals (CI) are presented. The
marginsplot command in Stata was used after margins to visualize age-related interaction effects

stratified by sex.

RESULTS

Sample characteristics

Descriptive characteristics of the sample are provided in Table 1. About 49% of the sample were
girls, 57% were White, and 29% were classified as having overweight or obesity. The prevalence
of suicidal ideation and attempts were 13.1% and 3.3%, respectively. A total of 48.3% of students
met the sleep duration recommendation, 35.4% met the screen time recommendation, and 22.1%
met the physical activity recommendation. There were no differences in adherence to the sleep
duration recommendation among 11- to 14-year-old boys, 11- to 14-year-old girls, 15- to 20-year-
old boys, and 15- to 20-year-old girls; however, a greater proportion of 11- to 14-year-old boys
met the physical activity and screen time recommendations. On the other hand, it was 15- to 20-

year-old girls who had the highest prevalence of suicidal ideation and suicide attempts.

The prevalence of students who met recommendations for individual movement behaviours and
different combinations of movement behaviours are displayed in Figure 1. Overall, 5.2% of
students met all three recommendations while 27.7% did not meet any. The prevalence of meeting
all three recommendations significantly differed across age and gender (p<0.001), with 11- to 14-

year-old boys being the group that had a greater proportion of adherence to all 3 recommendations
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(9.6%), followed by 15- to 20-year-old boys (5.8%). The lowest proportion of meeting all three

recommendations was seen among 15- to 20-year-old girls (2.4%).

Combination of guideline recommendations and suicidality

Meeting all three recommendations was associated with lower odds of suicidal ideation (OR =
0.24; 95% CI: 0.09 — 0.68) and suicide attempts (OR = 0.08; 95% CI: 0.02 — 0.68) among 15- to
20-year-old boys, but not their younger (i.e. 11- to 14-year-old) counterparts (Table 2). Meeting
the physical activity recommendation only (OR = 0.17; 95% CI: 0.04 — 0.74) and sleep duration
recommendation only (OR =0.34; 95% CI: 0.12 — 0.97) were associated with lower odds of suicide

attempts among 15- to 20-year-old boys.

Among 11- to 14-year-old girls, participants meeting the screen time recommendation only had
lower odds of suicidal ideation (OR = 0.38; 95% CI: 0.22 — 0.67) and suicide attempts (OR = 0.23;
95% CI: 0.06 — 0.89). Those who met both the physical activity and screen time recommendations
had lower odds of suicidal ideation (OR = 0.41; 95% CI: 0.17 — 0.98). Among 15- to 20-year-old
girls, meeting both the screen time and sleep duration recommendations was associated with lower
odds of suicidal ideation (OR = 0.55; 95% CI: 0.35 — 0.86). However, meeting the physical activity
recommendation only was associated with greater odds of suicidal attempts (OR = 2.90; 95% ClI:

1.21 - 5.83) in this latter group.

Number of guideline recommendations met and suicidality
Figure 2 shows the interactions between the number of guideline recommendations met and age

stratified by sex for suicidal ideation (Figure 2A) and suicide attempts (Figure 2B). The
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interactions were statistically significant for age by meeting all 3 recommendations for both
suicidal ideation and attempts among boys, but not girls. At average age, adolescent boys who
meet all 3 recommendations had lower odds of suicidal ideation (OR=0.66, 95% CI: 0.48 — 0.89)
and suicide attempts (OR=0.52, 95% CI: 0.30 — 0.88). The probability of suicidal ideation among
adolescent boys who met all 3 movement guidelines significantly decreased with age. Results
further indicate that at younger ages, there was no difference in boys’ odds of suicidal ideation and
suicide attempts between meeting all 3 recommendations and none of the
recommendations. However, at older ages, boys who meet all 3 recommendations had lower odds
of suicidal ideation and suicide attempts compared to those who meet none of the

recommendations.

DISCUSSION

In this large, population-based sample of Ontario secondary students, meeting recommendations
for physical activity, screen time, and sleep duration was associated with a lower risk of suicidality
among older boys. Our results are somewhat consistent with those from previous studies
suggesting that adherence to a combination of recommendations is associated with lower reports
of mental health problems [25, 26]. In a large, representative sample of over 17,000 children and
adolescents from the 2013/2014 cycle of the Health Behaviour in School-aged Children study
(HBSC), Janssen et al. [46] found that meeting the recommendations for MVVPA, screen time, and
sleep duration on their own and in different combinations were associated with better physical,
mental, and social health indicators. For the most part, meeting the recommendations for MVVPA,

screen time, and sleep duration had a comparable strength of associations with health indicators.
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Janssen et al. [46] also found a dose-response relationship between the number of guideline
recommendations met and health indicators, and that different intermediate combinations of the
recommendations had similar influence on health indicators while the number of guideline
recommendations met was the same [46]. Recent studies have also shown that meeting all 3
movement behaviour recommendations is associated with lower odds of depressive symptoms
among adolescents [25-27]. However, those studies found no gender differences in the association
between meeting all 3 recommendations and depressive symptoms. Zhu et al. [27] found that the
association between meeting all 3 recommendations and depressive symptoms significantly varied
between children and adolescents. To the best of our knowledge, the present study is the first to
examine the relationship between adherence to the movement behaviour recommendations and
suicidality among adolescents. We have provided evidence that adherence to the movement
behaviour recommendations is associated with lower odds of suicidality differentially across age
and gender. The strongest associations (i.e. lowest risk) were observed in older adolescent boys
meeting all 3 movement behaviour recommendations and with both outcomes of suicidal ideation

and attempts.

Although 11- to 14-year-olds were more likely than 15- to 20-year-olds to meet all three
recommendations, our results showed that meeting all 3 recommendations in the 24-hour
movement guidelines was associated with lower odds of suicidal ideation and suicide attempts
among 15- to 20-year-old boys. Given the novelty of the findings, it is difficult to speculate
what factors could explain the observed age differences. It is possible that meeting all 3
recommendations in the 24-hour movement guidelines influences mental health via known

protective factors for adolescent suicidality, such as positive coping strategies, efficacious
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problem-solving skills, and general life satisfaction [47-49], that are less well established in 11- to
14-year-olds. Previous studies have also suggested that lifestyle behaviours could operate via
substance use disorders to decrease risk of suicidal behaviour among adolescences [50]. This
mechanism could be more present in 15- to 20-year-olds due to increased prevalence of substance
use and suicidality in this age group [4, 5]. Future research is needed to examine the mediating
role of substance use on the association between adherence to movement guidelines and suicidality

among adolescents.

Our results further showed that the probability of suicidal ideation and suicide attempts among
students who met all 3 movement guidelines significantly decreased with age. At younger age,
there was no difference in risk of suicidal ideation and suicide attempts between students who meet
all 3 recommendations and none of the recommendations. However, at older age, students who
meet all 3 recommendations have lower odds of suicidal ideation and suicide attempts than those
who meet none of the recommendations. These findings are interesting and deserve further
investigation. However, it is difficult to explain the mechanism that could explain the observed
age differences given the novelty of our findings. It is possible that the absence of differences
between meeting all 3 recommendations versus none in regard to suicidality at younger age could
be explained by the lack of statistical power due to lower prevalence of suicidal ideation and
suicide attempts among younger adolescents. Indeed, research has shown that younger children
are more likely than older children to meet the 24-hour movement guidelines [29], and are less
likely to experience suicidal ideation and suicide attempts than their older counterparts [4, 5].

Regardless, findings from this study suggest that older adolescent boys are more likely than
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younger ones to be protected against suicidal ideation when meeting all 3 guideline

recommendations.

The observed gender differences, particularly the lack of an association between meeting all 3
guidelines and suicidality among girls, may be explained by the fact that a small proportion of girls
meet all three recommendations and, in our study, meeting the physical activity recommendation
was surprisingly strongly associated with greater odds of attempts in older girls only. These
findings are consistent with those from a previous study involving over 74,000 South Korean
adolescents, which found that meeting the physical activity recommendations for vigorous,
moderate and light physical activity was associated with increased suicidal ideation and suicide
attempts [51]. It is possible that adolescents who attempted suicide engaged in physical activity as
a coping strategy or a resiliency factor. However, we cannot confirm this because of the cross-
sectional nature of the survey. Research has shown that physical activity can be used as a therapy
for depressive symptoms [52], which include suicidal thoughts. It is also possible that residual
confounding by unmeasured factors such as eating disorders or disordered eating may explain the
findings of girls meeting the physical activity recommendation having greater odds of suicide
attempts. Future research using longitudinal data is needed to determine temporality among

meeting the physical activity guidelines and suicide attempts among older female adolescents.

In the same light, we found that meeting the screen time recommendation alone or the sleep
duration recommendation alone were often strongly associated with lower odds of suicidal ideation
and suicide attempts, particularly among girls. Our results are somewhat consistent with previous

findings indicating that adherence to the screen time and sleep duration recommendations have
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generally more incremental benefits to adolescent mental health indicators than meeting the
physical activity recommendation. Indeed, Walsh et al. [20] and Guerrero et al. [21] found that
meeting the screen time and sleep duration recommendations were strongly associated with better
cognitive function and less impulsivity in a representative sample of US children, respectively,
while physical activity was not. In contrast, Zhu et al. [27] found that meeting all 3
recommendations was always the best choice among adolescents compared to meeting any other
combinations. Similarly, Janssen et al. [46] found that for the most part, meeting the
recommendations for physical activity, screen time, and sleep duration had a comparable strength
of associations with health indicators. They also found a dose-response relationship between the
number of guideline recommendations met and health indicators, and that different intermediate
combinations of the recommendations had similar influence on health indicators while the number
of guideline recommendations met was the same [46]. The observed discrepancies may be
explained, at least in part, by methodological differences across studies. Future research is needed
to explore the dose-response gradient between the number of recommendations met and suicidality

among adolescents.

This study has several limitations worth mentioning. First, all measures were self-reported and
may be at risk of recall and desirability bias. Second, given the cross-sectional nature of the data,
we are not able to confirm temporality between adherence to 24-hour movement guidelines and
suicidality. For example, suicidal thought is a symptom of depression [53], and another symptom
of depression is difficulty in sleeping [54], implying that some adolescents may not meet sleep
recommendations due to their suicidal thought rather than the other way around. Future studies

using longitudinal data are needed to establish temporality and confirm causality. Third, the survey
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did not measure the intensity of physical activity nor the types of physical activity performed by
participants (competitive sport or leisure time physical activity). Research has shown that sports
that are more social (i.e., team sports) have more beneficial effects on mental health than individual
sports [55]. This information could have helped further explore the positive association between
adherence to the physical activity recommendation and suicide attempts documented among girls.
Fourth, we were unable to examine this association in relation with different types of screen time,
which vary between girls and boys [56]. For example, screen use by girls tends to be higher in
social media use [57], while for boys it tends to be higher in computer gaming [56]. Social media
use has been linked to both risks (e.g., social comparisons and cyberbullying victimization) and
benefits (e.g. social connections) related to mental health [58, 59]. Fifth, the screen time measures
do not account for multi-tasking or intermittent patterns of screen use (e.g., youth texting while
watching television). As such, we may have overestimated screen time; however, research has
shown that self-reported screen time has acceptable reliability and validity in children and
adolescents [60]. Another limitation is that the strength of the association between movement
behaviours and suicidality reported herein may be underestimated because those who have
dropped out of school may have particularly high rates of suicidal ideation and suicide attempts
[61]. Finally, the student participation rate was relatively low (nearly 60%) and may have
negatively affected the internal validity of the results. However, the data did not show evidence of

appreciable nonresponse bias [32].

CONCLUSION
This study provides evidence that adherence to the 24-hour movement behaviour

recommendations is associated with lower odds of suicidal ideation and attempts, especially
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among older adolescent boys. Future research using a longitudinal design is needed to replicate
these novel findings, disentangle the observed gender and age differences, and confirm whether
promoting adherence to the 24-hour movement guidelines among adolescents reduces the risk of

suicidality during a critical period of development.
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Table 1. Sample characteristics, 2015 and 2017 Ontario Student Drug Use and Health Survey.

TOTAL 11- to 14- year-old | 11-to 14-year-old | 15-to 20- year-old | 15-to 20- year-old
SAMPLE boys girls boys girls p-valuet
(N =10,183) (N =2,104) (N =2,615) (N =2,416) (N =3,048)
Age (years)
Mean (SD) 15.2 (1.8) 13.2 (0.9) 13.2 (1.0) 16.4 (0.9) 16.3 (1.0)
Ethnic background
White 57.2 59.4 525 59.5 56.1 0.469
Black 9.8 9.3 10.5 9.4 10.2
East/South-East Asian 9.6 9.3 9.4 8.6 11.0
South Asian 7.4 7.2 9.0 7.5 6.5
Other 16.0 14.8 18.7 15.0 16.3
Subjective socioeconomic status
Mean (SD) 6.9 (1.7) 7.2 (1.6) 7.2 (1.9) 6.9 (1.5 6.8 (1.7) <0.001
Body mass index
Normal 71.0 70.0 73.7 67.6 73.8 0.062
Overweight/obese 29.0 30.0 26.3 325 26.2
Physical activity
Not meeting 78.0 64.1 81.6 75.3 87.0 <0.001
Meeting 22.1 35.9 18.4 24.8 13.0
Screen time
Not meeting 64.6 55.8 62.1 68.7 67.0 <0.001
Meeting 35.4 44.3 38.0 31.3 33.0
Sleep duration
Not meeting 51.7 52.6 48.0 51.1 53.9 0.187
Meeting 48.3 47.5 52.0 48.9 46.1
Suicidal ideation
No 86.9 94.7 85.2 89.7 80.3 <0.001
Yes 13.1 5.3 14.9 10.3 19.7
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Suicide attempts

No

96.7

98.7

95.6

97.7

94.9

<0.001

Yes

3.3

1.3

4.4

2.3

5.1

Data are shown as weighted column %, unless otherwise indicated. SD: standard deviation.

1p value of difference across age and gender was assessed using an adjusted Wald test for continuous measures and a Pearson’s y? test

that was adjusted for survey design and transformed into F-statistics for categorical data.
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Table 2. Association between combinations of adherence to movement behaviour

recommendations and suicidal ideation and suicide attempts.

BOYS
(N = 4,520)

GIRLS
(N= 5,663)

Suicidal ideation
(n=378)

Suicide attempts
(n=88)

Suicidal ideation
(n=972)

Suicide attempts
(n=256)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% ClI)

11- to 14-year-olds (N = 4,719)

Neither (n=1,140)

1

1

1

1

PA only (n=329)

1.44 (0.65 — 3.18)

3.93 (0.69 — 22.24)

0.65 (0.33 - 1.27)

0.83 (0.28 — 2.42)

ST only (n=612)

0.84 (0.31 — 2.25)

1.93 (0.30 — 12.41)

0.38 (0.22 — 0.67)

0.23 (0.06 — 0.89)

Sleep only (n=1,078)

2.00 (0.86 — 4.68)

0.44 (0.08 — 2.34)

0.93 (0.56 — 1.55)

1.23 (0.50 — 2.99)

PA & ST only (n=350)

0.47 (0.16- 1.35)

1.13 (0.20 - 6.39)

0.41 (0.17 - 0.98)

0.57 (0.14 — 2.28)

PA & sleep only (n=283)

1.54 (0.55 — 4.35)

1.43(0.22 — 9.43)

0.42 (0.16 — 1.06)

1.49 (0.36 — 6.25)

ST & sleep only (n=584)

1.04 (0.34 — 3.18)

2.98 (0.39 — 22.87)

0.44 (0.16 — 1.20)

1.26 (0.23 — 7.05)

Meeting all 3 (n=343)

1.84 (0.72 — 4.71)

0.70 (0.13 - 3.75)

1.03(0.32 - 3.32)

0.86 (0.17 — 4.23)

15- to 20-year-olds (N = 5,464)

Neither (n=1,735)

1

1

1

1

PA only (n=264)

1.00 (0.49 — 2.05)

0.17 (0.04 — 0.74)

0.80 (0.35 — 1.82)

2.90 (1.21-5.83)

ST only (n=741)

0.83 (0.42 — 1.67)

0.74 (0.25 - 2.24)

0.79 (0.58 — 1.08)

0.89 (0.37 — 2.18)

Sleep only (n=1,418)

1.27 (0.61 - 2.65)

0.34 (0.12 - 0.97)

1.05 (0.79 — 1.40)

0.90 (0.44 — 1.83)

PA & ST only (n=209)

0.58 (0.19 - 1.83)

0.40 (0.05 — 3.53)

0.62 (0.27 — 1.45)

1.63 (0.65 — 4.06)

PA & sleep only (n=282)

1.28 (0.51 — 3.20)

2.92 (0.91—9.34)

0.86 (0.36 — 2.06)

1.68 (0.62 — 4.51)

ST & sleep only (n=615)

1.54 (0.64 — 3.69)

0.55 (0.12 — 2.43)

0.55 (0.35 — 0.86)

0.72 (0.28 — 1.87)

Meeting all 3 (n=200)

0.24 (0.09 - 0.68)

0.08 (0.02 — 0.41)

0.49 (0.18 — 1.39)

0.68 (0.10 — 4.47)

OR: odds ratio; Cl: confidence interval.

Covariates in the adjusted models include age, ethnicity, subjective socioeconomic status, and

body mass index z-score.
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Figure 1. Venn diagrams showing the prevalence of students who meet the physical
activity, screen time, and sleep duration recommendations, their combinations, and those
who meet none of the 3 recommendations in the total study sample (Fig 1A; N = 10,183),
11- to 14-year-old boys (Fig 1B; N = 2,104), 11- to 14-year-old girls (Fig 1C; N=2,615),
15- to 20-year-old boys (Fig 1D; N = 2,416), and 15- to 20-year-old girls (Fig 1E; N =
3,048).
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Figure 2A. Age variations in the association between the number of guideline
recommendations met and suicidal ideation among adolescent boys (N = 4,520) and girls
(N =5,663).

Girls Boys

Predicted probability

11 12 13 14 15 16 17 18 19 11 12 13 14 15 16 17 18
Age (years)

— —& — - Meeting none —&—— Meeting all 3

Vertical bars represent 95% confidence intervals. Lines for meeting one or two recommendations
are not displayed for clarity purpose. For boys, the interaction was statistically significant for age
by meeting all 3 recommendations (OR=0.66, 95% CI: 0.48 — 0.89), but not for age by meeting
one recommendation (OR=1.03, 95% CI: 0.80 — 1.33) or age by meeting two recommendations
(OR=1.14, 95% CI: 0.89 — 1.46). For girls, the interaction was not statistically significant for age
by meeting one recommendation (OR=1.04, 95% CI: 0.88 — 1.24), age by meeting two
recommendations (OR=1.15, 95% CI: 0.93 — 1.41) nor age by meeting all three recommendations
(OR=0.79, 95% CI: 0.54 — 1.18).
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Figure 2B. Age variations in the association between the number of guideline
recommendations met and suicide attempts among adolescent boys (N = 4,520) and girls
(N =5,663).
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Vertical bars represent 95% confidence intervals. Lines for meeting one or two recommendations
are not displayed for clarity purpose. For boys, the interaction was statistically significant for age
by meeting all 3 recommendations (OR=0.52, 95% CI: 0.30 — 0.88) and age by meeting one
recommendation (OR=0.57, 95% CI: 0.35 — 0.95), but not for or age by meeting two
recommendations (OR=0.81, 95% CI: 0.47 — 1.41). For girls, the interaction was not statistically
significant for age by meeting one recommendation (OR=1.01, 95% CI: 0.80 — 1.29), age by
meeting two recommendations (OR=1.04, 95% CI: 0.76 — 1.43) nor age by meeting all three

recommendations (OR=1.04, 95% CI: 0.62 — 1.72).
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Article preface: This study has three objectives. First, to describe change in adolescents’
movement behaviour composition over time. Second, to explore the association between change
in movement behaviour composition and change in depressive symptoms during adolescence.
Third, to explore how reallocations of time between movement behaviours are associated with

changes in depressive symptoms during adolescence.
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comments arising from the peer review process.
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ABSTRACT

Background: Research examining the associations between movement behaviours and mental
health indicators within a compositional framework are sparse and limited by their cross-sectional
study design. This study has three objectives. First, to describe the change in movement behaviour
composition over time. Second, to explore the association between change in movement behaviour
composition and change in depressive symptoms. Third, to explore how reallocations of time

between movement behaviours are associated with changes in depressive symptoms.

Methods: Longitudinal data of 14,620 students in grades 9-12 (mean age: 14.9 years) attending
secondary schools in Canada (Ontario, British Columbia, Alberta, Quebec) were obtained from
two waves (2017/18, 2018/19) of the COMPASS study. Moderate-to-vigorous physical activity
(MVPA), recreational screen time, and sleep duration were self-reported. Depressive symptoms
were measured using the Center for Epidemiologic Studies Depression Scale (Revised)—10
(CESD-R-10). Compositional data analyses using pivot coordinates and compositional
isotemporal substitution for longitudinal data were used to analyse the data. Analyses accounted
for school clustering, were stratified by gender and age (< or > 15 years), and were adjusted for
race/ethnicity, body mass index z-score, baseline movement behaviour composition, and baseline

depressive symptoms.

Results: There were significant differences in movement behaviour composition over time across
all subgroups. For example, the relative contributions of MVPA and sleep duration to the
movement behaviour composition decreased over time while screen time increased among
younger boys and girls and older girls. Increasing sleep duration relative to the remaining

behaviours (i.e., screen time and MVPA) was associated with lower depressive symptoms among
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all subgroups. Increasing screen time relative to the remaining behaviours (i.e., MVVPA and sleep
duration) was associated with higher depressive symptoms among all subgroups. Increasing
MVPA relative to the remaining behaviours (i.e., screen time and sleep duration) was associated
with lower depressive symptoms in older girls only. Isotemporal substitution estimates indicated
that decreasing screen time by 60 minutes/day and replacing that time with 60 minutes of

additional sleep is associated with the largest change in depressive symptoms across all subgroups.

Conclusion: Findings from this prospective analysis suggest that increased sleep duration and

reduced screen time are important determinants of lower depressive symptoms among adolescents.

Keywords: physical activity, sedentary behaviour, screen time, sleep duration, compositional data

analysis, isotemporal substitution, youth, public health
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INTRODUCTION

Adolescence is a sensitive period in the lifespan. It is the period of transition between childhood
and adulthood, marked by important biological changes during puberty and the heightened
influence of the social context in which young people are growing up [1, 2]. As adolescents become
more independent, they become more responsible for making their own lifestyle choices [2, 3]. It
is during this developmental period that more divergence in lifestyle behaviours and mental health
outcomes emerge [4]. It is therefore important to examine how developmental changes in health
behaviours impact health outcomes, in order to intervene before those behaviours become

ingrained.

Research has shown that half of mental health problems have their onset during adolescence,
particularly by age 14 [4]. It is estimated that 10 to 20% of adolescents globally experience mental
health problems [5]. Depression is one of the most common forms of mental disorders that
adolescents experience [5]. It is a leading cause of disability worldwide and a major contributor to
the overall global burden of disease [5]. Adolescent depression is associated with long-term
negative outcomes in adulthood [6, 7]. A recent study has indicated that 8% of Ontario (Canada)
youth aged 12 to 17 years had symptoms that met criteria for major depression in 2014 [8]. A US
study in adolescents reported that the prevalence of depression changed from 8.7% in 2005 to
11.3% in 2014 [9], indicating that the prevalence of depression has increased over the past years.
Experience of depression increases with age, and more girls are affected by depression than boys

[10-12]. Research is needed to identify modifiable risk factors of depression among adolescents as
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the results from such research would provide insights into the design of interventions that could

reduce depression incidence.

Sleep, sedentary time, and physical activity are associated with changes in depressive symptoms
across adolescence [13, 14]; however, research that looks at these behaviours concurrently is
sparse, even though it is evident that these movement behaviours are intrinsically linked. It is not
possible to increase time spent in one behaviour without equivalent reduction in time spent across
the remaining behaviours, because the day only has 24 hours. Compositional data analysis is an
appropriate analytical approach to deal with data that is a proportion of a finite total, and can be
used when all components or just some components of the finite total have been measured [15].
Compositional data analyses use the correct geometry (i.e., closed space versus open space) for
bounded data and findings are interpreted as the effects of a behaviour as a proportion relative to
the other behaviours instead of a behaviour being independent of another behaviour [15, 16]. To
date, compositional data analyses have been mostly used to examine the health implications of
sleep duration, sedentary time, and physical activity on obesity and cardio-metabolic health
markers in both adults and children [15-17]. Very few studies have used such methodology in
relation to mental health outcomes in children and adolescents specifically [18]. Furthermore,
previous studies are limited either by their cross-sectional designs and/or small sample sizes [18].
Studies examining the prospective relationships between movement behaviours (sleep duration,
sedentary time, and physical activity) and mental health indicators in adolescents using

compositional analyses are thus warranted.
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The isotemporal substitution model was developed as a modelling strategy that can be used to
estimate the effects of substituting time from one movement behaviour with an equal amount of
time from another movement behaviour [19]. For instance, a recent study investigating reallocating
time between sleep, sedentary behaviour, and physical activity among adults generally found
beneficial effects of replacing time spent sedentary or sleeping with physical activity for reducing
mortality risk [20]. Studies that have examined the isotemporal substitution between physical
activity, sedentary time and sleep duration on specific mental health outcomes such as depressive
symptoms are sparse, particularly among children and adolescents. Indeed, a previous systematic
review of studies that employed isotemporal substitution model in sleep, sedentary behaviour, and
physical activity research has indicated that only three studies have been conducted in relation to
mental health outcomes; two among adults and one in adolescents [21]. In a study of more than
20,000 children from the Canadian Health Behavior in School-aged Children study, Janssen [22]
used isotemporal substitution models to estimate whether replacing time spent in sedentary video
games and active outdoor play with active video games was associated with changes in youth’s
mental health. His results showed that replacing sedentary video games with active video games
was associated with better mental health, whereas replacing active outdoor play with active video
games was associated with more deleterious mental health indicators [22]. However, this study did
not examine other types of movement behaviours such as sleep duration, total recreational screen
time or physical activity, and also did not account for the compositional properties of time-use data
[23, 24]. Furthermore, this study was limited by a cross-sectional design, thus supporting the need

for prospective studies to confirm temporality.
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Within a compositional framework, the present study has three objectives. First, to describe change
in adolescents’ movement behaviour composition over time. Second, to explore the association
between change in movement behaviour composition and change in depressive symptoms during
adolescence. Third, to explore how reallocations of time between movement behaviours are

associated with changes in depressive symptoms during adolescence.

METHODS

Design

The COMPASS study is a prospective cohort study (2012-2021) collecting longitudinal
hierarchical data at the student, school and community levels in Ontario, British Columbia, Alberta
and Quebec (Canada) to understand how changes in school characteristics (policies, programs,
built environment) are associated with changes in youth health behaviours [25]. A large
convenience sample of schools that allow active-information passive-consent protocols were
recruited and eligible students in those schools participate in the COMPASS survey during class
time once annually. All students present during data collection were eligible to complete the
questionnaire during class, enabling collection of whole-school samples. All student-level data
were collected through a paper-based questionnaire comprising questions on many health, social,
and academic outcomes. The questionnaire underwent and performed well in validity and
reliability testing [26, 27]. This paper uses student-level data from Year 6 (2017/18) and Year 7

(2018/19) of the COMPASS host study (www.compass.uwaterloo.ca) [25]. COMPASS received

ethics approval from the University of Waterloo Human Research Ethics Committee (ORE #:

30118) and all participating school boards.
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Data from schools that participated in both Year 6 (2017/18) and Year 7 (2018/19) of COMPASS
were used. In Year 6, 66,501 grade 9-12 students from 124 schools (8 in Alberta, 16 in British
Columbia, 61 in Ontario, 37 in Quebec, and 2 in Nunavut) participated and in Year 7, 74,501
students from 136 secondary schools (8 in Alberta, 15 in British Columbia, 61 in Ontario, and 52
in Quebec) participated. Student participation rates for Year 6 and 7 of the COMPASS study was
81.9% and 84.2%, respectively. Each school was assigned a unique identifier, which was used to
link the school samples across waves. Unique self-generated identification codes are used to link
student-level data sets across different waves [28]. Reasons for non-linkage included students
graduating or being newly admitted to school within the waves, students transferring schools,
having a spare/free period or being otherwise absent during data collection, dropping out of school,
or inaccurate data provided on the data linkage measures. Detailed information on the COMPASS

design and methodology are available elsewhere [25].

Dependent variable

Depressive symptoms were assessed using the Center for Epidemiologic Studies Depression Scale
(Revised)—10 (CESD-R-10) [29]. This 10-item scale was designed to assess self-reported
symptoms of depression such as feelings of sadness, hopelessness, apathy and motivation,
irritability, and difficulties sleeping, making decisions, and concentrating over a 1-week period.
The CESD-R-10 has shown strong psychometric properties in a sample of adolescents, with good
model fit of a 1-factor model [30]. All questions include four response categories (0-3). The total
score was calculated by summing all 10 items, with higher scores indicating higher levels of

depressive symptoms. Internal consistency of the CESD-R-10 scale was high (0=0.98).
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Independent variables

Independent variables included moderate-to-vigorous intensity physical activity (MVPA),
recreational screen time, and sleep duration. MVVPA was measured using items that asked students
how many minutes of moderate physical activity (defined in the survey as lower intensity activities
such as walking, biking to school, and recreational swimming) and how many minutes of hard
physical activity (i.e., vigorous — defined as physical activities that increase their heart rate and
make them breathe hard and sweat) they had done in the past seven days. Students reported the
number of hours and minutes spent in each intensity level of physical activity for each day in the
previous week. Average daily duration of MVPA in minutes was calculated as: (5 * MVPA on
weekdays) + (2 * MVPA on weekend days)/7. Recreational screen time was measured using an
item that asked students how much time per day they usually spend doing the following activities:
watching/streaming TV shows or movies, playing video/computer games, surfing the internet, and
texting/messaging/emailing. Students reported their screen time in hours and minutes. Time
duration from each of the 4 activities were summed to represent total average daily recreational
screen time. Sleep duration was measured using an item that asked students how much time per

day they usually spend sleeping. Students reported their sleep duration in hours and minutes.

Covariates: Age (years), gender (boy/girl), race/ethnicity (White/Black/Asian/Latin
American/Hispanic/Other), body mass index (BMI) z-score, baseline movement behaviour, and
baseline depressive symptoms were used as covariates. BMI was calculated using self-reported

height and body mass. BMI z-scores were computed according to the WHO's reference data [31].

Data processing
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Of the 21,604 students who were successfully linked for their participation in COMPASS in Year
6 (2016/17, considered herein as the baseline data) and Year 7 (2018/19, considered herein as the
follow-up data), 19,160 answered questions regarding depressive symptoms and movement
behaviours at both time points (Figure 1). Of those, 14,620 students had complete data for all

variables included in our analyses at both time points and constituted our analytical sample.

Gender at time 2 was replaced by gender at time 1 if participants changed gender (n=21). A total
of 1,156 respondents reclassified race/ethnicity or had not reported race/ethnicity for one time
point. Of those, 30 did not report race/ethnicity at time 1. Eight out of those 30 were excluded
because they had no information on race/ethnicity at both time points. Race/ethnicity at time 1 was
replaced by race/ethnicity at time 2 if participants did not report race/ethnicity at time 1 (n=22).
Whereas, race/ethnicity at time 2 was replaced by race/ethnicity at time 1 if participants changed
race/ethnicity (n=1,126). Time use across the three movement behaviours was adding up to greater
than 24-hours per day. Therefore, movement behaviour variables were checked for outliers (> +2
standard deviations) and truncation was performed for all daily duration values exceeding +2
standard deviations (SD) for MVPA and screen time and -2 SD for sleep duration to avoid

implausible data.

Statistical analyses
All analyses were carried out in R using the Compositions [32], zCompositions [33], Ime4 [34]

and ggtern [35] packages.

Change in movement behaviour composition (1% objective)
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Repeated-measures multivariate analysis of variance (MANOVA) models with isometric log-
ratios (ilrs) as dependent variables and time-point as the independent variable were used to
determine whether the movement behaviour composition changed between the two time-points
[36]. Interactions between time-point and age and time-point and gender were tested. Given that
these were significant (p<0.001), all subsequent analyses were stratified by gender and age
(median split at 15 years). The repeated-measures MANOVA indicates whether within-participant
composition changed between the time points but provides no information about which behaviours
were driving the changes. To explore which behaviours were driving the changes, we calculated
the mean within-person log-ratio change for each behaviour; for example, In(Sleep™™? /
Sleep™™Y) for each participant, and then averaged across the strata. Bootstrapping with 1000

replicates generated 95% confidence intervals for each mean log-ratio difference.

Association between change in movement behaviour composition and change in depressive
symptoms (2" objective)

The movement behaviour composition was expressed as a specific type of ilr previously called
pivot coordinates [37]. Briefly, pivot coordinates are a set of ilrs where the first coordinate enables
one part of the composition (e.g., sleep) to be considered relative to the remaining parts of the
composition (i.e., sedentary time and MVPA) [15, 38]. Sleep is in the numerator of the log-ratio
while the remaining parts are in the denominator. We created three sets of pivot coordinates to
enable each behaviour (sleep, sedentary behaviour, and MVPA) to be considered relative to the
remaining behaviours. We used the change in pivot coordinates as the explanatory variable in
mixed effects multiple linear regression models. The dependent variable was change in depressive

symptoms. The models were run, one for each set of pivot coordinates. The models also included
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covariates of time 1 composition (expressed as ilrs), time 1 depressive symptoms, time 1 BMI z-
score and race/ethnicity. A random intercept for school was used to account for the school-based
sampling frame. A Wilks’ analysis of variance (ANOVA) test of the mixed effects multiple linear
regression models was used to determine whether the change in movement behaviour composition
was associated with change in depressive symptoms. The standardized beta coefficients for change
in each pivot coordinate (one for each behaviour, relative to remaining behaviours) from each of
the three models was presented in a table to describe how change in one behaviour (relative to the

remaining behaviours) was associated with change in depressive symptoms.

We used the mixed effects multiple linear regression model to predict change in depressive
symptoms for 10,000 random hypothetical time 2 compositions within the empirical ranges
observed in the sample. The hypothetical time 2 compositions were considered relative to the
centre of the time 1 composition. As in Olds et al. [39], the estimated change in depressive
symptoms associated with no change in time-use composition was subtracted from the predictions
to isolate change in depressive symptoms associated with change in time-use only. Estimated
changes in depressive symptoms were expressed as effect sizes, using pooled standard deviations
of time 1 and time 2 depression scores. Estimated change in depressive symptoms were colour-
coded within ternary diagrams so that yellow indicates no change from time 1 depressive
symptoms, increases in depressive symptoms are coloured orange-to-red, and decreases are

coloured green-to-blue.

Compositional isotemporal substitution (3" objective)
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Using compositional isotemporal substitution [40] for longitudinal data [41], we estimated the
change in depressive symptoms (presented as standardized effect sizes) associated with
reallocating 60 minutes between movement behaviours around the centre time 1 composition. The
centre time 1 movement behaviour composition was linearly adjusted so that the behaviours
summed to the mean total time of 957 minutes. Hypothetical situations of all possible reallocations
of 60 minutes to/from the time 1 centre composition were used as new data for prediction in the
mixed effects multiple linear regression models. Again, estimated change in depressive symptoms
for no change in composition was subtracted to isolate change in depressive symptoms associated
with changes in composition only. We derived 95% confidence intervals (CI) for the estimated

difference in depressive symptoms using the model-estimated standard error of the difference.

RESULTS

Characteristics of the study sample at time 1 and time 2 are presented in Table 1. At time 1, the
mean age was 14.9 years and most participants identified themselves as White (73.3%). The
average body mass status was within normal range in the total sample and across all age/gender
groups. In the total sample and across all subgroups, sleep duration represented the greatest portion

of the composition, followed by screen time, and far behind was MVPA.

Change in movement behaviour composition (1% objective)
Results from analyses examining whether the movement behaviour composition changed between

the two time points are outlined in Table 2. Overall, there were significant intra-individual relative
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differences in movement behaviour composition over time in the total sample and in all age/gender
groups (p<0.001). Results further indicated that all the contribution of each component to the
overall movement behaviour composition varied significantly from time 1 to time 2. For example,
in the overall sample, the relative contribution of MVPA to the movement behaviour composition
decreased by 13% (estimate: -0.133; 95% CI: -0.107;-0.159), the relative contribution of screen
time increased by 5% (estimate: 0.048; 95% CI: 0.056;0.041), and the relative contribution of sleep
duration decreased by 1% (estimate: -0.012; 95% CI: -0.007;-0.017) over time (Figure 2A).
Patterns were similar among younger boys (Figure 2B), younger girls (Figure 2D), and older girls
(Figure 2E). However, among older boys, MVPA decreased by 17% (estimate: -0.174; 95% CI: -
0.130; -0.221) (Figure 2C), whereas sleep duration increased by 1% (estimate: 0.008;95% ClI:

0.001; 0.016) and screen time increased by 2% (estimate: 0.021; 95% CI: 0.007; 0.034) over time.

Association between change in movement behaviour composition and change in depressive
symptoms (2" objective)

Table 3 summarizes results of analyses examining the longitudinal associations between changes
in pivot log-ratio coefficients and follow-up depressive symptoms. Before and after adjusting for
covariates, the beta estimates for the pivot coordinates indicated that increasing sleep duration
relative to remaining behaviours (i.e. screen time and MVPA) was associated with lower
depressive symptoms among all subgroups. Conversely, increasing screen time relative to the
remaining behaviours (i.e., MVPA and sleep duration) was associated with higher depressive
symptoms among all age/gender groups. There was no association between MVPA, relative to the

remaining behaviours, and depressive symptoms among younger and older boys and younger girls.
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However, among older girls, increasing MVPA relative to the remaining behaviours (i.e., screen

time and sleep duration) was associated with lower depressive symptoms.

Color-coding the datapoints according to their model-predicted change in depressive symptoms
(yellow=no change, red=increased depressive symptoms, blue=decreased depressive symptoms)
shows that a change away from the centre (mean composition at time 1) towards physical activity
is flat, indicating no variation in color for the total sample and all subgroups, except older girls
(Figure 3). This suggests that a change towards MVPA did not change depressive symptoms for
younger boys, older boys, and younger girls. However, among older girls, increasing MVPA while
equally reducing screen time and sleep duration was associated with decreased depressive
symptoms. A change away from the mean composition at time 1 towards screen time was
associated with increased depressive symptoms across all subgroups. Finally, increasing sleep
duration while equally reducing MVPA and screen time was associated with decreased depressive

symptoms.

Compositional isotemporal substitution (3" objective)

Estimated changes in follow-up depressive symptoms associated with 60-minute reallocations
from the mean baseline movement behaviour composition are presented in Table 4. Replacing 60
minutes of screen time by 60 minutes of either sleep duration or MVPA was associated with
decreased depressive symptoms in all age/gender groups. In contrast, replacing 60 minutes of sleep
duration by 60 minutes of either MVPA or screen time was associated with increased depressive
symptoms in all age/gender groups. Similarly, replacing 60 minutes of MVPA by 60 minutes of

screen time was associated with increased depressive symptoms in all age/gender groups.
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However, replacing 60 minutes of MVVPA by 60 minutes of sleep duration was associated with
lower depressive symptoms in all age/gender groups, except older girls, for whom such a time
reallocation was associated with increased depressive symptoms. It is noteworthy that predicted
changes in depressive symptoms were strongest and most beneficial when replacing 60 minutes of
screen time by 60 minutes of sleep duration across all subgroups, as it had the lowest coefficient

for depressive symptoms.

DISCUSSION

Using compositional data analysis on a large and prospective cohort of adolescents, our results
showed that the relative contribution of MVVPA to the overall movement behaviour composition
decreased over time among all subgroups, whereas the relative contribution of sleep duration
decreased, and that of screen time increased among younger boys, younger girls, and older girls.
Before and after adjusting for covariates, increasing sleep duration relative to the remaining
behaviours (i.e. screen time and MVVPA) was associated with lower depressive symptoms among
all subgroups. Conversely, increasing screen time relative to the remaining behaviours (i.e. MVPA
and sleep duration) was associated with higher depressive symptoms among all subgroups.
Increasing MVPA relative to the remaining behaviours (i.e. screen time and sleep duration) was
associated with lower depressive symptoms in older girls only. Results further indicated that
predicted changes in depressive symptoms were strongest and most beneficial when replacing 60

minutes of screen time by 60 minutes of sleep duration across all subgroups.

Change in movement behaviour composition
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Our results showed that there was a decrease in the relative contributions of MVVPA and sleep
duration to the overall movement behaviour composition and an increase in the relative
contribution of screen time at 1-year follow-up among all subgroups, except older boys. In the
latter subgroup, the relative contribution of MVPA significantly decreased, whereas the relative
contributions of both screen time and sleep duration to the overall movement behaviour
composition has significantly increased over time. The overall pattern is consistent with current
literature indicating that as adolescents get older, they become less active and well versed into
modern sedentary activities [42, 43]. In a large nationally representative sample of the US
population, Yang et al. [42] found an increase in the prevalence of computer use during leisure
time and the total sitting time among adolescents. They also found that the prevalence of sitting
watching television or videos for 2 hours or more per day remained high and stable from 2001
through 2016 in this age group [42]. In parallel, recent research has shown that heavy screen time
is associated with short sleep duration among adolescents [44, 45]. It is possible that a simple time
displacement of sleep duration by screen time, particularly around sleep time, at least in part
explains this association. In addition, late night screen time use could shift the circadian rhythm
towards a later midpoint of sleep and increase mental and physiological arousal before bedtime,
which could delay sleep onset [46]. It is also possible that screen time results directly in short sleep
duration via melatonin suppression by the blue light of screen devices, thus resulting in a
desynchronization of the circadian rhythm [47]. However, among older boys, the relative
contributions of MVPA and screen time follow the same pattern as in the other subgroups, except
for a negligible 1% increase in the relative contribution of sleep duration. Regardless, there is an
aging effect that should be acknowledged, according to which it could be normal for physical

activity and sleep to decline as teenagers age. Future studies with a longer follow up are necessary
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to examine change in movement behaviours over time across different subgroups. Nevertheless,
our findings underscore the need for interventions to encourage active living and sufficient sleep

duration among adolescents.

Association between change in movement behaviour composition and change in depressive
symptoms

Our results showed that increasing sleep duration relative to remaining behaviours was associated
with lower depressive symptoms whereas increasing screen time relative to the remaining
behaviours was associated with higher depressive symptoms among all subgroups. Increasing
MVPA relative to the remaining behaviours was associated with lower depressive symptoms in
older girls only. The results of this study are consistent with recent studies indicating that sleep
duration and recreational screen time are stronger predictors of mental health among adolescents
than physical activity [48-51]. Using a representative sample of over 10,000 Canadian middle and
high school students, we have previously found that meeting the screen time recommendation
alone or the sleep duration recommendation alone were strongly associated with lower odds of
suicidal ideation and suicide attempts, particularly among girls [49]. Similarly, Walsh et al. [50]
and Guerrero et al. [48] found that meeting the screen time and sleep duration recommendations
were strongly associated with better cognitive function and less impulsivity in a representative
sample of US children, respectively, while meeting physical activity recommendations was not.
However, these studies were limited by their cross-sectional design. Studies looking at the
prospective association between changes in adherence to movement behaviours and mental health
indicators have found that adherence to the sleep duration recommendation was the most consistent

predictor of lower depression symptoms and flourishing among adolescents [13, 52]. The present
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study extends previous evidence by using compositional data analysis, which provides estimates
that are fully adjusted for all time use and permit an exploration of the combined associations of

the different movement behaviours.

The finding that increasing MVPA relative to the remaining behaviours was associated with lower
depressive symptoms in older girls only is interesting and deserves further investigation. The
benefits of regular physical activity on adolescent mental health are well known [53]. Boys are
known to be more active than girls, and the prevalence of adherence to MVVPA decreases with age
[54-56]. On the other hand, girls are well known to have more mental health problems than boys
and experience of mental health problems increases with age [57]. Sampasa-Kanyinga et al. [49]
have recently shown that older girls had the lowest prevalence of adherence to the physical activity
recommendation and reported more suicidal ideation and suicide attempts than older boys, young
girls, and younger boys. In parallel, research has shown that physical activity is prospectively
associated with lower depressive symptoms among adolescents [58]. Moreover, physical activity
has been identified as an effective first-line treatment for mild-to-moderate depression, improving
depressive symptoms to a comparable extent as pharmacotherapy and psychotherapy [59, 60]. Our
results suggest that increasing physical activity could be a good behavioural intervention to prevent
depressive symptoms among older girls. It is difficult to speculate on what could explain such
difference given the novel nature of our findings. It is possible that MVPA could be more
beneficial to older girls given their greater drop in activity levels and vulnerability to depressive
symptoms. Future research is needed to better understand why and how increasing MVPA relative

to the remaining behaviours is associated with lower depressive symptoms among older girls only.
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Compositional isotemporal substitution

Our isotemporal substitution estimates suggest that decreasing screen time by 60 minutes/day and
replacing that time with 60 minutes of additional sleep is associated with the largest changes in
depressive symptoms across all subgroups. These findings are interesting because research has
shown that heavy screen time occurs in tandem with short sleep duration among adolescents [44,
45]. Our results suggest that getting sufficient sleep duration and decreasing recreational screen
time could be good behavioural targets to prevent depressive symptoms among adolescents.
However, this is challenging, because with rapid progress in information communication and
technology, screen time, particularly time spent using electronic media and video games, have
become omnipresent in the daily life of most adolescents [61, 62]. In parallel, heavy use of
electronic media, such as use of social networking sites, particularly around bedtime has been
shown to result in short sleep duration [63]. It is possible that heavy screen time displaces sleep
duration, as it could shift circadian timing to a latter point. It is also possible that the blue light
from electronic media explains short sleep duration among adolescents [63]. As such, it is possible
that effective interventions that reduce screen time also improve sleep duration among adolescents.
This is particularly important because short sleep duration is increasingly widespread among
adolescents [64]. This supports the need for the development, implementation and evaluation of
sleep promotion interventions (especially within schools where students could be provided
equitable access), as school-based sleep programs have previously shown potential long-term

benefits [65].

Strengths and limitations
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This study has several strengths worth mentioning. First, it uses a large and linked sample of
adolescents, thus supporting temporality between movement behaviours and depressive
symptoms. Second, we used compositional data analysis, which has been identified as the most
appropriate method to account for the co-dependent nature of movement behaviour data [15].
Third, our analyses are stratified by age groups and gender. Differences by subgroup help inform
the development of tailored interventions intended to prevent depressive symptoms among

adolescents (e.g., by finding ways to increase MVPA levels in older girls).

Our study also has several limitations that should be recognized. First, the analyses are based on
self-reported measures, thus subject to desirability and recall biases. Second, our study did not
include light-intensity physical activity, because it is not available in COMPASS, but is an
important component of daily movement behaviour. Future studies including this component are
needed to examine how the full 24-hour movement behaviours impact upon depressive symptoms.
Third, it is important to note that we did not include non-screen sedentary behaviours (e.g., reading
a book, driving a car) because there were not available. Finally, it is possible that the strength of
the associations reported herein are biased because the survey excluded adolescents who dropped
out of school, adolescents experiencing homelessness, or institutionalized adolescents. These
excluded groups are well known to have greater risk of engaging in health compromising
behaviours and experiencing mental health problems [66, 67].

CONCLUSION

To the best of our knowledge, the present study is the first to examine prospective associations
between movement behaviours and depressive symptoms among adolescents within a

compositional data analysis framework among different age/gender subgroups of adolescents.
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Results suggest that increased sleep duration and reduced screen time are important determinants
of lower depressive symptoms among adolescents. Increased awareness among different
stakeholders, including parents, schools, health services providers, and adolescents themselves
about the potential value of adequate sleep and engaging in less recreational screen time may help
prevent mental health problems in this age group. School-based interventions promoting healthy
active living and sufficient sleep are also needed as behavioural strategies to prevent mental health
problems among adolescents. Future research is also needed to better understand some of the

differences among subgroups.
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Table 1. Descriptive characteristics of the study sample.

Characteristics Total Younger Younger girls | Older boys Older girls
population boys
2017 sample N=14,620 N=2,836 N=2,264 N=5,060 N=4,460
Age (mean (SD)) 1492 (1.15) | 13.62(0.64) 13.65 (0.62) 15.59 (0.66) 15.62 (0.69)
Race/ethnicity (%)
White 10,722 (73.3) | 2,168 (76.4) 1,774 (78.4) 3,621 (71.6) 3,159 (70.8)
Black 392 (2.7) 67 (2.4) 70 (3.1) 119 (2.4) 136 (3.0)
Asian 1,723 (11.8) 262 (9.2) 152 (6.7) 726 (14.3) 583 (13.1)
Latin American/Hispanic 395 (2.7) 69 (2.4) 55 (2.4) 135 (2.7) 136 (3.0)
Other 1,388 (9.5) 270 (9.6) 213 (9.4) 459 (9.1) 446 (10.0)
BMI (mean (SD)) 21.43 (4.05) | 20.45 (3.90) 20.67 (4.00) 21.66 (3.87) 22.17 (4.17)
BMI z-score (mean (SD)) 0.25 (0.99) 0.26 (1.01) 0.22 (0.96) 0.21 (1.02) 0.31 (0.94)
Depressive symptoms score (mean
(SD)) 8.05 (5.76) 8.22 (5.87) 5.89 (4.48) 9.81 (6.26) 7.04 (5.02)
Depressive symptoms z-scores (mean
(SD)) -0.04 (0.99) -0.01 (1.01) -0.41 (0.77) 0.26 (1.07) -0.22 (0.86)
Average overall sum of times
recorded for each person (%)
MVPA 9.5 9.2 9.2 8.6 8.6
Screen time 40.1 36.8 36.8 41.8 41.8
Sleep duration 50.4 53.9 53.9 49.7 49.7
2018 sample N=14,620 N=2,836 N=2,264 N=5,060 N=4,460
Age (mean (SD)) 15.91(1.15) | 14.62(0.68) 14.67 (0.66) 16.58 (0.67) 16.61 (0.70)
Race/ethnicity (%)
White 10722 (73.3) | 2168 (76.4) 1774 (78.4) 3621 (71.6) 3159 (70.8)
Black 392 (2.7) 67 (2.4) 70 (3.1) 119 (2.4) 136 (3.0)
Asian 1723 (11.8) 262 (9.2) 152 (6.7) 726 (14.3) 583 (13.1)
Indigenous 553 (3.8) 87 (3.1) 78 (3.4) 200 (4.0) 188 (4.2)
Latin American/Hispanic 395 (2.7) 69 (2.4) 55 (2.4) 135 (2.7) 136 (3.0)
Other 835 (5.7) 183 (6.5) 135 (6.0) 259 (5.1) 258 (5.8)
BMI (mean (SD)) 21.99 (4.03) | 21.08(3.62) 21.47 (4.08) 22.05 (3.87) 22.76 (4.26)
BMI z-scores (mean (SD)) 0.23 (0.99) 0.27 (0.96) 0.27 (0.95) 0.11 (1.06) 0.32 (0.95)
Depression (mean (SD)) 8.83 (5.99) 9.72 (6.32) 6.78 (5.14) 10.30 (6.22) 7.63 (5.33)
Depression z-scores (mean (SD)) -0.00 (1.00) 0.15 (1.06) -0.34 (0.86) 0.25 (1.04) -0.20 (0.89)
Average sum of times recorded for
each student (%)
MVPA 8.3 8.2 8.2 7.2 7.2
Screen time 42.0 394 394 42.7 42.7
Sleep duration 49.7 52.4 52.4 50.2 50.2

BMI, body mass index; MVVPA, moderate-to-vigorous physical activity; SD, standard deviation.
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Table 2. Differences in movement behaviour composition over time.

Characteristics Total population Younger boys Older boys Younger girls Older girls
(N=14,620) (N=2,836) (N=2,264) (N=5,060) (N=4,460)
Overall difference in composition
over time
F 106.200 37.688 30.376 42.628 22.447
df 2, 146 2,283 2, 506 2,226 2,446
p-value <0.001 <0.001 <0.001 <0.001 <0.001

Mean log-ratio difference in

behaviours over time*

MVPA

-0.133 (-0.107; -0.062)

-0.112 (-0.062; -0.157)

-0.174 (-0.130; -0.221)

-0.107 (-0.054; -0.156)

-0.111 (-0.160; -0.06)

Screen time

0.048 (0.041; 0.056)

0.069 (0.052; 0.085)

0.021 (0.007; 0.034)

0.102 (0.079; 0.126)

0.040 (0.026; 0.057)

Sleep duration

-0.012 (-0.007; -0.017)

-0.028 (-0.018; -0.038)

0.008 (0.001; 0.016)

-0.039 (-0.051; -0.027)

-0.012 (-0.020; -0.004)

df: degrees of freedom; MVPA: moderate-to-vigorous physical activity. *These changes reflect changes in the relative contribution of

the movement behaviours to the overall movement behaviour composition. A log-ratio difference of -0.133 indicates an average within-

person reduction of 13.3% between the two time-points. That means it is taking up 13% less of the total time spent in MVVPA + screen

time + sleep duration.
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Table 3. Longitudinal associations between changes in first pivot coordinate coefficient (standardized betas) and change in

depressive symptoms.

Models? Younger boys Older boys Younger girls Older girls
(N=2,836) (N=2,264) (N=5,060) (N=4,460)
Std_p (SE) p value Std_p (SE) p value Std_p (SE) p value Std_pB (SE) p value
Model 1
Sleep vs. remaining -0.196 (0.025) | <0.001 -0.209 (0.022) <0.001 | -0.215(0.028) | <0.001 -0.154 (0.023) <0.001
Screen time vs. remaining 0.218 (0.026) <0.001 0.233 (0.023) <0.001 0.241 (0.031) <0.001 0.224 (0.024) <0.001
MVPA vs. remaining 0.011 (0.020) 0.577 0.002 (0.014) 0.906 0.034 (0.023) 0.143 -0.081 (0.015) <0.001
Model 2
Sleep vs. remaining -0.196 (0.025) | <0.001 -0.208 (0.022) <0.001 | -0.216 (0.028) | <0.001 -0.151 (0.023) <0.001
Screen time vs. remaining 0.218 (0.026) <0.001 0.230 (0.023) <0.001 | 0.243 (0.031) <0.001 0.221 (0.024) <0.001
MVPA vs. remaining 0.011 (0.020) 0.578 0.004 (0.014) 0.792 0.033 (0.023) 0.153 -0.080 (0.015) <0.001

Std_B: standardized beta; SE: standard error.

aAll models are adjusted for 2017 movement behaviour composition and baseline depressive symptoms. Model 2 is further adjusted

for race/ethnicity and time 1 BMI z-scores.
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Table 4. Estimated changes in follow-up depressive symptoms associated with 60-minute reallocations from the mean baseline

movement behaviour composition.*

Younger boys
(N=2,836)

Older boys
(N=2,264)

Younger girls
(N=5,060)

Older girls
(N=4,460)

Reallocation

Change (95% CI)

Change (95% CI)

Change (95% CI)

Change (95% CI)

+ Sleep duration; - MVPA

-0.033 (-0.065; -0.001)

-0.026 (-0.046; -0.005)

-0.049 (-0.079; -0.019)

0.025 (0.006; 0.044)

+ Screen time; - MVPA

0.026 (-0.005; 0.057)

0.024 (0.005; 0.044)

0.019 (-0.009; 0.048)

0.072 (0.054; 0.090)

+ Sleep duration; — Screen time

-0.065 (-0.080; -0.050)

-0.054 (-0.065; -0.044)

-0.075 (-0.093; -0.057)

-0.052 (-0.064; -0.039)

+ MVPA; — Screen time

-0.037 (-0.054; -0.020)

-0.030 (-0.040; -0.020)

-0.035 (-0.054; -0.016)

-0.054 (-0.066; -0.043)

+ Screen time; — Sleep duration

0.062 (0.047; 0.076)

0.053 (0.043; 0.063)

0.072 (0.054; 0.089)

0.050 (0.038; 0.062)

+ MVPA,; - Sleep duration

0.031 (0.015; 0.048)

0.027 (0.017; 0.038)

0.044 (0.025; 0.063)

0.000 (-0.012; 0.012)

MVPA, moderate-to-vigorous physical activity; Cl, confidence interval.

All models are adjusted for race/ethnicity, BMI z-scores, baseline movement behaviour composition, and baseline depressive symptoms.

*These changes are expressed as proportions of the pooled SD. Reallocation of 60 minutes to one activity (+) from another activity

(-) and resulting change in depressive symptoms, which could be either significant (decrease (-) or increase (+) while the 95% confidence

intervals do not include value 1) or not significant (when the 95% confidence intervals include value 1).

233




Figure 1. Participant flow-diagram.

21,604 respondents aged
13 to 18 years

No outcome (depressive
symptoms) or movement
behaviour data at both time points
(n=2,444)
19,160 reported
depressive symptoms and
movement behaviour
indicators at both time
No body mass index (BMI) at both
l —_— time points (n=25)

19,135 had complete
information on depressive

symptoms, movement

behaviours. and BMI

No information on race/ethnicity at
both time points (n=8)

| —

19,127 had complete
information on depressive
symptoms, movement

behaviours, BMI, and

> (i.e. data at one time point)

l Only had one row of observations
(n=4,507)

14,620 with complete data
for all variables and
at two time points
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Figure 2. Change in movement behaviours over time.
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Panel E. Older girls (n=4,460)
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Note: Graphs display the mean log-ratio difference plots and their 95% confidence intervals for
change over time of movement behaviours in the total sample (Panel A), younger boys (Panel B),
older boys (Panel C), younger girls (Panel D), and older girls (Panel E). MVPA, moderate-to-
vigorous physical activity. These changes reflect changes in the relative contribution to the

movement behaviours to the overall movement behaviour contribution.
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Figure 3. Data frame showing the predictive changes in composition and the predicted

change in depressive symptoms.
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Panel C. Younger girls (n=5,060)

&

Sedentary

Change in depression

05
0.0

-0.5
-1.0
-1.5

Panel D. Older girls (n=4,460)

D

Sedentary

Change in depression

0.0

0.5
-1.0
-15

Black dot represents mean composition at time 1.
The datapoints are color-coded according to their model-predicted change in depressive symptoms

such that yellow=no change, red=increased depressive symptoms, blue=decreased depressive
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symptoms. Change away from the centre (mean composition at time 1) towards each activity
informs the presence or absence of variation in color, which suggest no change, increased or

decreased depressive symptoms.
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Chapter 7

GENERAL DISCUSSION

7.1 Summary of key findings

This dissertation includes 5 research studies (one systematic review, 4 cross-sectional studies, and

one longitudinal study) that used data from 3 large and diverse samples of children and adolescents

to examine the associations between combinations of physical activity, screen time, and sleep

duration with depressive symptoms and other mental health symptoms. A summary of key findings

from those studies (presented in Chapters 2 through 6 of this dissertation) is outlined in Table 7.1.

Table 7.1: Summary of research findings from Chapters 2 to 6.

Study Key findings
Chapter 2 e Only 13 studies have examined mental health indicators in the context of
(study 1) the 24-hour movement guidelines among children and adolescents.

The majority (80%) of papers used traditional regression models to
examine the associations between 24-hour movement behaviours and
mental health indicators in children and adolescents.

There were favourable associations between meeting all 3
recommendations and better mental health indicators among children and
adolescents when compared with meeting none of the recommendations.

Meeting the screen time and sleep duration recommendations seemed to
be more strongly associated with mental health than meeting the physical
activity recommendation.

Only two studies have examined and documented a dose-response
gradient between the number of recommendations met and mental health
outcomes.
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Study

Key findings

Chapter 3
(study 2)

Compared to meeting no recommendations, meeting all three
recommendations was associated with a lower risk of total, internalizing,
and externalizing problems.

The associations were mainly explained by meeting the screen time and
sleep duration recommendations.

There was a dose-response gradient from meeting none of the
recommendations up to meeting two recommendations, but not from two
to three recommendations.

Meeting the physical activity recommendation was associated with higher
externalizing behaviour.

Chapter 4
(study 3)

Compared to meeting none of the recommendations, meeting all 3
movement behaviour recommendations was associated with lower
anxiety and depressive symptoms.

Meeting the screen time + sleep duration recommendations had the
strongest association with anxiety and depressive symptoms, followed by
meeting the sleep duration recommendation only for both anxiety and
depressive symptoms.

Meeting the sleep duration recommendation alone was as beneficial for
the outcomes as meeting all 3 recommendations (i.e. getting sufficient
sleep + sufficient physical activity + low screen time).

Chapter 5
(study 4)

Meeting  individual ~ recommendations or  combinations  of
recommendations were differentially associated with suicidal ideation
and suicide attempts between adolescent boys and girls and younger and
older children (three-way interactions statistically significant for both
outcomes).

Meeting all 3 recommendations was associated with lower odds of
suicidal ideation and suicide attempts among boys aged 15 to 20 years,
but not those aged 11 to 14 years nor girls in both age groups.

11 to 14-year-olds were more likely than 15 to 20-year-olds to meet all
three recommendations.

The probability of suicidal ideation and suicide attempts among students
who met all 3 movement guidelines significantly decreased with age.
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Study Key findings

Chapter 6 e The association between change in movement behaviour composition and
(study 5) change in depressive symptoms significantly varied by age and by sex.

e Increasing sleep duration relative to the remaining behaviours (i.e. screen
time and MVPA) was associated with lower depressive symptoms among
all age subgroups.

e Increasing screen time relative to the remaining behaviours (i.e. MVPA
and sleep duration) was associated with higher depressive symptoms
among all age subgroups.

e Increasing MVPA relative to the remaining behaviours (i.e. screen time
and sleep duration) was associated with lower depressive symptoms in
older girls only.

e Isotemporal substitution estimates indicated that decreasing screen time
by 60 minutes/day and replacing that time with 60 minutes of additional
sleep is associated with the largest change in depressive symptoms across
all age subgroups.

Collectively, the results from cross-sectional studies (Chapter 3 through 5) showed that meeting
all three recommendations was associated with lower odds of depressive symptoms and other
mental health outcomes. However, this association appeared to be mainly driven by meeting the
sleep duration recommendation, and to a lesser extent the screen time + sleep duration
recommendations. There was a dose-response gradient from meeting none of the recommendations
up to meeting two recommendations. Results from the longitudinal study (Chapter 6) using
compositional data analysis provided further evidence suggesting that increasing sleep duration
relative to the remaining behaviours (i.e. screen time and MVPA) was associated with lower
depressive symptoms among all age/sex subgroups. Results further indicated that predicted
changes in depressive symptoms were strongest and most beneficial when removing screen time
while adding sleep duration. Finally, results from both cross-sectional and longitudinal analyses

suggest that age and sex moderate some of the associations between movement behaviour
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recommendations (individual or combined) and mental health indicators, depending on the type of

movement behaviour and the type of mental health indicators.

7.2 Comparison with other relevant literature

The findings in this thesis are consistent with previous studies that showed that meeting all 3
movement behaviour recommendations is associated with a lower risk of depressive symptoms
and other mental health problems in children and adolescents [1-6]. These findings are in line with
compelling evidence that accumulating sufficient physical activity [7, 8], limiting recreational
screen time [9-11], and getting enough sleep [12] are associated with a variety of physical, mental,
and social health indicators among children and adolescents, and provide further support to the 24-
hour movement guidelines. However, the results further indicated that increasing sleep duration
relative to the remaining behaviours (i.e. physical activity and screen time) was associated with
lower depressive symptoms. Whereas, increasing screen time relative to the remaining behaviours
(i.e. physical activity and sleep duration) was associated with higher depressive symptoms.
Increasing MVPA relative to the remaining behaviours (i.e. screen time and sleep duration) was
associated with lower depressive symptoms in older girls only. These results are consistent with
recent studies indicating that sleep duration and recreational screen time are stronger predictors of

mental health problems among adolescents than physical activity [4, 5, 13-15].

Contrary to the literature pointing towards MVPA as being the most important part of the
movement behaviour composition for physical health outcomes, our results suggest that it is sleep
duration and to some extent sleep and screen time that are the most important behaviours in regards
to mental health outcomes. These findings provide further support for the 24-hour movement
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behaviour guidelines, representing a paradigm shift emphasizing the integration of all movement
behaviours occurring over a whole day, thus shifting the focus from the individual components to
emphasize the whole [34]. These findings not only support the need for awareness and behaviour
change in children and adolescents, but also offer an opportunity for interdisciplinary
collaboration, policy change, and refocused service provision. Our findings also support the need
to think of health quite broadly (encompassing physical, social, and emotional well-being) and not
to pay attention to one or two specific health outcomes. While the generalizability of our findings
may be limited to Canadian and US children and adolescents, replication studies from other

settings are needed to confirm results.

The findings that the association between meeting all three movement behaviour recommendations
and lower odds of depressive symptoms and other mental health outcomes seem to be mainly
driven by meeting the sleep duration recommendation warrants further investigation. Although it
is well known that sleep is strongly associated with mental health indicators in children and
adolescents, little is known about the mechanisms that could explain this association. Bake et al.
[16] have nicely summarized the mechanisms underlying the association between sleep and mental
health in adolescence. Briefly, they indicated that the mechanisms linking sleep to mental health
are biological, psychological, and social [16]. Biological mechanisms include genetic vulnerability
and neurotransmitter polymorphisms (particularly polymorphisms and dysregulation in serotonin,
dopamine, and circadian clock genes), dysregulation of corticolimbic and mesolimbic brain
circuits, cortisol reactivity to stress, higher levels of inflammatory cytokines (e.g. interleukin I1L-6
and C-reactive protein) [17], biased memory consolidation [18], and changes in sleep architecture
[19]. Psychological mechanisms include cognitive inflexibility, interpretational biases, judgment
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biases, negative attribution styles, worry, rumination, biased attention to threat, dysfunctional
beliefs and attitudes about sleep, and misperception of sleep deficit [16]. Social mechanisms
include reduced/impaired social interactions, unhelpful parenting behaviours, and family stress

[16].

The lack of significant associations between physical activity and mental health indicators across
several chapters of this thesis is intriguing. It is possible that the poor measure quality (self-
reported) of physical activity explains, at least in part, the lack of association between meeting the
physical activity recommendation and mental health indicators. Previous studies have shown that
different measurement tools (e.g., device-based vs. subjective measures) lead to different findings
[20-23]. For example, in a representative sample of Canadian adolescents, Colley et al. [21] found
that self-reported and accelerometer-measured estimates of physical activity are poorly correlated,
and that adolescents self-report considerably more physical activity than what they accumulate on
the accelerometer. However, all the movement behaviours were self-reported in this thesis, and it
is difficult to confirm if the error is greater with physical activity than with sleep duration and
screen time. It is also possible that other physical activity intensities, such as light physical activity,
are favourably associated with mental health outcomes. For example, a prospective study using
repeated device-based measures of physical activity found that light physical activity was more
consistently associated with lower depressive symptoms in adolescence than total physical activity
and MVPA [24]. Nevertheless, physical activity should not be neglected in the package for good
health, because its associations with a wide range of health benefits in children and adolescents
are well known [7, 8]. Physical activity helps develop healthy musculoskeletal tissues,
cardiovascular system, cognitive functioning, and helps maintain a healthy body mass [25]. It also
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helps with the social development of children and adolescents by providing opportunities for self-
expression, building self-confidence, social interaction and integration [25, 26]. Furthermore,
research has shown that physical activity could prevent and/or alleviate depressive symptoms in
children and adolescents [27-29]. More specifically, physical activity has been identified as an
effective first-line treatment for mild-to-moderate depression, improving depressive symptoms to
a comparable extent to pharmacotherapy and psychotherapy [30, 31]. Future research, particularly
longitudinal studies with device-based measures of physical activity, is needed to disentangle these

findings.

Results from Study 4 showed that meeting all 3 guideline recommendations was associated with
lower odds of suicidal ideation and suicide attempts among boys aged 15 to 20 years, but not those
aged 11 to 14 years nor girls in both age groups. Results further indicated that at younger ages,
there was no difference in boys’ odds of suicidal ideation and suicide attempts between meeting
all 3 guideline recommendations and meeting none of the recommendations. However, at older
ages, boys who meet all 3 guideline recommendations had lower odds of suicidal ideation and
suicide attempts compared to those who meet none of the recommendations. Moreover, findings
from Study 5 indicate that increasing MVPA relative to the remaining behaviours (i.e. screen time
and sleep duration) is associated with lower depressive symptoms in older girls only. The observed
age and sex differences across studies is interesting and deserves further investigations. The
novelty of the findings makes it difficult to explain these differences. However, it is possible that
age and sex differences in adherence to the movement behaviour recommendations and
experiences of mental health problems, explains these differences. Indeed, research has shown that

younger children are more likely than their older counterparts to meet the 24-hour movement
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guidelines [32]. Among younger children, boys are more likely than girls to meet all 3
recommendations; whereas, among adolescents, there are no gender differences in meeting all 3
recommendations [32]. Moreover, boys are more active than girls in general, and the prevalence
of adherence to MVPA decreases with age [32-34]. In parallel, girls are well known to have more
mental health problems than boys and experience of mental health problems increases with age

[35]. Future research is needed to disentangle the observed age and sex differences.

7.3 Contributions to the literature

The findings from this thesis represent original contributions to the psychiatric epidemiology and
healthy active living literature for children and adolescents and have filled the majority of research
gaps identified by the systematic reviews conducted by Saunders et al. [36] and by Study 1 of this
dissertation. Saunders et al. [36] have previously identified three important gaps. First, they found
that the existing evidence was mainly based on physical health indicators such as obesity, urging
the need for mental and social health indicators to be considered in future studies [36]. With only
13 studies examining the associations between meeting the movement guidelines and mental
health indicators, the present thesis has documented this research gap via the systematic review
and has satisfactorily addressed it by examining both the cross-sectional and longitudinal
associations between meeting the movement behaviour recommendations and mental health
indicators in 3 different large samples of children and adolescents from the United States and
Canada. Second, they found that it was unclear whether meeting a given specific guideline
recommendation was associated with more health benefits than meeting the others [36]. Although
meeting all 3 recommendations was associated with lower mental health problems among children

and adolescents, the present thesis identified meeting the sleep duration and screen time
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recommendations as being the most important determinants of mental health indicators among
children and adolescents (at least in my studies). Third, researchers have mainly compared meeting
all 3 recommendations versus meeting none, ignoring the potential influence of intermediate
combinations [36]. This research gap has also been documented in Chapter 2 of this dissertation,
where only two studies have examined all different intermediate combinations between physical
activity, screen time, and sleep duration. Findings from Chapter 3 to Chapter 6 have examined all
the intermediate combinations and have found that meeting the sleep duration only or meeting

both sleep duration + screen time were strongly associated with positive mental health outcomes.

As already stated, the majority of research gaps identified in Chapter 1 have also been filled by
subsequent studies (i.e. Chapter 3 to 6) of this dissertation. First, the studies included in the
systematic review were all cross-sectional in nature, thus limiting confirmation on the temporality
between movement behaviours and mental health indicators. The prospective study presented in
Chapter 6 used a large and linked data set of Canadian high school students, thus supporting the
temporality between movement behaviours and depressive symptoms. Second, the majority (80%)
of papers used traditional regression models to examine the associations between 24-hour
movement behaviours (sleep duration, sedentary time, and physical activity) and mental health
indicators in children and adolescents. Chapter 6 used compositional data analysis, which has been
identified as the most appropriate method to account for the co-dependent nature of movement
behaviour data. Third, only two studies have examined and documented a dose-response gradient
between the number of recommendations met and mental health outcomes [6, 37], suggesting that
the greater number of recommendations met was associated with a lower risk of mental health

problems. In the study presented in Chapter 3, results suggest a dose-response gradient from
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meeting none of the recommendations up to meeting two recommendations, but not from two to
three recommendations. Finally, evidence in relation to each specific mental health indicator was
limited. The studies presented in Chapters 3 through 6 have provided evidence of the association
between movement behaviours and a wide range of mental health outcomes, including more global
measures such as internalizing and externalizing behaviours (Chapter 3) and more specific
outcomes such as psychological distress (Chapter 4), suicidality (Chapter 5), and depressive

symptoms (Chaper 6).

7.4 Strengths and Limitations

The present dissertation has several strengths. First, it included a systematic review that identified
gaps in the literature that subsequent studies were designed to fill. Second, it included both cross-
sectional and longitudinal studies, offering some diversity, replication, and consistency across
findings. The longitudinal design provided more confidence about the temporality between
movement behaviours and mental health indicators. Third, three different large data sources were
used, encompassing children and adolescents from the US and Canada. This expands the external
validity of the research findings of this dissertation. Fourth, most of the mental health outcomes
were measured using validated tools, thus reducing the possibility of information bias associated
with the outcome measures. Fifth, this research was able to examine age and sex differences in the
association between movement behaviours and mental health outcomes, whereas previous studies
have focused on pooled analyses [38]. Finally, this research is among the first to use longitudinal
compositional data analysis in the context of 24-hour movement guidelines and mental health
indicators among adolescents. Indeed, compositional data analysis has been identified as the most

appropriate analytical approach to examine the association between movement behaviours and
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health indicators because time is finite over a period of 24 hours, and it solves the issue of co-

dependency among movement behaviours [39-41].

There are also several limitations that warrant consideration. First, movement behaviours were
self-reported in the studies, thus have the potential for recall and social desirability bias. It is likely
that these biases are non-differential and underestimate the strength of the associations. Evidence
has shown that children and adolescents tend to report more physical activity than they accumulate
on the accelerometer [21, 42]. Similarly, they also tend to report more sleep duration compared
with actigraphy monitoring [43, 44]. Future studies using device-based assessment of the 24-hour
movement behaviours, particularly physical activity and sleep duration are needed to replicate the
findings of this dissertation. Second, although one study used a longitudinal design, causality
cannot be confirmed, and the possibility of reverse causation cannot be ruled out. Thus, it is
possible that mental health problems explain short sleep duration and excessive screen time among
children and adolescents. Research has provided evidence of a bidirectional relationship between
both sedentary behaviour [45, 46] and sleep [47, 48] with mental health outcomes among children,
adolescent, and adult populations. Third, research has shown that movement behaviours
differentially impact upon mental health following physical activity intensities (e.g. light physical
activity and vigorous physical activity) [49-51], types of sedentary behaviour (e.g. watching TV,
using social media, playing video games, etc.) [52-55], and sleep measures (e.g. sleep quality and
consistency) [56, 57]. However, the present research did not include light physical activity, did not
look at types of screens, total sedentary time or non-screen based forms of sedentary behaviour,
and did not account for other sleep indicators. Future studies should consider looking into these

other aspects to provide a better understanding of the link between 24-hour movement behaviours
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and mental health. Another limitation is related to the fact that one symptom of depression is
interrupted sleep [58-60]. This is problematic particularly for cross-sectional studies. However,
the finding that sleep is also prospectively associated with depressive symptoms in the longitudinal
study of this thesis partly addresses this limitation. Also interrupted sleep was only one item out
of many in the measurement of depression [58-60], so the bias is likely small. Finally, although
analyses are adjusted for important covariates, there is always a possibility of residual confounding

by unmeasured variables, such as parenting style and role modelling.

7.5 Implications and recommendations for practice

The findings from this thesis will inform future interventions intended to prevent mental health
problems among children and adolescents. The findings have shed new light on the association
between movement behaviours and mental health indicators in children and adolescents by
demonstrating that meeting all three movement behaviour recommendations is associated with
better mental health, and that sleep duration and screen time were more strongly associated with
mental health compared with MVPA in our studies. These novel findings support the need to
promote adherence to the 24-hour movement guidelines in children and adolescents as a possible
means to protect their mental health. Given that excessive screen time, particularly around
bedtime, has been identified as an important contributor to short sleep duration among adolescents
[61, 62], it is important to address both screen time and sleep duration concurrently for mental
health benefits. All stakeholders, including healthcare workers, schools, parents, and students
themselves should be informed about the value of sufficient sleep duration and limited recreational
screen time on children and adolescent mental health. Increased awareness and readiness for

behaviour modification will help prevent mental health problems in this vulnerable population.
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Healthcare workers dealing with children and adolescents should also ask children and adolescents

who endure mental health problems about their sleep and sedentary behaviours.

There is a vast literature on effective interventions to improve adherence to individual movement
behaviour guidelines. Reviews of reviews investigating different interventions for physical activity
promotion have indicated that school-based multi-component interventions including family
components have the highest level of evidence for increasing overall physical activity in children
and adolescents [63, 64]. The family component is important because evidence has shown that
parents play a key role in promoting physical activity in children [63]. Reviews of reviews on
interventions aimed at decreasing sedentary behaviours among children and adolescents have
shown that interventions to reduce screen time are effective, but the effect size is small [65, 66].
Many of the interventions were behavioural in nature consisting of increasing children and
adolescent control over their screen-time activity, by setting screen-time goals, developing a screen
time plan, letting the child identify alternative activities or providing them with tangible ideas and
giving them the opportunity to choose how to allocate and organize their leisure time and screen
time [65]. A systematic review and meta-analysis of six randomized controlled trials suggested
that cognitive and behavioural sleep interventions could be indicated to improve sleep in school-
age children and adolescents [67]. Although most of the interventions are multi-component,
combining particularly physical activity and screen time [63, 64], to date, there have been no
reports of large scale public health interventions that systematically integrate all 3 movement
behaviours to encourage a healthy composition of daily movement behaviours and thereby
increase the prevalence of children and adolescents meeting the 24-hour movement guidelines.

This is probably due to the recent nature of the 24-hour movement guidelines. Future multi-
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component interventions integrating all 3 movement behaviours are necessary to fill this research

gap.

7.6 Implications and future directions for research

The findings from this dissertation will inform the methodological designs of future research in
this area. For example, additional research using device-based measures of physical activity,
sedentary behaviour, and sleep duration in longitudinal designs is needed to replicate these
findings. Research studies are also needed to closely examine the role of age, sex/gender, and other
demographis characteristics such as race and indigeneity and geography on the relationships
between movement behaviours and mental health outcomes. Future research could test if these
relationships hold true in different populations studied in different parts of the world. The majority
of the existing research is based out of primarily white samples from high income countries.
Future research should also expand on the findings from this dissertation in several ways. First,
research could expand by using longitudinal and intervention designs to confirm both temporality
and causality between movement behaviours and mental health indicators. Such work could
benefit from more robust analytical approaches such as compositional data analysis to account for
the codependence among movement behaviours in a 24-hour period. Another analytical approach
that could help answer different research questions is latent class analysis, as it can identify
unmeasured class membership among children and adolescents in regard to physical activity,
screen time, and sleep duration. Second, research could expand by testing the mediating role of
different factors, such as eating behaviours within a longitudinal compositional framework in order
to identify those factors that could explain the association between movement behaviours and
mental health indicators, and possibly the observed age and sex/gender differences on these

associations. Third, it could expand by studying the moderating role of age and sex/gender on the
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association between movement behaviour recommendations (individual or combined) and mental
health indicators. Finally, research could expand by conducting intervention studies aimed at

improving movement behaviours and mental health outcomes.

7.7 Conclusion

The findings from this dissertation have demonstrated that meeting all three 24-hour guideline
recommendations was associated with lower odds of depressive symptoms and other mental health
outcomes in children and adolescents. However, meeting the sleep duration and screen time
recommendations was more strongly associated with mental health outcomes than meeting the
physical activity recommendation. Results further indicated that increasing sleep duration relative
to the remaining behaviours (i.e. screen time and MVVPA) was associated with lower depressive
symptoms. Moreover, the predicted changes in depressive symptoms were strongest and most
beneficial when reducing screen time by increasing sleep duration. Finally, findings from this
dissertation have demonstrated that, despite the slow growth of new research on the 24-hour
movement guidelines as they relate to mental health indicators in children and adolescents,
important gaps still exist and need to be filled in future research. Collectively, evidence from this
thesis suggests that population-based intervention efforts that target the promotion of the 24-hour
movement guidelines may be an effective public health approach to promoting better mental health
and preventing mental distress in children and adolescents. These findings also provide further
support for the international adoption of a 24-hour approach, particularly the 24-hour movement

guidelines to foster a global reach.
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APPENDIX 1. Search strategies for the systematic review (Chapter 2)

MEDLINE, Embase, PsycINFO

Note: Searches were conducted using an Ovid multi-database search and duplicate records were
removed online giving preference to MEDLINE, then Embase, with no field preference. Lines 1-
30 are optimized for MEDLINE. Lines 31-53 are optimized for Embase and lines 54-82 are
optimized for PsycINFO. The next lines isolate the records to the database the search was
designed for, combine those sets and then remove duplicate records and finally isolate the
records from each database again so each can be downloaded and imported into the citation
manager using a database-specific import filter. During duplicate removal, Medline records are

kept in preference to Embase records which are kept in preference to PsycINFO records.

-

. Physical Activity.mp.

2. exp Exercise/

3. exp Exercise Movement Techniques/
4. exp Exercise Therapy/

5. Physical Exertion/

6. exp "Physical Education and Training"/

7. exp Sports/

oo

. (sport$ or bicycl$ or swim$ or walk$ or run$ or jog$).tw,kf.
9. (physical$ adj2 activ$).tw,kf.

10. (aerobic adj2 (train$ or active$)).tw,kf.

11. "Play and Playthings"/ and (activ* or outdoor®).tw,kf.

12. ((activ* or outdoor*) adj3 play*).tw,kf.

267



13. playground*.tw,kf.

14. active.ti. and (space* or behavio?r* or transport* or commut* or neighbo?rhood* or park* or
game™* or gaming or lifestyle).mp.

15. (active adj3 (space* or behavio?r* or transport* or commut™ or neighbo?rhood* or park* or
game™* or gaming or lifestyle)).tw,kf.

16. or/1-15

17. Sleep.mp.

18. exp *Sleep Apnea Syndromes/ and (apnea or apnoea).ti.

19.17 not 18

20. Sedentary Lifestyle/

21. bed rest.mp. or (sedentary or inactiv* or sitting or (lack adj2 activity) or (low adj3 energy
expend*)).ti,ab,kf.

22. ((chair or stroller or car or automobile* or auto or bus or motor vehicle* or indoor* or in-
door* or screen or computer) adj time).ti,ab,kf.

23. Television/ or Computers/ or Video games/ or Software/ or Videodisc Recording/ or
Cartoons as Topic/ or Motion Pictures as Topic/ or exp Internet/ or exp Computers, handheld/ or
Communications Media/ or Mass Media/

24. (television or tv or screentime or ((watch* or view*) adj2 (dvd™* or video*)) or screen media
or social media or video gam* or videogam> or computer gam™ or electronic gam¥*).ti,ab,kf.

25. (screen based entertainment or screen-based entertainment or smartphone* or ipad or apps or
app or mobile applications).ti,ab,kf.

26. or/20-25

27.16 and 19 and 26
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28. 27 and (child* or adolesc*).mp.

29. limit 28 to (yr="2009 - 2020" and (english or french) and (journal article or published
erratum or "retraction of publication™))

30. exp physical activity/ or exp exercise/ or exp kinesiotherapy/ or physical education/ or exp
sport/

31. (sport* or bicycl* or swim* or walk* or run* or jog*).tw,kw.

32. (aerobic adj2 (train$ or active$)).tw,kw.

33. Play/ and (activ* or outdoor*).tw,kw.

34. (((activ* or outdoor*) adj3 play*) or playground™*).tw,kw.

35. active.ti. and (space* or behavio?r* or transport* or commut* or neighbo?rhood* or park* or
game™* or gaming or lifestyle).mp.

36. (active adj3 (space* or behavio?r* or transport* or commut* or neighbo?rhood* or park* or
game* or gaming or lifestyle)).tw,kw.

37. 0r/30-36

38. Sleep/

39. Sleep Time/

40. (sleep adj3 duration).tw.

41. exp Sleep Disordered Breathing/ and (apnea or apnoea).ti.

42. (or/38-40) not 41

43. sedentary lifestyle/

44. bed rest.mp. or (sedentary or inactiv* or sitting or (lack adj2 activity) or (low adj3 energy

expend*)).ti,ab,kw.
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45. ((chair or stroller or car or automobile* or auto or bus or motor vehicle* or indoor* or in-
door* or screen or computer) adj time).ti,ab,kw.

46. video game/ or software/ or videorecording/ or movie/ or exp mass communication/ or
television viewing/ or television/ or exp computer/ or internet addiction/ or mobile application/
or exp mobile phone/

47. (television or tv or screentime or ((watch* or view*) adj2 (dvd* or video*)) or screen media
or social media or video gam* or videogam* or computer gam™ or electronic gam¥).ti,ab,kw.
48. (screen based entertainment or screen-based entertainment or smartphone* or ipad or apps or
app or mobile applications).ti,ab,kw.

49. or/43-48

50. 37 and 42 and 49

51. 50 and (child* or pediatr* or paediatr* or teen* or adolescen*).mp.

52. limit 51 to (embase and (english or french) and yr="2009 -Current")

53. physical activity/ or exp exercise/ or activity level/ or movement therapy/ or dance therapy/
or mind body therapy/ or energy expenditure/ or physical education/ or exp sports/

54. (sport* or bicycl* or swim* or walk* or run* or jog*).tw,id.

55. (physical* adj2 activ*).tw,id.

56. (aerobic adj2 (train* or active*)).tw,id.

57. (childhood play behavior/ or childhood play development/ or games/ or recreation/) and
(activ* or outdoor*).tw,id.

58. ((activ* or outdoor*) adj3 play*).tw,id.

59. playgrounds/ or playground*.tw,id.
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60. active.ti. and (space* or behavio?r* or transport* or commut* or neighbo?rhood* or park* or
game™* or gaming or lifestyle).tw,id.

61. (active adj3 (space* or behavio?r* or transport* or commut* or neighbo?rhood* or park* or
game™* or gaming or lifestyle)).tw,id.

62. or/53-61

63. Sleep/ or Sleep Deprivation/

64. (sleep adj3 duration).tw.

65. *Sleep Apnea/ and (apnea or apnoea).ti.

66. (63 or 64) not 65

67. Sedentary Behavior/

68. bed rest.mp. or (sedentary or inactiv* or sitting or (lack adj2 activity) or (low adj3 energy
expend*)).tw.

69. ((chair or stroller or car or automobile* or auto or bus or motor vehicle* or indoor* or in-
door* or screen or computer) adj time).tw.

70. Screen Time/ or Television Viewing/ or exp Computers/ or exp Computer usage/ or
Computer Games/ or Digital Gaming/ or Internet/ or exp Communications Media/ or Internet
Addiction/ or exp Internet Usage/ or exp Mobile Devices/ or Smartphone/ or Mobile
Applications/

71. (television or tv or screentime or ((watch* or view*) adj2 (dvd™* or video*)) or screen media
or social media or video gam* or videogam* or computer gam™* or electronic gam*).tw.

72. (screen based entertainment or screen-based entertainment or smartphone* or ipad or apps or
app or mobile applications).tw.

73. 0r/67-72
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

62 and 66 and 73

74 and (pre-school* or preschool* or early childhood).mp.
limit 74 to (140 infancy <2 to 23 mo> or 160 preschool age )
750r76

limit 77 to (english or french)

limit 78 to (“erratum/correction” or journal article)

79 or (78 and retraction.ti.)

limit 80 to yr="2009 -Current"

29 use medall

52 use emczd

81 use psyh

or/82-84

SportDiscus Search

#

Query

S6 S5 AND (child* OR adolescen™)

Limiters - Published Date: 20090101-20191231;
Language: English, French; Publication Type: Academic

Journal; Document Type: Article

S5 S4 AND (child* OR adolescen*)

S4 S1and S2 and S3

S3 DE "MASS media" or DE "INTERNET" OR DE

"ELECTRONIC games"” OR DE "INTERNET games" OR

272

Results

73

104

300

40041



S2

S1

DE "MULTIPLAYER games" OR DE "VIDEO games")
or DE "SEDENTARY behavior" or DE "SEDENTARY
behavior in children™ or (Smartphone* or ipad or apps or
app or mobile applications) or screen based entertainment
or (television N3 time or screentime or screen N3 time or
computer N3 time or (watch* N2 dvd or watch N2 video*
or view* N2 dvd* or view N2 video*)) or screen media or
social media or video gam* or videogam* or computer
gam™ or electronic gam* OR chair N3 time or stroller N3
time or car N3 time or automobile* N3 time or auto N3
time or motor vehicle* N3 time or bus N3 time or indoor*
N3 time or in-door N3 time or computer N3 time OR
sitting or ((sedentary or inactiv* or (lack N2 activity))) or
((low N3 energy expend*) or physical* inactiv*)

sleep

TI ( exercise or (physical* n2 activ*) OR aerobic N2 train*
or aerobic N2 active* OR sport* or outdoor* OR
playground or play or playing OR "rough and tumble" or
"active recreation*" OR run* OR walk* OR jog* OR
bicycl* or biking or cycling or tricylc* or "tummy time" or
"floor time™ or prone position or crawl* OR swim™* or
soccer or gymnastic* ) OR SU (exercise or (physical* n2

activ*) OR aerobic N2 train* or aerobic N2 active* OR

273

11712

883908



sport* or outdoor* OR playground or play or playing OR
"rough and tumble™ or "active recreation*" OR run* OR
walk* OR jog* OR bicycl* or biking or cycling or tricylc*

OR swim™ or soccer or gymnastic* )
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