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ABSTRACT

Adolescence is a period of dynamic behavioural and emotional development that can
increase young people’s vulnerability to mental health problems. With 70% of mental disorders
having their onset during childhood or adolescence, identifying modifiable factors of these
disorders among adolescents can help inform future interventions aiming to improve mental
health.

One of these factors is electronic technology which has become pervasive in our modern
society, occupying an important portion of young people’s days and changing their lifestyle. This
has created serious concerns regarding the impact of heavy recreational screen use on
adolescents’ health, especially with the vast majority exceeding the sedentary recreational screen
time recommendations of 2 hours or less per day. Evidence suggests that screen time can be
associated with adolescent mental health problems. However, little is known about how the
extent, nature, and types of recreational screen engagement among adolescents are associated
with mental health problems as the body of evidence is very mixed, and many questions remain
unanswered.

Accordingly, the aims of this dissertation were: 1) to summarize the evidence regarding
correlates of sedentary screen pursuits among youth, i) to examine how different types of
screens, incorporating their newer forms, are associated with adolescents’ mental health cross-
sectionally and longitudinally, iii) to examine the nature of screen use and its association with
suicidal behaviours; and iv) to explore the moderating role of sex, age, and parental support in

the association between screen time and different mental health problems.

To achieve these objectives, we completed four manuscripts, all prepared for submission

to peer-reviewed scientific journals:



1. A narrative review on the psychological correlates of sedentary screen time behaviour
among children and adolescents.
2. Heavy social media use and psychological distress among adolescents: the moderating

role of sex, age, and parental support.

3. Problematic technology use, suicidal ideation, and suicide attempt among adolescents:
the moderating role of sex.
4. Longitudinal associations between different types of screen use and depression and

anxiety symptoms in adolescents.

Collectively, our results identified that high levels of sedentary screen behaviour are
associated with more severe anxiety, depressive symptoms, and suicidality among adolescents.
However, the strength of associations varied between some screen types. Additionally, the
findings of this dissertation indicate that a further increase in screen time is associated with
increased mental health problems. Lastly, an important role of sex and age in this association
was identified. These results can be used to inform future research in this field and guide future

interventions designed to manage screen use among adolescents and improve their mental health.
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CHAPTER 1 INTRODUCTION

1.1 Thesis Overview and Rationale

This dissertation evaluates the association between different types of screen time and the
duration and nature of use with different mental health problems such as anxiety, depression, and
suicidal behaviour among adolescents.

The increase in global mental health problems among adolescents, coupled with a
dramatic increase in sedentary screen pursuits in recent years, highlights the need to examine the
association between types and duration of screen time with various mental health problems
among adolescents. Adolescence is considered a critical period where mental health disorders
tend to persist into adulthood, and when long-lasting health habits or risky behaviours are
forming. Even though mental health is a complex, multifactorial issue, sedentary screen time
pursuits are potential modifiable contributors. Therefore, the issue should be addressed
preventatively during adolescence.

My dissertation will help to provide an improved understanding of the influences and
associations of sedentary screen behaviour on adolescents’ mental health and identifies the
groups who are at greater risk. Such information may advise programs and policies that are
needed to facilitate the reduction in sedentary screen pursuits among youth before unhealthy

behaviours become imbedded and, ultimately, may help improve adolescents’ mental health.



1.2 Conceptual Framework

This dissertation draws on two theoretical concepts from the Bronfenbrenner’s ecological
concept [1,2], and the displacement theory. These models can help make sense of the association
between screen time and mental health, which in turn helps in providing valuable
recommendations to reduce sedentary screen behaviour, promote mental health, and inform

interventions [3].

Bronfenbrenner and colleagues’ model suggests that ecological systems describe the
relationship between individuals’ direct and indirect environments, development, and social
interactions. This model accounts for various system levels that include individual (age, sex,
health, etc.), microsystem (family, peers, etc.), mesosystem (interactions between the
individual’s microsystems), exosystem (social and health services, socio-economic status (SES)),
and macrosystem (culture, norms, laws, etc.). These systems are nested and interconnected to
shape individuals’ development [1,2,4]. By accounting for various systems, this framework
captures the factors influencing certain health behaviours at various levels. In addition, this
model can help understanding which individuals are more vulnerable to which types of screen
depending on various system factors, thus it helps to inform tailored intervention approaches
aiming to systematically influence factors involved in the mechanism of change at several levels.
Therefore, in this dissertation, we examined factors from various levels of the ecological system
to provide an in-depth understanding of their role in the association between screen use and

mental health.

Another commonly used theory to explain the association between sedentary screen time
and adolescents’ mental health is the displacement hypothesis [5,6]. This theory began when

television (TV) became popular in the mid-20th century, with increasing concerns about its



effects on children development. It proposes that watching TV can be associated with children’s
well-being by replacing activities that are critical and advantageous to the development [5]. In
support of this concept, research showed that various types of sedentary screen consumption
(e.g., social media, gaming, etc.) have been associated with indicators of poorer physical and
mental health [7-9]. Furthermore, research indicated that screen time displacement affects sleep
quality and quantity [10—12] and reduces physical activity [13,14]. These factors form the
movement behaviours that pose important consequences for adolescents’ mental and physical
health [9,15-17]. It has been indicated that adhering to the Canadian 24-hour movement
guidelines by limiting sedentary screen activities to 2 hours or less, getting 8-10 hours of good
quality sleep, and engaging in physical activities for at least one hour per day for children and
youth, [14,18] have a positive effects on mental health [13,19]. In addition to that, time spent in
front of screens displaces social interactions with family and friends, which in turn negatively
influences adolescent’s mental health [20-23]. Accordingly, displacing health promoting
activities can explain the negative association between sedentary pursuits and adolescent’s

mental health.

1.3 Research Objectives
The purpose of this dissertation was to examine how different types and behaviours of screen
usage are associated with anxiety, depression, and other mental health problems in adolescents.

To achieve this purpose, the following objectives were identified:

1. Perform a narrative review of the literature to identify the associations between screen-based
sedentary behaviour and anxiety, depression, and other mental health problems among

adolescents.



2. Examine how different types of screen pursuits (social media, TV viewing, video games,
internet surfing, screen-based communication, etc.) are associated with anxiety and depression

among adolescents cross-sectionally and longitudinally.

3. Examine how the problematic usage of technology is associated with suicidal ideation and

suicide attempt among adolescents.

4. Determine the role of sex, age, and parental support in modifying the effect of screen time on

mental health problems.

1.4 Dissertation Organization and Outline
This dissertation is organized in an article format as required in the University of Ottawa

dissertation guidelines.

An overview of each chapter is provided below:

e Chapter 1 provides an introduction, theoretical framework, and rationale of the
dissertation topic.

e Chapter 2 provides a literature review.

e Chapter 3 is the first manuscript of this dissertation, entitled: Psychological Correlates of
Sedentary Screen Time Behaviour Among Children and Adolescents: A Narrative
Review. This manuscript was published online in December 2020 in Current Obesity
Reports.

e Chapter 4 is the second manuscript of this dissertation, entitled: Heavy Social Media Use
and Psychological Distress among Adolescents: The Moderating Role of Sex, Age, and
Parental Support. This manuscript was published online in June 2023 in Frontiers in
Public Health.

e Chapter 5 is the third manuscript of this dissertation, entitled: Problematic Technology
Use, Suicidal Ideation, and Suicide Attempt among Adolescents: The Moderating Role of
Sex. This manuscript was accepted for publication in the International Journal for Child
and Adolescent Health.



e Chapter 6 is the fourth manuscript of this dissertation, entitled: Longitudinal associations
between different types of screen use and depression and anxiety symptoms in
adolescents. This manuscript was published online in April 2023 in Frontiers in Public
Health.

e Chapter 7 provides a general discussion, including the strengths, limitations, and future
directions for research and future implications of the thesis results, and concluding
remarks.
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CHAPTER 2 LITERATURE REVIEW

2.1 Adolescence and Mental Health

Adolescence is a critical transitional period in human life in which many complex
changes in physical and mental growth occur from age 10-19 years [1-4]. Two phases/stages are
introduced in the literature in this chapter. The first, early adolescence, ranges/spans the time
from 10 to 14 years, in which significant physical, emotional and cognitive changes occur.
During this phase, exploring ways of being independent begins; however, the ability for abstract
thinking is still limited. The second phase, late adolescence, ranges/spans the time from 15-19
years and includes slower physical development among girls, whereas boys continue rapid
physical development [3,4]. Furthermore, during this phase, adolescents begin to develop their

capacity for abstract and more logical thinking, moral reasoning, and complex thoughts [5].

During this developmental transition from childhood to adulthood, normative and
maladaptive patterns which shape future trajectories are established [4], especially since
adolescents are particularly sensitive to influences from their environments [6—8]. Also, this
phase of life is of interest given the high vulnerability of adolescents to mental health problems
[1,9,10] and behavioral problems [11]. Thus, it is of a high importance to create the foundation

of various healthy behaviours that positively impact health and well-being [12—-14].

According to the World Health Organization (WHO), mental health is defined as ‘a state
of wellbeing in which the individual realizes his or her own abilities, can cope with the normal
stresses of life, can work productively and fruitfully, and can make a contribution to his or her

community [15]. The WHO and UNICEF, in recent joint programs on mental health and



psychological well-being for children and adolescents, emphasize that mental health problems

are a serious public health issue globally and an emerging priority [10,16].

Mental health problems in adolescence have consequences that lead to a cost to both the
individuals and society [9,17]. More than 13% of adolescents are living with a diagnosed mental
disorder worldwide [18-20]. It has been estimated that the economic loss in young people’s
human potential arising from mental health disorders among children and adolescents is $387
billion a year, in addition to the intangible impact of mental health problems on young people
and their families as a leading cause of disability and disease burden globally [9]. Approximately
70% of mental health problems have their onset during childhood [21], and they often persist

into adulthood [22].

2.1.1 Depression and Anxiety

There are many forms of mental health problems, with depression and anxiety being the
most common [9,16]. Even though symptoms of depression and anxiety overlap, it was indicated
that depression and anxiety are not completely similar, nor are they two forms of one disorder
[23,24]. Depression is characterized mainly by unhappiness and losing interest in most activities.
It is described as experiencing five or more symptoms in the last two weeks according to the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [25]. Depressed
mood, loss of interest in all activities, fatigue and physical complaints, inability to focus, feeling
worthless, agitation, change in appetite and sleep, and recurrent thoughts of death are features of

depression [25].

There are many types of anxiety, but Generalized Anxiety Disorder is the most common.

Symptoms of GAD are characterized by experiencing pervasive, excessive, and uncontrollable
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worry, irritability, feeling nervous, restlessness, trouble relaxing, and fear for at least two weeks

and persist for many months [26].

Depression and anxiety contribute to 43% of mental health problems among adolescents
aged 10-19 years, with approximately 31.4% of males and 56.3% of females being impacted [9].
In Canada, depression is considered the most common mental health problems, with 11% of
young people aged 15 to 24 years having been depressed in their lifetime; among them, nearly
9% of males and 13% of females were affected [27]. Furthermore, according to the 2014 Ontario
Child Health Study, 9.7% of youth met the criteria for anxiety disorders; among them, 6.3% of
males and 13.3% of females were impacted [18]. This is very concerning, especially since
research indicated that 70% of mental health problems start at early ages, and young people with
symptoms of anxiety and depression are more likely to experience mental health problems in

adulthood [22,28].

Anxiety and depression during adolescence can have detrimental short and long-term
consequences, and are considered the leading causes of disability and disease burden among
adolescents, worldwide [16,29-32]. They affect school attendance and educational achievement
[33,34], and are associated with school dropout and substance use [35]. These disorders can also
lead to social withdrawal which can exacerbate isolation and loneliness; it has been shown that
depression and anxiety during adolescence are associated with a higher risk of other mental
disorders, various additional psychosocial adjustment problems, and suicidality [36,37].
Furthermore, depression is recognized as one of the most profound and burdensome diseases
globally.[38] It is estimated that depression will be the second leading cause of disease burden
worldwide by 2030, and the first leading cause in high-income countries [10,39]. At its worst,

depression can lead to suicide.
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2.1.2 Suicidal Behaviour

Another significant public health concern discussed in this dissertation is suicide. An
annual worldwide estimate of 700,000 deaths due to suicide was indicated in recent reports, with
much more suicide attempts [40]. In Canada, suicide is considered an important cause of
preventable death. In 2020, suicide rate for adolescents aged 15-19 years was 8.2 per 100,000,
accounting for almost one-quarter of all deaths and ranking as the second leading cause of death
among youth [41] and fourth globally [40] with a narrowing gap between boys and girls youth

suicide according to recent reports [42].

In addition to suicide-related deaths, recent statistics from the 2021 Ontario Student Drug
Use and Health Survey (OSDUHS, 2021) indicate that 18% of Ontarian students indicated
serious suicidal thoughts in the past year and 5% reported experiencing suicide attempts.
According to this report, suicidal ideation increased from 16% to 18% from 2019 to 2021, which
is considered a record since these surveys began in 2001 (OSDUHS, 2019 — OSDUHS, 2021).
The nationally representative Canadian Community Health Survey (n=4031) cited comparable
findings and indicated that lifetime suicidal ideation was higher among females than males

(16.2% vs 12%, respectively) [27].

These number indicate that not only adolescents who attempt suicide are of concern, but
also those with suicidal ideation given the high prevalence of suicidal behaviour among this
group, which indicates a major national and global concern [43]. Most of these events first occur
from early to mid-adolescence [44] and are recognized to be associated with co-morbid mental
disorders, poor educational outcomes, premature death and adult suicide [45—47]. Suicidal
behaviours also go beyond individual harm and are associated with social, and economic burdens

on family, peers and community [48—50].
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With the high and increasing prevalence of anxiety, depression and suicidality among
adolescents and with an annual economic burden of mental disorders in Canada of approximately
$50 billion [51,52]; adding to this, that half of all lifetime mental disorders are estimated to begin
by age 14 [28], there is a critical need for more research that helps to identify and understand in
more depth the pathways to mental disorders starting at early ages. This will help inform
programs, policies and other interventions that help preventing and addressing mental disorders.
This is of a high importance, especially after the enormous negative impact of the coronavirus

disease 2019 (COVID-19) pandemic on adolescents’ mental health [53-55].

Many variables have been identified in the literature as being correlates, or contributors
to mental health problems, including but not limited to socioeconomic status [56—58], biological
and genetic factors [59], stressful life events [60], physical health [61,62] social support, lifestyle

[56,58,59].

While pharmacotherapy and cognitive behavioural therapies are considered as effective
treatments for managing mental health problems [63—67], their efficacy during childhood is
variable and often weak, whereas healthy behaviours are considered as important factors that
could improve symptoms and have little to no side effects [68,69]. A number of modifiable risk
factors for mental health problems can have a significant impact on the prevention or
development of the disease. Recreational screen activities are one set of modifiable risk factors

of interest in this thesis. [70,71]

2.2 Sedentary Behaviour
2.2.1 Definition
Sedentary behaviour refers to any waking activity that results in an energy expenditure <1.5

metabolic equivalents (METs), done in a sitting, lying, or reclining posture [72]. Sedentary
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behaviour can be measured objectively through accelerometers, or subjectively through self-
report questionnaires [73,74]. While many activities can be identified as types of sedentary
behaviours, such as reading, writing, eating, using screen based devices, or viewing TV [75];
screen based behaviours represented by video gaming, leisure phone and computer use, and
social media use are considered the most common forms of recreational sedentary behaviour

among adolescents [76,77].

In recent decades, with the rapid technological advancements, digital devices became
ubiquitous in the day-to-day lives of adolescents who are growing up being immersed in a media-
saturated world and are highly knowledgeable and engaged with technology [78,79]. Accordingly,
there has been an extensive rise in screen usage among adolescents, from smartphone use,
television, video games, computer, and social media use [79-82]. For that reason, many Canadian
and international guidelines emphasize the importance of decreasing the time spent sedentary [83—
85]. For example, the World Health Organization strongly recommends in their 2020 guidelines
for physical activity and sedentary behaviour that children and youth should limit the amount of
recreational screen time [85]. Also, the Canadian 24-hour movement guidelines for children and
adolescents recommend limiting recreational screen time to 2 hours or less for children and youth

aged 5-17 years [83,86].

2.2.2 Prevalence of sedentary behaviour

With screens like smartphones and tablets being portable and accessible easily, screen use
in excess of guidelines (<2 hours per day) has been broadly reported worldwide [87—89]. In
Canada, where nearly 100% of Canadian adolescents and young adults [90] have access to
smartphones, data from the Canadian Health Measures Survey (CHMS) reported that 71.9% of

adolescents (12-17 years) spent more than 2 hours per day in recreational screen-based pursuits
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and their average daily screen time was 3.8 hours [91]. Another recent representative survey among
Ontarian adolescents showed that an average of 83% of adolescents in grades 7-12 spend three or
more hours of recreational screen time per day. The same survey indicated a significant change in
screen time use between 2019 and 2021, with 31% of youth in grades 9-12 reporting more than 5
hours of daily screen usage compared to 21% in 2019; and 26% reporting more than 7 hours of

daily screen use compared to 12% in 2019 [92].

While screen time activities are considered as one of the greatest tools to access information
easily and connect people in positive ways [93—95], the high prevalence of adolescents not meeting
screen time use recommendations raises concern based on evidence from recent studies and
reviews which have shown an association between sedentary screen pursuits and mental health

problems such as depression, anxiety, low self-esteem and suicidal behaviours [96—-101].

2.3 Association between sedentary screen time and mental health

Several studies examined the potential impact of screen-based sedentary behaviour on
adolescents’ mental illnesses. Some evidence in the literature indicated that a moderate amount of
screen use is not harmful and may even have some benefits [102,103], while various studies
documented an association between higher levels of screen time and anxiety, depression, and
suicidal behaviours [97-101,104-106]. For example, a narrative review of reviews [104] on screen
use among youth indicated a negative association between higher levels of digital screen use, social
media, and depressive symptoms. Also, in a review of reviews on the association between screen
time and adolescent’s mental health, Stiglic and Viner (2019) showed evidence of a positive
association between screen time and depressive symptoms [107]. Similarly, other systematic
reviews and meta-analyses [108—110] have indicated that higher levels of sedentary screen

activities are associated with greater mental health problems among adolescents.
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However, this association cannot be considered causal nor conclusive as the majority of
studies were cross-sectional in nature; it is also not clear whether a longitudinal association is
modified by other factors not considered in those studies [110-112]. Moreover, despite the
evidence of high screen time being positively associated with mental health problems, very limited
studies assessed the dose-response relationship between different types of screen and mental health

problems [110,113].

In addition to the quantity and frequency of screen use, another important factor that needs
more investigation is the relationship between mental health and the nature of screen interaction.
This happens when technology use includes problematic elements and adolescents become unable
to forego technology and have uncontrollable desire to use it [114]. This was conceptualized as
addictive use or problematic technology use (PTU), which was found to be associated with mental
health problems such as depression and anxiety [115-119]. Evidence regarding problematic
technology use and mental health problems, especially suicidality, is mixed and inconclusive
[120—-123]. Furthermore, the evidence regarding the role of critical factors such as sex and age in
this association is also mixed and inconclusive, which highlights the need for more work to
understand how extensive and problematic screen usage is associated with mental health problems

within strata of sex and age.

2.3.1 Different types of screen time and mental health

In addition to the duration and strength of screen use, research indicates that other factors
such as the type of screen used and the moderating factors that might modify this association are
very important to provide the overall picture about the association between screen time and mental
health problems. Recent evidence suggested that duration alone is not enough to determine the

benefits and harm of screen use on mental health [110-112].
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Various work has been done on screen types and mental health and mixed results were
revealed regarding this association. Liu and colleagues (2016) showed in their meta-analysis that
high computer use, and TV watching is associated with an increased risk of depression among
adolescents [113]. Similar results were provided by Stiglic and Viner (2019) in their review of
reviews [107]. Nevertheless, these studies could not provide evidence on how other types of
screens could impact mental health. More recent reviews indicated that this association may
depend on the type of screen, although there are very few studies that examined the relationship
between specific types of screen activities and mental health outcomes. In a recent systematic
review of longitudinal studies, Tang and colleagues (2021) indicated that the association between
screen time and mental health problems among young people varied between different types of
screen use, with a stronger association found for computer and internet use compared to
videogames and television [112]. Another systematic review of longitudinal studies suggested that
TV viewing may have less negative impacts on mental health than other types of sedentary screen
activities like computer and video games [111]. Similar results were revealed by a recent review
of longitudinal studies [110], which indicated that the association between screen time and mental
health appears in a dose-response manner, and suggests that more research that investigates the
impact of different types of screen pursuits on mental health among adolescents should be

conducted.

Social media

Evidence regarding the association between social media and mental health problems
among adolescents is also inconclusive. For example, several studies and reviews found an
association between high social media use and mental health problems such as depressive

symptoms, suicidal ideation, and anxiety [124-130]. It was found that factors like social
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comparison, increased isolation, and risky behaviours explain this association [128,131-133]. On
the other hand, some studies found a positive association between social media use and mental
wellbeing [134,135] through increased communication and social interaction [136,137]. In
contrast, recent longitudinal studies reported mixed results, finding no association between social
media use and subsequent anxiety [138], and depressive symptoms [139—-141]. They also found a
positive association between the frequency of social media use and depressive symptoms [142]
and psychological distress [143,144], suggesting that the frequency of use matter more than the

duration of use.

2.3.2 Potential moderators of the association between screen time and mental health
Although the evidence of studies on screen time and mental health is expanding, there are
still many aspects to be examined and addressed in order to inform policy and practice.[98—

101,104-106]

Previous reviews [110-112,116,125,126,145] indicated the need of examination of
various factors and correlates that can help clarify the strength of the association between social

media use and mental health.

Sex

It is well-known that sex is an important moderator to examine, as research indicated that
types of sedentary screen activities differed by sex, with boys tending to prefer computer video
games and girls tending to favour social media and communication-based screen types
[146,147]. With respect to mental health, it is well-known that there are sex differences in the
prevalence of mental health problems, with girls reporting significantly higher scores of

depression, anxiety and psychological distress than boys [148—150].
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While recent studies and reviews indicated that sex difference was the most common
factor examined in previous work on screen time and mental health, evidence was very
inconsistent with some studies found an association between screen time and mental health
outcomes among males but not females, while other studies contradicted those findings.[110—
112]. Inconsistent results might be due to methodological issues with the majority of studies
stratified by sex without using proper interaction analysis to investigate the moderating role of
sex on the association [111]. Another reason regarding mixed results might be due to sex
differences in screen preferences; however very limited research examined the moderating role
of sex in different types of screen for mental health [138,151-154]. Additionally, evidence
regarding the moderating role of sex in the relationship of screen time with anxiety is lacking
[110,112].

Therefore, it was highly suggested by recent reviews to examine properly the moderating
role of sex with different types of screen time in order to further our understanding of the most
vulnerable group [110-112,145]. This is important to guide future tailored interventions which

aim to reduce high screen usage and improve mental health among at risk groups.

Age

Age was also another proposed factor that could modify the effect of media use on
mental health. However, only few studies examined the moderating role of age [111,125,155—
157], and results were mixed and inconsistent. Therefore, recent studies suggested to examine
the modifying effect of age in the association between screen time and mental health [111,126]
given that many brain changes occur during adolescence. It has been suggested that the influence
of media use may be exacerbated during early adolescence; first, because during this period of

life, youth have a lower capacity to control impulsivity compared to older adolescents, and
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second, areas of the brain responsible for processing emotions are not well developed [158].
Therefore, examining this factor could help future interventions and programs aimed at reducing
sedentary behaviour and improving mental health based on adolescent age and their brain

developmental stage.

Parental support

Another factor that is worth examining as a moderator under the umbrella of social and
psychological support is the role of parents [126]. Parents play a key role in shaping their child’s
health behaviour. They are considered as role models and positive influencers for adolescents
screen viewing. Recent evidence suggested that good parenting practicing and guidance through
co-participation, meaningful interaction and discussion, and establishing an environment which
can restrict heavy screen usage can influence children’s recreational screen behaviours
[159,160]. On the other hand, it has been known that weak parent-child relationship makes
adolescents feel disconnected, so they use different screen types especially social media
platforms as a tool to meet needs for social-connectedness [161]. However, evidence regarding
the role of parents in screen use and adolescent depression and anxiety is limited. One study
found that solid parents-adolescents relationships and increased in-person interaction are
associated with better adolescents’ mental health problems [162]. Another study indicated that
poor parent-child communication was associated with high media usage [163]. Given the results
are heterogeneous and none of the studies examined in depth the moderating role of parental
support on the relationship between media use and mental health, some recent studies
recommended considering the role of parents in this association [126]. This information could

help understanding in more depth the factors that influence behaviour change, which in turn,
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helps identifying strategies that parents can employ to limit screen use and promote mental well-
being.
2.4 Limitations and Gaps in the current knowledge

Based on what we know on this topic and the limitations found in previous studies, we

could indicate where the gaps in the literature are:

First, the tendency in primary studies to rely on cross-sectional data with a lack of
prospective research designs, which prevents any conclusion of direction between screen-based
activities and mental health outcomes to be drawn [111,145]. Second, most studies have
employed total screen time measures, which affect a clear investigation of the different types of
screen activities associated with adolescents’ mental health and which type of screen is more
harmful [110-112,125]. Third, evidence for symptoms of anxiety and suicidality is very limited
[107,110,112]. Fourth, very limited evidence on the role of parental support and socio-
environmental determinants is found in available studies [111,125,126]. Finally, evidence on the
factors potentially moderating the relationship between screen-based activities and mental health
problems is sparse, and the majority of the evidence on moderators did not use formal statistical

tests for interaction and was only based on stratified analyses [111,126].

With current evidence reporting a dramatic increase in sedentary screen pursuits and
mental health problems among adolescents, it is critical to accurately examine how screen time is
associated with their mental health. For instance, contemporary sedentary screen behaviour can
only be well understood if its complexity is recognized. Therefore, further research is warranted
to better understand the nature and contexts of screen use among adolescents. In this regard,
timely analysis of the characteristics of different types of screens, and the role of different

moderators in the association between screen time and mental health is necessary to mitigate the
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possible harms of high screen usage. This knowledge will help inform intervention programs
aimed at preventing mental health problems among the younger generation and address its

problematic use.
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Abstract

Recent findings: Paralleling the rise of mental health issues in children and adolescents is
ubiquitous overuse of screens, but it is unclear how screen time is related to important mental
health outcomes and whether this association differs by gender, age and screen type.

Purpose: The aim of this narrative review was to (1) synthesize the literature on the relationship
between screen time and important mental health outcomes; and (2) examine the underpinning
factors that can influence this association.

Methods: Medline/PubMed, PsychINFO and google scholar databases were searched on
December 2019 for articles published mainly in the last five years. The search focused on two
main concepts: 1) screen time; ii) mental health outcomes including anxiety, depression,
psychological and psychosocial wellbeing and body image concerns.

Results: 60 studies were included in the review. Higher levels of screen time are associated with
more severe depressive symptoms. We found moderate evidence for an association between
screen time and poor psychological well-being and body dissatisfaction especially among
females. Relationships between screen time and anxiety were inconsistent and somewhat gender
specific. Social media use was consistently associated with poorer mental health.

Summary: Higher levels of screen time are generally associated with poorer mental health
outcomes, but associations are influenced by screen type, gender and age. Practitioners, parents,
policy makers and researchers should collectively identify and evaluate strategies to reduce
screen time, or to use screens more adaptively, as a means of promoting better mental health

among children and adolescents.
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Introduction

Worldwide, 13.4% of children and adolescents experience mental health disorders [1],
indicating that adolescents are at high risk. In fact, 70% of mental illnesses start in early ages [2],
and many persist into adulthood [3]. These statistics are alarming given that mental disorders
contribute 21.8% of the total burden of disease in high-income countries among children and
adolescents aged 0—14 years [4] and can reduce life expectancy by 20 years [5], thus leading to

premature mortality.

Sedentary behaviour is defined as any waking activities that result in an energy
expenditure < 1.5 metabolic equivalents (METSs) while in either a sitting, lying or reclining
posture [6]. It includes most sitting-based activities (e.g. reading, eating, listening to music,
drawing, etc.) and screen-based leisure time activities (e.g. TV viewing, playing video games,
use of computers, cellular phones, tablets and social media) [7-9]. Sedentary behaviour can be
measured objectively using accelerometers, which offer an accurate measurement of total
sedentary time, and subjectively using questionnaires and diaries which provide detailed
information on the quality, context and type of sedentary behaviour [10, 11]. Sedentary
behaviour, primarily in the form of screen use among children and adolescents, has increased
dramatically in the past decade with the advent of mobile technology, with the majority of youth

spending large proportions of the day (6—8 h) in this type of sedentary activity [12, 13].

It has been recognised that sedentary behaviour has detrimental health effects, including
adverse cardiometabolic health outcomes, morbidity and premature mortality [14—17]. Indeed,

high levels of sedentary behaviours are correlated with many adverse health outcomes in
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children and adolescents, including physical and mental well-being [18], elevated body mass
index (BMI) [19-21], cardiometabolic function [21, 22] and cognitive development [20]. In this
context, Canadian and international guidelines established recommendations to limit the time
spent engaged in sedentary pursuits [23—26]. For example, the Canadian 24-h movement
guidelines for children and adolescents discourage screen time for children under 2 years old and
suggest no more than 1 h daily for children 2—4 years and no more than 2 h for those aged 5-17
years old [27]. Despite these recommendations, the vast majority of children and adolescents do
not meet these guidelines and engage in high levels of screen time, with many accruing between

6 and 8 h/day [9, 12, 13, 28-32].

Surprisingly, findings from a recent systematic review found limited evidence to show
that objectively measured sedentary behaviour has a negative impact on mental health [33].
However, objectively measured sedentary behaviour combines screen time and many non-screen
sedentary behaviours such as reading, homework, listening to music and other sedentary hobbies,
so the effects of screen time on mental health have not been adequately isolated. There are many
inherent aspects of spending long periods engaged in screen use that can lead to poor mental
health, including feelings of social isolation or withdrawal, exposure to unrealistic ideals of
beauty, unhealthy social comparisons, sleep reduction and cyberbullying [22, 34—37]. Moreover,
there is evidence that different types of screen use may have different impacts on health [38],
indicating that the type of screen matters, although this has not been well studied. Research has
indicated that digital media users have different needs that impact the selection and the
preference of media [39]. According to the differential-susceptibility model proposed by
Valkenburg and Peter [40], the effects of media are dependent on a complex combination of

cognitive (effort invested), physiological (stimulation received), behavioural (frequency/duration
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of use) and personality characteristics, which collectively lead individual differences in

susceptibility of harmful effects of media consumption [40].

Therefore, given the high prevalence of screen time and mental health problems among
children and adolescents and their significant economic [41, 42] and health impact they pose [43,
44], it is timely to better understand how screen time among children and adolescents is related
to important mental health outcomes, such as anxiety, depression, body image and psychological
well-being. Accordingly, this narrative review aimed to synthesise research in this area,
including research using both cross-sectional and longitudinal designs to establish an evidence
base that can inform policy, practice and research regarding the psychological impacts that

screen use has on children and adolescents.

Methods

Electronic databases of Medline/PubMed, PsychINFO and Google Scholar were
searched on December 2019 for articles published in the last 5 years. The search mainly focused
on the association between recreational screen time sedentary behaviour and mental health
outcomes in children and adolescents including anxiety, depression, psychological and
psychosocial well-being and body image concerns. Then the articles’ titles and abstracts were
screened, and full text of potentially relevant articles were retrieved according to eligibility
criteria. Information was extracted from each article and summarized in tables categorised by to
the study outcomes. A total of 60 articles met the inclusion criteria. Included studies were
heterogeneous and varied in terms of the screen time activities including age, sample size and

outcome measures.
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Cross-sectional studies on the association between screen time and depressive symptoms

Depression and anxiety are considered to be among the leading causes of illness,
disability and burden in youth according to the World Health Organization [45, 46]. The
prevalence of depression increased by 18% [47] between 2005 and 2015, and up to 20% of
children and adolescents to meet criteria for anxiety disorders [48]. This is highly concerning
especially with emerging research indicating that the onset of depression and anxiety is occurring
at younger ages [49-51].

Many cross-sectional studies [36, 52—73] (Table 1) have examined the relationship
between screen time and symptoms of depression and/or anxiety among children and
adolescents. Out of 23 cross-sectional studies, the majority of studies (n = 17) showed that high
exposure to at least one type of screen use was associated with more severe depression and/or
anxiety symptoms [36, 52, 53, 57, 59-64, 67+, 68—73], while only a few studies reported
negative associations [58] or mixed associations based on gender [54, 55, 56, 65, 66]. Research
on preschooler’s screen time and mental health such as depression and anxiety is lacking.

In cross-sectional studies, almost all types of screen use were significantly associated
with a higher level of depressive symptoms among young people, especially adolescents, with
aggregated time spent engaged in television, computer and mobile phone use showing the
strongest associations, indicating an additive effect of screen use. For example, one of the
largest cross-sectional studies (n = 9702) [53] on adolescents found that screen use was
associated with an increased odds of moderate and severe symptoms of depression and anxiety.
These results were similar to other large cross-sectional studies [60, 63]. Maras et al.

demonstrated that higher levels of screen time, as measured by an aggregate of TV viewing,
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recreational computer use and video gaming, were associated with more severe symptoms of
depression and anxiety among the youth [60], consistent with cross-sectional findings from
other studies among children and adolescents [52, 61, 75, 76].

Associations with emotional distress may differ by screen type, as leisure computer use was
more highly associated with anxiety and depression outcomes than television viewing in some
studies [52, 60], but cross-sectional findings from a longitudinal study found that high levels of
TV viewing and not recreational computer use were more strongly associated with depressive
symptoms in adolescents and children [74].

Internet-based video gaming has recently become a popular activity among adolescents,
especially males, making it an important type of sedentary behaviour to investigate. A recent
study on 578 adolescents reported that high use of internet video gaming was associated with
more severe anxiety and depression among adolescents, with males being more affected than
females [65]. These results are consistent with other studies showing a strong association
between computer games and symptoms of depression [52, 60]. However, a recent European
study on gaming among school children between 6 and 11 years found that gaming was not
significantly associated with self-reported mental health problems such as depression and anxiety
[58]. The conflicting findings may be due, in part, to differences in “dose” of video gaming and
age, as the studies with adolescents reported much higher usage of gaming compared with those
involving preadolescent samples.

In addition to online video gaming, new digital media like social media networking sites
have also been recognised to be associated with mental health issues like depression and/or
anxiety [36, 56¢, 67+, 68—73]. A recent nationally representative study [56¢] reported that

adolescents who frequently use social media were more likely to have high levels of depressive
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symptoms, with stronger correlations reported among females. The association between social
networking sites (SNS), psychological distress and suicide attempts was found to be indirect and
mediated by cyberbullying victimisation in a large study (N = 5126) of adolescents (aged 11-20
years) [36]. Insomnia was another mediating factor reported by Li et al., who found a positive
association between Facebook addiction and depression among 1015 Chinese adolescents [72].
Furthermore, another cross-sectional study indicated that both active and passive use of
Facebook were associated with an increased depressed mood. However, this association was
influenced by gender where girls who use Facebook passively and boys who use Facebook
actively in a public setting were more likely to develop depression. Also, this study indicated that
perceived social support mediated the relationship between social media and depression [69].
The number of social media accounts and the frequency of checking were also found to be
additional factors that impact the association between social media and depression and anxiety
according to data from parents [70]. These factors and mediators require further investigation in
future research.

Concerning the age group, the majority of studies assessed screen use and depression
among adolescents, or combined children and adolescents without examining these populations
separately, so associations in children are unclear. The greater inquiry in adolescents might be
attributed to adolescents reporting higher screen use than children [89] or being more prone to
experiencing depression than children [90].

Longitudinal Studies on Screen Use and Anxiety/Depressive Symptoms

Several longitudinal studies examined the association between screen time and

depression and anxiety among children and adolescents [74—88] (Table 1). Some recent studies

were in line with cross-sectional ones and found a positive association between screen use,
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depression [74, 77¢] and anxiety among adolescents [85, 88]. For example, a longitudinal study
done on 3826 adolescents found a time-varying relationship between social media, television and
depressive symptoms [77¢]. Each additional hour spent on social media usage in a given year
was linked to a 0.41-unit increase in depressive symptoms for that same year, indicating a dose—
response relationship. Also, a similar within-person association was found with television
watching [77¢]. Furthermore, a large longitudinal study with 6595 adolescents aged 12 to 15
years old reported that spending more than 3 h daily on social media significantly increased the
risk for mental health problems, particularly internalising problems such as depression and
anxiety [85]. While 8 longitudinal studies [74, 77, 79, 82, 85-88] found an association between
some types of screen activities and depression and/or anxiety, other studies found little [78, 80,
81] or no evidence [75, 76, 83] that screen time is longitudinally associated with depression
and/or anxiety. For example, a longitudinal study involving children and adolescents that
examined the association between television watching and mental health indicated no significant
association [83].

Interestingly, many cross-sectional and longitudinal studies found that the association
between screen time and depression [54, 55, 56¢] and anxiety [84¢] differed by gender. Many
studies found that females with high levels of screen time use reported the highest level of
depressive symptoms, while weaker or even no associations were found in males [54, 55].
Another study found higher symptoms of anxiety with playing video games among girls and
lower symptoms among boys [84¢] which contradicts the findings from Wang et al. [65] who
reported that high online video game use was related to higher symptoms of depression and

anxiety among males. It should be noted that the sample of youth from the study by Wang et al.
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engaged significantly in more time of online gaming, thereby highlighting that video gaming
may be especially psychologically harmful with excessive use.

The difference in results and clear gender differences in longitudinal studies might be
related to diverse types of screen use, dose, age and variation in the baseline level of anxiety and
depression among adolescents. For example, a study by Kelly et al. in 2018 involved 10,904
adolescents, indicating that females spent a high proportion of their time on social media and that
the magnitude of association between social media use and depressive symptoms was larger for
females than for males [56¢], consistent with the findings in similar studies and reviews [§7¢e,
91]. Research has indicated that high social media use may confer an increased risk of depression
in adolescent females due to interference in sleep habits [37], exposure to teasing or
cyberbullying or unrealistic beauty ideals leading to unfavourable social comparisons and low
self-esteem [92]. These gender differences might also be related, in part, to the higher baseline
levels of anxiety/depression among adolescent females than males [93] as the prevalence of
depression and anxiety after puberty is twice as high for females compared with males [94], as
well as a higher prevalence of social media use among adolescent girls.

Although consistent gender differences emerged for social media use, a recent
longitudinal study on video games and anxiety among older adolescents showed that while
moderate use of video gaming was associated with higher anxiety symptoms among females, this
was not the case in males [84¢]. While the reason is still unclear, the authors hypothesize that
boys may enjoy the social interaction and sense of competition between players more than girls.
On the other hand, it is noteworthy that the degree of internet usage or video game “dose” may

have an important impact on affective symptoms, as youth with extensive screen exposure in the
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form of internet use/video gaming exhibited significantly more mental health issues than those
with low usage, regardless of gender [95].

Very few studies have examined reciprocal relationships between screen time and
depression and anxiety symptoms among children and adolescents. However, a large
longitudinal study among adolescents showed a reciprocal relationship between computer and
videogame usage and increased level of generalised anxiety disorders [88]. That is, youth with
emotional distress characterised by anxiety may spend more time indoors and engage in various
forms of screen time as a way of coping, and these media activities may further exacerbate their
psychological distress, thereby creating a vicious cycle.

In summary, there is strong cross-sectional and moderate longitudinal evidence for an
association between screen time and depressive symptoms among children and adolescents, but
associations differ by age, type of screen use, gender and other moderators. Most of the studies
focused on depressive symptoms, so further longitudinal studies are warranted to better
understand the association between different types of screen time and anxiety.

Cross-sectional Studies on Screen Time and Psychological Well-being

Psychological well-being refers to satisfaction with life and experiencing positive
emotions [96], including positive selfperceptions and positive relationships [97]. Research has
linked psychological well-being with academic performance [98], physical health [99] and
mental health. Thus, it is essential to understand how screen time is associated with
psychological well-being among children and adolescents to effectively inform clinical practice,
policy and research.

As shown in Table 2, several cross-sectional studies examined the role of screen time on

childrens and adolescents’ well-being [63, 64, 100—107]. Negative associations between digital
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technology use and adolescents’ and childrens’ wellbeing were found in many studies [63, 64,
100, 101, 105-107], while a few found no relationship between the use of screen time and well-
being [102—-104]. A high-quality, large study (n = 120,115) in youth from the UK found that
moderate digital technology use did not correlate strongly with mental well-being [103].
However, analysis of three large surveys of adolescents in the UK and USA (n =221,096) [64]
revealed that those who use screens for less than 1 h a day reported more favourable
psychological well-being than high users (more than 5 h/day). Interestingly, this study indicated
that individuals who did not engage in digital media activities at all had poorer well-being than
light users [64].

While results were more consistent among adolescents, studies on young children
reported mixed findings. A crosssectional study in China looked at the relationship between
excessive screen time and psychological well-being in 20,324 children aged 3—4 years found a
dose—response relationship whereby every additional hour of screen-based pursuits was
associated with poorer psychosocial well-being. This association was mostly mediated by the
parent—child interaction.

According to this study, excessive exposure to screen may have the strongest effect on
the frequency of engagement in interactive activities between the parents and the child which in
turn can be a risk factor for child psychosocial problems [106¢]. On the other hand, null findings
were reported in a smaller study examining the associations between moderate levels of TV
viewing and psychological well-being among children aged 0-5 years [102]. Similarly, in a large
cross-sectional study (n = 19,957), little or no evidence was found to support a link between

screen use and psychological wellbeing among young children [104].
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Longitudinal studies on Screen Time and Psychological Well-being

Several longitudinal studies (Table 2) have found that higher amounts of recreational
screen time predicted lower psychological well-being among children and adolescents [87¢e,
107-112]. A study investigated possible dose—response associations between media use and later
psychological wellbeing among children aged between 2 and 6 years. This study reported that
higher levels of electronic media predicted lower psychological well-being, with television
viewing being more strongly associated with well-being than e-games and computer use [110].
Another longitudinal study indicated that the high use of social media was associated with poorer
wellbeing, and the relationship was stronger for females than males [87¢¢, 109+¢]. This gender
difference was also apparent in other studies examining the effect of excessive use of video
gaming, also called video gaming disorder on psychological and psychosocial well-being. A
recent longitudinal study found that video gaming disorder predicted a decrease in psychosocial
well-being especially social competencies among boys compared to girls [112]. Similar to those
stated above for anxiety and depression, mechanisms underpinning this gender difference might
simply reflect differences in use between females and males [87¢¢, 91] which leads to a higher
risk of being exposed to cyberbullying [56¢, 87+, 113, 114]. Also, the types of games chosen
might be associated with gender differences as girls tend to choose puzzle and educational games
while boys tend to choose fighting, strategy and action games which might increase their
vulnerability to the negative impact of disordered gaming [115]. Another possible mechanism
that may explain the association between screen time and mental well-being is sleep, as
inadequate sleep is associated with higher use of screen time among children and adolescents
[116]; thus, the displacement of sleep, especially among girls, can mediate the association

between screen time and mental well-being [56¢, 87¢¢]. Furthermore, replacing direct interaction
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with friends with low-quality, superficial communication of most online interaction online
interaction may result in poor social connectedness and lower quality of relationships, which
consequently may negatively affect psychological well-being [117].

Taken together, the majority of the reviewed studies, including those using longitudinal
designs, indicate a negative association between screen time and psychological well-being, with
most of the studies being conducted in adolescents. More inconsistent results emerged from
large-scale cross-sectional studies, perhaps due to greater heterogeneity in study measures of
well-being, data analyses and sample characteristics [102, 104]. The evidence base among pre-
adolescents and young children is moderate, but we highly recommend further longitudinal
examination of the relationship between screen time and psychological well-being is needed to
gain a better understanding of this association.

Cross-Sectional Studies on Screen Time and Body Image

Body dissatisfaction Body dissatisfaction is defined as a negative attitude towards
appearance, body weight, size or shape and is one the most robust aspects of the broader concept
of body image. Body image concerns are highly prevalent during adolescence when one’s body
shape and weight strongly influence one’s selfesteem, and these concerns are especially salient
among females [118]. Body image concerns are well known to be detrimental contributors to
well-being [119] and significant predictors of psychiatric conditions such as eating disorders and

[118] and depression, as well as low self-esteem [120, 121]. With social media platforms such
as Facebook, Snapchat and Instagram, body image has become an important target in these
activities [122], where individuals post their most flattering photos and view those of others
[123], creating an online environment that could be detrimental to body image [124]. Spending

time on social media puts adolescents under a higher risk of comparing themselves to more
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attractive peers [125], and as a result, these unfavourable social comparisons of physical
appearance may elicit or exacerbate body image concerns [126, 127]. Screen time, mainly social
media use, has received significant attention in research for its potential impact on body
dissatisfaction [128]; therefore, it is highly essential to understand how the use of this and other
forms of digital media may contribute to adolescents’ body image.

As shown in Table 3, cross-sectional research indicated that screen time [56e, 126, 129—
133] especially that spent on social media is associated with body image concerns among
adolescents. For example, a large study comprised of high school girls (n = 1087) aged 13-15
years showed that those who use social media frequently reported significantly greater body
image concerns such as internalization of the thin ideal, drive for thinness and body surveillance
compared to non-users [131]. Another recent crosssectional study among adolescents [130] also
indicated an association between social media and body dissatisfaction; however, this study
found that this association was impacted by the social environment (e.g. relationship with the
mother). Specifically, adolescents who reported positive relationships with their mothers had less
body dissatisfaction in relation to social media use than those with more negative maternal
relationships [130].
Longitudinal Studies on Screen Time and Body Image

Although many cross-sectional [126, 131-133] and longitudinal research [136] has
focused on females who report high levels of body image concerns, some recent longitudinal
studies included both genders [134, 135¢]. For example, a study on 604 adolescents aged 11-18
years indicated that both genders experienced the same extent of body dissatisfaction when using
social media networking sites frequently [134]. Another longitudinal study involving 1840

adolescents aged between 12 and 19 years showed that passive Facebook usage (consuming
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information without direct exchanges like posting status or commenting) was associated with
more social comparison among adolescent males and females over time [135¢]. While social
comparison has been clearly implicated in playing an important mechanistic role in the
association between screen time and body image concerns, other factors were highlighted in the
literature as indicated previously about the buffering effects of positive parent—adolescent
relationships [130].

Interestingly, media literacy, which is about being able to think critically about media
[137] and being able to assess whether a media content such as an image is realistic or not [138],
was suggested as another important protective factor that attenuated the adverse effects on body
image among adolescents when exposed to unrealistic thin-ideal media images [139]. Thus,
media literacy programs should be examined in more depth using experimental and longitudinal
designs as this may represent a promising strategy that protects youth from developing an
unhealthy body image known to predict other psychiatric disorders.
Limitations and Strengths

Although this narrative review is representative of key findings from a broad body of
literature with the aim to examine the research objectives, there are a few limitations that are
noteworthy. This study was not a systematic review of the literature, but rather a narrative review
performed by a single reviewer. There may be relevant studies that have been excluded.
However, the present review is unique in critically analysing both cross-sectional and
longitudinal evidence from very recent studies (past 5 years) about the association between
sedentary screen time and mental health, thus providing current evidence to inform future
research, practice and policy reform designed to improve children’s and adolescents’ mental

health
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Summary, Conclusions and Recommendations

Findings from the present review suggest that screen time is generally associated with
depressive symptoms among adolescents, especially females. Evidence on the association
between screen time and anxiety among adolescents was mixed and inconclusive and somewhat
screen and gender dependent. However, high screen use was consistently shown to be associated
with poorer emotional well-being in longitudinal studies, although mixed evidence was found
among cross-sectional studies, especially among young children. We also found that high screen
time, especially social media use, was consistently associated with greater body image concerns
among both male and female adolescents, although females appear more negatively affected.
Media literacy and positive relationship with parents appear to attenuate the negative role of
screen time on body image, likely by reducing internalisation of unrealistic beauty ideals. Due to
the small number of studies in pre-adolescent children, especially preschoolers, it is not possible
to determine with any degree of confidence the association between screen time and mental
health indicators in this population.

This review highlights that some types of screens are more consistently problematic for
mental health than others depending on the content of the media and the characteristics of
individuals and their susceptibility levels to the effects of media. For example, social media
usage was consistently shown to be associated with depressive and/or anxiety symptoms [36,
56e, 67+, 6873, 82, 86], higher levels of body dissatisfaction [56¢, 130-132, 134-136] and
poorer psychological wellbeing [87¢¢, 109+, 111, 112] among adolescents, with evidence
showing that these relationships are sometimes stronger in girls than boys. Regarding

mechanisms in which social media may negatively affect mental health, evidence suggests
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this may occur through a process of unfavourable social comparison, poor sleep and/or
cyberbullying [22, 34-36, 69, 72]. Although not well studied, the preliminary research among
adolescents, especially males, suggests that high use of internet video gaming is associated with
more severe anxiety and depressive symptoms. These findings are consistent with a growing
body of evidence to suggest that excessive internet-based gaming can produce marked
interference in youth’s emotional, familial, social and academic functioning and is being
evaluated for inclusion as a behavioural addiction in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-V) [140]. Similarly, this review found evidence for associations
between excessive computer/internet use and mental health difficulties in adolescents. These
findings are consistent with the introduction of new concepts known as “internet addiction
disorder” or “internet use disorder”, which are additional types of behavioural addictions
characterised by compulsive or pathological internet use that result in marked impairment in
functioning. These terms are also being considered for inclusion in the DSM-V [140].
Recommendations for Practice, Policy and Research

Given that childhood and adolescence are critical periods for physical and psychological
development, and children and adolescents are spending excessive amounts of time in
recreational screen use, the results of this review have significant implications. Based on
evidence from this review, we recommend that parents and health practitioners who work with
children and adolescents limit recreational screen use to that delineated in the Canadian 24-h
movement behaviour guidelines [27]. The findings obtained here also support the new changes in
school policy made by the Provincial Ministry of Education in Ontario, Canada, that banned the
use of cell phones in schools. Given screen time is associated with an increased risk of obesity

[19-21] and cardiometabolic disease [21, 22] in children and adolescence, and this review

64



provides robust evidence for detrimental associations with several mental health outcomes,
further legislation by other provinces around banning cell phones may follow and these policy
changes should be empirically evaluated to see if they have beneficial effects on mental health.
There is encouraging evidence that media literacy may be an effective method in which parents,
teachers and practitioners can attenuate the harmful effects of digital media use, although more
intervention studies are needed. Moreover, developing and maintaining a strong parent—child
relationship appears to buffer the negative effects of screen time on several mental health
indicators, thus should be targeted in treatment and prevention studies.

Many of the studies used cross-sectional designs, so future longitudinal studies with
longer follow-ups and inclusion of potential mediators and moderators including the individuals’
cognitive and emotional statuses that happen during media exposure [40] are needed to gain a
better understanding of how various forms of screen use impact children’s and adolescents’ risk
of mental health problems over time, and whether effects and mechanisms differ between males
and females. In addition, intervention studies designed to determine whether reducing either
specific types or duration of screen time or promoting more adaptive use of screens are effective
strategies that promote better mental health or prevent mental illness among children and
adolescents are needed.
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Table 1. Characteristics of studies on depression and anxiety

Author, Study Sample Screen time Depression Measures and Anxiety Measures and
Year, design characteristics activities Findings Findings
Country
of study
Barry et al., Cross- 226 (113 Social media Measures: DSM-V checklist. Measures: DSM-V checklist.
2017 [70] sectional adolescent-parent Findings: social media (number | Findings: social media (number
USA dyads) of accounts, frequency of of accounts, frequency of
Age : 14-17 years checking) was moderately, checking) was moderately,
positively associated with positively associated with
depression as reported by anxiety as reported by parents.
parents.
Bélair et al. Cross- 9702 adolescents vV Measures: Diagnostic and Measures: DSM-III-R.
2018 [53] sectional Age: 14-15 years Videos Statistical Manual of Mental Findings: higher odds of having
Canada DVDs Disorders (DSM-III-R). moderate and severe symptoms
Video games Findings: higher odds of having | of anxiety among those who
moderate and severe symptoms | exceeded recommended
of depression among those who | sedentary screen time.
exceeded recommended
sedentary screen time.
Frison & Cross- 910 adolescents Facebook Measures: The Center for -
Eggermont sectional Mean age: 15.44 Epidemiological Studies
2015 [69] years Depression Scale for Children
Belgium (CES-DC).
Findings: positive correlation
between passive Facebook use
and depressed mood among
girls, and active Facebook use
and depressed mood among
boys. Perceived online social
support mediated this
association.
Goldfield et Cross- 358 overweight and | Computer Measures: Children’s -
al. 2016 [52] sectional obese adolescents Video games Depression Inventory (CDI).
Canada Age: 14-18 years TV Findings: time spent playing
Mean age 15.6 video games and recreational
years computer time but not TV
viewing was associated with
depressive symptoms.




Hanprathet et | Cross- 832 adolescents Facebook Measures: The Thai General Measures: The Thai General
al. 2015 [68] sectional Mean age: 16.7 addiction Health Questionnaire. Health Questionnaire.
Thailand years Findings: Facebook addiction Findings: Facebook addiction
among adolescents could be among adolescents could be
associated with severe associated with anxiety.
depression.
Hayward et al. | Cross- 3295 adolescents TV Measures: Moods and Feelings -
2016 [54] sectional Mean age=15.1 Computer Questionnaire— Short (SMFQ).
Australia years Findings: positive association
between screen time and
depressive symptoms for girls
only.
Hoare et al. Cross- 5500 adolescents Internet Measures: Diagnostic and -
2017 [55] sectional Age 11-17 years Social media Statistical Manual of Mental
Australia Mean age: 14.5 Disorders Version IV (DISC
years V).
Findings: spending more than 7
h/day on the internet was
significantly associated with
depressive symptoms among
females.
Kelly et al. Cross- 10,904 adolescents | Social media Measures: SMFQ. -
2018 [56] sectional Age: 14 years Findings: the magnitude of
UK association between social
media use and depressive
symptoms was larger for girls
than for boys.
Khan and Cross- 898 adolescents Computer Measures: CESD. -
Burton 2017 sectional Age 12-17 years vV Findings: high recreational
[57] Mean age: 14.3 DVD screen time and not meeting
Bangladesh years Social media physical activity

recommendations are associated
with depressive symptoms.

85




Kovess- Cross- 3195 Children Video games Measures: Dominic Interactive Measures: DI.
Masfety et al. | sectional Age: 6-11 years (DD. Findings: high video game
2016 [58] Findings: High video game usage was associated with lower
Europe usage was associated with lower | prevalence of mental health
prevalence of mental health difficulties.
difficulties.
Lietal., 2017 | Cross- 1015 adolescents Social media Measures: Chinese version of -
[72] sectional Grade 7-9. the Center for Epidemiological
China Age not reported. Studies Depression scale.
Findings: A significant
association was found between
social media addiction and
depression. Insomnia partially
mediated this association.
Lietal. 2019 | Cross- 2865 adolescents Social Measures: CES-D. -
[59] sectional Mean age: 15.53 messaging Findings: all four screen-based
USA Web surfing activities had direct associations
TV/movie with adolescent depressive
watching symptoms.
Gaming
Maras et al. Cross- 2482 adolescents. TV Measures: Children’s Measures: Multidimensional
2015 [60] sectional Grade 7 to 12 Computer Depression Inventory (CDI). Anxiety Scale for Children-10
Canada Video games Findings: duration of screen (MASCI10).
time was associated with Findings: duration of screen
severity of depression. time was associated with
Video game playing and severity of anxiety.
computer use but not TV Video games playing was
viewing were associated with associated with severity of
more severe depressive anxiety.
symptoms.
Sampasa & Cross- 753 adolescents SNS: Measure: The Kessler (K-10) Measures: K-10 Scale.
Lewis 2015 sectional Mean age = 14.1 Facebook Scale (measures anxiety and Findings: The use of SNSs more
[67] years Twitter depression) than 2 hours per day was
Canada Instagram Findings: The use of SNSs more | associated with in increased
MySpace than 2 hours per day was level of psychological distress.

associated with in increased
level of psychological distress.




Sampasa & Cross- 5126 SNS: Measure: K-10 Scale. Measures: K-10 Scale.
Hamilton sectional Age: 11-20-year Facebook Findings: The use of SNSs was | Findings: The use of SNSs was
2015 [36] Mean age: 15.2 Twitter associated with in increased associated with in increased
Canada years Instagram level of psychological distress. level of psychological distress.
MySpace Findings suggest that Findings suggest that
cyberbullying is a significant cyberbullying is a significant
mediator which explains this mediator which explains this
association. association.
Trinh et al. Cross- 2660 adolescents. TV Measures: CES-D. -
2015 [61] sectional Mean age: 15.8 Computer Findings: exceeding screen time
Canada years Mobile recommendations was
Games significantly related to
Internet depressive symptoms especially
in males.
Twenge & Cross- 40337 children and | Mobile Measures: US National Survey | Measures: NSCH.
Campbell sectional adolescents Computer of Children’s Health (NSCH). Findings: Among 14- to 17-
2018 [63] Age: 2-17 years Electronic Findings: among 14- to 17-year- | year-olds, high users of screens
USA devices and olds, high users of screens (7+ (7+ h/day vs. low users of 1
games h/day vs. low users of 1 h/day) h/day) were more than twice as
vV were more than twice as likely likely to ever have been
to ever have been diagnosed diagnosed with anxiety in the
with depression in the last 12 last 12 months.
months.
Twenge et al. | Cross- 506820 adolescents | Electronic Measures: six items from the -
2018 [62] sectional Age: 13-18 years devices Bentler Medical and
USA Social media Psychological Functioning
Internet Inventory depression scale.
TV Findings: new media screen
time is increasing overtime and
it is associated with depression.
Twenge & Cross- 221096 adolescents | Smartphones Measures: “During the past 12 -
Campbell sectional from a UK and Computers months, did you ever feel so sad
2019 [64] USA samples Social media or hopeless almost every day for
UK and USA Age: Gaming two weeks or more in a row that
UK sample: 15 Internet you stopped doing some usual
years activities?”.

US sample: 8™,
10t and 12
graders (age not
reported)

Findings: heavy users (vs. light)
of digital media were 48% to
171% more likely to report
being depressed.




Wang et al. Cross- 365 adolescents Social media Measures: CES-D.

2018 [73] sectional Age: 14-18 years Findings: social media

China addiction is positively
associated with depression.

Rumination mediated this
association and self esteem
moderated this mediation.

Wang et al. Cross- 578 adolescents Mobile games Measures: Brief Symptom Measures: Child Social Anxiety

2019 [65] sectional Mean age: 15 years | addiction Inventory (BSI). Scale.

China Findings: mobile game Findings: mobile game
addiction was positively addiction was positively
associated with depression. associated with depression

social anxiety especially among
males.

Yan et al. Cross- 2656 adolescents Social media - Measures: Middle School

2017 [71] sectional Age: 13-18 years Student Mental Health Scale to

China measure anxiety.

Findings: a positive association
was found between the time
spent on social media and
anxiety.

Zhang et al. Cross- 16205 adolescents TV Measures: “have you felt -

2019 [66] sectional Age: 12-18 years Digital media depressed during the last seven

China days”.

Findings: adolescents who spent
more time on screen persuits are
significantly more likely to have
depressive symptoms.

New digital media had a greater
association among girls for
depression.

Bickham et al. | Cross- 126 adolescents vV Measures: The Beck Depression -

2015 [74] sectional and | Mean age at T1: 14 | Computer Index (BDI).

USA longitudinal | years Mobile Findings: significant positive

T1: 2009 association between mobile use
T2:2010 and depression. More TV and

mobile use reported at baseline
the higher participants’
depression score was after one
year.
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Carter et al. Cross- 6504 adolescents TV Measures: Center for -
2015 [75] sectional and | Mean age at T1: Computer Epidemiological Studies
USA longitudinal | 15.53 years Video games Depression Scale (CES-D).
Tl: 12-18 Findings: positive association
years between screen time and
T2: 13-19 depressive symptoms only at
years baseline. No longitudinal
T3: 18-26 association found.
years
Gunnell et al. | Cross- 1160 adolescents TV Measures: Children’s Measures: MASC-10.
2016 [76] sectional and | Age 10-21 years Video games Depression Inventory (CDI). Findings: a cross-sectional
Canada Longitudinal | Mean age=13.54 Computer Findings: a cross-sectional association between screen time
Follow-up: years at T1 association between screen time | and anxiety, however initial
every one to and depression, however initial | screen time didn’t predict
two years for screen time didn’t predict changes in anxiety over time.
sever years changes in depression over time.
between
2006-2013
Boers et al., Longitudinal | 3826 adolescents Video games Measures: BSI. -
2019 [77] Follow-up: Social media Findings: time-varying
Canada annually for | Mean age: 12.3 TV associations between social
four years Computer media, television, and
depression.
Etchells et al. | Longitudinal | 5400 Children and | Video games Measures: development and -
2016 [78] adolescents Well-Being Assessment
UK Follow up: at | Age: 8/9-15 years (DAWBA).

age 15

Findings: moderate levels of
playing video games that are
more likely to include violent
content in childhood is weakly
associated with an increased
risk of depression.

Grontved et
al. 2016 [79]
Denmark

Longitudinal
Follow-up:
6-years and
12 years
follow up
between
1997 and
2010

435 adolescents to
young adults
Mean age:8.8 at T1

TV
Computer

Measure: Major Depression
Inventory (MDI).

Findings: prolonged TV
viewing, but not computer use,
was associated with more
depression symptoms.




Houghton et Longitudinal | 1,749 adolescents Social Measures: CDI. -
al. 2018 [80] Follow up: 6 | Age:10-17 at T1 networking and | Findings: Small positive
Australia times in two web browsing associations were evident
years from Gaming between depressive symptoms
2013 to 2015 TV and later screen use, and
between screen use and later
depressive symptoms.
Khouja et al. Longitudinal | 14665 adolescents TV Measures: Clinical Interview Measures: CIS-R.
2019 [81] T1: 16 years | Age: 16 yearsat T1 | Texting Schedule (CIS-R). Findings: increased computer
UK T2: 18 years Computer Findings: increased computer use at age 16 is associated with
use at age 16 is associated with | a small increased risk of anxiety
a small increased risk of at age 18.
depression at age 18.
Lietal. 2018 | Longitudinal | 5365 adolescents at | Social Measures: CES-D. -
[82] T1: March Tl networking sites | Findings: a bidirectional
China 2014 Mean age: 13.9 association was found between
T2: after years at T1. online social networking
nine months addiction and depression.
McVeigh et Longitudinal | 2441chidlren and TV Measures: Depression Anxiety Measures: DASS-21.
al. 2016 [83] adolescents Stress Scales (DASS-21). Findings: No association
Australia Follow-up: Findings: No association between TV watching and
at ages 5, 8, between TV watching and mental health.
10, 14, 17, mental health.
and 20 years
Ohannessian Longitudinal | 441 adolescents Video games - Measures: Screen for Child
2018 [84] Mean age: 17.14 at Anxiety Related Disorders
USA Follow up: Tl (SCARED).
one year Findings: Boys who played
after T1 video games the most had the
lowest levels of anxiety,
whereas girls who played video
games the most had the highest
levels of anxiety.
Gender and social context
moderated the association.
Riehm et al. Longitudinal | 6595 adolescents Social media Measures: GAIN-SS. Measures: GAIN-SS.
2019 [85] Follow-up: Age: 12 to 15 years Findings: spending more than 3 | Findings: spending more than 3
USA annually for | at T1 hours per day using social hours per day using social
3 waves media may increase the risk for | media may increase the risk for
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from mental health problems, mental health problems,
September particularly internalizing particularly internalizing
2013 to problems. problems.
October
2016
Vernon et al. Longitudinal | 874 adolescents at Social Measures: Depressed mood -
2016 [86] Follow-up: Tl networking sites | scale (adapted from the
Australia annually for | Mean Age: 14.4 longitudinal Michigan Study of
3 years years at T1 Adolescent Life Transitions).
Findings: Increased investment
in social media predicted higher
depressed mood in adolescents,
which was mediated by the
higher levels of sleep
disruptions.
Viner et al. Longitudinal | 12866 adolescents Social media - Measures: General Health
2019 [87] Follow-up: Age: 13-14 years at Questionnaire (GHQ12) and
UK three waves | Tl National Statistics (ONS)
of follow ups wellbeing.
from age 13 Findings: frequent social media
to 16 use was predictive of later
anxiety especially among girls.
This association isn’t directly
related to social media use but
with the harmful content on
social media or by displacement
of healthy behaviours like sleep
and physical activity.
Zink et al. Longitudinal | 2525 adolescents vV Measures: Revised Children's Measures: RCADS.
2019 [88] Follow-up: 1 | Mean age: 14.6 Computer Anxiety and Depression Scale Findings: reciprocal association
USA year after T1 | years at T1 Video games (RCADS). between computer/ videogame

Findings: Screen time wasn’t
associated with major
depressive disorders.

use, and anxiety.
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Table 2. Characteristics of studies on psychological well-being

Author, Year
Country of study

Study Design

Sample characteristics

Screen time activities

Psychological Wellbeing
Measures and Findings

Booker et al. 2015
[100]
UK

Cross-sectional

4899 adolescents
Age: 10-15 years

SNS

Game console
Computer game use
TV, DVDS

Measures: Happiness with six
domains of life.

SDQ

Findings: Chatting on social
networking sites and game
console usage were associated
with higher odds of socio-
emotional problems.

Higher total screen based media
use was associated with lower
odds of happiness and higher odds
of socio-emotional difficulties.

Herman et al. 2015
[101]
Canada

Cross-sectional

7725 adolescents
Age: 12-17 years

Computer
Video games

TV, DVDs

Measures: Self-rated mental
health: one item ‘would you say
your mental health in general is
excellent, very good, fair or
poor?’

Findings: Adolescents who didn’t
meet Canadian guidelines for
sedentary behaviour and exceeded
screen time were 30-50 % more
likely to rate their mental health
sub-optimally compared to those
who met guidelines.

Lee & Carson 2018
[102]
South Korea

Cross-sectional

1774 children
Age: 0-5 Years

TV

Measures: happiness, and stress
were used to measure
psychological well-being.
Findings: TV viewing was not
associated with psychosocial well-
being.

Przybylski and
Weinstein 2017
[103]

UK

Cross-sectional

120115 adolescents
Age: 15 years

DVDs

TV

Games
Computers
Mobile

Social networking
Internet

Measures: Warwick Edinburgh
Mental Well-Being Scale
(WEMWBS)

Findings: relationships between
digital-screen time and mental
well-being are nonlinear and that
moderate engagement in digital
activities is not harmful. although
high levels of engagement may
have a measurable, albeit small,
negative influence

Przybylski &
Weinstein 2019
[104]

USA

Cross-sectional

19957 children
Age: 2-5 years

Computer

Mobile

Video games

TV

Electronic devices

Measures: Questionnaire drafted
by developmental specialists
Findings: Evidence didn’t support
an association between screen
time and psychological well being
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Suchert et al. 2015 Cross-sectional 1296 adolescents. TV Measures: CES-D.
[105] Mean age: 13.7 years Mobile Findings: negative associations
Germany Video games between sedentary screen time
Computer behaviour and mental wellbeing
especially among adolescent girls.
Twenge & Campbell | Cross-sectional 40337 children and Mobile Measures: NSCH
2018 [63] adolescents Computer Findings: after 1 h/day of use,
USA Age: 2-17 years Electronic devices and | more hours of daily screen time
games were associated with lower
TV psychological well-being.
This association is larger among
adolescents. Among 14- to 17-
year-olds, high users of screens
(7+ h/day vs. low users of 1 h/day)
were more than twice as likely to
ever have been treated by a mental
health profession or have taken
medication for a psychological or
behavioral issue in the last 12
months.
Moderate use of screens (4 h/day)
was also associated with lower
psychological well-being.
Twenge & Campbell | Cross-sectional 221096 adolescents from a smartphones, Measures: 14-item Warwick-
2019 [64] UK and USA samples computers, social Edinburgh Mental Well-Being
UK and USA Age: media, gaming, Internet | Scale

UK sample: 15 years
US sample: 8th, 10th, and

Findings: Heavy users (vs. light)
of digital media were 48% to

12th graders (age not 171% more likely to be in low
reported) psychological well-being.
Zhao et al. 2018 China 20324 Children Video programs Measures: SDQ

[106] Cross-sectional Age: 3-4 years Electronic games Findings: Excessive screen
China TV exposure was associated with poor
Computer psychosocial well-being in
Mobile preschool children via a number
iPad of mediators, like sleep, BMI and
mostly by reducing parent-child
interaction.
Allen and Vella Cross sectional and | 7818 children TV Measures: SDQ
2015 [100] Longitudinal 6 -10 years at T1 Video games Findings: screen-based sedentary
Australia T1:2010 behaviour is related to the
T2:2012 development of psychosocial
difficulties in early and late
childhood.
Important moderators: household
income, parental education level,
and neighbourhood
socioeconomic position.
Babic et al. [108] Longitudinal 322 adolescents TV, DVDs, computer, Measures: Flourishing Scale
Australia T1: between April | Mean age 14.4 at T1 and tablet/mobile Findings: Changes in total
and June 2014 recreational screen-time and

computer use were negatively
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T2: between

associated with psychological

October and well-being.

December 2014. A positive association was found
with TV/DVD use and
psychological difficulties.

Booker et al.2018 Longitudinal 9859 adolescents Social media Measures: Happiness with six
[109] Follow-up: 5 Age: 10 to 15 years domains of life.
UK waves from age 10 Strengths and Difficulties

to 15 years Questionnaire (SDQ).

Findings: significant correlation
between interacting on social
media and well-being among
females.
Higher social media interaction at
age 10 was associated with
declines in well-being thereafter
for females, but not for males.
Hinkley et al. 2014 Longitudinal 3604 children TV Measures: SDQ Questionnaire for
[110] T1: from Age: 2-6 years Computer Measuring Health-Related Quality
Europe September 1, 2007, Games of Life in Children and
to June 30, 2008, Adolescents—Revised Version
T2: from (KINDLY)

September 1, 2009,
to May 31,2010

Findings: higher levels of early
childhood electronic media use
especially TV viewing are
associated with children being at
risk for poorer outcomes with
some indicators of well-being.

Kim 2017 [111] Longitudinal 2844 adolescents SNS and online Measures: students self reported
Korea Age: 12-15 years communication questionnaire
T1:2007 Findings: strong negative
T2:2008 relationship between online
activities (chatting, e-mailing,
participating in communities or
clubs and using bulletin boards)
and self-reported mental
wellbeing.
van den Eijnden et Longitudinal 538 adolescents Social media disorder Measures: Perceived social
al. 2018 [112] Follow-up: Age: 12-15 years Internet gaming competence: the 5-item Dutch
Netherlands T1: February to Mean age: 12.9 years at T1 disorder version of the Harters” Self
March 2015 Perception Profile of Adolescents
T2: 2016 S-item Satisfaction with Life Scale
T3:2017 developed by Diener, Emmons,

Larsen, and Griffin

Findings: disordered use of social
media and internet games predict
a decrease in the psychosocial
wellbeing of adolescents in terms
of life satisfaction and perceived
social competencies. More
vulnerability among boys was
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found in terms of disordered
gaming.

Viner et al. 2019
[87]
UK

Longitudinal
Follow-up: three
waves of follow
ups from age 13 to
16

12866 adolescents

Age: 13-14 years at T1

Social media

Measures: General Health
Questionnaire (GHQ12) and
National Statistics (ONS)
wellbeing

Findings: frequent social media
use was predictive of later lower
well-being especially among girls.

95




Table 3. Characteristics of studies on body image

Author, Year,

Study Design

Sample characteristics

Screen time activities

Body image

Country of study Measures and Findings
Afez et al 2018 Cross-sectional 1501adolescents TV Measures: Body Dissatisfaction
[129] Age: 13-17 years Computer (lesisure and | subscale of the Eating Disorders
Spain homework) Inventory-3 (EDI-3).
Findings: Computer leisure time
was negatively associated only
with girls’ body dissatisfaction.
De Vries et al 2019 Cross-sectional 404 adolescents Facebook Measures: The body
[130] Age: 12-19 years Instagram dissatisfaction subscale of the
Netherland Body Attitude Test.

Findings: social media use was
positively associated with body
dissatisfaction, but this
relationship was weaker among
adolescents who reported a more
positive mother—adolescent
relationship. Positive father—
adolescent relationship did not
moderate the association between
social media use and body
dissatisfaction.

Kelly et al. 2018
[56]
UK

Cross-sectional

10,904 adolescents
Age: 14 years

Social media

Measures: On a scale of 1 to 7
how do you feel about the way
you look?

Which of these do you think you
are?” (underweight, about the
right weight, slightly overweight,
very overweight), “Have you ever
exercised to lose weight or to
avoid gaining weight?”, “Have
you ever eaten less food, fewer
calories, or foods low in fat to lose
weight or to avoid gaining
weight?”,

Findings: social media screen time
was associated with body image
concerns among girls more than
boys.

Meier and Gray
2014 [126]
USA

Cross-sectional

103 female adolescents
Age: 12-18 years

Social networking sites
Facebook

Measures: The 5-item
Sociocultural Internalization of
Appearance Questionnaire for
Adolescents (STAQ—A).

The Physical Appearance
Comparison Scale (PACS).
Weight Satisfaction subscale of
the Body-Esteem Scale for
Adolescents and Adults (BES).
Self-Objectification
Questionnaire.
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Findings: It is not the total time
spent on FB or the Internet, but
the amount of FB time allocated to
photo activity that is associated
with greater thin ideal
internalization, self-
objectification, weight
dissatisfaction, and drive for
thinness.

Tiggemann and
Slater 2013 [131]
Australia

Cross-sectional

1087 female adolescents
Age: 13-15 years

Facebook

Measures: body surveillance
drive for thinness and
Internalization of beauty Ideals.
Findings: Facebook users scored
significantly more highly on all
body image concern measures
than non-users.

Number of Facebook friends was
significantly correlated with all
body image concern measures.

Tiggemann and
Slater 2014 [132]
Australia

Cross-sectional

189 young female
adolescents
Age: 10-12 years

TV

Magazine
Facebook
MySpace

Other social
networking sites

Measures: Sociocultural
Internalization of Media Ideals
Scale Body Surveillance Scale of
the Objectified Body
Consciousness Scale—Youth
Body Esteem Scale for Children.
Dieting: (“Do you watch exactly
what you eat?” “Do you try to eat
less at meal times than you would
like to eat?”’) “Have you ever been
on a diet to lose weight?”
Findings: SNS use correlated
with internalization, body
surveillance, and negative body
esteem.

Time spent on these social
networking sites produced
stronger correlations with body
image concerns than did overall
Internet exposure.

Vandenbosch and
Eggermont 2012
[133]

Belgium

Cross-sectional

558 female adolescents
Age: 13-18 years

sexually objectifying
music TV, primetime
TV programs, Social
networking sites

Measures: Noll and Fredrickson’s
original Self-Objectification
Questionnaire.

Internalization subscale of the
Sociocultural Attitudes Toward
Appearance Scale.

Body surveillance subscale from
the Objectified Body
Consciousness Scale for
Adolescents.

Findings: SNS use significantly
predicted body surveillance.
Direct relationships between
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internalization of beauty ideals
and sexually objectifying media.

De Vriesetal 2016 | Cross-sectional 604 adolescents Hyves.nl Measures: Body dissatisfaction
[134] and longitudinal 11-18 years at T1 Peer appearance-related Feedback.
Netherland T1: July through Findings: SNS use predicted

September 2008 increased body dissatisfaction in

T2: December both genders.

2009 SNS use predicted increased peer
influence on body image via peer
appearance-related feedback.

Rousseau et al. 2017 | Cross-sectional 1840 adolescents Facebook Measures: The Body
[135] and Longitudinal Age: 12-19 years at T1 Dissatisfaction Subscale of the
Belgium T1: March 2014 Body Attitude Test.

T2: October 2014 Findings: adolescents who use
Facebook in a passive manner
would develop a stronger
tendency to engage in social
comparison on Facebook, which
in turn leads to experiencing
higher levels of body
dissatisfaction, and vice versa

Tiggemann and Longitudinal 438 female adolescents Facebook Measures: Sociocultural Attitudes

Slater 2017 [136]
Australia

T1: grade 8 and
9th
T2 :2 years later

Mean age 13.6 at T1

Toward Appearance
Questionnaire.

Objectified Body Consciousness
Scale—Youth.

Drive for Thinness Scale of the
Eating Disorder Inventory.
Findings: One aspect of Facebook
use was associated with
subsequent higher levels of
aspects of body image concerns.
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ABSTRACT

Background: Despite increasing evidence that social media use is associated with adolescents’
mental well-being, little is known about the role of various factors in modifying the effect of this
association during adolescence. This study examined the association between social media use
and psychological distress among adolescents and explored whether sex, age, and parental

support moderate this association.

Methods: Data came from a representative sample of middle and high school students in
Ontario, Canada. Cross-sectional analyses included 6,822 students derived from the 2019

Ontario Student Drug Use and Health Survey.

Results: Our results showed that 48% of adolescents used social media for 3 h or more per day,
and 43.7% had moderate to severe psychological distress, with a higher prevalence among
females (54%) than males (31%). After adjustment for relevant covariates, heavy social media
use (>3 h/day) was associated with increased odds of severe psychological distress [odds ratio
(OR): 2.01; 95% confidence interval (CI):1.59-2.55]. The association of social media use with
psychological distress was modified by age (p <0.05) but not sex or parental support. The

association was stronger among younger adolescents.

Conclusion: Heavy social media use is associated with higher levels of psychological distress,
with younger adolescents being the most vulnerable. Longitudinal studies are recommended for
future research to examine in more depth the role of sex, age, and parental support in the
association between social media use and psychological distress to better determine the strength

and of the association.

Keywords: social media, psychological distress, mental health, adolescents
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Background

Adolescence is a critical and formative transitory period in which individuals shift from
childhood to adulthood. With significant biological, developmental, and psychological changes
taking place during adolescence, it is crucial to ensure that adolescents are fully supported to
promote physical and mental well-being to set the stage for a healthy adulthood (1, 2). During
this period of life, adolescents become more independent in making choices related to their
lifestyle behaviors (3). Early adolescence involves pubertal changes that elicit substantial
biological, cognitive, physical, social, and emotional changes making this a critical period for the
development of mental health problems (4, 5). Furthermore, the period of late adolescence
through which adolescents are transitioning to adulthood, is also considered to be a highly
vulnerable period for mental health problems that can have profound effects into adulthood (6).
Accordingly, it is crucial to examine how modifiable behaviors during adolescence impact

mental health outcomes, in order to address them before they become rooted.

Mental health problems among adolescents have increased worldwide, with one in seven (14%)
young people aged 10-19 years experiencing mental health problems (1), within which anxiety
and depression make up about 43% (2) and are considered the leading causes of illness and
disability for adolescents (1). Depression and anxiety are also considered risk factors for many
adverse health outcomes, such as cardiovascular diseases, behavioral problems, and substance
use disorder (7, 8). In addition to that, depression and anxiety can affect academic achievement
and learning, and reduce quality of life. At its worst, depression can lead to suicide (1). Recent
evidence suggests that girls have worse mental health outcomes such as psychological distress
than boys (9-11). With mental health morbidity increasing significantly among adolescents (12),

underpinning factors are still unclear, but are likely complex and influenced by many
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environmental factors. Previous literature has suggested that increases in mental health problems

may be associated with higher levels of social media use (13—16).

While the COVID-19 pandemic has accelerated the trend of social media use among adolescents
when in-person interaction had been restricted (17—19), social media use had increased
dramatically among adolescents and occupied a significant part of their daily lives even prior to
the onset of the pandemic (20). Recently, the World Health Organization strongly recommended
in their 2020 guidelines for physical activity and sedentary behavior that children and youth
should limit the amount of recreational screen time (21). Furthermore, the Canadian 24-h
movement guidelines for children and adolescents recommend limiting recreational screen time
to 2 h or less for children and youth aged 5-17 years (22, 23). However, with the emergence of
newer devices such as tablets and smartphones, social media was considered as one of the most
used screen activities among youth, especially females (24, 25). In Canada, 86% of youth in
Ontario use social media platforms every day, and more than 20% indicate they spend more than
5 h on social media daily (26). This raises concerns given that adolescence, especially at its
onset, is considered a crucial time frame because it is the period at which there is an exponential
increase in social media use (27) and increasing vulnerability to mental health problems (4).
Accordingly, understanding the association between social media use and adolescents’ mental

health has become a priority.

Previous studies on social media use and adolescents’ mental health provides some evidence
regarding the nature of the association (13, 14, 16, 24, 28-31). However, results were mixed,
resulting in an inconclusive understanding to date. Inconsistent findings could be attributed to
many reasons, such as differences in research designs, populations sampled, and analytical plans.

Also, while various factors of social media use and mental health have been identified in
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previous research, most studies failed to examine whether this association differs by
characteristics of individuals (16, 24, 32—34). For example, some studies reported sex differences
in the association between social media use and mental health or performed stratified analyses by
sex without statistically examining whether sex moderated the association (35-39), and in the
few that considered the moderating role of sex on the relationship (13, 40, 41), results were
inconsistent. Age has also been proposed as a factor that could modify the effect of social media
use on mental health problems, yet, only one study examined the moderating role of age, and
found that high social media use was associated with higher odds of internalizing problems
among younger adolescents (42). Given the importance of the social media context during early
adolescence, a period in which individuals give more values to peer acceptance, friendships, and
identity exploration, early adolescents can be more vulnerable to harmful contents of social
media (43, 44). In addition, recent research showed that females who use social media
extensively at early ages had poorer mental health outcomes several years on (41). This suggests
further examination of the role of age and sex in the association between social media use and

mental health among adolescents (15, 16, 24).

In addition to the role of sex and age, research needs to better understand other factors such as
the social and psychological support factors represented by the role of parents (24, 45). It has
been suggested that weak parental supportiveness makes adolescents feel disconnected, so they
use social media more frequently to find meaningful social interaction (45). However, very little
is known about how parental support plays a role in social media use and adolescent depression
and anxiety, and none of the studies examined the moderating role of parental support. Thus,

considering the role of parents in this association is important and needed (24).
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Since social media use is both highly prevalent among youth and a seemingly modifiable
behavior, examining the variables that modify the effect of the association between social media
use and psychological distress symptoms among youth is crucial to fill the knowledge gaps and
inform future research and interventions. Accordingly, the objectives of this study were to (1)
examine the association between social media use and psychological distress among adolescents,
and (2) explore the moderating role of age, sex, and parental support on the association between
social media use and psychological distress. We hypothesized that heavy social media use would
be associated with psychological distress in adolescents. We also hypothesized that sex, age, and
parental support would be moderators of this association with females, younger adolescents, and
those who reported rare parental support being the most vulnerable for psychological distress

when using social media heavily.

Design

The current study is a secondary data analysis of the 2019 Ontario Student Drug Use and Health
Survey (OSDUHS) (46). This representative cross-sectional school-based survey included
Ontarians in grades 7—12 from English and French public and Catholic schools (n = 14,142). Two
hundred sixty-three schools from 47 public and Catholic school boards participated in this survey.
Ethics approval was obtained from the Research Ethics Boards of the Center for Addiction and
Mental Health (CAMH; 029/2016), York University (€2014-099), and 47 public and Catholic
school boards’ research review committees. Participation in the survey required active parental

written consent and student assent. The survey was completed anonymously during school time.

Data were collected from November 2018 to June 2019. Four split ballot versions of the

questionnaire were administered in classrooms in a paper booklet format (Form A and B for
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Elementary Schools; Form A and B for Secondary Schools) where students completed one of two
alternately distributed questionnaires in classrooms depending on the school level. Questionnaires
used in elementary schools excluded certain topics (e.g., drug use screeners for problematic drug
use). Form A and Form B were distributed alternatively to students in each classroom to
accomplish two near-equal random samples completing each form. The overall completion rate
was 59%, with reasons for not completing the survey including unreturned consents or refusal of
participation (29%), and student absenteeism (12%). Further information about the survey is
available elsewhere (46). For the present study, only those who completed the questionnaire with
the mental health component (Form A, N=7,617) were included.

Measures

Social media use

Students were asked to indicate how many hours they spend daily posting or browsing social
media sites, such as Facebook, Twitter, and Instagram. Response options were as follows: less
than 1 h a day, about 1 h a day, 2 h a day, 3—4 h a day, 5-6 h a day, 7 or more hours a day, not
daily usage, do not use social media, and do not use the Internet. We created a scale variable as
follows: the three latter response options represented no use of social media (coded 0), the “less
than 1 h a day,” “about 1 h a day,” and “2 h a day” responses were collapsed and represented
light to moderate use (coded 1), the “3—4 h a day,” “5—6 h a day,” and “seven or more hours a
day” were collapsed and represented heavy use (coded 2). The cut-off was specified based on the
recommended cut-off of 2 h or less for daily recreational screen time among adolescents from the
Canadian sedentary behavior guidelines (22) and previous studies on similar topics (47, 48).

Psychological Distress
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The Kessler Psychological Distress Scale (K-6) was used to measure the frequency of

experiencing depression and anxiety in the past 4 weeks (49). Each of the six items included the

29 ¢¢ 99 ¢¢

following response options: “none of the time,” “a little of the time,” “some of the time,” “most
of the time,” and “all of the time.” A total score ranging from 0 to 24 was created, with higher
scores representing greater psychological distress. A score ranging from 0 to 7 represented no
distress (coded 0), 8 to 12 represented moderate distress (coded 1), and a score of 13 and more
indicated severe distress (coded 2) (50), consistent with other studies using the K6 measure (51—
53). The K6 is a valid and reliable tool to measure symptoms of psychological distress among
youth with a high internal consistency (o= 0.86) (54). The internal reliability coefficient for the
K-6 in this study was Cronbach’s o =0.87.

Potential Moderators

Sex, age, and parental support were potential moderators in our study. Sex is represented by a
binary variable: females (coded 1) and males (coded 0). Age was also represented by a binary
variable and grouped as “younger adolescents” (10—14 years old, coded 0) and “older
adolescents” (15-20 years old, coded 1) based on early adolescence and middle and late

adolescence phases reported in the literature (55). Parental support was assessed by the following

question: “How often do you talk about your problems and feelings with at least one of your
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parents?” The response options were: “always,” “usually,” “sometimes,” “rarely,” and “never.”
We collapsed the first two categories into one category that represented good parental support
(coded = 0). Responses of “sometimes” (coded = 1) remained a separate category, and the last
two categories were collapsed to represent poor parental support (coded =2).

Covariates
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Covariates included sex and age (if not moderators), ethnicity, subjective socioeconomic status
(SES), and body mass index (BMI) z-score. Covariates were selected based on their availability
in the dataset and their association with the independent and dependent variables (56—60).
Ethnicity was measured through self-identification from the following categories: White,
Chinese, Filipino, South East Asian, Japanese, Korean, South Asian, West Asian, Black,
Aboriginal, Latino, and Other. We dichotomized this variable as follows: White (coded 0) in a
separate category, and all multiple selections on the ethnicity groups included in another
category (coded 1). SES was assessed using the MacArthur Subjective Socioeconomic Status
Ladder (61). Students were asked to indicate on the 1-10 rungs ladder what best described their
parents’ SES: “Imagine this ladder below shows how Canadian society is set up. At the top of the
ladder are people who are the ‘best off’—they have the most money, the most education, and the
jobs that bring the most respect. At the bottom are the people who are ‘worst off”™—they have the
least money, little education, no job or jobs that no one wants. Now think about your family.
Please check off the numbered box that best shows where you think your family would be on this
ladder.” Rungs higher on the ladder indicate higher perceived SES. This variable was treated as a
continuous variable in our analyses. We also calculated BMI (km/m2) from students’ self-
reported weight (in kilograms) and height (in meters), and we transformed it into z-scores
following the reference data issued by the World Health Organization (62).
Statistical analysis

In our analysis, we used Taylor series linearization methods to account for the complexity
of the sample design of the survey and to attain unbiased variances and point estimates using
Stata 16.1 (Stata Corporation, College Station, TX, United States). Analyses included complete

information on all variables, reducing the sample size from 7,617 to 6,822. Pearson’s chi-square
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tests and adjusted Wald tests were used for categorical and continuous variables, respectively, to
test the statistical differences between excluded data (missing data) and those included in our
analyses for all the variables. Compared to the included participants, those who were excluded
were more likely to be males, aged 15-20 years, less likely to be of white ethnicity, and more
likely to use social media heavily.

Participant characteristics were described by proportions and means. Correlations between all
variables of interest included in the study were examined using Spearman correlation for ordinal
and continuous variables and Pearson chi-square adjusted for the survey design and transformed
into an F-statistic for categorical variables because of the complex sampling. Ordinal logistic
regression was used to estimate the odds ratios (OR) for the psychological distress outcome with
all independent variables of interest. Furthermore, crude and adjusted ordered regression models
were used to examine associations between social media use and psychological distress among
adolescents. Covariates included age, sex, ethnicity, subjective SES, and BMI z-score. In order
to test if the associations between social media and psychological distress varied by sex, age, and
parental support, two-way interactions were examined in separate models. In cases where
interaction terms were significant, stratified results were presented.

Results

Sample characteristics

Table 1 provides the descriptive characteristics of the sample. About 57% of the sample were
females, 58% of the students were 15 years or older, and 56% were white. About 48% of the
sample used social media heavily (>3 h daily). The prevalence of moderate and severe

psychological distress was 23.4% and 20.3%, respectively.
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Among the younger students (11-14 years), 38.7% used social media heavily, 32.6% reported
rare parental support, 19.8% were moderately distressed, and 16% were severely distressed.
However, among older students, 54.6% reported using social media heavily, 37.2% reported rare
parental support, 26% were moderately distressed, and 23.6% were severely distressed.
Regarding parental support, among those who reported having usual parental support (N
=2,745), 14% reported not using social media, 43.6% reported using social media moderately,
and 42.4% reported heavy use of social media. Also, among the same group, 20.1% reported
having moderate distress, and 11.8% reported having severe distress.

However, among those who reported having rare parental support (N =2,410), 11.5% reported
not using social media, 34.5% reported using social media moderately, and 54% reported heavy
use of social media. In addition to that, of participants who reported having rare parental support,
24.7% reported having moderate distress, and 31.3% reported having severe distress.

Bivariate analysis

Bivariate correlations for all variables of interest are shown in Table 2. The chi-square results
indicate that being a male was correlated with lower psychological distress and less social media
use. Being older (15-20-year-old) was correlated with higher psychological distress and more
social media use. Non-white ethnicity was associated with higher psychological distress.
Spearman correlation results indicate that higher SES was associated with lower psychological
distress. Also, higher psychological distress was associated with more use of social media and
less parental support. Furthermore, less parental support was associated with more social media
use.

Multivariable Ordinal Regression Modeling of the Association Between Social Media Use

and Psychological Distress Among Adolescents Adjusted for All Variables of Interest
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Results of multivariable ordinal regression analysis examining the association between social
media use and psychological distress are summarized in Table 3. Heavy social media use was
associated with psychological distress (OR: 1.44; 95% CI: 1.12-1.85). Also, adolescents who
reported parental support was rare had higher odds of psychological distress compared to those
with good parental support (OR: 2.41; 95% CI: 2.04-2.84). Adolescents who felt sometimes
supported also had higher odds of psychological distress compared to those with good parental
support (OR: 1.57; 95% CI: 1.31-1.87). Males were less likely than females to experience high
psychological distress levels (OR: 0.41; 95% CI: 0.36—-0.46).

Crude and Adjusted Multivariable Ordinal Regression Modeling with Interaction terms of
the Association of Social Media Use on Psychological Distress Among Adolescents

Results of multivariable ordinal regression analysis examining the association between social
media use and psychological distress with interaction terms are summarized in Table 4.
Interactions were statistically significant for age by heavy social media use for distress [Model 3
two-way interaction terms (OR: 0.54; CI: 0.33-0.90, p <0.05)]. Interaction terms for sex (Model
2) and parental support (Model 4) by social media were not significant.

Our unadjusted models show that the interaction terms for parental support by heavy social
media for psychological distress are significant for those who reported having parental support
sometimes and those who reported rare parental support (OR: 0.51; CI: 0.27-0.94, p <0.05 and
OR: 0.53; CI: 0.31-0.91, p <0.05, respectively). However, the moderating role of parental
support became insignificant after adjusting for covariates. Thus, subsequent analyses examining
the association between social media use and psychological distress were stratified by age.
Crude and Adjusted Multivariate Ordinal Regression Modeling of Social Media Use on

Psychological Distress Among Adolescents Stratified by Age
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Results of the multivariable ordinal regression analysis examining the association between social
media use stratified by age are presented in Table 5. After adjusting for covariates, younger
students who use social media heavily had higher odds of psychological distress (OR =2.32; CI:
1.67-3.21).

Discussion

This study examined the association between social media use and psychological distress in a
large and representative sample of adolescents in Ontario (Canada) and explored whether sex,
age, and parental support would moderate this relationship. Heavy use of social media was
moderately associated with higher levels of psychological distress among adolescents, and the

effect of the association was modified by age, but not sex or parental support.

Even though the cross-sectional design of this study cannot determine the direction of the
associations, our findings regarding the positive correlation between time spent on social media
and high levels of psychological distress align with previous cross-sectional (42, 63—67),
experimental and prospective studies (68—71), and reviews (24, 34, 73, 74), which provided
implicit causation regarding the direction of the association that moves from heavy social media
use to mental health problems. Numerous mechanisms could contribute to the direction and
nature of the relationship between social media use and depression and anxiety. Adolescents
involved in high levels of social media may experience poor quality of sleep, which plays a
mediating role in the pathway to depression and anxiety (75, 76). Furthermore, time spent on
social media may increase the risk of exposure to unrealistic societal ideal images and an over
representation of positive experiences and posts (77, 78). Thus, adolescents who make frequent
unfavorable social comparisons with other users are more likely to experience negative feelings

about body image and encounter envy, guilt, and regret (66, 79). These feelings can be
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detrimental to their self-esteem and have been identified as significant contributors to
internalizing problems such as depression and anxiety (25, 79—83). Also, more time spent on
social media increases the chances of experiencing cyberbullying, which has strong ties with
depressive symptoms (47, 84). In addition, the displacement theory posits the lack of social and
in-person interaction and family communication displaced by frequent time on social media can
contribute to symptoms of depression and anxiety (85). These associations between social media
and mental distress should be explored prospectively to help determine the temporality of the

associations identified.

This study also found that younger adolescents have higher odds of distress when using social
media heavily than their older counterparts (42). Our results could be explained by early
adolescence, as a vulnerable stage for mental health issues (4, 5, 86, 87) in which social media
was indicated as a potential risk factor (88, 89). This phase involves significant pubertal changes,
and biological, neurological, and social transformation (5, 90, 91), in which adolescents start to
experience an increase in self-consciousness, inner conflict, stress, and disorientation (91). At the
social and contextual level, peer relationships become more central to self-worth, and family can
become disoriented as youths strive for independence, and this may spark greater reliance on
social media as a source of social support, autonomy, seeking peers’ feedback, and exploring
identity (43, 92-94). As such, early adolescence is distinguished by a significant increase in
internalizing and externalizing problems (4, 5, 86, 87). Young adolescents’ brain regions that are
engaged in social interaction endure extensive changes, which make them vulnerable to being
impacted by media use that contributes to low self-esteem, upward social comparison, emotion-
loaded communications (25, 92), and cyberbullying which can all trigger mental health

symptoms (37, 95-97). In addition to that, heavy use of social media can interfere with the time
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adolescents use to do other beneficial activities like in-person interaction or physical activity

which can increase their chance to experience mental health issues (14, 98).

While males were less likely than females to experience psychological distress, and tend to use
social media less heavily, no moderating role of sex was found in the extent to which social
media use subgroups are associated with psychological distress, aligning with previous work
(40). These results may be attributed to the way social media use was measured, which only
focused on the social media use time and could not represent how social media was used.
However, our study showed that females spent more time on social media and reported greater
psychological distress symptoms than males, results in line with previous studies (4, 10, 40, 42,
88, 99-101). We hypothesized that females would be more negatively affected psychologically
by greater social media use because they are more emotionally and interested in friendships, and
body appearance (102, 103), and tend to be more involved in self-disclosure (102) and are more
likely than males to experience low emotional self-efficacy and lack of negative emotional
management (104, 105). This might make females more vulnerable to experience social media-
related upward social comparison (106), cyberbullying (36, 47), and body dissatisfaction (89), all

factors known to be linked with depression and anxiety.

The finding that adjustment for SES and sex reduced the moderating effect of parental support to
non-significance suggests that parental support’s role in the association between social media use
and psychological distress among adolescents is impacted by sex and SES. This supports the
need for future longitudinal studies to evaluate further these factors and other unexamined
factors that may underlie the moderating effects of parental support in the social media—mental
health relationship. In further consideration of our findings, the simplicity of the parental support

variable, which only measured to what extent adolescents discuss their problems with parents,
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could be one reason why parental support did not moderate the association after adjustment for
such a finding. Research has indicated that the role of parents is indeed very important and
includes multiple levels of involvement, in addition to having their children discuss their
problems with them (24, 45). Parents can be both gatekeepers (107) and influencers of their

adolescents’ social media use experience especially during early adolescence (108—110).

On the other hand, our results showed that those with rare parental support used social media
more frequently and had higher odds for psychological distress, consistent with previous work. It
has been known that parents play a significant role in their adolescents’ social media use and
behavior, which can impact mental well-being (111-114). Adolescents who reported having
unsupportive parents felt disconnected, and used social media more frequently to find
meaningful social interaction (45). That being said, in-person communication and support offline
from parents are all factors that can shape adolescents’ media use and experience, which in turn
impact mental well-being. Therefore, we highly recommend that future research investigate
through large longitudinal studies the role of parental support, taking into consideration the

impact of other important covariates in this association.

This study has several limitations worth mentioning. Our findings are based on cross-sectional
data; thus, the bidirectional relationship between social media use and psychological distress
could not be determined. Therefore, it is still unclear whether social media experiences shape
mental health problems or vice versa. For example, those in distress may seek comfort, support
or satisfy other psychological needs through social media (115). Also, data measured only the
time spent on social media and not the quality of the time, which is a critical factor (29, 37). In

addition, self-reported instruments are subject to inaccuracies and residual confounding by
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unmeasured variables is always possible in observational studies (e.g., medication use and
history of mental health problems). Finally, as in all large studies, missing values are inevitable,
and we had 10%. Case analyses showed that those with missing data were more likely to be
males, to use social media more heavily and were more distressed, so it is uncertain how these
missing cases would have impacted the observed associations had they been included in the

analysis.

The results of our study may offer valuable implications for tailored preventative interventions to
help minimize heavy and unhealthy social media use. As our results indicated, younger
adolescents are more likely to experience psychological distress when using social media
heavily; as such, it is important to educate parents and caregivers to help their young children
and adolescents to decrease their time on social media and promote appropriate behavioral
regulation. Also, discussions with adolescents about their social media behavior, the risks and
benefits of platforms, and promoting safe and effective social media strategies are warranted
(116, 117). Furthermore, longitudinal studies that capture specific types, quality, and context of
social media use are highly recommended to better understand the strength and the directional

impact of the relationship between social media and mental health.

Conclusion

Our results show that heavy social media use is moderately associated with psychological
distress among adolescents, and this association is modified by age, with younger adolescents
being more vulnerable. As such, future studies would benefit from longitudinal designs with
larger, more representative samples that examine the bidirectional association and investigate in
more depth the role of sex, age, and parental support. Furthermore, future studies that investigate

the mechanisms of this association taking into consideration the quality and quantity of social
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media use, are warranted. Addressing these points will help to design media literacy programs,
policies, and approaches for parents, mental health providers, teachers, and adolescents to
promote mental health and educate adolescents, especially younger ones, on the negative

psychological impacts of heavy social media consumption.
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Table 1. Descriptive characteristics of the full sample and stratified by variables of interest.

Characteristics Total 11-14 15-20 Males Females | Parental | Parental Parental
sample years years support | support support
Always | Sometimes | Rarely
N=6822 N=2880 | N=3942 | N=2951 | N=3871 | or or

usually never
N=2745 | N=1667 N=2410

Sex

Males 432 43.8 42.8 - - 36.1 42.6 51.8

Females 56.8 56.2 57.2 - - 63.9 57.4 48.2

Age

11-to-14-year-olds 42.2 - - 42.8 41.8 455 414 39.0

15-t0-20-year-olds 57.8 - - 57.2 58.2 54.5 58.6 61.0

Ethnicity

White 55.5 55.0 56.0 55.0 56.5 60.0 54.4 51.3

Other 44.5 45.0 44.0 45.0 43.5 40.0 45.6 48.7

Subjective SES

Mean 6.94 7.14 6.83 6.98 6.89 7.17 7.17 6.74

(SD) (1.68) (1.75) (1.62) (1.55) (1.80) (1.61) (1.61) (1.68)

BMI Z-score

Mean 0.33 0.37 0.31 0.35 0.31 0.33 0.33 0.34

(SD) (1.11) (1.21) (1.05) (0.97) (1.26) (1.13) (1.13) (1.08)

Social media use

No use 12.5 22.0 5.6 16.0 9.9 14.0 11.6 11.5

Heavy use (>3 h/day) 48.0 38.7 54.6 38.0 55.5 424 48.2 54.0

Parental support

Always/usually 40.2 434 38.0 33.6 453 14.0 11.6 12.5

Sometimes 24.5 24.0 24.8 24.1 24.7 43.6 40.2 34.5

Rarely/never 353 32.6 37.2 423 30.0 424 48.2 54.0

Psychological distress

No distress 56.3 64.2 50.4 69.9 46.0 68.1 54.5 44.0

Moderate distress 23.4 19.8 26.0 19.2 27.0 20.1 27.0 24.7

Severe distress 20.3 16.0 23.6 10.9 27.0 11.8 18.5 31.3

Note: Data are shown as percentages or mean (standard deviation).

SES, socioeconomic status; SD, standard deviation; BMI, body mass index.
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Table 2. Spearman correlation results of the association between psychological distress,
sociodemographic characteristics, and social media use among adolescents (n=6,822).

1. 2. 3. 4. 5. 6. 7.
1. Sex — — - p— p— — —
2. Age 0.085" - — — = = —
3. Ethnicity 1.021% 1.066% — — — — —
4. SES 0.018* -0.107#**% | (0,091 *** - — — —
5. BMI z-score -0.002* -0.005% 0.003* -0.063#**1 - — —
6. Social media use 57.4Q%%*T 95.019%***T | 9. 408***T | _0.055%**1 | (0.039%%*% - —
7. Parental support 41.174%**7 7.665%xxT | 6.018**T -0.189*** | 0.017% 0.100%**% =
8. Psychological distress | 179.200%**T | 30.906***t | 1.8337 - 0.223%%% | 0,055%*#F | 0.200%**1 | (. 232%**

Note: Sex (male/female), ethnicity (white/non-white), subjective SES, social media use (no use, moderate use, heavy use), parental support

(usually, sometimes, rarely), and psychological distress (no distress, moderate distress, severe distress)

SES, socioeconomic status; SD, standard deviation; BMI, body mass index.

+ Pearson chi-square adjusted for the survey design and transformed into an F-statistic.

1 Spearman Correlation.

*p <0.05; **p <0.01; ***p <0.001.
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Table 3. Results of the ordered regression analysis of the association between social media
use and psychological distress adjusted for all variables of interest (n = 6,822).

Model Psychological distress
OR (95% CI)

Social media use

No use 1

Light to moderate use (<2 h/day) 1.11 (0.88 —1.41)

Heavy use (>3 h/day) 1.44 (1.12 — 1.85)**

Sex

Female 1

Male 0.41 (0.36 — 0.46)***

Age

11-to-14-year-olds 1

15-t0-20-year-olds 1.36 (1.18 — 1.58)***

SES 0.83 (0.80 — 0.86)***

Race

White 1

Non-white/ other 0.90 (0.78 — 1.05)

BMI Z-score 1.03 (0.97 — 1.08)

Parental support

Usually/ always 1

Sometimes 1.57 (1.31 — 1.87)**=*

Rarely/ never 2.41 (2.04 — 2.84)***

Note: Data are shown as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Model is adjusted for sex, age,
subjective SES, ethnicity, BMI z-score, and parental support.
SES, socioeconomic status; SD, standard deviation; BMI, body mass index.

*p <0.05; **p <0.01; ***p < 0.001.
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Table 4. Results of the crude and adjusted ordered regression analysis with interaction
terms of the associations between social media use and psychological distress among

adolescents (n = 6,822).

Models Crude Adjusted'
Model 1
No use 1 1

Light to moderate use (<2 h/day)
Heavy use (> 3 hours/day)

1.21 (0.97 — 1.51)
2.28 (1.82-2.85)%**

1.29 (1.02 — 1.62)*
2.01 (1.59-2.55)%**

Model 2 — Interaction term between social media use and sex
Light to moderate use x sex
Heavy use social media use X sex

1.34 (0.87-2.06)
1.29 (0.86-1.93)

1.29 (0.82 -2.03)
1.29 (0.85 -1.95)

Model 3 - Interaction term between social media use and age
Light to moderate use x age
Heavy social media use x age

0.70 (0.43 — 1.15)
0.56 (0.34 -0.93)*

0.71 (0.43 — 1.16)
0.54 (0.33 -0.90)*

Model 4 - Interaction term between social media use and parental support
Light to moderate use x sometimes parental support
Light to moderate use x rare parental support

Heavy social media use x sometimes parental support
Heavy social media use x rare parental support

0.70 (0.36-1.32)
0.75 (0.43-1.29)

0.51 (0.27-0.94)*
0.53 (0.31-0.91)*

0.75 (0.38 — 1.50)
1.01 (0.58 — 1.77)

0.53 (0.27 — 1.03)
0.69 (0.39 — 1.21)

Note: Data are shown as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. 'Adjusted models: Model 1 is adjusted

for sex, ethnicity, subjective socioeconomic status, BMI z-score and age. Model 2 is Model 1 + interaction term between social media use and

sex; Model 3 is Model 1 + interaction term between social media use and age; Model 4 is Model 1 + interaction term between social media use

and parental support. *p < 0.05; **p <0.01; ***p <0.001.
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Table 5. Results of the crude and adjusted ordered regression analysis of the associations
between social media use and psychological distress among adolescents, stratified by age (n

= 6,822).
11-to 14- year-old | 15-to 20- year-old
Characteristics N =2880 N =3942
Model 1 — Crude
No use 1 1

Light to moderate use (< 2 hours/day)
Heavy use (> 3 hours/day)

1.17 (0.88-1.54)
2.50 (1.83-3.42)%**

0.82 (0.59-1.24)
1.45 (1.01-2.13)*

Model 2 - Adjusted

No use

Light to moderate use (< 2 hours/day)
Heavy use (> 3 hours/day)

1
1.27 (0.95-1.70)
2.32 (1.67-3.21)***

1
0.86 (0.58-1.26)
1.24 (0.86-1.78)

Note: Data are presented as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval.

Model 1 is unadjusted. Model 2 is adjusted for sex, ethnicity, subjective socioeconomic status, and BMI z-score.

*p <0.05; **p <0.01; ***p <0.001.

144




CHAPTER S MANUSCRIPT 3

This manuscript has been written and formatted following the publication standards of the peer-
reviewed journal, International Journal of Child and Adolescent Health. It appears in its submitted

format.

Title:

Problematic Technology Use, Suicidal Ideation, and Suicide Attempt among Adolescents: The
Moderating Role of Sex

Status:
In Press

Contribution statement:

I am the first author on this article. I was responsible for designing the study, with guidance from
my supervisors and co-authors. I performed all data analyses, created all of the tables, wrote the

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

145



Problematic Technology Use, Suicidal Ideation, and Suicide Attempt among Adolescents: The
Moderating Role of Sex

Fatima Mougharbel, MSc!?, Jean-Philippe Chaput, PhD ?, Hugues Sampasa-Kanyinga, MD,
PhD?, Hayley A Hamilton, PhD 4, Ian Colman, PhD *°, Scott T Leatherdale, PhD® and Gary S
Goldfield, PhD 23"

1School of Population Health, University of Ottawa, Ottawa, Ontario, Canada, ZHealthy Active
Living and Obesity Research Group, Children’s Hospital of Eastern Ontario Research Institute,
Ottawa, Ontario, Canada, 3School of Epidemiology and Public Health, University of Ottawa,
Ottawa, Ontario, Canada, *Centre for Addiction and Mental Health, Institute for Mental Health
Policy Research, Toronto, Ontario, Canada, ’Centre for Fertility and Health, Norwegian Institute
of Public Health, Oslo, Norway and °School of Public Health and Health Systems, University of
Waterloo, Waterloo, Ontario, Canada

*Correspondence: Gary S Goldfield, PhD, Healthy Active Living and Obesity Research Group,
Children’s Hospital of Eastern Ontario Research Institute, Ottawa, Ontario K1H 8L1, Canada.

Email: ggoldfield@cheo.on.ca

146


mailto:ggoldfield@cheo.on.ca

Abstract

This study examined the associations between problematic technology use (PTU) and suicidal
ideation and suicide attempt among adolescents and explored whether sex moderates these
associations. Data used for this study were from a representative sample of middle and high school
students in Ontario, Canada. Analyses included 4,390 students derived from the 2019 Ontario
Student Drug Use and Health Survey. Our results showed that 19% of adolescents experienced
symptoms of moderate-to-serious PTU, 16.8% had suicidal ideation, and 4.1% had suicide attempt.
Females reported higher symptoms of moderate-to-serious PTU than males and reported a higher
prevalence of suicidal ideation and suicide attempt. The association of PTU with suicidal ideation
and suicide attempt was modified by sex. Having moderate-to-serious symptoms of PTU was
associated with higher odds of suicidal ideation among males than females (OR = 3.72, 95% CI =
2.53-5.49 vs OR = 1.74, 95% CI = 1.35-2.26, respectively). Also, having moderate-to-serious
symptoms of PTU was associated with higher odds of suicide attempt among males than females
(OR =6.25,95% CI=2.87-13.60 vs OR =2.03, 95% CI = 1.28-3.23, respectively). In conclusion,
PTU is a modifiable risk factor associated with increased odds of suicidal ideation and attempt
among adolescents, with male adolescents being the most vulnerable. Further research is warranted
to explore this association in more depth and to fully understand the role of sex and other potential
moderators on the relationship between problem technology use and suicidality among
adolescents. Keywords: Problematic Technology Use, screen time, suicidal ideation, suicide

attempt, mental health, adolescents
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Introduction

Every year over 700,000 individuals die due to suicide worldwide and many more attempt
suicide (1). Among adolescents aged 15-19 years, suicide is considered the fourth leading cause
of death globally (1). In 2020, the suicide rate in Canada for adolescents aged 15-19 years was 8.2
per 100,000, accounting for 24% of all deaths, and ranking second as a leading cause of death in
this age group (2). Suicidal thoughts and suicide attempt manifesting in adolescence are significant
predictors of suicide and represent a serious public health issue (3,4), as most of these events first
occur from early to mid-adolescence (5). The nationally representative Canadian Community
Health Survey (n=4031) showed that the prevalence of lifetime suicidal ideation and attempt
among youth and emerging adults (15-24 years) is 14.1% and 5.8%, respectively. Furthermore,
this survey indicated that lifetime suicidal ideation was higher among females than males (16.2%
vs 12%, respectively) (6). While suicide is often perceived principally as a mental health problem,
mainly resulting from depression (7), there is evidence indicating that suicidality can be strongly
influenced by environmental and behavioral factors, including problematic technology use (PTU)
(8). For this study, PTU is defined as excessive time spent on digital technology with an
uncontrollable desire to use it in a way that negatively impacts an individual’s daily routines and

activities (9,10).

Technology use has become an essential part of adolescents’ daily lives, with 95% of youth
in the United States having access to a smartphone and almost half of them using internet regularly
(11-13). Recent evidence showed that Canadian youth use technology more than any other
generation with nearly 100% of individuals aged 15-24 years using the internet every day or having
a smartphone (14). Furthermore, current evidence shows that the majority of secondary school

students use electronic devices for three hours or more hours daily and almost 35% use them for
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five hours or more during leisure time (15). Adolescence is considered a critical period in which
adolescents encounter rapid changes in physical, mental, and cognitive functions, and they tend to
be more involved in risky behaviors for exploration and emotional relief (16,17), a phenomenon
that may be exacerbated by increasingly easy access to various types of technology (11,12,18).
While technology offers many benefits, problem technology use is concerning as it has been
recognized that excessive time spent on technology is emerging as a serious public health issue
due to its association with adverse health outcomes among youth (19,20). This is evidenced by
PTU being considered as an addictive behavior disorder in the International Classification of
Diseases (ICD 11) (21). Similar to other non-substance-related addictive disorders (i.e. gambling,
internet gaming disorder) that are recognized by the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), problematic technology shares similar typology. This includes excessive use
of technology, anxiety or distress upon cessation that is followed by a strong desire to reuse it,
emotional relief when reusing it, interference with sleep, inability to complete school work

effectively, and causes conflict with parents, or peer-relationships (22,23).

Previous studies have found that symptoms of PTU are associated with psychosocial and
mental health problems such as depression and anxiety (24-27). Among these detrimental
outcomes associated with heavy technology use, suicidal behavior has gained increasing attention
from researchers who found a positive association between excessive technology use and suicidal
ideation and suicide attempt (28-32). However, another study found no association between

problem internet use and suicidal ideation and suicide attempt among adolescents (33).

Although many studies examined the sex differences in PTU and the association to suicidal
ideation and suicide attempt, to date there are inconsistent results. While some studies showed that

males were more likely than females to report symptoms of PTU (24,32,34,35), other studies
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contradicted those findings and reported that females were more likely than males to experience
symptoms of PTU (36-38). Moreover, other studies have indicated no sex differences (23,39,40).
These studies did not examine the association between PTU and both suicidal ideation and suicide

attempt, taking into consideration the moderating role of sex in this association.

Given the high prevalence of technology use among adolescents (11,13,14), particularly
during the COVID-19 pandemic (41), it is very important to understand the association between
PTU and suicidal ideation and suicide attempt among adolescents, and identify which sub-groups
of youth are at highest risk. This will help to inform future interventions and suicide-prevention
strategies. Accordingly, building upon previous research, this study examined: 1) the associations
between PTU and suicidal ideation and suicide attempt and 2) whether these associations differed

by sex.

Methods

The current study is a secondary analysis of data from the 2019 Ontario Student Drug Use
and Health Survey (OSDUHS) (15). This representative school-based survey is cross-sectional, it
collects information related to physical and mental health, drug use, and other risk behaviours
among students in grades 7-12 (n=14,142) from 263 English and French public and Catholic
schools in Ontario. The Research Ethics Board at the Centre for Addictions and Mental Health
(CAMH), York University, and Public and Catholic school boards’ research review committees
approved the 2019 OSDUHS protocol. Participation in the survey required parental consent and
student assent and the survey was completed anonymously during school time.

Data were collected from November 2018 to June 2019. Students aged 11 to 20 years old
completed anonymously self-administered questionnaires. Four split ballot versions of the

questionnaire were assigned in classrooms (Form A and B for Elementary Schools; Form A and B
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for Secondary Schools). Elementary school questionnaires excluded some topics (e.g., problem
drug use; PTU, gambling problem). Form A and Form B were distributed alternately to students
in each classroom to achieve two near-equal random samples completing each form. The
completion rate was 59%, with reasons for not completing the survey including unreturned
consents or refusal of participation (29%), and student absenteeism (12%). Further information
about the survey is available elsewhere (15). For the present study, adolescents who completed the
questionnaire A, (administered to students in grades 9 to 12; n=5273), and examined PTU, mental
health, and substance use were included in our analyses.

Measures

Problematic technology use was assessed using the 6-item Short Problem Internet Use Test
(SPIUT) (42). It consists of six items as follows: “How often do you find that you are staying on
electronic devices longer than you intended?”, “How often do you neglect homework because you
are spending more time on electronic devices?”, “How often are you criticized by your parents or
your friends about how much time you spend on electronic devices?”, “How often do you lose
sleep because you use electronic devices late at night?”, “How often do you feel nervous when
you are not using electronic devices and feel relieved when you do go back to using them?”, and
“How often do you choose to spend more time on electronic devices rather than go out with your
friends?”. Responses rated on a 5-point Likert scale ranged from “never” (coded 0) to “very often”
(coded 4) and scores across items were summed to provide a total score ranging from 0 to 24 with
higher values indicative of more severe PTU. For this study, the individual symptoms of problem
technology use, moderate-to-serious PTU (scores of 14 or higher) and serious PTU (scores of 19
or higher) (42). This tool is valid (42), and it represents a representing high internal reliability with

Polychoric Cronbach’s alpha of 0.78 (43).
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Suicidal ideation

Suicidal ideation was assessed by the following question: ‘‘In the last 12 months, did you ever
seriously consider attempting suicide?’’ The response options were ‘“Yes’’ (coded 1) or ‘‘No”’
(coded 0).

Suicide attempt

Suicide attempt was assessed by the following question: ‘‘In the last 12 months, did you actually

attempt suicide?’’ The response options were ‘‘Yes’’ (coded 1) or ““No’’ (coded 0).

Covariates

Covariates included in the statistical models were age, ethnoracial background, subjective
socioeconomic status (SES), tobacco cigarette smoking, cannabis use, and alcohol consumption.
These covariates were selected based on their association with the dependent and independent
variables. Ethnoracial background was assessed through self-identification as follows: White,
Chinese, Filipino, Southeast Asian, Japanese, Korean, South Asian, West Asian, Black,
Aboriginal, Latino, and Other. We created five categories, based on distribution, as follows:
White, Black, East/South-East Asian, South Asian, and Other. SES was assessed using an updated
version of the MacArthur Subjective Socioeconomic Status Ladder (44,45), which is considered a
reliable assessment of subjective social status (44). Students were asked to indicate on the 1 to 10
rungs ladder what best described their parents’ SES: ‘‘Imagine this ladder below shows how
Canadian society is set up. At the top of the ladder are people who are the ‘‘best off”’—they have
the most money, the most education, and the jobs that bring the most respect. At the bottom are
the people who are ‘‘worst off”’—they have the least money, little education, no job or jobs that

no one wants. Now think about your family. Please check off the numbered box that best shows
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where you think your family would be on this ladder.”” Rungs higher on the ladder indicate higher
perceived SES. This variable was treated as a continuous variable in the analysis.

Regarding substance use variables, tobacco use was measured by asking the students how
often they smoked cigarettes over the past 12 months. Cannabis use was assessed by asking the
students how often they used cannabis over the past 12 months. Alcohol use was assessed by
asking the students how often they drank alcohol (liquor, wine, beer, coolers) over the past 12
months. All substance use variables in this study were treated as scale variables ranging from 1 to
10 for tobacco use, 1 to 7 for cannabis use, and 1 to 9 for alcohol use, with higher numbers

indicating more use.

Statistical analysis

All analyses were performed using Taylor series linearization methods to account for the
complexity of the sample design of the survey and to achieve unbiased variances and point
estimates using Stata 16.1 (Stata Corporation, College Station, TX, USA). Given that sex
interaction with moderate-to-serious PTU was significant (p<0.05), analyses including this
independent variable were stratified by sex. Participant characteristics were described by
proportions and means. We then examined the prevalence of symptoms of PTU and suicidal
ideation and suicide attempt. Finally, we conducted univariable and multivariable logistic
regression analyses to examine the associations for individual symptoms, and two different
categories of PTU with suicidal ideation and suicide attempt. Covariates included age, ethnoracial
background, subjective SES, tobacco cigarette smoking, cannabis use, and alcohol consumption.
Results are expressed as odds ratios (OR) and their 95% confidence intervals (CI). Among the
5,273 eligible participants, 4,390 were included in the analytical sample. Participants with missing

data on at least one variable were excluded. Comparing those excluded with those included in the
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analysis, students with missing data were more likely to be of other ethnoracial background and to

report less substance use and more PTU.

Results

Table 1 presents the characteristics of the study sample. 58% of the sample was female and
57.5 % were White. The prevalence of suicidal ideation and suicide attempt were 16.8 % and 4.1
%, respectively. About 19% of students reported symptoms of moderate-to-serious PTU and 3%
reported symptoms of serious PTU. Females were more likely than males to report experiencing
symptoms of moderate-to-serious PTU (21.8 % and 14.2%, respectively) and serious technology
use (3.8% and 1.7%, respectively). Females were also more likely than males to report higher
suicidal ideation (21.6 % and 12%, respectively) and suicide attempt (5.7 % and 3%, respectively).

Results of logistic regression analyses of the associations of moderate-to-serious symptoms
of PTU with suicidal ideation and suicide attempt among adolescents are summarized in table 2.
In the adjusted model, having moderate-to-serious symptoms of PTU was associated with higher
odds of suicidal ideation among males than females (OR = 3.72, 95% CI = 2.53-5.49 vs OR =
1.74, 95% CI = 1.35-2.26, respectively) and suicide attempt (OR = 6.25, 95% CI = 2.87-13.60 vs
OR =2.03,95% CI =1.28-3.23, respectively). Individual symptoms of PTU were also associated
with higher odds of suicidal ideation and suicide attempt among males and females with some
exceptions. Staying on devices longer than intended was not associated with suicidal ideation in
females or with suicide attempt in both sexes. Neglected homework because spending more time
on devices was not associated with suicide attempt in both sexes. Getting criticized by parents or
friends about time spent on electronic devices was associated with higher odds of suicide attempt

in males only (OR = 1.93, 95% CI = 1.36-2.76). Also, choosing to spend more time on electronic
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devices rather than go out with friends was associated with higher odds of suicide attempt in
females only (OR =1.59, 95% CI =1.26-2.01).

Results of logistic regression analyses examining the associations of serious symptoms of PTU
with suicidal ideation and suicide attempt among adolescents are summarized in table 3. No
significant PTU by sex interaction was found, therefore we did not stratify the analyses by sex.
Serious symptoms of PTU were associated with higher odds of suicidal ideation and suicide
attempt (OR = 4.15, 95% CI = 2.36-7.30; and OR = 4.76, 95% CI = 1.18-12.52, respectively).
Also, individual symptoms of PTU were associated with higher odds of suicidal ideation and
suicide attempt, except for staying on devices longer than intended, and neglecting homework
because spending more time on devices were associated with suicidal ideation only.

Discussion

The results of the present study showed a high prevalence of moderate-to-serious PTU in a
sample of secondary school students in Ontario, Canada. Sex was also a significant moderator of
the associations of PTU with suicidal ideation and suicide attempt. Having moderate-to-serious
symptoms of PTU was associated with higher odds of suicidal ideation and suicide attempt in
males and females, with males being the most vulnerable. To the best of our knowledge, this is the
first study that aimed to examine the association between PTU and two key cognitive-behavioral
indicators of suicidality in a large and representative school-based sample of adolescents and to
explore the moderating effect of sex.

Our results indicated that both moderate-to-serious and serious symptoms of PTU were
associated with higher odds of suicidal ideation and suicide attempt, with higher odds among males
who reported moderate-to-serious symptoms of PTU. Our findings are in agreement with previous

studies (32,39,46-48). Although the underlying mechanism of the association between PTU and
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suicidal behavior is not fully understood, some relevant factors were discussed in the literature.
First, adolescents experience more frequent strong and intense emotions than adults, with higher
instability, making them more vulnerable and sensitive to emotionally charged situations (49).
Thus, individuals having challenges recognizing and understanding their emotions are more prone
to facing negative experiences with technology use and experiencing suicidal behavior (50).
Accordingly, PTU may expose adolescents to violence, cyberbullying (51), inappropriate or
unrealistic contents that trigger social comparison (52), and may further lead to developing
negative emotions (53), low self-esteem (54), low tolerance to frustration, and weak emotional
regulation than corresponding counterparts, as well as high impulsivity (55,56). All of these factors
are associated with higher chances of depression and suicidal behaviors (51,57-61).

Another interesting finding of this study was about the sex differences in the association
between PTU and suicidal ideation and suicide attempt. Our descriptive results indicate that
females reported a higher prevalence of PTU and suicidal ideation and suicide attempt than males.
However, the association between PTU and suicidal ideation and suicide attempt showed that
males are more vulnerable than females. Females and males may demonstrate different behavioral
patterns and motivations for technology use (62,63). Females like socializing more than males
online, evidenced by spending more time using social media platforms, smartphones, and online
chatting; males spend more time in online gaming (12,40). Also, evidence showed that males tend
to be involved more than females in online risky behaviors known to be associated with suicidal
ideation and suicide attempt, such as pornography, violent video games, and gambling (64—68),
which increase their vulnerability to suicidal behavior (8,69,70). Additionally, it has been
suggested that males have lower levels than females in their emotional intelligence (71), a factor

known to play a critical role in protecting against suicidal behavior (72). Given that the motivation,
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quality and nature of types of technology use and how they were used was not measured in the
survey, it is important to consider those measures in future studies to provide a better understanding
of the underlying reasons for the observed sex differences that place males with PTU at higher risk
of suicidal ideation and attempt.

It is important to note that our cross-sectional findings do not preclude a reverse causation
hypothesis or bidirectionality. In fact, according to other evidence, depression was found to predict
technology addiction as a way to cope with stressful life events and underlying psychological
problems, which in turn could make the symptoms of depression worse and increase odds of
suicidality (73,74). Also, it was suggested that victimization and social exclusion make adolescents
feel isolated and rejected so they tend to use technology excessively as a coping mechanism, which
makes them more vulnerable to online harmful content, such as cyberbullying (75,76).
Consequently, they become more isolated by reducing their in-person communication and social
network, which in turn can trigger their depression and suicidality (77-79).

Additional mechanisms that may explain the link between PTU and suicidality include the
displacement of physical activity, and in-person communication or offline social interaction with
family and peers, which have been shown to buffer against psychosocial and emotional problems
(53,61,80). Therefore, extensive technology use may lead to poor interpersonal relationships with
family and friends (81), and consequently lead adolescents to choose an avoidant maladaptive
coping style to confront stressful situations which in turn increase psychosocial maladjustment
such as emotional distress, problem coping, and loneliness (82), factors known to increase the risk
of suicidal behavior among adolescents (83).

Third, sleep disturbances and insomnia are well known factors associated with poor mental

health including suicidal ideation and suicide attempt (84). Also, it has been reported that sleep
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mediates the association between heavy technology use and suicidal behavior among adolescents
(32). This aligns with our results that showed that losing sleep because of late night use of devices
was associated with higher odds of suicidal ideation and suicide attempt. Thus, late night use of
electronic devices can reduce quantity and quality of sleep, which in turn is associated with
increased risk of suicidal ideation and attempt among adolescents.

Additionally, the present study showed that 19% of students reported moderate-to-serious
problematic technology symptoms, and 3% met the criteria for serious problematic use. It has been
suggested that the high prevalence of PTU among adolescents (9,85) can be explained by their
psychological immaturity (86), lacking self-regulation ability and coping strategies, as well as the
elevated tendency for impulsivity and risk-taking behavior. There is evidence this is related to the
prefrontal cortex, responsible for executive functions such as logical thinking, decision making,
problem solving and impulsive control, that is not yet fully developed during adolescence (87—-89).
All these factors contribute to the high vulnerability among adolescents to addictive behavior
(17,89,90).

Moreover, our study found that females were more likely than males to report PTU,
consistent with previous studies (36,37,91-93), and contradictory with other studies which
reported a higher prevalence of problematic technology internet use among males (24,35).
Inconsistency in findings in various parts of the world might be attributed to methodological
heterogeneity, such as the types and quantity of technology measured. The sex difference regarding
the prevalence of technology use indicated in the present study might be explained by technology
preferences. For example, evidence showed that females’ favorite media activities are social
media, chatting, listening to music, and reading while males are more likely to enjoy all types of

video gaming including mobile and computer games and watching online videos (11,13,94,95).
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Therefore, the high prevalence of PTU among females might be explained by the increased usage
of the internet for communication purposes, which in turn can be associated with the higher
smartphone use among females than males (37,96).

This study has several strengths. First, we used a large and representative sample of
adolescents, considered many important covariates such as substance use in our analyses, and
examined the moderating role of sex on the association between PTU and suicidal ideation and
suicide attempt. Furthermore, the examination of each criterion of PTU was useful to provide a
clearer interpretation of the results. Despite the several strengths, our study has some limitations
that should be acknowledged. First, the cross-sectional nature of the study prohibited us from
making any causal relationship between PTU, suicidal ideation, and suicide attempt. Second, the
lack of measures of quality of technology use limited our ability to examine in more depth the sex
differences which might be explained by how this technology was used. Third, this study includes
high school students in grades 9 to 12 attending publicly funded schools in Ontario and is not
representative of all students in Canada. Fourth, the low participation rate. Also, our data are based
on self-reported measures which might contribute to recall bias. Longitudinal studies are needed
to examine the directionality of the association between PTU and suicidal ideation and suicide
attempt among adolescents.

Conclusion and Future Directions

Our present study indicates that PTU is very common among adolescents, especially
females, and is associated with an increased risk of suicidal ideation and suicide attempt, with
males being more vulnerable. Our results highlight the need for further research to understand the
precise causal relationship between PTU and suicidal behaviour which can help to develop

effective multidisciplinary interventions as a part of suicide prevention programs targeting youth

159



and their families. These interventions would help to provide media literacy, promote healthy

digital media behaviours and increase awareness of the adverse effects of PTU.
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Table 1. Descriptive characteristics of the full sample and stratified by sex.

Characteristics Total sample Females Males p-value *
N=4390 N=2549 N=1841

Age (years)

Mean (SD) (Min: 12, Max: 20) 15.9(1.3) 15.8 (1.4) 15.9(1.2) 0.282

Ethnoracial background - - - -

White 57.5 55.2 53.2 0.707

Black 7.3 8.8 9.0 -

East/South-East Asian 12.0 11.5 13.1 B

South Asian 8.3 9.0 8.8 -

Other 14.9 15.5 16.0 -

Subjective socioeconomic status

Mean (SD) (Min: 1, Max: 10) 6.9 (1.7) 6.9 (1.8) 6.9 (1.6) 0.228

Tobacco cigarette smoking

Mean (SD) (Min: 1, Max: 10) 1.2 (0.8) 1.2 (0.8) 1.3 (0.8) 0.274

Cannabis use

Mean (SD) (Min: 1, Max: 7) 1.9 (1.8) 1.8 (1.8) 2.1(1.8) <0.001

Alcohol consumption

Mean (SD) (Min: 1, Max: 9) 2.7 (1.6) 2.8(1.7) 2.7(1.5) 0.371

Suicidal ideation

No 83.2 78.4 88.0 <0.001

Yes 16.8 21.6 12.0

Suicide attempt

No 95.9 94.3 97.0 <0.01

Yes 4.1 5.7 3.0

Moderate-to-serious PTU (score>14)

No

Yes 81.0 78.2 85.8 <0.001
19.0 21.8 14.2

Serious PTU (score>19)

No 97.0 96.2 98.3 <0.01

Yes 3.0 3.8 1.7

PTU score

Mean (SD) (Min: 1, Max: 24) 9.2 (4.6) 10 (5.0) 8.54.1D <0.001

Data are shown as weighted column % unless otherwise indicated. SD: standard deviation. * p-value of difference between males

and females.
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Table 2. Associations of moderate-to-serious symptoms of PTU with suicidal ideation and suicide

attempt among adolescents.

Characteristics Suicidal ideation Suicidal ideation Suicide attempt Suicide attempt
Female Male Female Male
N=2549 N=1841 N=2549 N=1841

Model 1 OR (95% CI) OR (95% CI) (OR 95% CI) (OR 95% CI)

Stayed on devices longer than intended

1.23 (1.08-1.41)**

1.25 (1.05-1.49)*

1.09 (0.81-1.46)

1.34 (0.81-1.46)

Neglected homework because
spending more time on devices

1.35 (1.20-1.52)%**

1.49 (1.27-1.75)%**

1.16 (0.92-1.47)

1.47 (0.99-2.18)

Criticized by parents/friends about
time spent on electronic devices

1.25 (1.14-1.38)%**

1.31 (1.12-1.54)%**

1.29 (1.05-1.57)**

1.87 (1.29-2.27)%**

Lose sleep because you use devices late at
night

1.32 (1.16-1.50)%**

1.35 (1.15-1.59)%**

1.47 (1.18-1.84)%**

1.73 (1.18-2.54)**

Felt nervous when not using devices
and felt relieved when using them

1.47 (1.35-1.62)%**

1.57 (1.34-1.84)%**

1.71 (1.41-2.08)%**

1.81 (1.39-2.37)%**

Choose to spend more time on electronic
devices rather than go out with friends

1.38 (1.24-1.55)%**

1.38 (1.18-1.61)***

1.57 (1.26-1.95)%**

1.37 (0.94-1.98)

Model 2

OR (95% CI)

OR (95% CI)

(OR 95% CI)

(OR 95% CI)

Moderate-to-serious symptoms

No 1 1 1 1
Yes 2.18 (1.74-2.73)*** | 3.84 (2.61-5.64)%** | 2.72 (1.73-4.27)*** | 7.32 (3.27-16.40)***
Model 3 OR (95% CI) OR (95% CI) (OR 95% CI) (OR 95% CI)

Stayed on devices longer than intended

1.11(0.98-1.26)

1.22 (1.03-1.46)*

0.93 (0.69-1.25)

1.20 (0.74-1.94)

Neglected homework because spending
more time on devices

1.23 (1.09-1.39)%**

1.44 (1.21-1.70)%**

0.99 (0.77-1.26)

1.26 (0.93-1.73)

Criticized by parents/friends about time
spent on electronic devices

1.20 (1.08-1.35)%**

1.34 (1.14-1.57)%**

1.17 (0.96-1.44)

1.93 (1.36-2.76)%**

Lose sleep because you use devices late at
night

1.23 (1.08-1.41)%*

1.31 (1.11-1.54)%**

1.35 (1.08-1.69)**

1.60 (1.11-2.30)*

Felt nervous when not using devices
and felt relieved when using them

1.33 (1.20-1.48)%**

1.47 (1.24-1.75)%**

1.51 (1.23-1.86)%**

1.61 (1.16-2.25)**

Choose to spend more time on electronic
devices rather than go out with friends

1.37 (1.31-1.56)%**

1.40 (1.21-1.63)***

1.59 (1.26-2.01)%**

1.38 (1.00-1.90)

Model 4

OR (95% CI)

OR (95% CI)

(OR 95% CI)

(OR 95% CI)

Moderate-to-serious symptoms

No 1 1 1 1
Yes 1.74 (1.35-2.26)*** | 3.72 (2.53-5.49)*** 2.03 (1.28-3.23)** 6.25 (2.87-13.60)***
Data are presented as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Models 1 and 2 are unadjusted. Models 3
and 4 are udjusted for age, ethnoracial background, subjective socioeconomic status, tobacco cigarette smoking, alcohol consumption, and
cannabis use. *p < 0.05; **p <0.01; ***p < 0.001.
Table 3. Associations of serious symptoms of PTU with suicidal ideation and suicide attempt
among adolescents.
Characteristics Suicidal ideation Suicide attempt
Model 1 OR (95% CI) OR (95% CI)
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Stayed on devices longer than intended

1.32 (1.18-1.48)***

1.27 (0.98-1.65)

Neglected homework because spending more time on
devices

1.44 (1.30-1.59)***

1.30 (1.03-1.64)**

Criticized by parents/friends about time spent on electronic
devices

1.29 (1.18-1.42)%**

1.49 (1.20-1.84)***

Lose sleep because you use devices late at night

1.34 (1.21-1.50)***

1.57 (1.28-1.94)***

Felt nervous when not using devices and felt relieved when
using them

1.56 (1.43-1.69)***

1.80 (1.51-2.14)%**

Choose to spend more time on electronic devices rather
than go out with friends

1.38 (1.25-1.53)%**

1.50 (1.25-1.81)***

Model 2 OR (95% CI) OR (95% CI)
Serious symptoms

No 1 1

Yes 6.14 (3.62-10.52)*** 7.97 (3.19-19.9)***
Model 3 OR (95% CI) OR (95% CI)

Stayed on devices longer than intended

1.16 (1.04-1.29)**

1.03 (0.77-1.36)

Neglected homework because spending more time on
devices

1.31 (1.18-1.45)%%*

1.08 (0.85-1.36)

Criticized by parents/friends about time spent on electronic
devices

1.25 (1.13-1.39)%**

1.38 (1.10-1.74)**

Lose sleep because you use devices late at night

1.26 (1.13-1.40)***

1.43 (1.17-1.75)%**

Felt nervous when not using devices and felt relieved when
using them

1.37 (1.25-1.51)%**

1.50 (1.22-1.85)%**

Choose to spend more time on electronic devices rather
than go out with friends

1.39 (1.25-1.53)%**

1.51 (1.25-1.82)%**

Model 4 OR (95% CI) OR (95% CI)
Serious symptoms

No 1 1

Yes 4.15 (2.36-7.30)*** 4.76 (1.81-12.52)***

Data are presented as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Models 1 and 2 are unadjusted. Models 3

and 4 are adjusted for sex, age, ethnicity, subjective socioeconomic status, tobacco cigarette smoking, alcohol consumption, and cannabis use. *p

<0.05; **p < 0.01; ***p < 0.00
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Abstract

Background: Evidence examining the longitudinal associations between different types of
screen behaviours and mental health among adolescents is limited. The present study examined
the association between five types of screen behaviours and symptoms of anxiety and depression

one year later. This study also assessed how changes in screen time were associated with changes
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in anxiety and depressive symptoms and whether the observed relationships were moderated by
sex.

Methods: Longitudinal data of 17,174 students in grades 9-12 (53.5% females; mean age:
15.1£0.9 years) attending high schools in Canada from two waves (year 6: 2017/18, year 7:
2018/19) of the COMPASS study were analyzed. Leisure screen time and mental health
measures were self-reported. To test if the associations between screen time and anxiety, and
depression vary by sex, two-way interactions were examined for sex. Analyses accounted for
school clustering, race/ethnicity, sex, age, income, body mass index z-score, and previous year
anxiety and depression symptoms.

Results: There were significant longitudinal associations between time spent on each type of
screen and subsequent anxiety and depression symptoms. The strength of the associations varied
by type of screen behaviour. Interaction analysis indicated a sex difference for television viewing
and anxiety and depression symptoms, and internet surfing and anxiety symptoms. A dose-
response relationship was observed between phone talking and anxiety symptoms. Beta estimates
indicated that an increase in screen duration was associated with a further increase in anxiety and
depression symptoms.

Conclusion: Higher screen time was longitudinally associated with higher anxiety and
depression symptoms at one-year follow-up in adolescents. Time-change associations between
screen usage and depressive and anxiety symptoms were observed. Also, associations differed
based on sex and screen type, whereby greater increases in screen use predicted greater
emotional distress. Findings from this prospective analysis suggest that screen time is an

important determinant of anxiety and depressive symptoms among adolescents. Future studies
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are recommended to help inform programs promoting screen time reduction with a goal to
enhance adolescents’ mental health.

Keywords: screen time, depression, anxiety, adolescents, public health

Background

Mental disorders among youth have become a serious public health problem worldwide, with
one in seven adolescents aged 10—19 years experiencing mental disorders (1). Up to 70% of
mental disorders start before the age of 18 years (2), and many persist into adulthood. Mental
disorders are a leading cause of disability and disease burden globally, of which anxiety and

depression are the main contributors (3, 4). It has been estimated that anxiety and depression
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make up 43% of mental disorders among adolescents aged 10—19 years, within which nearly
31.4% of males and 56.3% of females were affected (5). Given the early onset and substantial
societal, health, and economic burden of anxiety and depression (6-9), it is critical to examine

the modifiable risk factors for the prevention and early intervention of mental disorders.

In recent years, excessive time spent on screens among adolescents has been recognized as a
concerning issue associated with mental disorders, including anxiety and depression, especially
with the widespread accessibility of digital devices and platforms (10—14). It has been indicated
that 95% of United States adolescents (15) and 100% of Canadian adolescents and young adults
(16) have access to smartphones, with the majority of them using the internet regularly (15, 17).
Canadian representative data (18) show that youth are the greatest leisure users of screens with a
daily screen time ranging from 3.1-7.6 h per day, exceeding the Canadian and World Health
Organization sedentary behaviour guidelines of two hours or less of daily sedentary recreational
screen usage (19, 20). Most adolescents spend more than three hours a day (35% spend five
hours daily) on leisure screen time (21). This is very concerning considering the strong
associations between screen time and anxiety and depression among adolescents (22—24);

however, additional longitudinal evidence is required as suggested by recent reviews (11-14).

It has been suggested that different types of screen behaviours are associated differently with
anxiety and depression, though results are not consistent (12—14, 22). For example, television
viewing was shown to be more weakly associated with depression than other types of screen use,
such as using a computer or video gaming (13, 14, 24). On the other hand, all screen types were
found to be associated with anxiety (13). Other results indicated that video gaming and television
viewing have stronger associations with depression and anxiety when compared to internet

surfing and mobile phone use (12). Given the ongoing changes in screen types and how youth
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engage in screen time behaviour, it is important to prospectively examine whether each type of
screen behaviour is differently or similarly related to depression and anxiety to better inform

research, policy and practice.

Previous studies suggest that recreational screen time can vary between males and females.
While adolescent males report playing more computer and video games, females report spending
more time on social media and chatting online (15, 17, 25, 26). However, results on the
moderating role of sex on the association between screen time and anxiety and depression were
examined in only a few studies and with mixed results (12, 13). One study found that watching
television was negatively associated with depressive symptoms one year later in males and
positively associated with depressive symptoms one year later in females (27). Another study
indicated that males who played video games the most at baseline had the lowest level of anxiety
after one year, though females who played video games the most at baseline had the highest level
of anxiety one year later (28). Another study found no sex difference between different types of

screen and depressive symptoms (29, 30).

Given limited longitudinal research has examined how changes in different types of screen time
could be associated with changes in anxiety and depressive symptoms over time and how sex
moderates these associations, there is a critical need for more research in this field, especially
that the majority of adolescents exceeding screen time guidelines. Such insight could help inform
educational programs and the development of targeted interventions designed to reduce screen
time and displace it with more beneficial activities for adolescents’ mental health. Therefore, the
objectives of this study are threefold: (1) examining the longitudinal associations between five
types of screen time (including communication-based screen time such as instant messaging,

chatting, and texting) and symptoms of anxiety and depression among adolescents; (2) assessing
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how changes in screen time are associated with changes in anxiety and depressive symptoms one
year later; and (3) evaluating whether the observed relationships between screen time and

symptoms of anxiety and depression are moderated by sex.

Design

The COMPASS study is a designed to collect hierarchical longitudinal data annually (2012—
2027) from a rolling cohort of grade 9 to 12 (Secondary I-V in Quebec) students from a
convenience sample of secondary schools in British Columbia, Alberta, Ontario, and Quebec,
Canada. School boards and schools were purposefully selected based on whether they permitted
active information passive-consent parental permission protocols. All students attending
participating schools and not withdrawn by their parents were eligible to participate. All
participating students provided assent at the time of data collection. During the waves of data
used here, all data were self-reported using a paper-and-pencil questionnaire completed during
class time. All COMPASS procedures were approved by the University of Waterloo Office of
Research Ethics (ORE #: 30118) and appropriate school board committees. A full description of

the COMPASS host study is available elsewhere (31).

Participants

For the current study, we used linked student-level data from year 6 (2017/18; Y6—time 1) and
year 7 (2018/19; Y7—time 2) of the COMPASS host study.l A one-year follow up was chosen
because year 6 (2016/17) was the first year that the mental health measures were included in all
participating schools and year 8 (2019/20) was interrupted by the start of the COVID-19

pandemic school closures.
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In year 6, 66,501 students from 117 secondary schools participated, with a participation rate of
81.9%. In year 7, 74,501 students from 136 secondary schools participated in the study, with a
participation rate of 84.2%. Each school was assigned a unique identifier, and student data were
linked through a unique, self-generated anonymous code (32). Non-linkage was primarily due to
student absences on one of the two data collection dates for reasons related to scheduled study
periods, graduation, school transferring, dropping out of school, school field trips, and sports
events, or for inaccurate data given on the data linkage measures. Further information on the

COMPASS design is available elsewhere (31).

Of the 23,557 grade 9 to 12 students who were successfully linked for their participation in
COMPASS in year 6 [considered here as time 1 (T1)] and year 7 [considered here as time 2
(T2)], 17,310 had complete data regarding depressive and anxiety symptoms at both time points.
Among them, 17,147 students had complete data for all variables included in our analyses at

both time points and constituted our analytical sample.

Measures

Screen time

Screen time was measured by asking the participants the following question: “how much time
per day do you usually spend doing the following activities?,” where the five items of interest
were: (1) “watching/streaming television shows or movies”; (2) “playing video/computer
games”; (3) “talking on the phone”; (4) “surfing the internet”; and (5) “texting, messaging,
emailing.” Individuals reported their screen time in hours (ranging from 0 to 9) and minutes
(ranging from 0 to 45) for each item. This measure has been validated for use among adolescents

(33). To assess a possible dose-response gradient and allow for good distribution across
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categories, we categorized each item in 5 categories as follows: [0 to 29 min/d (coded 0—
reference category); 30 to 59 min/d (coded 1), 1 to <2 h/d (coded 2); 2 to <3 h/d (coded 3); >

3 h/d (coded 4)].

Anxiety

General anxiety symptoms were measured using the generalized anxiety disorder 7-item scale
(GAD-7), a tool widely used in both clinical practice and research, which has been validated for
use in youth (34, 35). The self-reported scale assesses generalized anxiety symptoms that include
difficulty controlling feelings of worry, feeling afraid, trouble relaxing, nervousness, irritability,
and restlessness over the last 2 weeks. Response options were as follows: “not at all,” “several

99 ¢¢

days,” “over half the days,” or “nearly every day.” Responses were scored from 0 to 3 and
summed to calculate a total anxiety score that ranged from 0 to 21, with higher scores indicating
higher levels of anxiety symptoms. For the purpose of the present study, two forms of this
variable were used in the analysis: (1) the total score was used as a continuous variable, and, (2)
a dichotomous variable with a binary coding system to categorize participants with (coded 1) and

without (coded O—reference category) clinically-relevant anxiety symptoms with a cut-off score

>10 was used (36).

Depression

Depressive symptoms were measured using the Center for Epidemiologic Studies Depression
Scale (Revised)—10 (CESD-R-10) (37). This self-report scale was designed to assess clinical
depressive symptoms that include feelings of sadness, hopelessness, amotivation, difficulty

concentrating, difficulty sleeping, and irritability within the last seven days. Response options
were as follows: “none or less than 1 day,” “1-2 days,” “3—4 days,” or “5—7 days.” Responses

were scored from 0 to 3 and summed to calculate a total score that ranged from 0 to 30, with
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higher scores indicating higher levels of depression symptoms. The CESD-R-10 scale has
demonstrated validity among adolescents and adults (37-39). Two forms of this variable were
used in the analysis. The total score was used as both a continuous variable and as a dichotomous
variable with a binary coding system to categorize participants with (coded 1) and without
(coded 0—reference category) clinically-relevant depressive symptoms using a cut-off score >10

(37).

Covariates

Individual-level covariates included age (years), race/ethnicity, body mass index (BMI) (age and
sex adjusted BMI based on the WHO classifications using participant reported height and
weight,[40] school-area median average household income, previous year anxiety and depressive
symptoms, and sex. Race/ethnicity was assessed through self-identification and categorized as
follows: White, Black, Asian, Hispanic/Latin American, and Other. BMI was categorized as
follows: underweight (coded 1), normal weight (coded 0 — reference category), overweight
(coded 2), and obesity (coded 3). Missing BMI was included as a category, given the high
frequency of nonresponse to height/weight that cannot be excluded as missing completely at
random [41] (coded 4). Weight and height measures in COMPASS were validated.[42] Average
household income was used after cross-referencing school postal codes with Statistics Canada
data. Income categories were as follows: $25,000-50,000; $50,001-75,000; $75,001-100,000 and
>$100,000. Sex was identified based on the answer to the question “Are you female or male?”
Only two response options were provided in these years of the survey: “female” (coded 0 —

reference category) and “male” (coded 1).

Change in screen time and anxiety and depression symptoms

185



Change in screen time was determined by subtracting the time spent on each type of screen at

T1 from the time spent at T2. Possible scores ranged from —5 to 5, with a positive score
indicating that an individual increased their screen time at T2 compared to T1, and a negative
score indicating an that individual decreased their screen time at T2 compared to T1. Scores were

treated as scale variables.

Change in symptoms was determined by subtracting anxiety and depression scores at T1 from
anxiety and depression scores at T2. Scores ranged from -21 to 21 for change in anxiety scores,
and from -26 to 30 for change in depression scores. Positive scores indicate an increase in
symptoms and negative score indicate an improvement in symptoms. Scores were treated as

continuous variables.

Data processing and analyses

Analyses included complete information on all variables (N =17,147). Pearson’s chi-square tests
and adjusted Wald tests were used for categorical and continuous variables, respectively, to test
the statistical differences between missing data and those included in our analyses for all the
variables. Compared to the included participants, those who were excluded were more likely to
be male, aged 15-to-20-years, and more likely to use screen more frequently at both T1 and T2,
and more likely to report clinically relevant anxiety symptoms at T1 and depression symptoms at

T2.

Descriptive statistics, including frequencies, means, and standard deviations, were used to
characterize the sample. Mixed models were used to account for school clustering by adding
random intercepts at the school level. Odds ratios and 95% confidence intervals (CI) were used

to estimate the longitudinal associations between daily time spent on each type of screen and
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anxiety and depression symptoms. We computed the two-way interactions (sex by each type of
screen) on the association between screen time and anxiety and depression. A significant two-
way interaction (p <0.05) would indicate significant moderation and models were stratified
accordingly. Data are presented based on unadjusted models and models adjusted for year 6
covariates, including anxiety and depression symptoms, and sex when models were not stratified.
Given that sex interactions with television viewing and anxiety and depression and internet
surfing with anxiety were statistically significant, analyses for these associations were stratified
by sex. A sensitivity analysis was conducted using the total anxiety and depression scores
(continuous) and the pattern of results was similar (data not shown). Therefore, only analyses

with dichotomous anxiety and depression scores are presented for clarity.

Conditional change models were conducted to examine whether longitudinal changes in daily
time spent on each type of screen predict changes in anxiety and depressive symptoms at follow-
up. The beta coefficients for change in each type of screen were presented to describe how
change in screen time was associated with changes in anxiety and depressive symptoms. Models
were adjusted for Y6 covariates, anxiety and depression, and sex when models were not
stratified. A sensitivity analysis was conducted using the continuous screen time variable form,

and results were similar (data not shown). All analyses were carried out in STATA/SE 16.1.

Results

Study Sample

This study included a total of 17,174 (53.5% females) participants with a mean age of 15.1 years
at T1. Characteristics of the participants at T1 and T2 are summarized in Table 1. Females
reported more internet surfing per day than any other screen time behaviour at T1

(mean =126 min) and T2 (mean = 130 min). On the other hand, males reported more time
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playing video games at T1 (mean = 142 min) and T2 (mean = 130) than any other screen time
behaviour. Concerning mental health characteristics, 24.4% of the sample indicated having
clinically-relevant anxiety symptoms (cut-off score >10) and 34.2% indicated having clinically-
relevant depressive symptoms (cut-off score >10). Females reported more clinically relevant
anxiety and depressive symptoms compared to males.

Longitudinal association between time spent on each type of screen and symptoms of
anxiety

Odds ratios for the association between time spent watching television/movies, playing video
games, talking on the phone, surfing the internet, and screen-based communication and anxiety
are presented in Table 2. After adjusting for covariates and previous year anxiety, we found a
positive association between time spent playing video games and anxiety (OR for 1-2h=1.13,
95% CI: 1.00 to 1.28; OR for 3+ hours = 1.27, 95% CI 1.12 to 1.45). In addition, we found a
dose-response association between time spent talking on the phone and anxiety (OR for

30 min—Iess than 1 h=1.22, 95% CI: 1.06 to 1.40; OR for 1—Iless than 2 h=1.18, 95% CI: 1.05
to 1.33; OR for 2 to <3 h=1.25, 95% CI 1.06 to 1.48, OR for 3+ hours =1.36, 95% CI 1.17 to
1.57). Also, communication-based screen time was associated with anxiety symptoms (OR for 2
to <3 h=1.18, 95% CI 1.04 to 1.34, 3+ hours = 1.40, 95% CI 1.25 to 1.57). Regarding sex
differences, we found an association between watching television /movies for three or more
hours and anxiety symptoms for females (OR for 3+ hours =1.27, 95% CI 1.06 to 1.53) but not
in males. Surfing the internet for three or more hours was also associated with anxiety symptoms
among females (OR for 3+ hours = 1.20, 95% CI 1.03 to 1.40). Higher odds ratios were found
among males who/surfed the internet for one to two hours or three or more (OR for 1-2 h=1.41,

95% CI: 1.17 to 1.69; OR for 3+ hours = 1.49, 95% CI 1.22 to 1.82).
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Longitudinal association between time spent on each type of screen and symptoms of
depression

Odds ratios for the association between watching television/movies, playing video games,
talking on the phone, surfing the internet, and screen-based communication and depression after
one year are presented in Table 3. After adjusting for covariates and previous year depression,
we found a positive association between time spent playing video games and subsequent
depression (OR for 1-2 h=1.14, 95% CI: 1.02 to 1.28; OR for 3+ hours =1.29, 95% CI 1.15 to
1.46). As for anxiety there was evidence of an association between internet use and subsequent
depression (OR 3+ hours =1.24, 95% CI: 1.11 to 1.38). In addition, our results indicated an
association between time spent talking on the phone (OR for 3+ hours =1.33, 95% CI 1.15 to
1.53) and communication-based screen time and symptoms of subsequent depression (OR for 3+
hours =1.32, 95% CI 1.19 to 1.46). Sex differences were also found in the association between
television viewing and subsequent depression. Females who spent 3 or more hours watching
television a day had symptoms of depression one year later (OR for 3+ hours = 1.30, 95% CI
1.09 to 1.55) but no association was found among males.

Longitudinal association between change in time spent on screen-based behaviour and
changes in anxiety and depressive symptoms at follow-up

Table 4 summarizes the results of analyses examining the longitudinal association between
changes in time spent on screen-based pursuits and change in subsequent anxiety and depressive
symptoms, adjusting for all covariates and prior year anxiety and depression scores. Beta
estimates showed a positive association between changes in screen duration for talking on the
phone and screen-based communication with subsequent anxiety; no association was found for

time change in video games and subsequent anxiety. Also, a positive association was found
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between increase in screen duration for video gaming, talking on the phone, internet surfing, and
screen-based communication and increase in subsequent depressive symptoms for the whole
sample. That is, students who increased their screen usage at T2 compared to T1 had higher
anxiety and depressive symptoms and those who reduced their screen usage had lower anxiety
and depressive symptoms at follow-up. Regarding sex differences, increase in television usage
was associated with further increase in subsequent anxiety symptoms for females only and in
subsequent depressive symptoms for males only. Duration increase in television usage was
associated with increase in subsequent anxiety symptoms for females but not for males, and with
increase in subsequent depressive symptoms for males and not for females. Furthermore,
increase duration in internet usage was associated with more increase in subsequent anxiety

symptoms for females than males.

Discussion

We found that higher screen use is associated with increases in symptoms of depression and
anxiety one year later among a large linked-longitudinal sample of Canadian adolescents. Dose-
response relationships were observed with talking on the phone and anxiety symptoms and sex
differences were observed with television/movie viewing and both anxiety and depression and
with internet surfing and anxiety. The association between screen usage and mental disorders
varied by the time spent in various screen behaviours and the type of screen behaviour,
especially with anxiety. Lastly, our conditional change models indicated a positive linear
association between change in the time spent on screens and symptoms of anxiety and depression

one year later.

We found that all types of screen behaviours were associated with higher levels of anxiety and

depression longitudinally among youth in our sample. While the effect sizes were small,
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adjusting for the previous year’s anxiety and depression, which is considered an analytical
strength, likely attenuated the association and the dose-response pattern. In addition, when
escalating the small effect to the population level, we believe the burden increase suggests a high
importance of the results. Our results may be explained, in part, by the displacement theory (43,
44). While some evidence in the literature suggested that a moderate level of screen use is not
harmful, high screen usage could displace time spent engaging in other beneficial pursuits, such
as physical activity, sleep, and in person interaction, which are known to reduce anxiety and
depression symptoms (45—49). Many movement guidelines for children and youth, including the
Canadian 24-h movement guidelines, discussed the importance of limiting recreational sedentary
screen behaviours to no more than 2 h per day, accumulating at least 60 min of moderate to
vigorous physical activity daily, and sleeping 9—11 h per night (for those aged 5—13 years) or 8—
10 h per night (for those aged 14—17 years) (19, 20). When doing an extensive amount of screen
pursuits daily, it is more likely that this time interferes with other important health behaviours

(30, 50, 51).

Although, we did not analyze how physical activity, screen time, and sleep, all combined are
associated with mental health, previous studies showed that meeting all three recommendations

was associated with lower odds of mental health problems (52, 53).

In addition to that, a systematic review (54) suggested that independent of physical activity
levels, screen time-based sedentary behaviours are associated with increased psychological
problems. Therefore, to maximize mental health benefits, a holistic approach that includes but

not limited to screen time reduction is recommended.

In line with previous work (12, 13), we found that the strength of the association between screen

time and mental disorders varied by the type of screen used. These findings were more evident
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for anxiety symptoms. Screen-based communication and talking on the phone were associated
with the highest levels of anxiety and depressive symptoms, followed by video gaming. While
mixed results were reported in the literature, a recent systematic review of the association
between screen time and mental health found little evidence of a positive association between
television viewing or videogaming compared to internet use (12). Evidently, the relationship
between screen use and depression and anxiety is complex, with many contributing factors and
mechanisms. For example, in addition to the displacement hypothesis, talking on the phone and
using screen-based communication for an extended period of time could affect mental health by
disrupting sleep. It has been estimated that 36% of teens wake up at least once at night to check
their phones (55), with the majority of adolescents bringing their phone to their bedrooms (56),
which can delay their sleep time (57). Lack of sleep and poor quality sleep are associated with

anxiety and depressive symptoms (58).

We also found that spending excessive time on video games was associated with anxiety and
depressive symptoms. The effects of videogaming should be approached in regards of several
interacting dimensions such as the age of the player, the time spent, personality attributes, and
whether gaming alone or with friends (59). Evidence suggest that excessive video gaming,
especially playing games that contain violence, is associated with an alteration in frontolimbic
and subcortical regions of the brain that are connected to emotion regulation (60-62). This
alteration occurred with responses to emotional stimuli that are exaggerated in the amygdala and

known to be associated with symptoms of anxiety and depression (63—65).

Our results revealed several differences between sexes. Females spent more time surfing the
internet but the association between surfing the internet and anxiety indicates that females had

fewer anxiety symptoms than males. The association between frequent use of internet use and
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anxiety among females could be related to the types and platforms used online. For example, it
had been well known that females spend more time using social media platforms, and online
chatting which can be beneficial to connect with friends when used moderately and mindfully
(15, 66). However, excessive time spent on social networking sites and the passive use of these
sites is known to be associated with more exposure to unrealistic content and posts (67, 68) that
could lead to upward social comparisons, and envy which in turn can trigger internalizing
problems such as anxiety and depression (69—72). On the other hand, sex differences in the
strength of the association between time spent on the internet and subsequent anxiety symptoms
could be explained by content preferences and how the internet was used (e.g., passive vs. active
use). A recent study (73) examined teen’s behaviour on the web and found sex differences
regarding internet behaviour, where females are more inclined towards communication and
information and show more awareness and caution regarding risky behaviours. This was also
confirmed elsewhere (74, 75). Males tend to be less cautious when surfing the web, which may
lead to more risky situations (73) such as gambling (76, 77), pornography, and sexting (78).
These behaviours may increase their vulnerability to mental disorders like depression and
anxiety (78, 79). Cyberbullying was indicated as another mechanism that have particularly
negative impacts on anxiety and depression (80—82). Some studies also suggest that higher rates

of cyberbullying were found among males (83, 84).

A sex difference was also found in the association between television usage and depression and
anxiety symptoms. We found that only females who watched television excessively experienced
increased levels of depression and anxiety one year later. As with social media, some television

shows or media could expose adolescents to ideal images that promote upward social
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comparison through ideal body image advertisements (85), another factor contributing to

depression and anxiety (86, 87).

Recent studies (12—14) reported inconsistent evidence of sex moderating the association between
total screen time or different types of screen use and both depressive symptoms and anxiety
among adolescents. This inconsistency could be related to the content of the screen and how it is
being used (active vs. passive), which was not well explored in previous work. Since few studies
beside the present one analyzed the longitudinal effect by sex, it is hard to draw a conclusion
regarding sex differences. Given that the content, quality, and nature of screen use and the way
they are used were not measured in the survey, it is critical to consider additional measures in the
future to better understand the underlying factors for the observed results, especially sex

differences.

Lastly, regarding results from conditional change analyses, the current study is among the first to
longitudinally examine conditional change in various types of screen time and anxiety and
depression by sex. Our results suggest that increased time spent talking on the phone and screen-
based communication were associated with increased depressive and anxiety symptoms. Also,
increased in time spent on video games was associated with increased levels of depression with
no significant results for anxiety. More time spent on television viewing was associated with
higher anxiety symptoms among females and higher depressive symptoms among males. A
similar association was observed between the time change in internet surfing, and symptoms of
anxiety and depression with higher levels of anxiety found among females. While it is hard to
draw a conclusion from these results, more research is warranted to explore these associations in

more depth.
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Our study includes many strengths. The longitudinal study design and measures of time spent
using five different types of screens in a large sample of adolescents add a unique contribution to
the literature. We also examined the moderating role of sex on the associations and included both
anxiety and depressive symptoms. All measures of screen time and mental health have
demonstrated validity in adolescents, including within the COMPASS host study. A significant
strength is the adjustment for previous anxiety and depressive symptoms, given that the majority
of studies on this topic were cross-sectional. Furthermore, our study contributes to the literature
by using a rigorous conditional change analysis model which better establishes directionality
given that most previous studies simply examined the longitudinal association between screen

time and mental health fixed at each time point.

Although our study provides important insights, there are some limitations that could inform
future research. First, we could not examine the screen use content, context, and motives, which
are important to determine why various types of screens affect mental health differently and why
sex differences occur. Examining those factors can help to maximize the benefits and
opportunities adolescents can get from technology and protect them from risks that could occur
with certain context when using the screen excessively. Second, although we controlled for
baseline levels of anxiety and depression in all models, the possibility of residual confounding
may have influenced results. Finally, future studies should rely on longer follow-up periods and
assess a broader spectrum of mental health indicators such as, emotional, psychosocial, and

cognitive health.

Conclusion
With high daily screen time exposure reported in the present study, our findings provide

longitudinal evidence in a population-based sample of adolescents that more time spent on
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screens is associated with more anxiety and depressive symptoms. The relationship between
some types of screens such as talking on the phone and anxiety appears to follow a dose-
response pattern. Sex differences in longitudinal associations were observed between types of
screen use (i.e., television viewing and internet surfing) and anxiety and depression. Moreover,
our results established that greater increases in screen time were associated with greater increases
in depression and anxiety symptoms, and these observations occurred over one year and when
controlling for baseline levels of anxiety and depression. More studies are warranted to examine
the content and nature of screen usage. These studies can help inform public health programs,
tailored with sex-specific and screen-specific considerations in mind, focusing on reducing

screen time could contribute to the prevention of anxiety and depression among adolescents.
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Table 1. Descriptive characteristics among Canadian secondary school students that participated
in Year 6 (Time 1: 2017-18) and Year 7 (Time 2: 2018-19) of the COMPASS study

Characteristics Total population Females Males Total population Females Males
Time 1 Time 1 Time 1 Time 2 Time 2 Time 2
N=17,174 N=9,173 N=17,974 N=17,174 N=9,173 N=17,974
Age (mean (SD)) 15.1(0.9) 15.1(0.9) 15.1 (0.9) 16.1 (0.9) 16.1 (0.9) 16.1 (0.9)
Race/ethnicity (%)*
White 68.3 68.0 68.6 68.3 68.9 68.2
Black 02.5 02.3 02.8 02.5 02.4 03.2
Asian 12.6 12.8 12.6 12.6 12.9 12.5
Latin American/Hispanic 02.8 02.9 02.7 02.8 02.9 03.1
Other and mixed 13.8 14.0 13.3 13.8 12.9 13.0
BMI Classification*
Underweight 01.8 0L.5 01.9 01.6 01.2 02.1
Normal weight 57.1 60.0 53.7 60.4 63.3 56.8
Overweight 12.5 11.0 14.3 132 12.3 14.3
Obesity 05.6 04.0 07.6 06.1 04.4 08.1
Missing BMI 23.0 23.5 22.5 18.7 18.8 18.7
School-area household median
income*
$25,000-50,000 12.6 133 11.6 12.6 13.3 11.6
$50,001-75,000 55.8 55.1 56.6 55.8 55.1 56.7
$75,001-100,000 26.6 26.4 26.9 26.6 26.5 26.9
> $ 100,000 05.0 05.2 04.9 05.0 05.2 04.8

Screen time (mean (SD))
television *

Video games*

Talking on the phone*
Internet surfing*

112.36 (87.04)
81.43 (109.31)
38.02 (75.57)

112.37 (111.98)

121.46 (87.74)
29.16 (64.94)
4571 (81.62)

126.25 (116.56)

101.88 (85.04)
141.56 (118.68)

29.18 (66.87)

96.41 (104.22)

113.47 (87.26)
74.55 (105.20)
44.15 (80.39)

118.74 (108.29)

117.63 (86.25)
26.48 (61.05)
50.14 (84.11)

130.32 (110.18)

108.69 (88.17)
129.93 (117.45)
37.25 (75.30)
105.39 (104.50)

Texting/ messaging/ emailing* 94.20 (111.84) 110.38 (119.32) 75.58(99.37) 99.32 (109.89) | 111.98 (114.07) | 84.73 (102.96)
Screen time

television viewing*

0-29 min/d 12.6 09.2 16.6 12.0 09.5 15.0
30-59 min/d 09.1 09.5 08.7 09.4 10.4 08.3
1-2 h/d 28.3 26.7 30.0 272 27.0 273
2-3 h/d 254 26.4 242 26.6 26.9 26.2
3+ h/d 24.6 28.2 20.5 24.8 26.2 232
Video games*

0-29 min/d 454 72.2 14.6 47.8 74.2 17.5
30-59 min/d 07.3 07.5 07.0 07.4 07.3 07.5
1-2 h/d 15.5 10.8 20.9 15.8 10.0 22.6
2-3 h/d 12.2 04.6 20.9 11.4 04.0 19.7
3+h/d 19.6 04.9 36.6 17.6 04.5 327
Talking on the phone*

0-29 min/d 70.0 62.0 76.0 62.9 58.0 68.6
30-59 min/d 08.0 09.2 06.5 08.8 10.0 07.6
1-2 h/d 11.0 143 09.5 14.0 15.5 12.4
2-3 h/d 05.0 06.5 04.0 06.7 08.0 05.2
3+h/d 06.0 08.0 05.0 07.6 08.5 06.2
Internet Surfing*

0-29 min/d 19.5 16.0 23.7 15.0 122 18.2
30-59 min/d 13.0 11.7 14.0 12.0 10.8 13.3
1-2 h/d 25.5 243 27.0 26.3 24.8 28.0
2-3 h/d 17.0 18.0 16.0 19.4 20.5 18.3
3+ h/d 25.0 30.0 19.3 273 31.7 222
Texting/ messaging/ emailing*

0-29 min/d 29.7 22.0 385 24.5 18.5 315
30-59 min/d 16.3 17.0 15.5 16.0 16.4 15.5
1-2h/d 21.5 22.6 20.2 242 243 24.0
2-3h/d 13.0 14.4 114 14.7 16.7 12.5
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3+ h/d 19.5 24.0 144 20.6 24.1 16.5
Anxiety symptoms score* (mean

(SD)) 6.27 (5.53) 7.77 (5.73) 4.55 (4.74) 6.82 (5.67) 8.42 (5.73) 4.99 (5.02)
Anxiety symptoms*

Yes 244 335 14.0 27.5 36.9 16.7
No 75.6 66.5 86.0 72.5 63.1 83.3
Depressive symptoms score *

(mean (SD)) 8.45 (5.84) 9.67 (6.23) 7.05 (5.01) 9.20 (6.04) 10.47 (6.27) 7.74 (5.40)
Depressive symptoms *

Yes 342 429 242 40.0 49.6 294
No 65.8 57.1 75.8 60.0 50.4 70.6

Data are shown as percentages or mean (standard deviation).

SD, standard deviation; BMI, body mass index.

Starred variables represent statistically significant p-values for the sex differences (< 0.05).

Anxiety and depression symptoms assessed by the GAD-7 and CESD-10-R, respectively, with scores >10 used to indicate the presence of

clinically-relevant symptoms.

214




Table 2. Longitudinal association between types of screen at Time 1 (2017-18) and anxiety

symptoms at Time 2 (2018-19) among adolescents in the COMPASS study.

Television viewing - Females

Crude OR (95% CI)

Adjusted OR (95% CI)

0-29 min/d 1 1
30-59 min/d 0.99 (0.81 —1.22) 0.99 (0.79 - 1.25)
1-2 h/d 1.08 (0.91 — 1.28) 1.10 (0.92 - 1.33)
2-3 h/d 1.18 (0.99 — 1.39) 1.16 (0.96 — 1.40)
3+ h/d 1.42 (1.20 —1.67) *** 1.27 (1.06 — 1.53)**
Television viewing - Males Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 1 1
30-59 min/d 0.76 (0.58-0.99)* 0.80 (0.60 — 1.06)
1-2 h/d 0.84 (0.70-1.01) 0.83 (0.68 — 1.01)
2-3 h/d 1.05 (0.87-1.27) 0.98 (0.80 — 1.20)
3+ h/d 1.13 (0.93-1.37) 1.00 (0.81 —1.23)
Video games Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 1 1
30-59 min/d 0.65 (0.57-0.75)*** 0.86 (0.73-1.01)
1-2 h/d 0.68 (0.62-0.75)*** 1.13 (1.00-1.28)*
2-3 h/d 0.54 (0.48-0.60)*** 1.14 (0.99-1.32)
3+ h/d 0.57 (0.52-0.63)*** 1.27 (1.12-1.45)***
Talking on the phone Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 1 1
30-59 min/d 1.42 (1.24-1.61)*** 1.22 (1.06-1.40)**
1-2 h/d 1.49 (1.34-1.65)*** 1.18 (1.05-1.33)**
2-3 h/d 1.62 (1.40-1.87)*** 1.25 (1.06-1.48)**
3+ h/d 1.91 (1.67-2.17)*** 1.36 (1.17-1.57)***
Internet surfing- females Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 1 1
30-59 min/d 0.91 (0.76-1.08) 0.94 (0.78-1.14)
1-2 h/d 1.06 (0.92-1.23) 1.03 (0.88-1.20)
2-3 h/d 1.12 (0.96-1.30) 1.04 (0.88-1.24)
3+ h/d 1.42 (1.24-1.63)*** 1.20 (1.03-1.40)*
Internet surfing- males Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 1 1
30-59 min/d 1.01 (0.81-1.26) 1.00 (0.79-1.27)
1-2 h/d 1.46 (1.23-1.74)*** 1.41 (1.17-1.69)***
2-3 h/d 1.41 (1.15-1.72)%** 1.23 (0.99-1.29)
3+ h/d 1.79 (1.49-2.15)*** 1.49 (1.22-1.82)***
Texting/ messaging/ emailing Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 1 1
30-59 min/d 1.29 (1.15-1.43)*** 1.07 (0.95-1.21)
1-2 h/d 1.29 (1.16-1.42)*** 1.01 (0.90-1.13)
2-3 h/d 1.58 (1.42-1.77)*** 1.18 (1.04-1.34)**
3+ h/d 2.21 (2.01-2.44)*** 1.40 (1.25-1.57)***

OR: odds ratio; CI: confidence interval. Mode
anxiety. *p <0.05; **p < 0.01; ***p < 0.001

s are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, and prior year

Data from Canadian secondary school students linked across year 6 (2017-18) and 7 (2018-19) of the COMPASS study.
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Table 3. Longitudinal association between each type of screen at Time 1 (2017-18) and
depressive symptoms at Time 2 (2018-19) among adolescents in the COMPASS study.

Screen time

Television viewing - Females

Crude OR (95% CI)

Adjusted OR (95% CI)

0-29 min/d 0-29 min/d 1 1
30-59 min/d 30-59 min/d 0.94 (0.78-1.14) 1.03 (0.83-1.28)
1-2 h/d 1-2 h/d 1.02 (0.87-1.20) 1.12 (0.94 - 1.34)
2-3 h/d 2-3 h/d 1.11 (0.95-1.31) 1.15 (0.96-1.38)
3+h/d 3+ h/d 1.44 (1.23-1.69)*** 1.30 (1.09-1.55)**
Screen time Television viewing - males Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 0-29 min/d 1 1
30-59 min/d 30-59 min/d 0.79 (0.64-0.97)* 0.82 (0.66 — 1.03)
1-2 h/d 1-2 h/d 0.83 (0.72-0.97)* 0.81 (0.68 — 0.95)
2-3 h/d 2-3 h/d 0.91 (0.78-1.07) 0.87 (0.73 - 1.03)
3+h/d 3+ h/d 1.06 (0.91-1.24) 0.91 (0.77 - 1.08)
Screen time Video games Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 0-29 min/d 1 1
30-59 min/d 30-59 min/d 0.78 (0.69-0.88)*** 1.06 (0.91-1.22)
1-2 h/d 1-2 h/d 0.75 (0.69-0.82)*** 1.14 (1.02-1.28)*
2-3 h/d 2-3 h/d 0.62 (0.56-0.69)*** 1.11 (0.98-1.27)
3+h/d 3+ h/d 0.72 (0.66-0.78)*** 1.29 (1.15-1.46)***
Screen time Talking on the phone Crude OR (95% CI) Adjusted OR (95% CI)
0-29 min/d 0-29 min/d 1 1
30-59 min/d 30-59 min/d 1.34 (1.19-1.50)*** 1.13 (0.99-1.29)
1-2 h/d 1-2 h/d 1.37 (1.25-1.51)*** 1.07 (0.96-1.20)

2-3 h/d 2-3 h/d 1.56 (1.36-1.79)*** 1.16 (0.99-1.36)
3+h/d 3+ h/d 1.97 (1.74-2.24)*** 1.33 (1.15-1.53)***
Screen time Internet surfing Crude OR (95% CI) Adjusted OR (95% CI)

0-29 min/d 0-29 min/d 1 1
30-59 min/d 30-59 min/d 0.97 (0.86-1.09) 0.90 (0.79-1.03)
1-2 h/d 1-2 h/d 1.18 (1.08-1.30)*** 1.00 (0.90-1.11)

2-3 h/d 2-3 h/d 1.35 (1.22-1.50)*** 1.03 (0.91-1.16)
3+h/d 3+ h/d 1.92 (1.75-2.11)%** 1.24 (1.11-1.38)***
Screen time | Texting/ messaging/ emailing Crude OR (95% CI) Adjusted OR (95% CI)

0-29 min/d 0-29 min/d 1 1

30-59 min/d 30-59 min/d 1.21 (1.10-1.33)*** 1.07 (0.96-1.20)
1-2 h/d 1-2 h/d 1.28 (1.17-1.40)*** 1.07 (0.96-1.18)
2-3 h/d 2-3 h/d 1.45 (1.31-1.61)*** 1.11 (0.99-1.25)
3+ h/d 3+ h/d 1.99 (1.82-2.18)*** 1.32 (1.19-1.46)***

OR: odds ratio; CI: confidence interval. Models are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, and prior year

depression. *p < 0.05; **p <0.01; ***p <0.001
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Table 4. Association between one-year change in screen time and changes in anxiety and
depressive symptoms among adolescents in the COMPASS study (2017-18 to 2018-19).

One-year change in screen time and changes Est. SE 95% CI p-value
in depression

Television viewing - Females 0.046 | 0.017 | (0.011-0.080) 0.008
Television viewing - Males 0.018 | 0.017 | (-0.015-0.052) 0.269
Video games 0.017 | 0.014 | (-0.010-0.045) 0.216
Talking on the phone 0.087 | 0.017 | (0.051-0.119) 0.000
Internet surfing - Females 0.071 | 0.016 | (0.039-0.102) 0.000
Internet surfing - Males 0.053 | 0.016 | (0.019-0.086) 0.001
Texting/ messaging/ emailing 0.067 | 0.012 | (0.043-0.092) 0.000
One-year change in screen time and changes Est. SE 95% CI p-value
in depression

Television viewing - Females 0.030 | 0.019 | (-0.006-0.068) 0.109
Television viewing - Males 0.068 | 0.018 | (0.032-0.104) 0.000
Video games 0.041 | 0.015 | (0.011-0.071) 0.007
Talking on the phone 0.084 | 0.017 | (0.050-0.118) 0.000
Internet surfing 0.070 | 0.012 | (0.045-0.095) 0.000
Texting/ messaging/ emailing 0.100 | 0.013 | (0.071-0.124) 0.000

Note: Models are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, prior year anxiety, and depressive symptoms. Est.:

Beta coefficient, SE: Standard Error, CI: confidence interval.
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CHAPTER 7 GENERAL DISCUSSION

7.1 Summary of Main Findings

The aim of this dissertation was to identify and address knowledge gaps in the scientific
literature on the relationship between sedentary screen time and mental health symptoms such as
anxiety, depressive symptoms, and suicidal behaviour among adolescents. To achieve this
purpose, I conducted four research studies (one narrative review, two cross-sectional studies, and
one longitudinal study) using two large datasets that included a diverse sample of Canadian

youth.

Collectively, the results showed (1) a positive association between heavy and problematic
use of sedentary screen activities and mental health symptoms cross-sectionally and subsequent
symptoms longitudinally; (2) time-change associations between screen usage and depressive and
anxiety symptoms; (3) the relationship between social media use and psychological distress was
stronger among younger adolescents; (4) the relationship between problematic technology use
and suicidal ideation and suicide attempt and between internet surfing and anxiety was stronger
among males, while TV viewing was associated with higher anxiety and depressive symptoms
among females; and (5) the strength of the association varied slightly between some types of
screen use, with stronger relationships for screen-based communication, talking on the phone,

and video gaming compared to TV viewing.

In this chapter, I will provide a summary of key findings from these studies, then I will
outline the key strengths and limitations of the dissertation, important implications and future

directions for research, and a conclusion will be provided.
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In Chapter 3, we identified gaps in literature through a narrative review that was used to
guide the dissertation structure. We examined the relationship between screen time and anxiety,
depression, psychological well-being, and body image concerns in 60 recent cross-sectional and
longitudinal studies. We found evidence for a positive association between duration of screen
time and high depressive symptoms, poor psychological well-being, and body dissatisfaction.
Evidence on anxiety was scarce and inconsistent. This study also found that the association

between sedentary screen behaviour and mental health was influenced by sex, age and screen

types.

In Chapter 4, we examined the cross-sectional association between heavy social media
use and psychological distress among Ontarian adolescents (N = 6,822), and whether the effect
of this association was modified by sex, age, and parental support. Results from this study
showed a positive association between heavy social media use and psychological distress, with
young adolescents being the most vulnerable. Although sex and parental support were not shown
to be significant moderators of this association, our results suggest further work examining the
effect modifying role of sex and parental support in large longitudinal trials with better
measurement of parental support to better understand the role of these factors in the association

between social media use and psychological distress.

In Chapter 5, we shed light on the association between heavy screen use and mental
health by examining the association between problematic technology use and suicidal ideation
and suicide attempt among adolescents. Using recent data from the OSDUHS (N = 4,390; mean
age: 15.9 &+ 1.3 years), our results showed that females have higher symptoms of problematic
technology use and a higher prevalence of suicidal behaviour than males; however, males with

moderate-to-serious symptoms of PTU had higher odds of both suicidal ideation and suicide
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attempt. These results might be driven by the quality and nature of the types of technology used

and are worth further investigation in the future.

In recognizing the importance of longitudinal studies to examine the dose-response
association between different types of screen usage and mental health problems, we examined in
Chapter 6 the longitudinal associations between five different types of screen pursuits and
anxiety and depression using longitudinal data from 17,174 Canadian students (mean age: 15.1 £
0.9 years). We also examined whether this association is modified by sex. Our results showed a
significant association between time spent on each type of screen and anxiety and depression
symptoms one year later. The strength of the associations was influenced by the type of screen
pursuit and sex. Also, our results showed that more screen usage was associated with a further
increase in anxiety and depressive symptoms.

7.2 Comparison with other relevant literature

7.2.1 Frequency of recreational screen use and mental health outcomes

The results of the frequency of screen use and mental health outcomes from the three
original studies in this dissertation indicated that heavy screen use is associated with higher
mental health symptoms, with more use over time being associated with worse mental health
symptoms. Furthermore, adolescents with severe symptoms of problematic technology use

reported higher odds of suicidal ideation and suicide attempts.

The results in this thesis are consistent with previous studies that showed that high and
heavy recreational screen time is a strong predictor of mental health indicators among
adolescents, which provides support that limiting screen time can be beneficial in reducing
mental health problems [1-4]. Also, previous studies found a non-linear dose-response or U-

shaped association between sedentary screen activities and mental health outcomes [1, 5-8],
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suggesting that moderate use of screens is not harmful. These findings could be explained by the
Digital Goldilocks Hypothesis suggesting that screen time in moderation might be beneficial,
while too little use can deprive individuals from important social opportunities [6], and
“overuse” displaces other beneficial activities that are important for good mental health.
Though we did not notice a U-shaped association in our results, the findings of this dissertation
align with what the theory implies in terms of finding the right balance between recreational
screen time and other important health behaviours for maintaining a healthy relationship with

Screcn usc.

The results regarding the association between high screen time and mental health
problems appear to be driven by many proposed mechanisms such as reduction of face-to-face
interaction with family and friends [9]; reduction in physical activity [10], poor sleep quality, or
lack of sleep [10—15]; cyberbullying [10, 16-18]; and/or upward social comparison [19-21]. In
addition to that, several biological mechanisms have been proposed, with one study showing the
screen time was associated with lower serum brain derived neurotrophic factor (BDNF), which
is a neurotrophin that is associated with mental wellbeing [22]. Moreover, a recent review of
results from observations in humans and experiments in mice provides evidence that excessive
media exposure is associated with adverse brain structure and function, as well as lower
executive functioning, possibly through over stimulation [23]. Further research is warranted to
explore potential factors that could untangle the mechanisms contributing to the relationship
between each type of screen time and mental health outcomes in adolescents to fully understand
the complex and nuanced association between sedentary screen activities and mental health

outcomes.
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7.2.2 Different types of screen and mental health outcomes

Our longitudinal study also demonstrated that the relationship between screen time and
anxiety and depressive symptoms varied slightly between different screen types, with more
evidence for anxiety. For instance, texting, messaging, emailing and talking on the phone were
associated with more anxiety and depressive symptoms than TV viewing. This is consistent with
previous work demonstrating that the association between screen time and mental health
outcomes differs between screen types [2, 24]. This might suggest a moderating role of screen
types and is worth further examination in the future [2, 3]. A possible explanation regarding the
difference in the association by screen type is related to the screen content and activity.
Therefore, it is important to examine not only the types of screens used but also the content and

the way the technology is being used by adolescents.

Our findings regarding the association between social media use and psychological
distress align with previous work which found a positive association between high social media
use and symptoms of anxiety and depression and psychological distress among adolescents [25,
26]. It has been suggested that social media use might expose young people to upward social
comparison [21, 27], which can trigger low self-esteem [28-30] and body image concerns [29,
31], factors known to be associated with psychological distress [27, 31, 32]. Also, the way social
media has been used by adolescents matters as previous work [33, 34] indicated that passive use
of social media is associated with higher levels of depressive symptoms. One more explanation
related to the association between social media use and mental health problems is that more
screen time replaces in person social interaction, which can lead to loneliness [9]. In summary,
our findings suggest that future research is needed that investigates the type and nature of social

media use to better understand the association with mental health.
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7.2.3 Moderators of screen time and mental health outcomes
We observed sex and age differences across studies; however, no moderating role of

parental support was found in our results.

Regarding age as moderator between social media use and psychological distress, we
found that older adolescents reported more social media usage than their younger counterparts.
However, younger groups presented higher odds of psychological distress when using social
media heavily, in agreement with previous work [35, 36] and in contrast with another [37]. While
mixed results could be related to different study designs, one explanation of our findings could
be related to the phase of early adolescence as a high-risk period for mental health problems [38—
41] during which social media use could be a potential trigger [42, 43]. Future longitudinal

studies with further investigation of the age and sex differences in this association are needed.

Our findings on sex as a moderator varied between studies. The association between
problematic technology use and suicidal ideation and suicide attempt reported a positive
association between higher symptoms of problematic technology use and suicidal ideation and

suicide attempt with higher odds among males.

Our results regarding sex differences between each type of screen use and mental health
outcomes longitudinally indicate that females reported more of surfing the internet than males
however males had higher anxiety symptoms. On the other hand, our results indicated that only
females with heavy TV viewing reported increased levels of anxiety and depression after one
year. Mixed results were provided in previous work regarding the moderating role of sex on the
association between screen time and mental health [2, 3, 24]. The sex difference could also be
related to the content and preferences of screen types, therefore it is highly recommended that

future longitudinal studies assess preferences and content among males and females separately to
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understand the sex differences in screen preferences and also examine the mechanism

underpinning sex differences among adolescents [2, 3].

Regarding parental support as a moderator, our findings from the cross-sectional study
suggest no moderating effect of parental support after adjusting for SES and sex. This indicates
an important role of these covariates in the association between social media use and mental
health. Also, the quality and depth of measurement of parental support in the survey is very
vague and does not inform about the role of parents in role modeling, guidance, and support of
their teens. Previous work indicated that the role of parents is very critical in influencing teens
screen behaviours by using open communication, setting rules, supervision and monitoring [44—
46]. Therefore, we highly recommend that future research examines with more methodological
rigour the role of parents, taking into consideration the impact of other important factors as

covariates in this relationship.

7.3 Strengths and Limitations

7.3.1 Strengths

The present dissertation has several strengths. First, it included a thorough narrative
review that examined more than 60 articles that summarize the impact of different screen types
on mental health illnesses such as body dissatisfaction, psychological well-being, depression, and
anxiety in children and youth. This review provided one of the most current piece of evidence on
this topic and identified gaps in the literature that guided our subsequent studies.

Second, this dissertation included various study designs, cross-sectional and longitudinal.
It is well known that longitudinal designs provide stronger evidence about the direction of
association between screen time and mental health. Third, our data for the studies were driven

from large datasets on Canadian adolescents. The OSDUHS and the COMPASS datasets are
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large, samples that allowed us to produce robust models, control for many covariates, assess
different types of screen use, and examine moderators that are related to mental health outcomes.
Fourth, most of the screen time and mental health outcomes measures were validated tools. Fifth,
this dissertation examined many moderators, such as age, sex, and parental support, using proper
statistical tests of interaction. In contrast, many previous studies generated pooled analyses or
stratified analyses without performing tests of interaction for effect modification [3, 24]. Finally,
this dissertation examined many mental health indicators, such as anxiety, depression, and
suicidal behaviours whereas previous research demonstrated a lack of a thorough examination of
these indicators [2, 3, 24, 47].
7.3.2 Limitations

Findings from this dissertation contribute important information to a growing body of
literature. However, several limitations must be noted. First, our review of the literature was not
a systematic review, but rather a narrative review performed by a single reviewer. Therefore, the
absence of predefined selection criteria and a formal critical appraisal of data quality are

considered limitations.

Second, despite the work from one longitudinal study, our results from the two cross-
sectional studies limited the causality inference about the direction of the relationships between
screen time and mental health outcomes. Furthermore, due to the cross-sectional nature of this
study, we were unable to determine whether adolescents' characteristics or mental health trigger

them to spend much time on the screen or if screen time impacts their mental health.

Third, the present dissertation did not account for the numerous types of media content
adolescents engaged in, which limited our ability to understand how quality and content can

explain this association between screen time and mental health. Fourth, variables were measured
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using a variety of self-report questionnaires, which can make the study design susceptible to
information bias through the potential for participants to over or underreport screen time or over
or underestimate mental health symptoms, probably to avoid perceived stigmas or judgment. It
also must be noted that depressive symptoms and anxiety do not represent clinical diagnoses in

these studies.

Fifth, self-reported data in the OSDUHS and COMPASS are not nationally
representative, especially the OSDHS sample, which was restricted to Ontario, therefore the
generalizability of our findings to all adolescents in Canada is limited. Also, enrolled students
who di not participate in the surveys for lack of consent or absenteeism may bias the results if
those who did not participate differ from participating students on variables of interest. Sixth, the
approaches we used to select covariates included identifying potential confounders based on
prior knowledge and existing literature and performing statistical tests to assess the association
between potential confounders and the exposure or outcome variables. We did not employ a
directed acyclic graph (DAG) which s considered a thorough approach for better understanding
relations between the variables and to determine the minimum set of variables that should enter
the adjusted model, which could reduce the chances of under or over-adjustment and collider
bias [48-50]. Finally, due to the limited data, potential important moderators such as parent-

adolescent interactions could not be examined in adequate depth.

7.4 Implications and Recommendations for Practice

The findings of this dissertation have important implications for policymakers, schools,
practitioners, and parents. Evidence suggests that interventions that are based on theory are more
effective than non-theoretical approaches [51, 52]. Thus, it is essential to consider multiple levels

of the ecological model that influence the association between sedentary screen behaviour and
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mental health among adolescents to inform the design of evidence-based strategies to foster
screen time reduction. That being said, the following implications involve the individual,
interpersonal (e.g., relationships, family), institutional and community (e.g., schools) and societal

(e.g., policies, regulations, resource allocation) levels.

Policymakers should increase funding for research on screen time and mental health
among adolescents that includes implementation of interventions aiming to influence a better,
responsible and healthy use of recreational screen time. In addition to that policymakers are
encouraged to allocate more funding to help employ an efficient and adequate response program
starting by public awareness campaigns targeting caregivers, parents and adolescents to shed
light on screen time guidelines and empower those in need of mental health services by
connecting them to appropriate resources. Policymakers should also use more strict regulations
for social media use through more efficient age verification, and safety features restricting minor
from accessing these platforms [53], and requiring parental consent for adolescents to access
their apps. Recently the U.S. Surgeon General Vivek Murthy indicated that age 13 is too early
for young people to be using social media, highlighting some of the potential impacts to young
people physical and mental well-being. He advised parents to keep teens off social media until
they are 16, 17, or 18 years old [54]. Murthy called for data transparency and safety standard to
have in place by social media companies to prevent these platforms from causing mental health
harms to young people [55]. This is especially important given findings from the dissertation that
the associations between screens time and mental health is stronger in younger ages, making this

population more vulnerable.

The results of this dissertation hold important implications for potential media literacy

plans for the integration of healthy screen use into the whole family environment and in schools.
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The media literacy framework consists of the ability to access, use, understand, and engage with
all types of media in a critical, effective and responsible way to become active rather than
passive media consumers. It also allows individuals to authenticate information, manage privacy,

address cyberbullying, and access online platforms safely [56-59].

Additionally, increased awareness regarding a modifiable risk factor like screen use can
help to promote healthy screen time use and adherence to the recommended sedentary screen
time recommendations in the 24-hour movement guidelines to protect adolescents’ mental
health. Some experimental and prospective studies looking at the effects of limiting recreational
digital use showed improvement in depression, anxiety, loneliness, and emotional distress among
youth [60-63]. In addition to that, interventions aiming at reducing screen time, especially social
media use, and encouraging youth to use media more moderately could have promising results
on mental health outcomes [64-66]. Recently, the Canadian Pediatric Society (2019) launched
the Digital Health Task Force, through which they recommended healthcare providers discuss
with families essential principles to promote healthy screen use among children and adolescents.
These recommendations included strategies on managing screen time in a healthy meaningful
way, encouraging parents to model healthy screen use, and employing balanced and informed

digital monitoring of problematic technology use [66].

Given that technology use increases during adolescence, many validated and short
screening tools [67-70] may be helpful in clinical practice for the use of primary care clinicians
to conduct early screening for problematic technology use. This could help clinicians to
understand the risk profile and improve the detection of problematic technology use among

adolescents, which informs early treatment and prevention. Also, clinicians should encourage
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and inform parents and caregivers to implement a healthy media use plan for the whole family

[58].

Finally, as primary caregivers, parents can play an important role in positively
influencing children screen access behaviour by setting rules and monitoring screen use, and
establishing at home behavioural control. Previous work has shown that some interventions, such
as setting time limits, use parental control apps, displacing screen time with other health
promoting activities, and developing screen time contracts or plans help reduce sedentary

behaviour among children and young adolescents [71, 72].

7.5 Implications and Directions for Future Research

The results of this dissertation are helpful in guiding future research aiming to assess the
association between screen time and mental health among adolescents.

First, future research is warranted to examine in more depth the association between
different types of screen and mental health problems using large, high-quality studies and validated
and objective measures (e.g., smartphones and device monitoring apps) that help understand the
exact nature of this association. Longitudinal and representative samples with extended follow-up
periods and repeated measures of different screen use behaviours with various mental health
outcomes will provide clear answers regarding the direction and strength of this association.

Second, future studies are warranted to investigate in more depth the moderating effect of
different types of screens, sex and various age groups on the association between screen time and
mental health outcomes. Such investigations may provide insight into whether there are age,
screen type, or sex differences and what underpinning mechanisms influence these differences in

the association between screen time and mental health.
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Third, more research is needed to expand the work on examining potential mechanisms
pertaining to the effect of sedentary screen time on mental health among adolescents to better
explain the neurobiological and psychosocial pathways. For instance, future studies should
explore the nature, content, and context of screen usage and how this can play a role in the causal

pathway between screen time and mental health outcomes.

Fourth, this dissertation focused on the unidirectional association between screen time
and mental health outcomes. It is important in the future to disentangle the bi-directional
association between screen time and mental health to provide a stronger conclusion regarding the
directionality of this relationship. Finally, few experimental studies exist, thus research using
randomized controlled trial designs are warranted to determine if reducing sedentary screen use
has a positive impact on mental health outcomes in children and youth, as well as identify how

age, sex, and screen type and intensity impact treatment response.

7.6 Conclusion

The association between high sedentary pursuits among adolescents and its association
with mental health outcomes has gained significant attention from researchers, academics, and
stakeholders. Despite the fact that mental health among adolescents is a complex issue and it is
interconnected with many individual and environmental factors, as indicated in the theoretical
framework, the findings of this dissertation suggest that high levels of sedentary screen
behaviour appear to be significantly associated with various mental health problems such as

anxiety, depressive symptoms, and suicidality among adolescents.

Our results identified important moderators for the association between screen time and
mental health outcomes, such as sex and age, and the strength of the association varied between

some screen types. It is critical for the research on screen time and mental health to further
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explore other aspects of screen use like the content and context of screen usage and their
relationship to adolescent mental health. Now that screens are a ubiquitous part of everyone’s
day-to-day life, researchers, policymakers, and clinicians should go beyond individuals to the
wider context like family to understand and address the effects of screen time on adolescents’
mental health and provide practical guidance on how to use sedentary screen-based technologies
more responsibly.

Additionally, further research with a strong longitudinal design and especially
randomized trials is highly recommended to better understand the causal association and the
strength and direction of the relationship between different types of screen use and mental health
problems among adolescents. Also, the results of this dissertation can be used as a guide for
future research to investigate further moderating variables in relation to each type of screen and
adolescent mental health longitudinally.

Furthermore, in line with Canadian 24-Hour Movement Behaviour Guidelines [73], the
findings of this dissertation also have important public health and clinical implications given the
high screen use among adolescents and that screen time is associated with many mental health
outcomes, suggesting that parents be involved to limit screen time and clinical practitioners

should employ valid screening tools in efforts at improving the mental health of adolescents.
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	ABSTRACT 
	Adolescence is a period of dynamic behavioural and emotional development that can increase young people’s vulnerability to mental health problems. With 70% of mental disorders having their onset during childhood or adolescence, identifying modifiable factors of these disorders among adolescents can help inform future interventions aiming to improve mental health. 
	One of these factors is electronic technology which has become pervasive in our modern society, occupying an important portion of young people’s days and changing their lifestyle. This has created serious concerns regarding the impact of heavy recreational screen use on adolescents’ health, especially with the vast majority exceeding the sedentary recreational screen time recommendations of 2 hours or less per day. Evidence suggests that screen time can be associated with adolescent mental health problems. 
	Accordingly, the aims of this dissertation were: i) to summarize the evidence regarding correlates of sedentary screen pursuits among youth, ii) to examine how different types of screens, incorporating their newer forms, are associated with adolescents’ mental health cross-sectionally and longitudinally, iii) to examine the nature of screen use and its association with suicidal behaviours; and iv) to explore the moderating role of sex, age, and parental support in the association between screen time and dif
	To achieve these objectives, we completed four manuscripts, all prepared for submission to peer-reviewed scientific journals: 
	1. 
	1. 
	1. 
	A narrative review on the psychological correlates of sedentary screen time behaviour among children and adolescents. 

	2. 
	2. 
	Heavy social media use and psychological distress among adolescents: the moderating role of sex, age, and parental support. 

	3. 
	3. 
	Problematic technology use, suicidal ideation, and suicide attempt among adolescents: the moderating role of sex. 

	4. 
	4. 
	Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents. 


	Collectively, our results identified that high levels of sedentary screen behaviour are associated with more severe anxiety, depressive symptoms, and suicidality among adolescents. However, the strength of associations varied between some screen types. Additionally, the findings of this dissertation indicate that a further increase in screen time is associated with increased mental health problems. Lastly, an important role of sex and age in this association was identified. These results can be used to info
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	CHAPTER 1 INTRODUCTION 
	1.1 Thesis Overview and Rationale 
	This dissertation evaluates the association between different types of screen time and the duration and nature of use with different mental health problems such as anxiety, depression, and suicidal behaviour among adolescents. 
	The increase in global mental health problems among adolescents, coupled with a dramatic increase in sedentary screen pursuits in recent years, highlights the need to examine the association between types and duration of screen time with various mental health problems among adolescents.  Adolescence is considered a critical period where mental health disorders tend to persist into adulthood, and when long-lasting health habits or risky behaviours are forming. Even though mental health is a complex, multifac
	My dissertation will help to provide an improved understanding of the influences and associations of sedentary screen behaviour on adolescents’ mental health and identifies the groups who are at greater risk. Such information may advise programs and policies that are needed to facilitate the reduction in sedentary screen pursuits among youth before unhealthy behaviours become imbedded and, ultimately, may help improve adolescents’ mental health. 
	1.2 Conceptual Framework 
	This dissertation draws on two theoretical concepts from the Bronfenbrenner’s ecological concept [1,2], and the displacement theory. These models can help make sense of the association between screen time and mental health, which in turn helps in providing valuable recommendations to reduce sedentary screen behaviour, promote mental health, and inform interventions [3]. 
	Bronfenbrenner and colleagues’ model suggests that ecological systems describe the relationship between individuals’ direct and indirect environments, development, and social interactions. This model accounts for various system levels that include individual (age, sex, health, etc.), microsystem (family, peers, etc.), mesosystem (interactions between the individual’s microsystems), exosystem (social and health services, socio-economic status (SES)), and macrosystem (culture, norms, laws, etc.). These system
	Another commonly used theory to explain the association between sedentary screen time and adolescents’ mental health is the displacement hypothesis [5,6]. This theory began when television (TV) became popular in the mid-20th century, with increasing concerns about its 
	Another commonly used theory to explain the association between sedentary screen time and adolescents’ mental health is the displacement hypothesis [5,6]. This theory began when television (TV) became popular in the mid-20th century, with increasing concerns about its 
	effects on children development. It proposes that watching TV can be associated with children’s well-being by replacing activities that are critical and advantageous to the development [5]. In support of this concept, research showed that various types of sedentary screen consumption (e.g., social media, gaming, etc.) have been associated with indicators of poorer physical and mental health [7–9]. Furthermore, research indicated that screen time displacement affects sleep quality and quantity [10–12] and re

	1.3 Research Objectives 
	The purpose of this dissertation was to examine how different types and behaviours of screen usage are associated with anxiety, depression, and other mental health problems in adolescents. To achieve this purpose, the following objectives were identified: 
	1. 
	1. 
	1. 
	Perform a narrative review of the literature to identify the associations between screen-based sedentary behaviour and anxiety, depression, and other mental health problems among adolescents. 

	2. 
	2. 
	Examine how different types of screen pursuits (social media, TV viewing, video games, 


	internet surfing, screen-based communication, etc.) are associated with anxiety and depression 
	among adolescents cross-sectionally and longitudinally. 
	3. 
	3. 
	3. 
	3. 
	Examine how the problematic usage of technology is associated with suicidal ideation and 

	suicide attempt among adolescents. 

	4. 
	4. 
	Determine the role of sex, age, and parental support in modifying the effect of screen time on 


	mental health problems. 
	1.4 Dissertation Organization and Outline 
	This dissertation is organized in an article format as required in the University of Ottawa 
	dissertation guidelines. 
	An overview of each chapter is provided below: 
	• 
	• 
	• 
	Chapter 1 provides an introduction, theoretical framework, and rationale of the dissertation topic. 

	• 
	• 
	Chapter 2 provides a literature review. 

	• 
	• 
	Chapter 3 is the first manuscript of this dissertation, entitled: Psychological Correlates of Sedentary Screen Time Behaviour Among Children and Adolescents: A Narrative Review. This manuscript was published online in December 2020 in Current Obesity Reports. 

	• 
	• 
	Chapter 4 is the second manuscript of this dissertation, entitled: Heavy Social Media Use and Psychological Distress among Adolescents: The Moderating Role of Sex, Age, and Parental Support. This manuscript was published online in June 2023 in Frontiers in Public Health. 

	• 
	• 
	Chapter 5 is the third manuscript of this dissertation, entitled: Problematic Technology Use, Suicidal Ideation, and Suicide Attempt among Adolescents: The Moderating Role of Sex. This manuscript was accepted for publication in the International Journal for Child and Adolescent Health. 

	• 
	• 
	Chapter 6 is the fourth manuscript of this dissertation, entitled: Longitudinal associations between different types of screen use and depression and anxiety symptoms in adolescents. This manuscript was published online in April 2023 in Frontiers in Public Health. 

	• 
	• 
	Chapter 7 provides a general discussion, including the strengths, limitations, and future directions for research and future implications of the thesis results, and concluding remarks. 
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	CHAPTER 2 LITERATURE REVIEW 
	2.1 Adolescence and Mental Health 
	Adolescence is a critical transitional period in human life in which many complex changes in physical and mental growth occur from age 10-19 years [1–4]. Two phases/stages are introduced in the literature in this chapter. The first, early adolescence, ranges/spans the time from 10 to 14 years, in which significant physical, emotional and cognitive changes occur. During this phase, exploring ways of being independent begins; however, the ability for abstract thinking is still limited. The second phase, late 
	During this developmental transition from childhood to adulthood, normative and maladaptive patterns which shape future trajectories are established [4], especially since adolescents are particularly sensitive to influences from their environments [6–8]. Also, this phase of life is of interest given the high vulnerability of adolescents to mental health problems [1,9,10] and behavioral problems [11]. Thus, it is of a high importance to create the foundation of various healthy behaviours that positively impa
	According to the World Health Organization (WHO), mental health is defined as ‘a state of wellbeing in which the individual realizes his or her own abilities, can cope with the normal stresses of life, can work productively and fruitfully, and can make a contribution to his or her community [15]. The WHO and UNICEF, in recent joint programs on mental health and 
	According to the World Health Organization (WHO), mental health is defined as ‘a state of wellbeing in which the individual realizes his or her own abilities, can cope with the normal stresses of life, can work productively and fruitfully, and can make a contribution to his or her community [15]. The WHO and UNICEF, in recent joint programs on mental health and 
	psychological well-being for children and adolescents, emphasize that mental health problems are a serious public health issue globally and an emerging priority [10,16]. 

	Mental health problems in adolescence have consequences that lead to a cost to both the individuals and society [9,17]. More than 13% of adolescents are living with a diagnosed mental disorder worldwide [18–20]. It has been estimated that the economic loss in young people’s human potential arising from mental health disorders among children and adolescents is $387 billion a year, in addition to the intangible impact of mental health problems on young people and their families as a leading cause of disabilit
	2.1.1 Depression and Anxiety 
	There are many forms of mental health problems, with depression and anxiety being the most common [9,16]. Even though symptoms of depression and anxiety overlap, it was indicated that depression and anxiety are not completely similar, nor are they two forms of one disorder [23,24]. Depression is characterized mainly by unhappiness and losing interest in most activities. It is described as experiencing five or more symptoms in the last two weeks according to the Diagnostic and Statistical Manual of Mental Di
	There are many types of anxiety, but Generalized Anxiety Disorder is the most common.  Symptoms of GAD are characterized by experiencing pervasive, excessive, and uncontrollable 
	worry, irritability, feeling nervous, restlessness, trouble relaxing, and fear for at least two weeks and persist for many months [26]. 
	Depression and anxiety contribute to 43% of mental health problems among adolescents aged 10-19 years, with approximately 31.4% of males and 56.3% of females being impacted [9]. In Canada, depression is considered the most common mental health problems, with 11% of young people aged 15 to 24 years having been depressed in their lifetime; among them, nearly 9% of males and 13% of females were affected [27]. Furthermore, according to the 2014 Ontario Child Health Study, 9.7% of youth met the criteria for anxi
	Anxiety and depression during adolescence can have detrimental short and long-term consequences, and are considered the leading causes of disability and disease burden among adolescents, worldwide [16,29–32]. They affect school attendance and educational achievement [33,34], and are associated with school dropout and substance use [35]. These disorders can also lead to social withdrawal which can exacerbate isolation and loneliness; it has been shown that depression and anxiety during adolescence are associ
	2.1.2 Suicidal Behaviour 
	Another significant public health concern discussed in this dissertation is suicide. An annual worldwide estimate of 700,000 deaths due to suicide was indicated in recent reports, with much more suicide attempts [40]. In Canada, suicide is considered an important cause of preventable death. In 2020, suicide rate for adolescents aged 15-19 years was 8.2 per 100,000, accounting for almost one-quarter of all deaths and ranking as the second leading cause of death among youth [41] and fourth globally [40] with 
	In addition to suicide-related deaths, recent statistics from the 2021 Ontario Student Drug Use and Health Survey (OSDUHS, 2021) indicate that 18% of Ontarian students indicated serious suicidal thoughts in the past year and 5% reported experiencing suicide attempts. According to this report, suicidal ideation increased from 16% to 18% from 2019 to 2021, which is considered a record since these surveys began in 2001 (OSDUHS, 2019 – OSDUHS, 2021). The nationally representative Canadian Community Health Surve
	These number indicate that not only adolescents who attempt suicide are of concern, but also those with suicidal ideation given the high prevalence of suicidal behaviour among this group, which indicates a major national and global concern [43]. Most of these events first occur from early to mid-adolescence [44] and are recognized to be associated with co-morbid mental disorders, poor educational outcomes, premature death and adult suicide [45–47]. Suicidal behaviours also go beyond individual harm and are 
	With the high and increasing prevalence of anxiety, depression and suicidality among adolescents and with an annual economic burden of mental disorders in Canada of approximately $50 billion [51,52]; adding to this, that half of all lifetime mental disorders are estimated to begin by age 14 [28], there is a critical need for more research that helps to identify and understand in more depth the pathways to mental disorders starting at early ages. This will help inform programs, policies and other interventio
	Many variables have been identified in the literature as being correlates, or contributors to mental health problems, including but not limited to socioeconomic status [56–58], biological and genetic factors [59], stressful life events [60], physical health [61,62] social support, lifestyle [56,58,59]. 
	While pharmacotherapy and cognitive behavioural therapies are considered as effective treatments for managing mental health problems [63–67], their efficacy during childhood is variable and often weak, whereas healthy behaviours are considered as important factors that could improve symptoms and have little to no side effects [68,69]. A number of modifiable risk factors for mental health problems can have a significant impact on the prevention or development of the disease. Recreational screen activities ar
	2.2 Sedentary Behaviour 
	2.2.1 Definition 
	Sedentary behaviour refers to any waking activity that results in an energy expenditure ≤1.5 
	metabolic equivalents (METs), done in a sitting, lying, or reclining posture [72]. Sedentary 
	behaviour can be measured objectively through accelerometers, or subjectively through self-report questionnaires [73,74]. While many activities can be identified as types of sedentary behaviours, such as reading, writing, eating, using screen based devices, or viewing TV [75]; screen based behaviours represented by video gaming, leisure phone and computer use, and social media use are considered the most common forms of recreational sedentary behaviour among adolescents [76,77]. 
	In recent decades, with the rapid technological advancements, digital devices became ubiquitous in the day-to-day lives of adolescents who are growing up being immersed in a media-saturated world and are highly knowledgeable and engaged with technology [78,79]. Accordingly, there has been an extensive rise in screen usage among adolescents, from smartphone use, television, video games, computer, and social media use [79–82]. For that reason, many Canadian and international guidelines emphasize the importanc
	2.2.2 Prevalence of sedentary behaviour 
	With screens like smartphones and tablets being portable and accessible easily, screen use in excess of guidelines (≤2 hours per day) has been broadly reported worldwide [87–89]. In Canada, where nearly 100% of Canadian adolescents and young adults [90] have access to smartphones, data from the Canadian Health Measures Survey (CHMS) reported that 71.9% of adolescents (12-17 years) spent more than 2 hours per day in recreational screen-based pursuits 
	With screens like smartphones and tablets being portable and accessible easily, screen use in excess of guidelines (≤2 hours per day) has been broadly reported worldwide [87–89]. In Canada, where nearly 100% of Canadian adolescents and young adults [90] have access to smartphones, data from the Canadian Health Measures Survey (CHMS) reported that 71.9% of adolescents (12-17 years) spent more than 2 hours per day in recreational screen-based pursuits 
	and their average daily screen time was 3.8 hours [91]. Another recent representative survey among Ontarian adolescents showed that an average of 83% of adolescents in grades 7-12 spend three or more hours of recreational screen time per day. The same survey indicated a significant change in screen time use between 2019 and 2021, with 31% of youth in grades 9-12 reporting more than 5 hours of daily screen usage compared to 21% in 2019; and 26% reporting more than 7 hours of daily screen use compared to 12% 

	While screen time activities are considered as one of the greatest tools to access information easily and connect people in positive ways [93–95], the high prevalence of adolescents not meeting screen time use recommendations raises concern based on evidence from recent studies and reviews which have shown an association between sedentary screen pursuits and mental health problems such as depression, anxiety, low self-esteem and suicidal behaviours [96–101]. 
	2.3 Association between sedentary screen time and mental health 
	Several studies examined the potential impact of screen-based sedentary behaviour on 
	adolescents’ mental illnesses. Some evidence in the literature indicated that a moderate amount of 
	screen use is not harmful and may even have some benefits [102,103], while various studies documented an association between higher levels of screen time and anxiety, depression, and suicidal behaviours [97–101,104–106]. For example, a narrative review of reviews [104] on screen use among youth indicated a negative association between higher levels of digital screen use, social media, and depressive symptoms. Also, in a review of reviews on the association between screen time and adolescent’s mental health,
	However, this association cannot be considered causal nor conclusive as the majority of studies were cross-sectional in nature; it is also not clear whether a longitudinal association is modified by other factors not considered in those studies [110–112]. Moreover, despite the evidence of high screen time being positively associated with mental health problems, very limited studies assessed the dose-response relationship between different types of screen and mental health problems [110,113]. 
	In addition to the quantity and frequency of screen use, another important factor that needs more investigation is the relationship between mental health and the nature of screen interaction. This happens when technology use includes problematic elements and adolescents become unable to forego technology and have uncontrollable desire to use it [114]. This was conceptualized as addictive use or problematic technology use (PTU), which was found to be associated with mental health problems such as depression 
	2.3.1 Different types of screen time and mental health 
	In addition to the duration and strength of screen use, research indicates that other factors such as the type of screen used and the moderating factors that might modify this association are very important to provide the overall picture about the association between screen time and mental health problems. Recent evidence suggested that duration alone is not enough to determine the benefits and harm of screen use on mental health [110–112]. 
	Various work has been done on screen types and mental health and mixed results were revealed regarding this association. Liu and colleagues (2016) showed in their meta-analysis that high computer use, and TV watching is associated with an increased risk of depression among adolescents [113]. Similar results were provided by Stiglic and Viner (2019) in their review of reviews [107]. Nevertheless, these studies could not provide evidence on how other types of screens could impact mental health. More recent re
	Social media 
	Evidence regarding the association between social media and mental health problems among adolescents is also inconclusive. For example, several studies and reviews found an association between high social media use and mental health problems such as depressive symptoms, suicidal ideation, and anxiety [124–130]. It was found that factors like social 
	Evidence regarding the association between social media and mental health problems among adolescents is also inconclusive. For example, several studies and reviews found an association between high social media use and mental health problems such as depressive symptoms, suicidal ideation, and anxiety [124–130]. It was found that factors like social 
	comparison, increased isolation, and risky behaviours explain this association [128,131–133]. On the other hand, some studies found a positive association between social media use and mental wellbeing [134,135] through increased communication and social interaction [136,137]. In contrast, recent longitudinal studies reported mixed results, finding no association between social media use and subsequent anxiety [138], and depressive symptoms [139–141]. They also found a positive association between the freque

	2.3.2 Potential moderators of the association between screen time and mental health 
	Although the evidence of studies on screen time and mental health is expanding, there are still many aspects to be examined and addressed in order to inform policy and practice.[98– 101,104–106] 
	Previous reviews [110–112,116,125,126,145] indicated the need of examination of various factors and correlates that can help clarify the strength of the association between social media use and mental health. 
	Sex 
	It is well-known that sex is an important moderator to examine, as research indicated that types of sedentary screen activities differed by sex, with boys tending to prefer computer video games and girls tending to favour social media and communication-based screen types [146,147]. With respect to mental health, it is well-known that there are sex differences in the prevalence of mental health problems, with girls reporting significantly higher scores of depression, anxiety and psychological distress than b
	While recent studies and reviews indicated that sex difference was the most common factor examined in previous work on screen time and mental health, evidence was very inconsistent with some studies found an association between screen time and mental health outcomes among males but not females, while other studies contradicted those findings.[110– 112]. Inconsistent results might be due to methodological issues with the majority of studies stratified by sex without using proper interaction analysis to inves
	Therefore, it was highly suggested by recent reviews to examine properly the moderating role of sex with different types of screen time in order to further our understanding of the most vulnerable group [110–112,145]. This is important to guide future tailored interventions which aim to reduce high screen usage and improve mental health among at risk groups. 
	Age 
	Age was also another proposed factor that could modify the effect of media use on mental health. However, only few studies examined the moderating role of age [111,125,155– 157], and results were mixed and inconsistent. Therefore, recent studies suggested to examine the modifying effect of age in the association between screen time and mental health [111,126] given that many brain changes occur during adolescence. It has been suggested that the influence of media use may be exacerbated during early adolesce
	Age was also another proposed factor that could modify the effect of media use on mental health. However, only few studies examined the moderating role of age [111,125,155– 157], and results were mixed and inconsistent. Therefore, recent studies suggested to examine the modifying effect of age in the association between screen time and mental health [111,126] given that many brain changes occur during adolescence. It has been suggested that the influence of media use may be exacerbated during early adolesce
	second, areas of the brain responsible for processing emotions are not well developed [158]. Therefore, examining this factor could help future interventions and programs aimed at reducing sedentary behaviour and improving mental health based on adolescent age and their brain developmental stage. 

	Parental support 
	Another factor that is worth examining as a moderator under the umbrella of social and psychological support is the role of parents [126]. Parents play a key role in shaping their child’s health behaviour. They are considered as role models and positive influencers for adolescents screen viewing. Recent evidence suggested that good parenting practicing and guidance through co-participation, meaningful interaction and discussion, and establishing an environment which can restrict heavy screen usage can influ
	Another factor that is worth examining as a moderator under the umbrella of social and psychological support is the role of parents [126]. Parents play a key role in shaping their child’s health behaviour. They are considered as role models and positive influencers for adolescents screen viewing. Recent evidence suggested that good parenting practicing and guidance through co-participation, meaningful interaction and discussion, and establishing an environment which can restrict heavy screen usage can influ
	helps identifying strategies that parents can employ to limit screen use and promote mental wellbeing. 
	-


	2.4 Limitations and Gaps in the current knowledge 
	Based on what we know on this topic and the limitations found in previous studies, we could indicate where the gaps in the literature are: 
	First, the tendency in primary studies to rely on cross-sectional data with a lack of prospective research designs, which prevents any conclusion of direction between screen-based activities and mental health outcomes to be drawn [111,145]. Second, most studies have employed total screen time measures, which affect a clear investigation of the different types of screen activities associated with adolescents’ mental health and which type of screen is more harmful [110–112,125]. Third, evidence for symptoms o
	With current evidence reporting a dramatic increase in sedentary screen pursuits and mental health problems among adolescents, it is critical to accurately examine how screen time is associated with their mental health. For instance, contemporary sedentary screen behaviour can only be well understood if its complexity is recognized. Therefore, further research is warranted to better understand the nature and contexts of screen use among adolescents. In this regard, timely analysis of the characteristics of 
	With current evidence reporting a dramatic increase in sedentary screen pursuits and mental health problems among adolescents, it is critical to accurately examine how screen time is associated with their mental health. For instance, contemporary sedentary screen behaviour can only be well understood if its complexity is recognized. Therefore, further research is warranted to better understand the nature and contexts of screen use among adolescents. In this regard, timely analysis of the characteristics of 
	possible harms of high screen usage. This knowledge will help inform intervention programs aimed at preventing mental health problems among the younger generation and address its problematic use. 
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	Abstract 
	Recent findings: Paralleling the rise of mental health issues in children and adolescents is ubiquitous overuse of screens, but it is unclear how screen time is related to important mental health outcomes and whether this association differs by gender, age and screen type. Purpose: The aim of this narrative review was to (1) synthesize the literature on the relationship between screen time and important mental health outcomes; and (2) examine the underpinning factors that can influence this association. Met
	Keywords Screen time; depression; anxiety; psychological wellbeing; body image; children; adolescent 
	Introduction 
	Worldwide, 13.4% of children and adolescents experience mental health disorders [1], indicating that adolescents are at high risk. In fact, 70% of mental illnesses start in early ages [2], and many persist into adulthood [3]. These statistics are alarming given that mental disorders contribute 21.8% of the total burden of disease in high-income countries among children and adolescents aged 0–14 years [4] and can reduce life expectancy by 20 years [5], thus leading to premature mortality. 
	Sedentary behaviour is defined as any waking activities that result in an energy expenditure ≤ 1.5 metabolic equivalents (METs) while in either a sitting, lying or reclining posture [6]. It includes most sitting-based activities (e.g. reading, eating, listening to music, drawing, etc.) and screen-based leisure time activities (e.g. TV viewing, playing video games, use of computers, cellular phones, tablets and social media) [7–9]. Sedentary behaviour can be measured objectively using accelerometers, which o
	It has been recognised that sedentary behaviour has detrimental health effects, including adverse cardiometabolic health outcomes, morbidity and premature mortality [14–17]. Indeed, high levels of sedentary behaviours are correlated with many adverse health outcomes in 
	It has been recognised that sedentary behaviour has detrimental health effects, including adverse cardiometabolic health outcomes, morbidity and premature mortality [14–17]. Indeed, high levels of sedentary behaviours are correlated with many adverse health outcomes in 
	children and adolescents, including physical and mental well-being [18], elevated body mass index (BMI) [19–21], cardiometabolic function [21, 22] and cognitive development [20]. In this context, Canadian and international guidelines established recommendations to limit the time spent engaged in sedentary pursuits [23–26]. For example, the Canadian 24-h movement guidelines for children and adolescents discourage screen time for children under 2 years old and suggest no more than 1 h daily for children 2–4 y

	Surprisingly, findings from a recent systematic review found limited evidence to show that objectively measured sedentary behaviour has a negative impact on mental health [33]. However, objectively measured sedentary behaviour combines screen time and many non-screen sedentary behaviours such as reading, homework, listening to music and other sedentary hobbies, so the effects of screen time on mental health have not been adequately isolated. There are many inherent aspects of spending long periods engaged i
	Surprisingly, findings from a recent systematic review found limited evidence to show that objectively measured sedentary behaviour has a negative impact on mental health [33]. However, objectively measured sedentary behaviour combines screen time and many non-screen sedentary behaviours such as reading, homework, listening to music and other sedentary hobbies, so the effects of screen time on mental health have not been adequately isolated. There are many inherent aspects of spending long periods engaged i
	of use) and personality characteristics, which collectively lead individual differences in susceptibility of harmful effects of media consumption [40]. 

	Therefore, given the high prevalence of screen time and mental health problems among children and adolescents and their significant economic [41, 42] and health impact they pose [43, 44], it is timely to better understand how screen time among children and adolescents is related to important mental health outcomes, such as anxiety, depression, body image and psychological well-being. Accordingly, this narrative review aimed to synthesise research in this area, including research using both cross-sectional a
	Methods 
	Electronic databases of Medline/PubMed, PsychINFO and Google Scholar were searched on December 2019 for articles published in the last 5 years. The search mainly focused on the association between recreational screen time sedentary behaviour and mental health outcomes in children and adolescents including anxiety, depression, psychological and psychosocial well-being and body image concerns. Then the articles’ titles and abstracts were screened, and full text of potentially relevant articles were retrieved 
	Cross-sectional studies on the association between screen time and depressive symptoms 
	Depression and anxiety are considered to be among the leading causes of illness, disability and burden in youth according to the World Health Organization [45, 46]. The prevalence of depression increased by 18% [47] between 2005 and 2015, and up to 20% of children and adolescents to meet criteria for anxiety disorders [48]. This is highly concerning especially with emerging research indicating that the onset of depression and anxiety is occurring at younger ages [49–51]. 
	Many cross-sectional studies [36, 52–73] (Table 1) have examined the relationship between screen time and symptoms of depression and/or anxiety among children and adolescents. Out of 23 cross-sectional studies, the majority of studies (n = 17) showed that high exposure to at least one type of screen use was associated with more severe depression and/or anxiety symptoms [36, 52, 53, 57, 59–64, 67•, 68–73], while only a few studies reported negative associations [58] or mixed associations based on gender [54,
	In cross-sectional studies, almost all types of screen use were significantly associated with a higher level of depressive symptoms among young people, especially adolescents, with aggregated time spent engaged in television, computer and mobile phone use showing the strongest associations, indicating an additive effect of screen use. For example, one of the largest cross-sectional studies (n = 9702) [53] on adolescents found that screen use was associated with an increased odds of moderate and severe sympt
	In cross-sectional studies, almost all types of screen use were significantly associated with a higher level of depressive symptoms among young people, especially adolescents, with aggregated time spent engaged in television, computer and mobile phone use showing the strongest associations, indicating an additive effect of screen use. For example, one of the largest cross-sectional studies (n = 9702) [53] on adolescents found that screen use was associated with an increased odds of moderate and severe sympt
	recreational computer use and video gaming, were associated with more severe symptoms of depression and anxiety among the youth [60], consistent with cross-sectional findings from other studies among children and adolescents [52, 61, 75, 76]. Associations with emotional distress may differ by screen type, as leisure computer use was more highly associated with anxiety and depression outcomes than television viewing in some studies [52, 60], but cross-sectional findings from a longitudinal study found that h

	Internet-based video gaming has recently become a popular activity among adolescents, especially males, making it an important type of sedentary behaviour to investigate. A recent study on 578 adolescents reported that high use of internet video gaming was associated with more severe anxiety and depression among adolescents, with males being more affected than females [65]. These results are consistent with other studies showing a strong association between computer games and symptoms of depression [52, 60]
	In addition to online video gaming, new digital media like social media networking sites have also been recognised to be associated with mental health issues like depression and/or 
	anxiety [36, 56•, 67•, 68–73]. A recent nationally representative study [56•] reported that 
	adolescents who frequently use social media were more likely to have high levels of depressive 
	symptoms, with stronger correlations reported among females. The association between social networking sites (SNS), psychological distress and suicide attempts was found to be indirect and mediated by cyberbullying victimisation in a large study (N = 5126) of adolescents (aged 11–20 years) [36]. Insomnia was another mediating factor reported by Li et al., who found a positive association between Facebook addiction and depression among 1015 Chinese adolescents [72]. Furthermore, another cross-sectional study
	Concerning the age group, the majority of studies assessed screen use and depression among adolescents, or combined children and adolescents without examining these populations separately, so associations in children are unclear. The greater inquiry in adolescents might be attributed to adolescents reporting higher screen use than children [89] or being more prone to experiencing depression than children [90]. Longitudinal Studies on Screen Use and Anxiety/Depressive Symptoms 
	Several longitudinal studies examined the association between screen time and depression and anxiety among children and adolescents [74–88] (Table 1). Some recent studies were in line with cross-sectional ones and found a positive association between screen use, 
	Several longitudinal studies examined the association between screen time and depression and anxiety among children and adolescents [74–88] (Table 1). Some recent studies were in line with cross-sectional ones and found a positive association between screen use, 
	depression [74, 77•] and anxiety among adolescents [85, 88]. For example, a longitudinal study done on 3826 adolescents found a time-varying relationship between social media, television and depressive symptoms [77•]. Each additional hour spent on social media usage in a given year was linked to a 0.41-unit increase in depressive symptoms for that same year, indicating a dose– response relationship. Also, a similar within-person association was found with television watching [77•]. Furthermore, a large long

	81] or no evidence [75, 76, 83] that screen time is longitudinally associated with depression and/or anxiety. For example, a longitudinal study involving children and adolescents that examined the association between television watching and mental health indicated no significant association [83]. 
	Interestingly, many cross-sectional and longitudinal studies found that the association between screen time and depression [54, 55, 56•] and anxiety [84•] differed by gender. Many studies found that females with high levels of screen time use reported the highest level of depressive symptoms, while weaker or even no associations were found in males [54, 55]. Another study found higher symptoms of anxiety with playing video games among girls and lower symptoms among boys [84•] which contradicts the findings 
	engaged significantly in more time of online gaming, thereby highlighting that video gaming may be especially psychologically harmful with excessive use. 
	The difference in results and clear gender differences in longitudinal studies might be related to diverse types of screen use, dose, age and variation in the baseline level of anxiety and depression among adolescents. For example, a study by Kelly et al. in 2018 involved 10,904 adolescents, indicating that females spent a high proportion of their time on social media and that the magnitude of association between social media use and depressive symptoms was larger for females than for males [56•], consisten
	Although consistent gender differences emerged for social media use, a recent longitudinal study on video games and anxiety among older adolescents showed that while moderate use of video gaming was associated with higher anxiety symptoms among females, this was not the case in males [84•]. While the reason is still unclear, the authors hypothesize that boys may enjoy the social interaction and sense of competition between players more than girls. On the other hand, it is noteworthy that the degree of inter
	Although consistent gender differences emerged for social media use, a recent longitudinal study on video games and anxiety among older adolescents showed that while moderate use of video gaming was associated with higher anxiety symptoms among females, this was not the case in males [84•]. While the reason is still unclear, the authors hypothesize that boys may enjoy the social interaction and sense of competition between players more than girls. On the other hand, it is noteworthy that the degree of inter
	form of internet use/video gaming exhibited significantly more mental health issues than those with low usage, regardless of gender [95]. 

	Very few studies have examined reciprocal relationships between screen time and depression and anxiety symptoms among children and adolescents. However, a large longitudinal study among adolescents showed a reciprocal relationship between computer and videogame usage and increased level of generalised anxiety disorders [88]. That is, youth with emotional distress characterised by anxiety may spend more time indoors and engage in various forms of screen time as a way of coping, and these media activities may
	In summary, there is strong cross-sectional and moderate longitudinal evidence for an association between screen time and depressive symptoms among children and adolescents, but associations differ by age, type of screen use, gender and other moderators. Most of the studies focused on depressive symptoms, so further longitudinal studies are warranted to better understand the association between different types of screen time and anxiety. Cross-sectional Studies on Screen Time and Psychological Well-being 
	Psychological well-being refers to satisfaction with life and experiencing positive emotions [96], including positive selfperceptions and positive relationships [97]. Research has linked psychological well-being with academic performance [98], physical health [99] and mental health. Thus, it is essential to understand how screen time is associated with psychological well-being among children and adolescents to effectively inform clinical practice, policy and research. 
	As shown in Table 2, several cross-sectional studies examined the role of screen time on childrens and adolescents’ well-being [63, 64, 100–107]. Negative associations between digital 
	As shown in Table 2, several cross-sectional studies examined the role of screen time on childrens and adolescents’ well-being [63, 64, 100–107]. Negative associations between digital 
	technology use and adolescents’ and childrens’ wellbeing were found in many studies [63, 64, 100, 101, 105–107], while a few found no relationship between the use of screen time and wellbeing [102–104]. A high-quality, large study (n = 120,115) in youth from the UK found that moderate digital technology use did not correlate strongly with mental well-being [103]. However, analysis of three large surveys of adolescents in the UK and USA (n = 221,096) [64] revealed that those who use screens for less than 1 h
	-


	While results were more consistent among adolescents, studies on young children reported mixed findings. A crosssectional study in China looked at the relationship between excessive screen time and psychological well-being in 20,324 children aged 3–4 years found a dose–response relationship whereby every additional hour of screen-based pursuits was associated with poorer psychosocial well-being. This association was mostly mediated by the parent–child interaction. 
	According to this study, excessive exposure to screen may have the strongest effect on the frequency of engagement in interactive activities between the parents and the child which in turn can be a risk factor for child psychosocial problems [106•]. On the other hand, null findings were reported in a smaller study examining the associations between moderate levels of TV viewing and psychological well-being among children aged 0–5 years [102]. Similarly, in a large cross-sectional study (n = 19,957), little 
	Longitudinal studies on Screen Time and Psychological Well-being 
	Several longitudinal studies (Table 2) have found that higher amounts of recreational screen time predicted lower psychological well-being among children and adolescents [87••, 107–112]. A study investigated possible dose–response associations between media use and later psychological wellbeing among children aged between 2 and 6 years. This study reported that higher levels of electronic media predicted lower psychological well-being, with television viewing being more strongly associated with well-being t
	Several longitudinal studies (Table 2) have found that higher amounts of recreational screen time predicted lower psychological well-being among children and adolescents [87••, 107–112]. A study investigated possible dose–response associations between media use and later psychological wellbeing among children aged between 2 and 6 years. This study reported that higher levels of electronic media predicted lower psychological well-being, with television viewing being more strongly associated with well-being t
	with friends with low-quality, superficial communication of most online interaction online interaction may result in poor social connectedness and lower quality of relationships, which consequently may negatively affect psychological well-being [117]. 

	Taken together, the majority of the reviewed studies, including those using longitudinal designs, indicate a negative association between screen time and psychological well-being, with most of the studies being conducted in adolescents. More inconsistent results emerged from large-scale cross-sectional studies, perhaps due to greater heterogeneity in study measures of well-being, data analyses and sample characteristics [102, 104]. The evidence base among preadolescents and young children is moderate, but w
	-

	Body dissatisfaction Body dissatisfaction is defined as a negative attitude towards appearance, body weight, size or shape and is one the most robust aspects of the broader concept of body image. Body image concerns are highly prevalent during adolescence when one’s body shape and weight strongly influence one’s selfesteem, and these concerns are especially salient among females [118]. Body image concerns are well known to be detrimental contributors to well-being [119] and significant predictors of psychia
	[118] and depression, as well as low self-esteem [120, 121]. With social media platforms such as Facebook, Snapchat and Instagram, body image has become an important target in these activities [122], where individuals post their most flattering photos and view those of others [123], creating an online environment that could be detrimental to body image [124]. Spending time on social media puts adolescents under a higher risk of comparing themselves to more 
	[118] and depression, as well as low self-esteem [120, 121]. With social media platforms such as Facebook, Snapchat and Instagram, body image has become an important target in these activities [122], where individuals post their most flattering photos and view those of others [123], creating an online environment that could be detrimental to body image [124]. Spending time on social media puts adolescents under a higher risk of comparing themselves to more 
	attractive peers [125], and as a result, these unfavourable social comparisons of physical appearance may elicit or exacerbate body image concerns [126, 127]. Screen time, mainly social media use, has received significant attention in research for its potential impact on body dissatisfaction [128]; therefore, it is highly essential to understand how the use of this and other forms of digital media may contribute to adolescents’ body image. 

	As shown in Table 3, cross-sectional research indicated that screen time [56•, 126, 129– 
	133] especially that spent on social media is associated with body image concerns among adolescents. For example, a large study comprised of high school girls (n = 1087) aged 13–15 years showed that those who use social media frequently reported significantly greater body image concerns such as internalization of the thin ideal, drive for thinness and body surveillance compared to non-users [131]. Another recent crosssectional study among adolescents [130] also indicated an association between social media 
	Longitudinal Studies on Screen Time and Body Image 
	Although many cross-sectional [126, 131–133] and longitudinal research [136] has focused on females who report high levels of body image concerns, some recent longitudinal studies included both genders [134, 135•]. For example, a study on 604 adolescents aged 11–18 years indicated that both genders experienced the same extent of body dissatisfaction when using social media networking sites frequently [134]. Another longitudinal study involving 1840 adolescents aged between 12 and 19 years showed that passiv
	Although many cross-sectional [126, 131–133] and longitudinal research [136] has focused on females who report high levels of body image concerns, some recent longitudinal studies included both genders [134, 135•]. For example, a study on 604 adolescents aged 11–18 years indicated that both genders experienced the same extent of body dissatisfaction when using social media networking sites frequently [134]. Another longitudinal study involving 1840 adolescents aged between 12 and 19 years showed that passiv
	information without direct exchanges like posting status or commenting) was associated with more social comparison among adolescent males and females over time [135•]. While social comparison has been clearly implicated in playing an important mechanistic role in the association between screen time and body image concerns, other factors were highlighted in the literature as indicated previously about the buffering effects of positive parent–adolescent relationships [130]. 

	Interestingly, media literacy, which is about being able to think critically about media 
	[137] and being able to assess whether a media content such as an image is realistic or not [138], was suggested as another important protective factor that attenuated the adverse effects on body image among adolescents when exposed to unrealistic thin-ideal media images [139]. Thus, media literacy programs should be examined in more depth using experimental and longitudinal designs as this may represent a promising strategy that protects youth from developing an unhealthy body image known to predict other 
	Limitations and Strengths 
	Although this narrative review is representative of key findings from a broad body of literature with the aim to examine the research objectives, there are a few limitations that are noteworthy. This study was not a systematic review of the literature, but rather a narrative review performed by a single reviewer. There may be relevant studies that have been excluded. However, the present review is unique in critically analysing both cross-sectional and longitudinal evidence from very recent studies (past 5 
	Summary, Conclusions and Recommendations 
	Findings from the present review suggest that screen time is generally associated with depressive symptoms among adolescents, especially females. Evidence on the association between screen time and anxiety among adolescents was mixed and inconclusive and somewhat screen and gender dependent. However, high screen use was consistently shown to be associated with poorer emotional well-being in longitudinal studies, although mixed evidence was found among cross-sectional studies, especially among young children
	This review highlights that some types of screens are more consistently problematic for mental health than others depending on the content of the media and the characteristics of individuals and their susceptibility levels to the effects of media. For example, social media usage was consistently shown to be associated with depressive and/or anxiety symptoms [36, 56•, 67•, 68–73, 82, 86], higher levels of body dissatisfaction [56•, 130–132, 134–136] and poorer psychological wellbeing [87••, 109••, 111, 112] 
	showing that these relationships are sometimes stronger in girls than boys. Regarding mechanisms in which social media may negatively affect mental health, evidence suggests 
	this may occur through a process of unfavourable social comparison, poor sleep and/or cyberbullying [22, 34–36, 69, 72]. Although not well studied, the preliminary research among adolescents, especially males, suggests that high use of internet video gaming is associated with more severe anxiety and depressive symptoms. These findings are consistent with a growing body of evidence to suggest that excessive internet-based gaming can produce marked interference in youth’s emotional, familial, social and acade
	Given that childhood and adolescence are critical periods for physical and psychological development, and children and adolescents are spending excessive amounts of time in recreational screen use, the results of this review have significant implications. Based on evidence from this review, we recommend that parents and health practitioners who work with children and adolescents limit recreational screen use to that delineated in the Canadian 24-h movement behaviour guidelines [27]. The findings obtained he
	Given that childhood and adolescence are critical periods for physical and psychological development, and children and adolescents are spending excessive amounts of time in recreational screen use, the results of this review have significant implications. Based on evidence from this review, we recommend that parents and health practitioners who work with children and adolescents limit recreational screen use to that delineated in the Canadian 24-h movement behaviour guidelines [27]. The findings obtained he
	provides robust evidence for detrimental associations with several mental health outcomes, further legislation by other provinces around banning cell phones may follow and these policy changes should be empirically evaluated to see if they have beneficial effects on mental health. There is encouraging evidence that media literacy may be an effective method in which parents, teachers and practitioners can attenuate the harmful effects of digital media use, although more intervention studies are needed. Moreo

	Many of the studies used cross-sectional designs, so future longitudinal studies with longer follow-ups and inclusion of potential mediators and moderators including the individuals’ cognitive and emotional statuses that happen during media exposure [40] are needed to gain a better understanding of how various forms of screen use impact children’s and adolescents’ risk of mental health problems over time, and whether effects and mechanisms differ between males and females. In addition, intervention studies 
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	Table 1. Characteristics of studies on depression and anxiety 
	Author, Year, Country of study 
	Author, Year, Country of study 
	Author, Year, Country of study 
	Study design 
	Sample characteristics 
	Screen time activities 
	Depression Measures and Findings 
	Anxiety Measures and Findings 

	Barry et al., 2017 [70] USA 
	Barry et al., 2017 [70] USA 
	Cross-sectional 
	226 (113 adolescent-parent dyads) Age : 14-17 years 
	Social media 
	Measures: DSM-V checklist. Findings: social media (number of accounts, frequency of checking) was moderately, positively associated with depression as reported by parents. 
	Measures: DSM-V checklist. Findings: social media (number of accounts, frequency of checking) was moderately, positively associated with anxiety as reported by parents. 

	Bélair et al. 
	Bélair et al. 
	Cross
	-

	9702 adolescents 
	TV 
	Measures: Diagnostic and 
	Measures: DSM-III-R. 

	2018 [53] 
	2018 [53] 
	sectional 
	Age: 14-15 years 
	Videos 
	Statistical Manual of Mental 
	Findings:  higher odds of having 

	Canada 
	Canada 
	DVDs Video games 
	Disorders (DSM-III-R). Findings: higher odds of having moderate and severe symptoms of depression among those who exceeded recommended sedentary screen time. 
	moderate and severe symptoms of anxiety among those who exceeded recommended sedentary screen time. 

	Frison & 
	Frison & 
	Cross
	-

	910 adolescents 
	Facebook 
	Measures: The Center for 
	‾ 

	Eggermont 
	Eggermont 
	sectional 
	Mean age: 15.44 
	Epidemiological Studies 

	2015 [69] 
	2015 [69] 
	years 
	Depression Scale for Children 

	Belgium 
	Belgium 
	(CES-DC). Findings: positive correlation between passive Facebook use and depressed mood among girls, and active Facebook use and depressed mood among boys. Perceived online social support mediated this association. 

	Goldfield et 
	Goldfield et 
	Cross
	-

	358 overweight and 
	Computer 
	Measures: Children’s 
	‾ 

	al. 2016 [52] 
	al. 2016 [52] 
	sectional 
	obese adolescents 
	Video games 
	Depression Inventory (CDI). 

	Canada 
	Canada 
	Age: 14-18 years Mean age 15.6 years 
	TV 
	Findings: time spent playing video games and recreational computer time but not TV viewing was associated with depressive symptoms. 

	Hanprathet et 
	Hanprathet et 
	Cross
	-

	832 adolescents 
	Facebook 
	Measures: The Thai General 
	Measures: The Thai General 

	al. 2015 [68] 
	al. 2015 [68] 
	sectional 
	Mean age: 16.7 
	addiction 
	Health Questionnaire. 
	Health Questionnaire. 

	Thailand 
	Thailand 
	years 
	Findings: Facebook addiction among adolescents could be associated with severe depression. 
	Findings: Facebook addiction among adolescents could be associated with anxiety. 

	Hayward et al. 
	Hayward et al. 
	Cross
	-

	3295 adolescents 
	TV 
	Measures: Moods and Feelings 
	‾ 

	2016 [54] 
	2016 [54] 
	sectional 
	Mean age=15.1 
	Computer 
	Questionnaire– Short (SMFQ). 

	Australia 
	Australia 
	years 
	Findings:  positive association between screen time and depressive symptoms for girls only. 

	Hoare et al. 
	Hoare et al. 
	Cross
	-

	5500 adolescents 
	Internet 
	Measures: Diagnostic and 
	‾ 

	2017 [55] 
	2017 [55] 
	sectional 
	Age 11-17 years 
	Social media 
	Statistical Manual of Mental 

	Australia 
	Australia 
	Mean age: 14.5 years 
	Disorders Version IV (DISC IV). Findings: spending more than 7 h/day on the internet was significantly associated with depressive symptoms among females. 

	Kelly et al. 2018 [56] UK 
	Kelly et al. 2018 [56] UK 
	Cross-sectional 
	10,904 adolescents Age: 14 years 
	Social media 
	Measures: SMFQ. Findings: the magnitude of association between social media use and depressive symptoms was larger for girls than for boys. 
	‾ 

	Khan and Burton 2017 [57] Bangladesh 
	Khan and Burton 2017 [57] Bangladesh 
	Cross-sectional 
	898 adolescents Age 12-17 years Mean age: 14.3 years 
	Computer TV DVD Social media 
	Measures: CESD. Findings: high recreational screen time and not meeting physical activity recommendations are associated with depressive symptoms. 
	‾ 

	Kovess-
	Kovess-
	Cross
	-

	3195 Children 
	Video games 
	Measures: Dominic Interactive 
	Measures: DI. 

	Masfety et al. 
	Masfety et al. 
	sectional 
	Age: 6-11 years 
	(DI). 
	Findings: high video game 

	2016 [58] 
	2016 [58] 
	Findings: High video game 
	usage was associated with lower 

	Europe 
	Europe 
	usage was associated with lower prevalence of mental health difficulties. 
	prevalence of mental health difficulties. 

	Li et al., 2017 [72] China 
	Li et al., 2017 [72] China 
	Cross-sectional 
	1015 adolescents Grade 7-9. Age not reported. 
	Social media 
	Measures: Chinese version of the Center for Epidemiological Studies Depression scale. Findings: A significant association was found between social media addiction and depression. Insomnia partially mediated this association. 
	‾ 

	Li et al. 2019 [59] USA 
	Li et al. 2019 [59] USA 
	Cross-sectional 
	2865 adolescents Mean age: 15.53 
	Social messaging Web surfing TV/movie watching Gaming 
	Measures: CES-D. Findings: all four screen-based activities had direct associations with adolescent depressive symptoms. 
	‾ 

	Maras et al. 
	Maras et al. 
	Cross
	-

	2482 adolescents. 
	TV 
	Measures: Children’s 
	Measures: Multidimensional 

	2015 [60] 
	2015 [60] 
	sectional 
	Grade 7 to 12 
	Computer 
	Depression Inventory (CDI). 
	Anxiety Scale for Children-10 

	Canada 
	Canada 
	Video games 
	Findings: duration of screen time was associated with severity of depression. Video game playing and computer use but not TV viewing were associated with more severe depressive symptoms. 
	(MASC10). Findings:  duration of screen time was associated with severity of anxiety. Video games playing was associated with severity of anxiety. 

	Sampasa & Lewis 2015 [67] Canada 
	Sampasa & Lewis 2015 [67] Canada 
	Cross-sectional 
	753 adolescents Mean age = 14.1 years 
	SNS: Facebook Twitter Instagram MySpace 
	Measure: The Kessler (K-10) Scale (measures anxiety and depression) Findings: The use of SNSs more than 2 hours per day was associated with in increased level of psychological distress. 
	Measures: K-10 Scale. Findings: The use of SNSs more than 2 hours per day was associated with in increased level of psychological distress. 

	Sampasa & 
	Sampasa & 
	Cross
	-

	5126 
	SNS: 
	Measure: K-10 Scale. 
	Measures: K-10 Scale. 

	Hamilton 
	Hamilton 
	sectional 
	Age: 11–20-year 
	Facebook 
	Findings: The use of SNSs was 
	Findings: The use of SNSs was 

	2015 [36] 
	2015 [36] 
	Mean age: 15.2 
	Twitter 
	associated with in increased 
	associated with in increased 

	Canada 
	Canada 
	years 
	Instagram MySpace 
	level of psychological distress. Findings suggest that cyberbullying is a significant mediator which explains this association. 
	level of psychological distress. Findings suggest that cyberbullying is a significant mediator which explains this association. 

	Trinh et al. 
	Trinh et al. 
	Cross
	-

	2660 adolescents. 
	TV 
	Measures: CES-D. 
	‾ 

	2015 [61] 
	2015 [61] 
	sectional 
	Mean age: 15.8 
	Computer 
	Findings: exceeding screen time 

	Canada 
	Canada 
	years 
	Mobile Games Internet 
	recommendations was significantly related to depressive symptoms especially in males. 

	Twenge & 
	Twenge & 
	Cross
	-

	40337 children and 
	Mobile 
	Measures: US National Survey 
	Measures: NSCH. 

	Campbell 
	Campbell 
	sectional 
	adolescents 
	Computer 
	of Children’s Health (NSCH). 
	Findings: Among 14-to 17
	-


	2018 [63] 
	2018 [63] 
	Age: 2-17 years 
	Electronic 
	Findings: among 14-to 17-year
	-

	year-olds, high users of screens 

	USA 
	USA 
	devices and games TV 
	olds, high users of screens (7+ h/day vs. low users of 1 h/day) were more than twice as likely to ever have been diagnosed with depression in the last 12 months. 
	(7+ h/day vs. low users of 1 h/day) were more than twice as likely to ever have been diagnosed with anxiety in the last 12 months. 

	Twenge et al. 
	Twenge et al. 
	Cross
	-

	506820 adolescents 
	Electronic 
	Measures: six items from the 
	‾ 

	2018 [62] 
	2018 [62] 
	sectional 
	Age: 13-18 years 
	devices 
	Bentler Medical and 

	USA 
	USA 
	Social media Internet TV 
	Psychological Functioning Inventory depression scale. Findings: new media screen time is increasing overtime and it is associated with depression. 

	Twenge & 
	Twenge & 
	Cross
	-

	221096 adolescents 
	Smartphones 
	Measures: “During the past 12 
	‾ 

	Campbell 
	Campbell 
	sectional 
	from a UK and 
	Computers 
	months, did you ever feel so sad 

	2019 [64] 
	2019 [64] 
	USA samples 
	Social media 
	or hopeless almost every day for 

	UK and USA 
	UK and USA 
	Age: UK sample: 15 years US sample: 8th , 10th , and 12th graders (age not reported) 
	Gaming Internet 
	two weeks or more in a row that you stopped doing some usual activities?”. Findings: heavy users (vs. light) of digital media were 48% to 171% more likely to report being depressed. 

	Wang et al. 
	Wang et al. 
	Cross
	-

	365 adolescents 
	Social media 
	Measures: CES-D. 

	2018 [73] 
	2018 [73] 
	sectional 
	Age: 14-18 years 
	Findings: social media 

	China 
	China 
	addiction is positively associated with depression. Rumination mediated this association and self esteem moderated this mediation. 

	Wang et al. 
	Wang et al. 
	Cross
	-

	578 adolescents 
	Mobile games 
	Measures: Brief Symptom 
	Measures: Child Social Anxiety 

	2019 [65] 
	2019 [65] 
	sectional 
	Mean age: 15 years 
	addiction 
	Inventory (BSI). 
	Scale. 

	China 
	China 
	Findings: mobile game addiction was positively associated with depression. 
	Findings: mobile game addiction was positively associated with depression social anxiety especially among males. 

	Yan et al. 
	Yan et al. 
	Cross
	-

	2656 adolescents 
	Social media 
	‾ 
	Measures: Middle School 

	2017 [71] 
	2017 [71] 
	sectional 
	Age: 13-18 years 
	Student Mental Health Scale to 

	China 
	China 
	measure anxiety. Findings: a positive association was found between the time spent on social media and anxiety. 

	Zhang et al. 
	Zhang et al. 
	Cross
	-

	16205 adolescents 
	TV 
	Measures: “have you felt 
	‾ 

	2019 [66] 
	2019 [66] 
	sectional 
	Age: 12-18 years 
	Digital media 
	depressed during the last seven 

	China 
	China 
	days”. Findings: adolescents who spent more time on screen persuits are significantly more likely to have depressive symptoms. New digital media had a greater association among girls for depression. 

	Bickham et al. 2015 [74] USA 
	Bickham et al. 2015 [74] USA 
	Cross-sectional and longitudinal T1: 2009 T2: 2010 
	126 adolescents Mean age at T1: 14 years 
	TV Computer Mobile 
	Measures: The Beck Depression Index (BDI). Findings: significant positive association between mobile use and depression. More TV and mobile use reported at baseline the higher participants’ depression score was after one year. 
	‾ 

	Carter et al. 
	Carter et al. 
	Cross
	-

	6504 adolescents 
	TV 
	Measures: Center for 
	‾ 

	2015 [75] 
	2015 [75] 
	sectional and 
	Mean age at T1: 
	Computer 
	Epidemiological Studies 

	USA 
	USA 
	longitudinal T1: 12–18 years T2: 13-19 years T3: 18–26 years 
	15.53 years 
	Video games 
	Depression Scale (CES-D). Findings: positive association between screen time and depressive symptoms only at baseline. No longitudinal association found. 

	Gunnell et al. 
	Gunnell et al. 
	Cross
	-

	1160 adolescents 
	TV 
	Measures: Children’s 
	Measures: MASC-10. 

	2016 [76] 
	2016 [76] 
	sectional and 
	Age 10-21 years 
	Video games 
	Depression Inventory (CDI). 
	Findings: a cross-sectional 

	Canada 
	Canada 
	Longitudinal Follow-up: every one to two years for sever years between 2006-2013 
	Mean age=13.54 years at T1 
	Computer 
	Findings: a cross-sectional association between screen time and depression, however initial screen time didn’t predict changes in depression over time. 
	association between screen time and anxiety, however initial screen time didn’t predict changes in anxiety over time. 

	Boers et al., 
	Boers et al., 
	Longitudinal 
	3826 adolescents 
	Video games 
	Measures: BSI. 
	‾ 

	2019 [77] 
	2019 [77] 
	Follow-up: 
	Social media 
	Findings: time-varying 

	Canada 
	Canada 
	annually for four years 
	Mean age: 12.3 
	TV Computer 
	associations between social media, television, and depression. 

	Etchells et al. 2016 [78] UK 
	Etchells et al. 2016 [78] UK 
	Longitudinal Follow up: at age 15 
	5400 Children and adolescents Age: 8/9-15 years 
	Video games 
	Measures: development and Well-Being Assessment (DAWBA). Findings: moderate levels of playing video games that are more likely to include violent content in childhood is weakly associated with an increased risk of depression. 
	‾ 

	Grontved et 
	Grontved et 
	Longitudinal 
	435 adolescents to 
	TV 
	Measure: Major Depression 
	‾ 

	al. 2016 [79] 
	al. 2016 [79] 
	Follow-up: 
	young adults 
	Computer 
	Inventory (MDI). 

	Denmark 
	Denmark 
	6-years and 12 years follow up between 1997 and 2010 
	Mean age:8.8 at T1 
	Findings: prolonged TV viewing, but not computer use, was associated with more depression symptoms. 

	Houghton et 
	Houghton et 
	Longitudinal 
	1,749 adolescents 
	Social 
	Measures: CDI. 
	‾ 

	al. 2018 [80] 
	al. 2018 [80] 
	Follow up: 6 
	Age : 10-17 at T1 
	networking and 
	Findings: Small positive 

	Australia 
	Australia 
	times in two years from 2013 to 2015 
	web browsing Gaming TV 
	associations were evident between depressive symptoms and later screen use, and between screen use and later depressive symptoms. 

	Khouja et al. 2019 [81] UK 
	Khouja et al. 2019 [81] UK 
	Longitudinal T1: 16 years T2: 18 years 
	14665 adolescents Age: 16 years at T1 
	TV Texting Computer 
	Measures: Clinical Interview Schedule (CIS-R). Findings: increased computer use at age 16 is associated with a small increased risk of depression at age 18. 
	Measures: CIS-R. Findings: increased computer use at age 16 is associated with a small increased risk of anxiety at age 18. 

	Li et al. 2018 [82] China 
	Li et al. 2018 [82] China 
	Longitudinal T1: March 2014 T2: after nine months 
	5365 adolescents at T1 Mean age: 13.9 years at T1. 
	Social networking sites 
	Measures: CES-D. Findings: a bidirectional association was found between online social networking addiction and depression. 
	‾ 

	McVeigh et 
	McVeigh et 
	Longitudinal 
	2441chidlren and 
	TV 
	Measures: Depression Anxiety 
	Measures: DASS-21. 

	al. 2016 [83] 
	al. 2016 [83] 
	adolescents 
	Stress Scales (DASS-21). 
	Findings: No association 

	Australia 
	Australia 
	Follow-up: at ages 5, 8, 10, 14, 17, and 20 years 
	Findings: No association between TV watching and mental health. 
	between TV watching and mental health. 

	Ohannessian 2018 [84] USA 
	Ohannessian 2018 [84] USA 
	Longitudinal Follow up: one year after T1 
	441 adolescents Mean age: 17.14 at T1 
	Video games 
	‾ 
	Measures:  Screen for Child Anxiety Related Disorders (SCARED). Findings: Boys who played video games the most had the lowest levels of anxiety, whereas girls who played video games the most had the highest levels of anxiety. Gender and social context moderated the association. 

	Riehm et al. 2019 [85] USA 
	Riehm et al. 2019 [85] USA 
	Longitudinal Follow-up:  annually for 3 waves 
	6595 adolescents Age: 12 to 15 years at T1 
	Social media 
	Measures: GAIN-SS. Findings: spending more than 3 hours per day using social media may increase the risk for 
	Measures: GAIN-SS. Findings: spending more than 3 hours per day using social media may increase the risk for 

	TR
	from September 2013 to October 2016 
	mental health problems, particularly internalizing problems. 
	mental health problems, particularly internalizing problems. 

	Vernon et al. 
	Vernon et al. 
	Longitudinal 
	874 adolescents at 
	Social 
	Measures: Depressed mood 
	‾ 

	2016 [86] 
	2016 [86] 
	Follow-up: 
	T1 
	networking sites 
	scale (adapted from the 

	Australia 
	Australia 
	annually for 3 years 
	Mean Age: 14.4 years at T1 
	longitudinal Michigan Study of Adolescent Life Transitions). Findings: Increased investment in social media predicted higher depressed mood in adolescents, which was mediated by the higher levels of sleep disruptions. 

	Viner et al. 2019 [87] UK 
	Viner et al. 2019 [87] UK 
	Longitudinal Follow-up: three waves of follow ups from age 13 to 16 
	12866 adolescents Age: 13-14 years at T1 
	Social media 
	‾ 
	Measures: General Health Questionnaire (GHQ12) and National Statistics (ONS) wellbeing. Findings: frequent social media use was predictive of later anxiety especially among girls. This association isn’t directly related to social media use but with the harmful content on social media or by displacement of healthy behaviours like sleep and physical activity. 

	Zink et al. 
	Zink et al. 
	Longitudinal 
	2525 adolescents 
	TV 
	Measures: Revised Children's 
	Measures:  RCADS. 

	2019 [88] 
	2019 [88] 
	Follow-up: 1 
	Mean age: 14.6 
	Computer 
	Anxiety and Depression Scale 
	Findings:  reciprocal association 

	USA 
	USA 
	year after T1 
	years at T1 
	Video games 
	(RCADS). Findings: Screen time wasn’t associated with major depressive disorders. 
	between computer/ videogame use, and anxiety. 


	Table 2. Characteristics of studies on psychological well-being 
	Author, Year Country of study 
	Author, Year Country of study 
	Author, Year Country of study 
	Study Design 
	Sample characteristics 
	Screen time activities 
	Psychological Wellbeing Measures and Findings 

	Booker et al. 2015 [100] UK 
	Booker et al. 2015 [100] UK 
	Cross-sectional 
	4899 adolescents Age: 10-15 years 
	SNS Game console Computer game use TV, DVDS 
	Measures: Happiness with six domains of life. SDQ Findings: Chatting on social networking sites and game console usage were associated with higher odds of socio-emotional problems. Higher total screen based media use was associated with lower odds of happiness and higher odds of socio-emotional difficulties. 

	Herman et al. 2015 [101] Canada 
	Herman et al. 2015 [101] Canada 
	Cross-sectional 
	7725 adolescents Age: 12-17 years 
	Computer Video games TV, DVDs 
	Measures: Self-rated mental health: one item ‘would you say your mental health in general is excellent, very good, fair or poor?’ Findings:  Adolescents who didn’t meet Canadian guidelines for sedentary behaviour and exceeded screen time were 30–50 % more likely to rate their mental health sub-optimally compared to those who met guidelines. 

	Lee & Carson 2018 [102] South Korea 
	Lee & Carson 2018 [102] South Korea 
	Cross-sectional 
	1774 children Age: 0-5 Years 
	TV 
	Measures: happiness, and stress were used to measure psychological well-being. Findings: TV viewing was not associated with psychosocial wellbeing. 
	-


	Przybylski and Weinstein 2017 [103] UK 
	Przybylski and Weinstein 2017 [103] UK 
	Cross-sectional 
	120115 adolescents Age: 15 years 
	DVDs TV Games Computers Mobile Social networking Internet 
	Measures: Warwick Edinburgh Mental Well-Being Scale (WEMWBS) Findings: relationships between digital-screen time and mental well-being are nonlinear and that moderate engagement in digital activities is not harmful. although high levels of engagement may have a measurable, albeit small, negative influence 

	Przybylski & Weinstein 2019 [104] USA 
	Przybylski & Weinstein 2019 [104] USA 
	Cross-sectional 
	19957 children Age: 2-5 years 
	Computer Mobile Video games TV Electronic devices 
	Measures: Questionnaire drafted by developmental specialists Findings: Evidence didn’t support an association between screen time and psychological well being 

	Suchert et al. 2015 [105] Germany 
	Suchert et al. 2015 [105] Germany 
	Cross-sectional 
	1296 adolescents. Mean age: 13.7 years 
	TV Mobile Video games Computer 
	Measures: CES-D. Findings: negative associations between sedentary screen time behaviour and mental wellbeing especially among adolescent girls. 

	Twenge & Campbell 2018 [63] USA 
	Twenge & Campbell 2018 [63] USA 
	Cross-sectional 
	40337 children and adolescents Age: 2-17 years 
	Mobile Computer Electronic devices and games TV 
	Measures: NSCH Findings: after 1 h/day of use, more hours of daily screen time were associated with lower psychological well-being. This association is larger among adolescents. Among 14-to 17year-olds, high users of screens (7+ h/day vs. low users of 1 h/day) were more than twice as likely to ever have been treated by a mental health profession or have taken medication for a psychological or behavioral issue in the last 12 months. Moderate use of screens (4 h/day) was also associated with lower psychologic
	-


	Twenge & Campbell 2019 [64] UK and USA 
	Twenge & Campbell 2019 [64] UK and USA 
	Cross-sectional 
	221096 adolescents from a UK and USA samples Age: UK sample: 15 years US sample: 8th, 10th, and 12th graders (age not reported) 
	smartphones, computers, social media, gaming, Internet 
	Measures: 14-item Warwick-Edinburgh Mental Well-Being Scale Findings: Heavy users (vs. light) of digital media were 48% to 171% more likely to be in low psychological well-being. 

	Zhao et al. 2018 [106] China 
	Zhao et al. 2018 [106] China 
	China Cross-sectional 
	20324 Children Age: 3-4 years 
	Video programs Electronic games TV Computer Mobile iPad 
	Measures: SDQ Findings:  Excessive screen exposure was associated with poor psychosocial well-being in preschool children via a number of mediators, like sleep, BMI and mostly by reducing parent-child interaction. 

	Allen and Vella 
	Allen and Vella 
	Cross sectional and 
	7818 children 
	TV 
	Measures: SDQ 

	2015 [100] 
	2015 [100] 
	Longitudinal 
	6 -10 years at T1 
	Video games 
	Findings: screen-based sedentary 

	Australia 
	Australia 
	T1: 2010 T2: 2012 
	behaviour is related to the development of psychosocial difficulties in early and late childhood. Important moderators: household income, parental education level, and neighbourhood socioeconomic position. 

	Babic et al. [108] Australia 
	Babic et al. [108] Australia 
	Longitudinal T1: between April and June 2014 
	322 adolescents Mean age 14.4 at T1 
	TV, DVDs, computer, and tablet/mobile 
	Measures: Flourishing Scale Findings: Changes in total recreational screen-time and computer use were negatively 

	TR
	T2: between 
	associated with psychological 

	TR
	October and 
	well-being. 

	TR
	December 2014. 
	A positive association was found with TV/DVD use and psychological difficulties. 

	Booker et al.2018 [109] UK 
	Booker et al.2018 [109] UK 
	Longitudinal Follow-up: 5 waves from age 10 to 15 years 
	9859 adolescents Age: 10 to 15 years 
	Social media 
	Measures: Happiness with six domains of life. Strengths and Difficulties Questionnaire (SDQ). Findings:  significant correlation between interacting on social media and well-being among females. Higher social media interaction at age 10 was associated with declines in well-being thereafter for females, but not for males. 

	Hinkley et al. 2014 [110] Europe 
	Hinkley et al. 2014 [110] Europe 
	Longitudinal T1: from September 1, 2007, to June 30, 2008, T2: from September 1, 2009, to May 31,2010 
	3604 children Age: 2-6 years 
	TV Computer Games 
	Measures: SDQ Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents–Revised Version (KINDLr) Findings: higher levels of early childhood electronic media use especially TV viewing are associated with children being at risk for poorer outcomes with some indicators of well-being. 

	Kim 2017 [111] Korea 
	Kim 2017 [111] Korea 
	Longitudinal T1:2007 T2:2008 
	2844 adolescents Age: 12-15 years 
	SNS and online communication 
	Measures: students self reported questionnaire Findings: strong negative relationship between online activities (chatting, e-mailing, participating in communities or clubs and using bulletin boards) and self-reported mental wellbeing. 

	van den Eijnden et 
	van den Eijnden et 
	Longitudinal 
	538 adolescents 
	Social media disorder 
	Measures: Perceived social 

	al. 2018 [112] 
	al. 2018 [112] 
	Follow-up: 
	Age: 12-15 years 
	Internet gaming 
	competence: the 5-item Dutch 

	Netherlands 
	Netherlands 
	T1: February to March 2015 T2: 2016 T3: 2017 
	Mean age: 12.9 years at T1 
	disorder 
	version of the Harters’ Self Perception Profile of Adolescents 5-item Satisfaction with Life Scale developed by Diener, Emmons, Larsen, and Griffin Findings: disordered use of social media and internet games predict a decrease in the psychosocial wellbeing of adolescents in terms of life satisfaction and perceived social competencies. More vulnerability among boys was 

	TR
	found in terms of disordered gaming. 

	Viner et al. 2019 [87] UK 
	Viner et al. 2019 [87] UK 
	Longitudinal Follow-up: three waves of follow ups from age 13 to 16 
	12866 adolescents Age: 13-14 years at T1 
	Social media 
	Measures: General Health Questionnaire (GHQ12) and National Statistics (ONS) wellbeing Findings: frequent social media use was predictive of later lower well-being especially among girls. 


	Table 3. Characteristics of studies on body image 
	Author, Year, Country of study 
	Author, Year, Country of study 
	Author, Year, Country of study 
	Study Design 
	Sample characteristics 
	Screen time activities 
	Body image Measures and Findings 

	Aez et al 2018 [129] Spain 
	Aez et al 2018 [129] Spain 
	Cross-sectional 
	1501adolescents Age: 13-17 years 
	TV Computer (lesisure and homework) 
	Measures:  Body Dissatisfaction subscale of the Eating Disorders Inventory-3 (EDI-3). Findings:  Computer leisure time was negatively associated only with girls’ body dissatisfaction. 

	De Vries et al 2019 [130] Netherland 
	De Vries et al 2019 [130] Netherland 
	Cross-sectional 
	404 adolescents Age: 12-19 years 
	Facebook Instagram 
	Measures:  The body dissatisfaction subscale of the Body Attitude Test. Findings: social media use was positively associated with body dissatisfaction, but this relationship was weaker among adolescents who reported a more positive mother–adolescent relationship. Positive father– adolescent relationship did not moderate the association between social media use and body dissatisfaction. 

	Kelly et al. 2018 [56] UK 
	Kelly et al. 2018 [56] UK 
	Cross-sectional 
	10,904 adolescents Age: 14 years 
	Social media 
	Measures: On a scale of 1 to 7 how do you feel about the way you look? Which of these do you think you are?” (underweight, about the right weight, slightly overweight, very overweight), “Have you ever exercised to lose weight or to avoid gaining weight?”, “Have you ever eaten less food, fewer calories, or foods low in fat to lose weight or to avoid gaining weight?”. Findings: social media screen time was associated with body image concerns among girls more than boys. 

	Meier and Gray 2014 [126] USA 
	Meier and Gray 2014 [126] USA 
	Cross-sectional 
	103 female adolescents Age: 12-18 years 
	Social networking sites Facebook 
	Measures:  The 5-item Sociocultural Internalization of Appearance Questionnaire for Adolescents (SIAQ—A). The Physical Appearance Comparison Scale (PACS). Weight Satisfaction subscale of the Body-Esteem Scale for Adolescents and Adults (BES). Self-Objectification Questionnaire. 

	TR
	Findings: It is not the total time spent on FB or the Internet, but the amount of FB time allocated to photo activity that is associated with greater thin ideal internalization, self-objectification, weight dissatisfaction, and drive for thinness. 

	Tiggemann and Slater 2013 [131] Australia 
	Tiggemann and Slater 2013 [131] Australia 
	Cross-sectional 
	1087 female adolescents Age: 13-15 years 
	Facebook 
	Measures:  body surveillance drive for thinness and Internalization of beauty Ideals. Findings:  Facebook users scored significantly more highly on all body image concern measures than non-users. Number of Facebook friends was significantly correlated with all body image concern measures. 

	Tiggemann and Slater 2014 [132] Australia 
	Tiggemann and Slater 2014 [132] Australia 
	Cross-sectional 
	189 young female adolescents Age: 10-12 years 
	TV Magazine Facebook MySpace Other social networking sites 
	Measures:  Sociocultural Internalization of Media Ideals Scale Body Surveillance Scale of the Objectified Body Consciousness Scale—Youth Body Esteem Scale for Children. Dieting: (“Do you watch exactly what you eat?” “Do you try to eat less at meal times than you would like to eat?”) “Have you ever been on a diet to lose weight?” Findings:  SNS use correlated with internalization, body surveillance, and negative body esteem. Time spent on these social networking sites produced stronger correlations with body

	Vandenbosch and Eggermont 2012 [133] Belgium 
	Vandenbosch and Eggermont 2012 [133] Belgium 
	Cross-sectional 
	558 female adolescents Age: 13-18 years 
	sexually objectifying music TV, primetime TV programs, Social networking sites 
	Measures:  Noll and Fredrickson’s original Self-Objectification Questionnaire. Internalization subscale of the Sociocultural Attitudes Toward Appearance Scale. Body surveillance subscale from the Objectified Body Consciousness Scale for Adolescents. Findings: SNS use significantly predicted body surveillance. Direct relationships between 

	TR
	internalization of beauty ideals and sexually objectifying media. 

	De Vries et al 2016 [134] Netherland 
	De Vries et al 2016 [134] Netherland 
	Cross-sectional and longitudinal T1: July through September 2008 T2: December 2009 
	604 adolescents 11-18 years at T1 
	Hyves.nl 
	Measures:  Body dissatisfaction Peer appearance-related Feedback. Findings:  SNS use predicted increased body dissatisfaction in both genders. SNS use predicted increased peer influence on body image via peer appearance-related feedback. 

	Rousseau et al. 2017 [135] Belgium 
	Rousseau et al. 2017 [135] Belgium 
	Cross-sectional and Longitudinal T1: March 2014 T2: October 2014 
	1840 adolescents Age: 12-19 years at T1 
	Facebook 
	Measures:  The Body Dissatisfaction Subscale of the Body Attitude Test. Findings: adolescents who use Facebook in a passive manner would develop a stronger tendency to engage in social comparison on Facebook, which in turn leads to experiencing higher levels of body dissatisfaction, and vice versa 

	Tiggemann and Slater 2017 [136] Australia 
	Tiggemann and Slater 2017 [136] Australia 
	Longitudinal T1: grade 8 and 9th T2 :2 years later 
	438 female adolescents Mean age 13.6 at T1 
	Facebook 
	Measures:  Sociocultural Attitudes Toward Appearance Questionnaire. Objectified Body Consciousness Scale–Youth. Drive for Thinness Scale of the Eating Disorder Inventory. Findings:  One aspect of Facebook use was associated with subsequent higher levels of aspects of body image concerns. 
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	ABSTRACT  Background: Despite increasing evidence that social media use is associated with adolescents’ 
	mental well-being, little is known about the role of various factors in modifying the effect of this association during adolescence. This study examined the association between social media use and psychological distress among adolescents and explored whether sex, age, and parental support moderate this association. 
	Methods: Data came from a representative sample of middle and high school students in Ontario, Canada. Cross-sectional analyses included 6,822 students derived from the 2019 Ontario Student Drug Use and Health Survey. 
	Results: Our results showed that 48% of adolescents used social media for 3 h or more per day, and 43.7% had moderate to severe psychological distress, with a higher prevalence among females (54%) than males (31%). After adjustment for relevant covariates, heavy social media use (≥3 h/day) was associated with increased odds of severe psychological distress [odds ratio (OR): 2.01; 95% confidence]. The association of social media use with psychological distress was modified by age (p < 0.05) but not sex or pa
	 interval (CI):1.59–2.55

	association was stronger among younger adolescents. 
	Conclusion: Heavy social media use is associated with higher levels of psychological distress, with younger adolescents being the most vulnerable. Longitudinal studies are recommended for future research to examine in more depth the role of sex, age, and parental support in the association between social media use and psychological distress to better determine the strength and of the association. 
	Keywords: social media, psychological distress, mental health, adolescents 
	Background 
	Adolescence is a critical and formative transitory period in which individuals shift from childhood to adulthood. With significant biological, developmental, and psychological changes taking place during adolescence, it is crucial to ensure that adolescents are fully supported to promote physical and mental well-being to set the stage for a healthy adulthood (1, 2). During this period of life, adolescents become more independent in making choices related to their lifestyle behaviors (3). Early adolescence i
	Mental health problems among adolescents have increased worldwide, with one in seven (14%) young people aged 10–19 years experiencing mental health problems (1), within which anxiety and depression make up about 43% (2) and are considered the leading causes of illness and disability for adolescents (1). Depression and anxiety are also considered risk factors for many adverse health outcomes, such as cardiovascular diseases, behavioral problems, and substance use disorder (7, 8). In addition to that, depress
	Mental health problems among adolescents have increased worldwide, with one in seven (14%) young people aged 10–19 years experiencing mental health problems (1), within which anxiety and depression make up about 43% (2) and are considered the leading causes of illness and disability for adolescents (1). Depression and anxiety are also considered risk factors for many adverse health outcomes, such as cardiovascular diseases, behavioral problems, and substance use disorder (7, 8). In addition to that, depress
	environmental factors. Previous literature has suggested that increases in mental health problems may be associated with higher levels of social media use (13–16). 

	While the COVID-19 pandemic has accelerated the trend of social media use among adolescents when in-person interaction had been restricted (17–19), social media use had increased dramatically among adolescents and occupied a significant part of their daily lives even prior to the onset of the pandemic (20). Recently, the World Health Organization strongly recommended in their 2020 guidelines for physical activity and sedentary behavior that children and youth should limit the amount of recreational screen t
	to 2 h or less for children and youth aged 5–17 years (22, 23). However, with the emergence of 
	newer devices such as tablets and smartphones, social media was considered as one of the most used screen activities among youth, especially females (24, 25). In Canada, 86% of youth in Ontario use social media platforms every day, and more than 20% indicate they spend more than 5 h on social media daily (26). This raises concerns given that adolescence, especially at its onset, is considered a crucial time frame because it is the period at which there is an exponential increase in social media use (27) and
	Previous studies on social media use and adolescents’ mental health provides some evidence regarding the nature of the association (13, 14, 16, 24, 28–31). However, results were mixed, resulting in an inconclusive understanding to date. Inconsistent findings could be attributed to many reasons, such as differences in research designs, populations sampled, and analytical plans. Also, while various factors of social media use and mental health have been identified in 
	Previous studies on social media use and adolescents’ mental health provides some evidence regarding the nature of the association (13, 14, 16, 24, 28–31). However, results were mixed, resulting in an inconclusive understanding to date. Inconsistent findings could be attributed to many reasons, such as differences in research designs, populations sampled, and analytical plans. Also, while various factors of social media use and mental health have been identified in 
	previous research, most studies failed to examine whether this association differs by characteristics of individuals (16, 24, 32–34). For example, some studies reported sex differences in the association between social media use and mental health or performed stratified analyses by sex without statistically examining whether sex moderated the association (35–39), and in the few that considered the moderating role of sex on the relationship (13, 40, 41), results were inconsistent. Age has also been proposed 

	In addition to the role of sex and age, research needs to better understand other factors such as the social and psychological support factors represented by the role of parents (24, 45). It has been suggested that weak parental supportiveness makes adolescents feel disconnected, so they use social media more frequently to find meaningful social interaction (45). However, very little is known about how parental support plays a role in social media use and adolescent depression and anxiety, and none of the s
	Since social media use is both highly prevalent among youth and a seemingly modifiable behavior, examining the variables that modify the effect of the association between social media use and psychological distress symptoms among youth is crucial to fill the knowledge gaps and inform future research and interventions. Accordingly, the objectives of this study were to (1) examine the association between social media use and psychological distress among adolescents, and (2) explore the moderating role of age,
	Design 
	The current study is a secondary data analysis of the 2019 Ontario Student Drug Use and Health Survey (OSDUHS) (46). This representative cross-sectional school-based survey included Ontarians in grades 7–12 from English and French public and Catholic schools (n = 14,142). Two hundred sixty-three schools from 47 public and Catholic school boards participated in this survey. Ethics approval was obtained from the Research Ethics Boards of the Center for Addiction and Mental Health (CAMH; 029/2016), York Univer
	school boards’ research review committees. Participation in the survey required active parental 
	written consent and student assent. The survey was completed anonymously during school time. 
	Data were collected from November 2018 to June 2019. Four split ballot versions of the questionnaire were administered in classrooms in a paper booklet format (Form A and B for 
	Elementary Schools; Form A and B for Secondary Schools) where students completed one of two alternately distributed questionnaires in classrooms depending on the school level. Questionnaires used in elementary schools excluded certain topics (e.g., drug use screeners for problematic drug use). Form A and Form B were distributed alternatively to students in each classroom to accomplish two near-equal random samples completing each form. The overall completion rate was 59%, with reasons for not completing the
	the mental health component (Form A, N = 7,617) were included. 
	Measures Social media use 
	Students were asked to indicate how many hours they spend daily posting or browsing social media sites, such as Facebook, Twitter, and Instagram. Response options were as follows: less 
	than 1 h a day, about 1 h a day, 2 h a day, 3–4 h a day, 5–6 h a day, 7 or more hours a day, not 
	daily usage, do not use social media, and do not use the Internet. We created a scale variable as 
	follows: the three latter response options represented no use of social media (coded 0), the “less than 1 h a day,” “about 1 h a day,” and “2 h a day” responses were collapsed and represented light to moderate use (coded 1), the “3–4 h a day,” “5–6 h a day,” and “seven or more hours a day” were collapsed and represented heavy use (coded 2). The cut-off was specified based on the recommended cut-off of 2 h or less for daily recreational screen time among adolescents from the Canadian sedentary behavior guide
	Psychological Distress 

	The Kessler Psychological Distress Scale (K-6) was used to measure the frequency of experiencing depression and anxiety in the past 4 weeks (49). Each of the six items included the following response options: “none of the time,” “a little of the time,” “some of the time,” “most of the time,” and “all of the time.” A total score ranging from 0 to 24 was created, with higher scores representing greater psychological distress. A score ranging from 0 to 7 represented no distress (coded 0), 8 to 12 represented m
	The Kessler Psychological Distress Scale (K-6) was used to measure the frequency of experiencing depression and anxiety in the past 4 weeks (49). Each of the six items included the following response options: “none of the time,” “a little of the time,” “some of the time,” “most of the time,” and “all of the time.” A total score ranging from 0 to 24 was created, with higher scores representing greater psychological distress. A score ranging from 0 to 7 represented no distress (coded 0), 8 to 12 represented m
	Sex, age, and parental support were potential moderators in our study. Sex is represented by a binary variable: females (coded 1) and males (coded 0). Age was also represented by a binary variable and grouped as “younger adolescents” (10–14 years old, coded 0) and “older adolescents” (15–20 years old, coded 1) based on early adolescence and middle and late adolescence phases reported in the literature (55). Parental support was assessed by the following question: “How often do you talk about your problems a
	(coded = 0). Responses of “sometimes” (coded = 1) remained a separate category, and the last two categories were collapsed to represent poor parental support (coded = 2). 
	Covariates 
	Covariates included sex and age (if not moderators), ethnicity, subjective socioeconomic status (SES), and body mass index (BMI) z-score. Covariates were selected based on their availability in the dataset and their association with the independent and dependent variables (56–60). Ethnicity was measured through self-identification from the following categories: White, Chinese, Filipino, South East Asian, Japanese, Korean, South Asian, West Asian, Black, Aboriginal, Latino, and Other. We dichotomized this va
	Statistical analysis 
	In our analysis, we used Taylor series linearization methods to account for the complexity of the sample design of the survey and to attain unbiased variances and point estimates using Stata 16.1 (Stata Corporation, College Station, TX, United States). Analyses included complete information on all variables, reducing the sample size from 7,617 to 6,822. Pearson’s chi-square 
	In our analysis, we used Taylor series linearization methods to account for the complexity of the sample design of the survey and to attain unbiased variances and point estimates using Stata 16.1 (Stata Corporation, College Station, TX, United States). Analyses included complete information on all variables, reducing the sample size from 7,617 to 6,822. Pearson’s chi-square 
	tests and adjusted Wald tests were used for categorical and continuous variables, respectively, to test the statistical differences between excluded data (missing data) and those included in our analyses for all the variables. Compared to the included participants, those who were excluded were more likely to be males, aged 15–20 years, less likely to be of white ethnicity, and more likely to use social media heavily. Participant characteristics were described by proportions and means. Correlations between a

	Results Sample characteristics 
	Table 1 provides the descriptive characteristics of the sample. About 57% of the sample were females, 58% of the students were 15 years or older, and 56% were white. About 48% of the sample used social media heavily (≥3 h daily). The prevalence of moderate and severe psychological distress was 23.4% and 20.3%, respectively. 
	Among the younger students (11–14 years), 38.7% used social media heavily, 32.6% reported rare parental support, 19.8% were moderately distressed, and 16% were severely distressed. However, among older students, 54.6% reported using social media heavily, 37.2% reported rare parental support, 26% were moderately distressed, and 23.6% were severely distressed. Regarding parental support, among those who reported having usual parental support (N 
	= 2,745), 14% reported not using social media, 43.6% reported using social media moderately, 
	and 42.4% reported heavy use of social media. Also, among the same group, 20.1% reported having moderate distress, and 11.8% reported having severe distress. 
	However, among those who reported having rare parental support (N = 2,410), 11.5% reported 
	not using social media, 34.5% reported using social media moderately, and 54% reported heavy use of social media. In addition to that, of participants who reported having rare parental support, 24.7% reported having moderate distress, and 31.3% reported having severe distress. 
	Bivariate analysis 
	Bivariate correlations for all variables of interest are shown in Table 2. The chi-square results indicate that being a male was correlated with lower psychological distress and less social media use. Being older (15–20-year-old) was correlated with higher psychological distress and more social media use. Non-white ethnicity was associated with higher psychological distress. Spearman correlation results indicate that higher SES was associated with lower psychological distress. Also, higher psychological dis
	Multivariable Ordinal Regression Modeling of the Association Between Social Media Use and Psychological Distress Among Adolescents Adjusted for All Variables of Interest 
	Results of multivariable ordinal regression analysis examining the association between social media use and psychological distress are summarized in Table 3. Heavy social media use was ). Also, adolescents who reported parental support was rare had higher odds of psychological distress compared to those ). Adolescents who felt sometimes supported also had higher odds of psychological distress compared to those with good parental ). Males were less likely than females to experience high psychological distres
	associated with psychological distress (OR: 1.44; 95% CI: 1.12–1.85
	with good parental support (OR: 2.41; 95% CI: 2.04–2.84
	support (OR: 1.57; 95% CI: 1.31–1.87
	0.36–0.46

	Crude and Adjusted Multivariable Ordinal Regression Modeling with Interaction terms of the Association of Social Media Use on Psychological Distress Among Adolescents 
	Results of multivariable ordinal regression analysis examining the association between social media use and psychological distress with interaction terms are summarized in Table 4. Interactions were statistically significant for age by heavy social media use for distress [Model 3 two-, p < 0.05)]. Interaction terms for sex (Model 
	way interaction terms (OR: 0.54; CI: 0.33–0.90

	2) and parental support (Model 4) by social media were not significant. Our unadjusted models show that the interaction terms for parental support by heavy social media for psychological distress are significant for those who reported having parental support sometimes and those who reported rare p, p < 0.05 and , p < 0.05, respectively). However, the moderating role of parental support became insignificant after adjusting for covariates. Thus, subsequent analyses examining the association between social med
	arental support (OR: 0.51; CI: 0.27–0.94
	OR: 0.53; CI: 0.31–0.91

	Crude and Adjusted Multivariate Ordinal Regression Modeling of Social Media Use on Psychological Distress Among Adolescents Stratified by Age 
	Results of the multivariable ordinal regression analysis examining the association between social media use stratified by age are presented in Table 5. After adjusting for covariates, younger 
	students who use social media heavily had higher odds of psychological distress (OR = 2.32; CI: ). 
	1.67–3.21

	Discussion 
	This study examined the association between social media use and psychological distress in a large and representative sample of adolescents in Ontario (Canada) and explored whether sex, age, and parental support would moderate this relationship. Heavy use of social media was moderately associated with higher levels of psychological distress among adolescents, and the effect of the association was modified by age, but not sex or parental support. 
	Even though the cross-sectional design of this study cannot determine the direction of the associations, our findings regarding the positive correlation between time spent on social media and high levels of psychological distress align with previous cross-sectional (42, 63–67), experimental and prospective studies (68–71), and reviews (24, 34, 73, 74), which provided implicit causation regarding the direction of the association that moves from heavy social media use to mental health problems. Numerous mecha
	Even though the cross-sectional design of this study cannot determine the direction of the associations, our findings regarding the positive correlation between time spent on social media and high levels of psychological distress align with previous cross-sectional (42, 63–67), experimental and prospective studies (68–71), and reviews (24, 34, 73, 74), which provided implicit causation regarding the direction of the association that moves from heavy social media use to mental health problems. Numerous mecha
	detrimental to their self-esteem and have been identified as significant contributors to internalizing problems such as depression and anxiety (25, 79–83). Also, more time spent on social media increases the chances of experiencing cyberbullying, which has strong ties with depressive symptoms (47, 84). In addition, the displacement theory posits the lack of social and in-person interaction and family communication displaced by frequent time on social media can contribute to symptoms of depression and anxiet

	This study also found that younger adolescents have higher odds of distress when using social media heavily than their older counterparts (42). Our results could be explained by early adolescence, as a vulnerable stage for mental health issues (4, 5, 86, 87) in which social media was indicated as a potential risk factor (88, 89). This phase involves significant pubertal changes, and biological, neurological, and social transformation (5, 90, 91), in which adolescents start to experience an increase in self-
	This study also found that younger adolescents have higher odds of distress when using social media heavily than their older counterparts (42). Our results could be explained by early adolescence, as a vulnerable stage for mental health issues (4, 5, 86, 87) in which social media was indicated as a potential risk factor (88, 89). This phase involves significant pubertal changes, and biological, neurological, and social transformation (5, 90, 91), in which adolescents start to experience an increase in self-
	adolescents use to do other beneficial activities like in-person interaction or physical activity which can increase their chance to experience mental health issues (14, 98). 

	While males were less likely than females to experience psychological distress, and tend to use social media less heavily, no moderating role of sex was found in the extent to which social media use subgroups are associated with psychological distress, aligning with previous work (40). These results may be attributed to the way social media use was measured, which only focused on the social media use time and could not represent how social media was used. However, our study showed that females spent more ti
	The finding that adjustment for SES and sex reduced the moderating effect of parental support to non-significance suggests that parental support’s role in the association between social media use and psychological distress among adolescents is impacted by sex and SES. This supports the need for future longitudinal studies to evaluate further these factors and other unexamined factors that may underlie the moderating effects of parental support in the social media–mental health relationship. In further consi
	The finding that adjustment for SES and sex reduced the moderating effect of parental support to non-significance suggests that parental support’s role in the association between social media use and psychological distress among adolescents is impacted by sex and SES. This supports the need for future longitudinal studies to evaluate further these factors and other unexamined factors that may underlie the moderating effects of parental support in the social media–mental health relationship. In further consi
	could be one reason why parental support did not moderate the association after adjustment for such a finding. Research has indicated that the role of parents is indeed very important and includes multiple levels of involvement, in addition to having their children discuss their problems with them (24, 45). Parents can be both gatekeepers (107) and influencers of their adolescents’ social media use experience especially during early adolescence (108–110). 

	On the other hand, our results showed that those with rare parental support used social media more frequently and had higher odds for psychological distress, consistent with previous work. It 
	has been known that parents play a significant role in their adolescents’ social media use and behavior, which can impact mental well-being (111–114). Adolescents who reported having unsupportive parents felt disconnected, and used social media more frequently to find meaningful social interaction (45). That being said, in-person communication and support offline from parents are all factors that can shape adolescents’ media use and experience, which in turn impact mental well-being. Therefore, we highly re
	This study has several limitations worth mentioning. Our findings are based on cross-sectional data; thus, the bidirectional relationship between social media use and psychological distress could not be determined. Therefore, it is still unclear whether social media experiences shape mental health problems or vice versa. For example, those in distress may seek comfort, support or satisfy other psychological needs through social media (115). Also, data measured only the time spent on social media and not the
	This study has several limitations worth mentioning. Our findings are based on cross-sectional data; thus, the bidirectional relationship between social media use and psychological distress could not be determined. Therefore, it is still unclear whether social media experiences shape mental health problems or vice versa. For example, those in distress may seek comfort, support or satisfy other psychological needs through social media (115). Also, data measured only the time spent on social media and not the
	unmeasured variables is always possible in observational studies (e.g., medication use and history of mental health problems). Finally, as in all large studies, missing values are inevitable, and we had 10%. Case analyses showed that those with missing data were more likely to be males, to use social media more heavily and were more distressed, so it is uncertain how these missing cases would have impacted the observed associations had they been included in the analysis. 

	The results of our study may offer valuable implications for tailored preventative interventions to help minimize heavy and unhealthy social media use. As our results indicated, younger adolescents are more likely to experience psychological distress when using social media heavily; as such, it is important to educate parents and caregivers to help their young children and adolescents to decrease their time on social media and promote appropriate behavioral regulation. Also, discussions with adolescents abo
	Conclusion 
	Our results show that heavy social media use is moderately associated with psychological distress among adolescents, and this association is modified by age, with younger adolescents being more vulnerable. As such, future studies would benefit from longitudinal designs with larger, more representative samples that examine the bidirectional association and investigate in more depth the role of sex, age, and parental support. Furthermore, future studies that investigate the mechanisms of this association taki
	Our results show that heavy social media use is moderately associated with psychological distress among adolescents, and this association is modified by age, with younger adolescents being more vulnerable. As such, future studies would benefit from longitudinal designs with larger, more representative samples that examine the bidirectional association and investigate in more depth the role of sex, age, and parental support. Furthermore, future studies that investigate the mechanisms of this association taki
	media use, are warranted. Addressing these points will help to design media literacy programs, policies, and approaches for parents, mental health providers, teachers, and adolescents to promote mental health and educate adolescents, especially younger ones, on the negative psychological impacts of heavy social media consumption. 
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	Table 1. Descriptive characteristics of the full sample and stratified by variables of interest. 
	Characteristics 
	Characteristics 
	Characteristics 
	Total sample N=6822 
	11-14 years N=2880 
	15-20 years N=3942 
	Males N=2951 
	Females N=3871 
	Parental support Always or usually N=2745 
	Parental support Sometimes N=1667 
	Parental support Rarely or never N=2410 

	Sex Males Females 
	Sex Males Females 
	43.2 56.8 
	43.8 56.2 
	42.8 57.2 
	‾‾ ‾‾ 
	‾‾ ‾‾ 
	36.1 63.9 
	42.6 57.4 
	51.8 48.2 

	Age 11-to-14-year-olds 15-to-20-year-olds 
	Age 11-to-14-year-olds 15-to-20-year-olds 
	42.2 57.8 
	‾‾ ‾‾ 
	‾‾ ‾‾ 
	42.8 57.2 
	41.8 58.2 
	45.5 54.5 
	41.4 58.6 
	39.0 61.0 

	Ethnicity White Other 
	Ethnicity White Other 
	55.5 44.5 
	55.0 45.0 
	56.0 44.0 
	55.0 45.0 
	56.5 43.5 
	60.0 40.0 
	54.4 45.6 
	51.3 48.7 

	Subjective SES Mean (SD) 
	Subjective SES Mean (SD) 
	6.94 (1.68) 
	7.14 (1.75) 
	6.83 (1.62) 
	6.98 (1.55) 
	6.89 (1.80) 
	7.17 (1.61) 
	7.17 (1.61) 
	6.74 (1.68) 

	BMI Z-score Mean (SD) 
	BMI Z-score Mean (SD) 
	0.33 (1.11) 
	0.37 (1.21) 
	0.31 (1.05) 
	0.35 (0.97) 
	0.31 (1.26) 
	0.33 (1.13) 
	0.33 (1.13) 
	0.34 (1.08) 

	Social media use No use Light to moderate use (≤2 h/day) Heavy use (≥3 h/day) 
	Social media use No use Light to moderate use (≤2 h/day) Heavy use (≥3 h/day) 
	12.5 39.5 48.0 
	22.0 39.3 38.7 
	5.6 39.8 54.6 
	16.0 46.0 38.0 
	9.9 34.6 55.5 
	14.0 43.6 42.4 
	11.6 40.2 48.2 
	11.5 34.5 54.0 

	Parental support Always/usually Sometimes Rarely/never 
	Parental support Always/usually Sometimes Rarely/never 
	40.2 24.5 35.3 
	43.4 24.0 32.6 
	38.0 24.8 37.2 
	33.6 24.1 42.3 
	45.3 24.7 30.0 
	14.0 43.6 42.4 
	11.6 40.2 48.2 
	12.5 34.5 54.0 

	Psychological distress No distress Moderate distress Severe distress 
	Psychological distress No distress Moderate distress Severe distress 
	56.3 23.4 20.3 
	64.2 19.8 16.0 
	50.4 26.0 23.6 
	69.9 19.2 10.9 
	46.0 27.0 27.0 
	68.1 20.1 11.8 
	54.5 27.0 18.5 
	44.0 24.7 31.3 


	Note: Data are shown as percentages or mean (standard deviation). SES, socioeconomic status; SD, standard deviation; BMI, body mass index. 
	Table 2. Spearman correlation results of the association between psychological distress, sociodemographic characteristics, and social media use among adolescents (n=6,822). 
	Table
	TR
	1. 
	2. 
	3. 
	4. 
	5. 
	6. 
	7. 
	8. 

	1. Sex 
	1. Sex 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 

	2. Age 
	2. Age 
	0.085† 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 

	3. Ethnicity 
	3. Ethnicity 
	1.021† 
	1.066† 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 

	4. SES 
	4. SES 
	0.018‡ 
	-0.107***‡ 
	-0.091***‡ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 

	5. BMI z-score 
	5. BMI z-score 
	-0.002‡ 
	-0.005‡ 
	0.003‡ 
	-0.063***‡ 
	‾‾ 
	‾‾ 
	‾‾ 
	‾‾ 

	6. Social media use 
	6. Social media use 
	57.40***† 
	95.019***† 
	9.408***† 
	-0.055***‡ 
	0.039***‡ 
	‾‾ 
	‾‾ 
	‾‾ 

	7. Parental support 
	7. Parental support 
	41.174***† 
	7.665***† 
	6.018**† 
	-0.189*** 
	0.017‡ 
	0.100***‡ 
	‾‾ 
	‾‾ 

	8. Psychological distress 
	8. Psychological distress 
	179.200***† 
	30.906***† 
	1.833† 
	-0.223*** 
	0.055***‡ 
	0.200***‡ 
	0.232***‡ 
	‾‾ 


	Note: Sex (male/female), ethnicity (white/non-white), subjective SES, social media use (no use, moderate use, heavy use), parental support (usually, sometimes, rarely), and psychological distress (no distress, moderate distress, severe distress) SES, socioeconomic status; SD, standard deviation; BMI, body mass index. 
	† Pearson chi-square adjusted for the survey design and transformed into an F-statistic. 
	‡ Spearman Correlation. *p < 0.05; **p < 0.01; ***p < 0.001. 
	Table 3. Results of the ordered regression analysis of the association between social media use and psychological distress adjusted for all variables of interest (n = 6,822). 
	Model 
	Model 
	Model 
	Psychological distress OR (95% CI) 

	Social media use No use Light to moderate use (≤2 h/day) Heavy use (≥3 h/day) 
	Social media use No use Light to moderate use (≤2 h/day) Heavy use (≥3 h/day) 
	1 1.11 (0.88 – 1.41) 1.44 (1.12 – 1.85)** 

	Sex Female Male 
	Sex Female Male 
	1 0.41 (0.36 – 0.46)*** 

	Age 11-to-14-year-olds 15-to-20-year-olds 
	Age 11-to-14-year-olds 15-to-20-year-olds 
	1 1.36 (1.18 – 1.58)*** 

	SES 
	SES 
	0.83 (0.80 – 0.86)*** 

	Race White Non-white/ other 
	Race White Non-white/ other 
	1 0.90 (0.78 – 1.05) 

	BMI Z-score 
	BMI Z-score 
	1.03 (0.97 – 1.08) 

	Parental support Usually/ always Sometimes Rarely/ never 
	Parental support Usually/ always Sometimes Rarely/ never 
	1 1.57 (1.31 – 1.87)*** 2.41 (2.04 – 2.84)*** 


	Note: Data are shown as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Model is adjusted for sex, age, subjective SES, ethnicity, BMI z-score, and parental support. SES, socioeconomic status; SD, standard deviation; BMI, body mass index. 
	*p < 0.05; **p < 0.01; ***p < 0.001. 
	Table 4. Results of the crude and adjusted ordered regression analysis with interaction terms of the associations between social media use and psychological distress among adolescents (n = 6,822). 
	Models 
	Models 
	Models 
	Crude 
	Adjusted' 

	Model 1 No use Light to moderate use (≤2 h/day) Heavy use (≥ 3 hours/day) 
	Model 1 No use Light to moderate use (≤2 h/day) Heavy use (≥ 3 hours/day) 
	1 1.21 (0.97 – 1.51) 2.28 (1.82-2.85)*** 
	1 1.29 (1.02 – 1.62)* 2.01 (1.59-2.55)*** 

	Model 2 – Interaction term between social media use and sex Light to moderate use x sex Heavy use social media use x sex 
	Model 2 – Interaction term between social media use and sex Light to moderate use x sex Heavy use social media use x sex 
	1.34 (0.87-2.06) 1.29 (0.86-1.93) 
	1.29 (0.82 -2.03) 1.29 (0.85 -1.95) 

	Model 3 -Interaction term between social media use and age Light to moderate use x age Heavy social media use x age 
	Model 3 -Interaction term between social media use and age Light to moderate use x age Heavy social media use x age 
	0.70 (0.43 – 1.15) 0.56 (0.34 -0.93)* 
	0.71 (0.43 – 1.16) 0.54 (0.33 -0.90)* 

	Model 4 -Interaction term between social media use and parental support Light to moderate use x sometimes parental support Light to moderate use x rare parental support Heavy social media use x sometimes parental support Heavy social media use x rare parental support 
	Model 4 -Interaction term between social media use and parental support Light to moderate use x sometimes parental support Light to moderate use x rare parental support Heavy social media use x sometimes parental support Heavy social media use x rare parental support 
	0.70 (0.36-1.32) 0.75 (0.43-1.29) 0.51 (0.27-0.94)* 0.53 (0.31-0.91)* 
	0.75 (0.38 – 1.50) 1.01 (0.58 – 1.77) 0.53 (0.27 – 1.03) 0.69 (0.39 – 1.21) 


	Note: Data are shown as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. 'Adjusted models: Model 1 is adjusted for sex, ethnicity, subjective socioeconomic status, BMI z-score and age. Model 2 is Model 1 + interaction term between social media use and sex; Model 3 is Model 1 + interaction term between social media use and age; Model 4 is Model 1 + interaction term between social media use and parental support. *p < 0.05; **p < 0.01; ***p < 0.001. 
	Table 5. Results of the crude and adjusted ordered regression analysis of the associations between social media use and psychological distress among adolescents, stratified by age (n = 6,822). 
	Characteristics 
	Characteristics 
	Characteristics 
	11-to 14-year-old N = 2880 
	15-to 20-year-old N = 3942 

	Model 1 – Crude No use Light to moderate use (≤ 2 hours/day) Heavy use (≥ 3 hours/day) 
	Model 1 – Crude No use Light to moderate use (≤ 2 hours/day) Heavy use (≥ 3 hours/day) 
	1 1.17 (0.88-1.54) 2.50 (1.83-3.42)*** 
	1 0.82 (0.59-1.24) 1.45 (1.01-2.13)* 

	Model 2 -Adjusted No use Light to moderate use (≤ 2 hours/day) Heavy use (≥ 3 hours/day) 
	Model 2 -Adjusted No use Light to moderate use (≤ 2 hours/day) Heavy use (≥ 3 hours/day) 
	1 1.27 (0.95-1.70) 2.32 (1.67-3.21)*** 
	1 0.86 (0.58-1.26) 1.24 (0.86-1.78) 


	Note: Data are presented as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Model 1 is unadjusted. Model 2 is adjusted for sex, ethnicity, subjective socioeconomic status, and BMI z-score. *p < 0.05; **p < 0.01; ***p < 0.001. 
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	Abstract 
	This study examined the associations between problematic technology use (PTU) and suicidal ideation and suicide attempt among adolescents and explored whether sex moderates these associations. Data used for this study were from a representative sample of middle and high school students in Ontario, Canada. Analyses included 4,390 students derived from the 2019 Ontario Student Drug Use and Health Survey. Our results showed that 19% of adolescents experienced symptoms of moderate-to-serious PTU, 16.8% had suic
	2.53–5.49 
	1.35-2.26
	2.87-13.60 
	1.28-3.23

	Introduction 
	Every year over 700,000 individuals die due to suicide worldwide and many more attempt suicide (1). Among adolescents aged 15-19 years, suicide is considered the fourth leading cause of death globally (1). In 2020, the suicide rate in Canada for adolescents aged 15-19 years was 8.2 per 100,000, accounting for 24% of all deaths, and ranking second as a leading cause of death in this age group (2). Suicidal thoughts and suicide attempt manifesting in adolescence are significant predictors of suicide and repre
	uncontrollable desire to use it in a way that negatively impacts an individual’s daily routines and 
	activities (9,10). 
	Technology use has become an essential part of adolescents’ daily lives, with 95% of youth in the United States having access to a smartphone and almost half of them using internet regularly (11–13). Recent evidence showed that Canadian youth use technology more than any other generation with nearly 100% of individuals aged 15-24 years using the internet every day or having a smartphone (14). Furthermore, current evidence shows that the majority of secondary school students use electronic devices for three 
	Technology use has become an essential part of adolescents’ daily lives, with 95% of youth in the United States having access to a smartphone and almost half of them using internet regularly (11–13). Recent evidence showed that Canadian youth use technology more than any other generation with nearly 100% of individuals aged 15-24 years using the internet every day or having a smartphone (14). Furthermore, current evidence shows that the majority of secondary school students use electronic devices for three 
	five hours or more during leisure time (15). Adolescence is considered a critical period in which adolescents encounter rapid changes in physical, mental, and cognitive functions, and they tend to be more involved in risky behaviors for exploration and emotional relief (16,17), a phenomenon that may be exacerbated by increasingly easy access to various types of technology (11,12,18). While technology offers many benefits, problem technology use is concerning as it has been recognized that excessive time spe

	Previous studies have found that symptoms of PTU are associated with psychosocial and mental health problems such as depression and anxiety (24–27). Among these detrimental outcomes associated with heavy technology use, suicidal behavior has gained increasing attention from researchers who found a positive association between excessive technology use and suicidal ideation and suicide attempt (28–32). However, another study found no association between problem internet use and suicidal ideation and suicide a
	Although many studies examined the sex differences in PTU and the association to suicidal ideation and suicide attempt, to date there are inconsistent results. While some studies showed that males were more likely than females to report symptoms of PTU (24,32,34,35), other studies 
	Although many studies examined the sex differences in PTU and the association to suicidal ideation and suicide attempt, to date there are inconsistent results. While some studies showed that males were more likely than females to report symptoms of PTU (24,32,34,35), other studies 
	contradicted those findings and reported that females were more likely than males to experience symptoms of PTU (36–38). Moreover, other studies have indicated no sex differences (23,39,40). These studies did not examine the association between PTU and both suicidal ideation and suicide attempt, taking into consideration the moderating role of sex in this association. 

	Given the high prevalence of technology use among adolescents (11,13,14), particularly during the COVID-19 pandemic (41), it is very important to understand the association between PTU and suicidal ideation and suicide attempt among adolescents, and identify which sub-groups of youth are at highest risk. This will help to inform future interventions and suicide-prevention strategies. Accordingly, building upon previous research, this study examined: 1) the associations between PTU and suicidal ideation and 
	Methods 
	The current study is a secondary analysis of data from the 2019 Ontario Student Drug Use and Health Survey (OSDUHS) (15). This representative school-based survey is cross-sectional, it collects information related to physical and mental health, drug use, and other risk behaviours among students in grades 7–12 (n=14,142) from 263 English and French public and Catholic schools in Ontario. The Research Ethics Board at the Centre for Addictions and Mental Health (CAMH), York University, and Public and Catholic 
	Data were collected from November 2018 to June 2019. Students aged 11 to 20 years old completed anonymously self-administered questionnaires. Four split ballot versions of the questionnaire were assigned in classrooms (Form A and B for Elementary Schools; Form A and B 
	Data were collected from November 2018 to June 2019. Students aged 11 to 20 years old completed anonymously self-administered questionnaires. Four split ballot versions of the questionnaire were assigned in classrooms (Form A and B for Elementary Schools; Form A and B 
	for Secondary Schools). Elementary school questionnaires excluded some topics (e.g., problem drug use; PTU, gambling problem). Form A and Form B were distributed alternately to students in each classroom to achieve two near-equal random samples completing each form. The completion rate was 59%, with reasons for not completing the survey including unreturned consents or refusal of participation (29%), and student absenteeism (12%). Further information about the survey is available elsewhere (15). For the pre

	Measures 
	Problematic technology use was assessed using the 6-item Short Problem Internet Use Test 
	(SPIUT) (42). It consists of six items as follows: “How often do you find that you are staying on electronic devices longer than you intended?”, “How often do you neglect homework because you are spending more time on electronic devices?”, “How often are you criticized by your parents or your friends about how much time you spend on electronic devices?”, “How often do you lose sleep because you use electronic devices late at night?”, “How often do you feel nervous when you are not using electronic devices a
	Suicidal ideation 
	Suicidal ideation was assessed by the following question: ‘‘In the last 12 months, did you ever seriously consider attempting suicide?’’ The response options were ‘‘Yes’’ (coded 1) or ‘‘No’’ 
	(coded 0). 
	Suicide attempt 
	Suicide attempt was assessed by the following question: ‘‘In the last 12 months, did you actually attempt suicide?’’ The response options were ‘‘Yes’’ (coded 1) or ‘‘No’’ (coded 0). 
	Covariates 
	Covariates included in the statistical models were age, ethnoracial background, subjective socioeconomic status (SES), tobacco cigarette smoking, cannabis use, and alcohol consumption. These covariates were selected based on their association with the dependent and independent variables. Ethnoracial background was assessed through self-identification as follows: White, Chinese, Filipino, Southeast Asian, Japanese, Korean, South Asian, West Asian, Black, Aboriginal, Latino, and Other. We created five categor
	Covariates included in the statistical models were age, ethnoracial background, subjective socioeconomic status (SES), tobacco cigarette smoking, cannabis use, and alcohol consumption. These covariates were selected based on their association with the dependent and independent variables. Ethnoracial background was assessed through self-identification as follows: White, Chinese, Filipino, Southeast Asian, Japanese, Korean, South Asian, West Asian, Black, Aboriginal, Latino, and Other. We created five categor
	where you think your family would be on this ladder.’’ Rungs higher on the ladder indicate higher perceived SES. This variable was treated as a continuous variable in the analysis. 

	Regarding substance use variables, tobacco use was measured by asking the students how often they smoked cigarettes over the past 12 months. Cannabis use was assessed by asking the students how often they used cannabis over the past 12 months. Alcohol use was assessed by asking the students how often they drank alcohol (liquor, wine, beer, coolers) over the past 12 months. All substance use variables in this study were treated as scale variables ranging from 1 to 10 for tobacco use, 1 to 7 for cannabis use,
	Statistical analysis 
	All analyses were performed using Taylor series linearization methods to account for the complexity of the sample design of the survey and to achieve unbiased variances and point estimates using Stata 16.1 (Stata Corporation, College Station, TX, USA). Given that sex interaction with moderate-to-serious PTU was significant (p<0.05), analyses including this independent variable were stratified by sex. Participant characteristics were described by proportions and means. We then examined the prevalence of symp
	All analyses were performed using Taylor series linearization methods to account for the complexity of the sample design of the survey and to achieve unbiased variances and point estimates using Stata 16.1 (Stata Corporation, College Station, TX, USA). Given that sex interaction with moderate-to-serious PTU was significant (p<0.05), analyses including this independent variable were stratified by sex. Participant characteristics were described by proportions and means. We then examined the prevalence of symp
	analysis, students with missing data were more likely to be of other ethnoracial background and to report less substance use and more PTU. 

	Results 
	Table 1 presents the characteristics of the study sample. 58% of the sample was female and 
	57.5 % were White. The prevalence of suicidal ideation and suicide attempt were 16.8 % and 4.1 %, respectively. About 19% of students reported symptoms of moderate-to-serious PTU and 3% reported symptoms of serious PTU. Females were more likely than males to report experiencing symptoms of moderate-to-serious PTU (21.8 % and 14.2%, respectively) and serious technology use (3.8% and 1.7%, respectively). Females were also more likely than males to report higher suicidal ideation (21.6 % and 12%, respectively)
	Results of logistic regression analyses of the associations of moderate-to-serious symptoms of PTU with suicidal ideation and suicide attempt among adolescents are summarized in table 2. In the adjusted model, having moderate-to-serious symptoms of PTU was associated with higher odds of suicidal ideation among males than females (OR = 3.72, 95% CI = vs OR = 1.74, 95% CI = , respectively) and suicide attempt (OR = 6.25, 95% CI = vs OR = 2.03, 95% CI =, respectively). Individual symptoms of PTU were also asso
	Results of logistic regression analyses of the associations of moderate-to-serious symptoms of PTU with suicidal ideation and suicide attempt among adolescents are summarized in table 2. In the adjusted model, having moderate-to-serious symptoms of PTU was associated with higher odds of suicidal ideation among males than females (OR = 3.72, 95% CI = vs OR = 1.74, 95% CI = , respectively) and suicide attempt (OR = 6.25, 95% CI = vs OR = 2.03, 95% CI =, respectively). Individual symptoms of PTU were also asso
	2.53–5.49 
	1.35-2.26
	2.87-13.60 
	 1.28-3.23
	 1.36–2.76

	devices rather than go out with friends was associated with higher odds of suicide attempt in females only (OR = 1.59, 95% CI =). 
	 1.26–2.01


	Results of logistic regression analyses examining the associations of serious symptoms of PTU with suicidal ideation and suicide attempt among adolescents are summarized in table 3. No significant PTU by sex interaction was found, therefore we did not stratify the analyses by sex. Serious symptoms of PTU were associated with higher odds of suicidal ideation and suicide attempt (OR = 4.15, 95% CI = ; and OR = 4.76, 95% CI = , respectively). Also, individual symptoms of PTU were associated with higher odds of
	2.36-7.30
	1.18-12.52

	The results of the present study showed a high prevalence of moderate-to-serious PTU in a sample of secondary school students in Ontario, Canada. Sex was also a significant moderator of the associations of PTU with suicidal ideation and suicide attempt. Having moderate-to-serious symptoms of PTU was associated with higher odds of suicidal ideation and suicide attempt in males and females, with males being the most vulnerable. To the best of our knowledge, this is the first study that aimed to examine the as
	Our results indicated that both moderate-to-serious and serious symptoms of PTU were associated with higher odds of suicidal ideation and suicide attempt, with higher odds among males who reported moderate-to-serious symptoms of PTU. Our findings are in agreement with previous studies (32,39,46–48). Although the underlying mechanism of the association between PTU and 
	Our results indicated that both moderate-to-serious and serious symptoms of PTU were associated with higher odds of suicidal ideation and suicide attempt, with higher odds among males who reported moderate-to-serious symptoms of PTU. Our findings are in agreement with previous studies (32,39,46–48). Although the underlying mechanism of the association between PTU and 
	suicidal behavior is not fully understood, some relevant factors were discussed in the literature. First, adolescents experience more frequent strong and intense emotions than adults, with higher instability, making them more vulnerable and sensitive to emotionally charged situations (49). Thus, individuals having challenges recognizing and understanding their emotions are more prone to facing negative experiences with technology use and experiencing suicidal behavior (50). Accordingly, PTU may expose adole

	Another interesting finding of this study was about the sex differences in the association between PTU and suicidal ideation and suicide attempt. Our descriptive results indicate that females reported a higher prevalence of PTU and suicidal ideation and suicide attempt than males. However, the association between PTU and suicidal ideation and suicide attempt showed that males are more vulnerable than females. Females and males may demonstrate different behavioral patterns and motivations for technology use 
	Another interesting finding of this study was about the sex differences in the association between PTU and suicidal ideation and suicide attempt. Our descriptive results indicate that females reported a higher prevalence of PTU and suicidal ideation and suicide attempt than males. However, the association between PTU and suicidal ideation and suicide attempt showed that males are more vulnerable than females. Females and males may demonstrate different behavioral patterns and motivations for technology use 
	quality and nature of types of technology use and how they were used was not measured in the survey, it is important to consider those measures in future studies to provide a better understanding of the underlying reasons for the observed sex differences that place males with PTU at higher risk of suicidal ideation and attempt.  

	It is important to note that our cross-sectional findings do not preclude a reverse causation hypothesis or bidirectionality. In fact, according to other evidence, depression was found to predict technology addiction as a way to cope with stressful life events and underlying psychological problems, which in turn could make the symptoms of depression worse and increase odds of suicidality (73,74). Also, it was suggested that victimization and social exclusion make adolescents feel isolated and rejected so th
	Additional mechanisms that may explain the link between PTU and suicidality include the displacement of physical activity, and in-person communication or offline social interaction with family and peers, which have been shown to buffer against psychosocial and emotional problems (53,61,80). Therefore, extensive technology use may lead to poor interpersonal relationships with family and friends (81), and consequently lead adolescents to choose an avoidant maladaptive coping style to confront stressful situat
	Third, sleep disturbances and insomnia are well known factors associated with poor mental health including suicidal ideation and suicide attempt (84). Also, it has been reported that sleep 
	Third, sleep disturbances and insomnia are well known factors associated with poor mental health including suicidal ideation and suicide attempt (84). Also, it has been reported that sleep 
	mediates the association between heavy technology use and suicidal behavior among adolescents (32). This aligns with our results that showed that losing sleep because of late night use of devices was associated with higher odds of suicidal ideation and suicide attempt. Thus, late night use of electronic devices can reduce quantity and quality of sleep, which in turn is associated with increased risk of suicidal ideation and attempt among adolescents. 

	Additionally, the present study showed that 19% of students reported moderate-to-serious problematic technology symptoms, and 3% met the criteria for serious problematic use. It has been suggested that the high prevalence of PTU among adolescents (9,85) can be explained by their psychological immaturity (86), lacking self-regulation ability and coping strategies, as well as the elevated tendency for impulsivity and risk-taking behavior. There is evidence this is related to the prefrontal cortex, responsible
	Moreover, our study found that females were more likely than males to report PTU, consistent with previous studies (36,37,91–93), and contradictory with other studies which reported a higher prevalence of problematic technology internet use among males (24,35). Inconsistency in findings in various parts of the world might be attributed to methodological heterogeneity, such as the types and quantity of technology measured. The sex difference regarding the prevalence of technology use indicated in the present
	Therefore, the high prevalence of PTU among females might be explained by the increased usage of the internet for communication purposes, which in turn can be associated with the higher smartphone use among females than males (37,96). 
	This study has several strengths. First, we used a large and representative sample of adolescents, considered many important covariates such as substance use in our analyses, and examined the moderating role of sex on the association between PTU and suicidal ideation and suicide attempt. Furthermore, the examination of each criterion of PTU was useful to provide a clearer interpretation of the results. Despite the several strengths, our study has some limitations that should be acknowledged. First, the cros
	Our present study indicates that PTU is very common among adolescents, especially females, and is associated with an increased risk of suicidal ideation and suicide attempt, with males being more vulnerable. Our results highlight the need for further research to understand the precise causal relationship between PTU and suicidal behaviour which can help to develop effective multidisciplinary interventions as a part of suicide prevention programs targeting youth 
	Our present study indicates that PTU is very common among adolescents, especially females, and is associated with an increased risk of suicidal ideation and suicide attempt, with males being more vulnerable. Our results highlight the need for further research to understand the precise causal relationship between PTU and suicidal behaviour which can help to develop effective multidisciplinary interventions as a part of suicide prevention programs targeting youth 
	and their families. These interventions would help to provide media literacy, promote healthy digital media behaviours and increase awareness of the adverse effects of PTU. 
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	Table 1. Descriptive characteristics of the full sample and stratified by sex. 
	Characteristics 
	Characteristics 
	Characteristics 
	Total sample N=4390 
	Females N=2549 
	Males N=1841 
	p-value a 

	Age (years) Mean (SD) (Min: 12, Max: 20) 
	Age (years) Mean (SD) (Min: 12, Max: 20) 
	15.9 (1.3) 
	15.8 (1.4) 
	15.9 (1.2) 
	0.282 

	Ethnoracial background 
	Ethnoracial background 
	‾ 
	‾ 
	‾ 
	‾ 

	White 
	White 
	57.5 
	55.2 
	53.2 
	0.707 

	Black 
	Black 
	7.3 
	8.8 
	9.0 
	‾ 

	East/South-East Asian 
	East/South-East Asian 
	12.0 
	11.5 
	13.1 
	‾ 

	South Asian 
	South Asian 
	8.3 
	9.0 
	8.8 
	‾ 

	Other 
	Other 
	14.9 
	15.5 
	16.0 
	‾ 

	Subjective socioeconomic status Mean (SD) (Min: 1, Max: 10) 
	Subjective socioeconomic status Mean (SD) (Min: 1, Max: 10) 
	6.9 (1.7) 
	6.9 (1.8) 
	6.9 (1.6) 
	0.228 

	Tobacco cigarette smoking Mean (SD) (Min: 1, Max: 10) 
	Tobacco cigarette smoking Mean (SD) (Min: 1, Max: 10) 
	1.2 (0.8) 
	1.2 (0.8) 
	1.3 (0.8) 
	0.274 

	Cannabis use Mean (SD) (Min: 1, Max: 7) 
	Cannabis use Mean (SD) (Min: 1, Max: 7) 
	1.9 (1.8) 
	1.8 (1.8) 
	2.1 (1.8) 
	< 0.001 

	Alcohol consumption Mean (SD) (Min: 1, Max: 9) 
	Alcohol consumption Mean (SD) (Min: 1, Max: 9) 
	2.7 (1.6) 
	2.8 (1.7) 
	2.7 (1.5) 
	0.371 

	Suicidal ideation No Yes 
	Suicidal ideation No Yes 
	83.2 16.8 
	78.4 21.6 
	88.0 12.0 
	< 0.001 

	Suicide attempt No Yes 
	Suicide attempt No Yes 
	95.9 4.1 
	94.3 5.7 
	97.0 3.0 
	< 0.01 

	Moderate-to-serious PTU (score≥14) No Yes 
	Moderate-to-serious PTU (score≥14) No Yes 
	81.0 19.0 
	78.2 21.8 
	85.8 14.2 
	< 0.001 

	Serious PTU (score≥19) No Yes 
	Serious PTU (score≥19) No Yes 
	97.0 3.0 
	96.2 3.8 
	98.3 1.7 
	< 0.01 

	PTU score Mean (SD) (Min: 1, Max: 24) 
	PTU score Mean (SD) (Min: 1, Max: 24) 
	9.2 (4.6) 
	10 (5.0) 
	8.5 (4.1) 
	< 0.001 


	Data are shown as weighted column % unless otherwise indicated. SD: standard deviation. p-value of difference between males and females. 
	a 

	Table 2. Associations of moderate-to-serious symptoms of PTU with suicidal ideation and suicide attempt among adolescents. 
	Characteristics 
	Characteristics 
	Characteristics 
	Suicidal ideation Female N=2549 
	Suicidal ideation Male N=1841 
	Suicide attempt Female N=2549 
	Suicide attempt Male N=1841 

	Model 1 
	Model 1 
	OR (95% CI) 
	OR (95% CI) 
	(OR 95% CI) 
	(OR 95% CI) 

	Stayed on devices longer than intended 
	Stayed on devices longer than intended 
	1.23 (1.08-1.41)** 
	1.25 (1.05-1.49)* 
	1.09 (0.81-1.46) 
	1.34 (0.81-1.46) 

	Neglected homework because spending more time on devices 
	Neglected homework because spending more time on devices 
	1.35 (1.20-1.52)*** 
	1.49 (1.27-1.75)*** 
	1.16 (0.92-1.47) 
	1.47 (0.99-2.18) 

	Criticized by parents/friends about time spent on electronic devices 
	Criticized by parents/friends about time spent on electronic devices 
	1.25 (1.14-1.38)*** 
	1.31 (1.12-1.54)*** 
	1.29 (1.05-1.57)** 
	1.87 (1.29-2.27)*** 

	Lose sleep because you use devices late at night 
	Lose sleep because you use devices late at night 
	1.32 (1.16-1.50)*** 
	1.35 (1.15-1.59)*** 
	1.47 (1.18-1.84)*** 
	1.73 (1.18-2.54)** 

	Felt nervous when not using devices and felt relieved when using them 
	Felt nervous when not using devices and felt relieved when using them 
	1.47 (1.35-1.62)*** 
	1.57 (1.34-1.84)*** 
	1.71 (1.41-2.08)*** 
	1.81 (1.39-2.37)*** 

	Choose to spend more time on electronic devices rather than go out with friends 
	Choose to spend more time on electronic devices rather than go out with friends 
	1.38 (1.24-1.55)*** 
	1.38 (1.18-1.61)*** 
	1.57 (1.26-1.95)*** 
	1.37 (0.94-1.98) 

	Model 2 
	Model 2 
	OR (95% CI) 
	OR (95% CI) 
	(OR 95% CI) 
	(OR 95% CI) 

	Moderate-to-serious symptoms No Yes 
	Moderate-to-serious symptoms No Yes 
	1 2.18 (1.74-2.73)*** 
	1 3.84 (2.61-5.64)*** 
	1 2.72 (1.73-4.27)*** 
	1 7.32 (3.27-16.40)*** 

	Model 3 
	Model 3 
	OR (95% CI) 
	OR (95% CI) 
	(OR 95% CI) 
	(OR 95% CI) 

	Stayed on devices longer than intended 
	Stayed on devices longer than intended 
	1.11 (0.98-1.26) 
	1.22 (1.03-1.46)* 
	0.93 (0.69-1.25) 
	1.20 (0.74-1.94) 

	Neglected homework because spending more time on devices 
	Neglected homework because spending more time on devices 
	1.23 (1.09-1.39)*** 
	1.44 (1.21-1.70)*** 
	0.99 (0.77-1.26) 
	1.26 (0.93-1.73) 

	Criticized by parents/friends about time spent on electronic devices 
	Criticized by parents/friends about time spent on electronic devices 
	1.20 (1.08-1.35)*** 
	1.34 (1.14-1.57)*** 
	1.17 (0.96-1.44) 
	1.93 (1.36-2.76)*** 

	Lose sleep because you use devices late at night 
	Lose sleep because you use devices late at night 
	1.23 (1.08-1.41)** 
	1.31 (1.11-1.54)*** 
	1.35 (1.08-1.69)** 
	1.60 (1.11-2.30)* 

	Felt nervous when not using devices and felt relieved when using them 
	Felt nervous when not using devices and felt relieved when using them 
	1.33 (1.20-1.48)*** 
	1.47 (1.24-1.75)*** 
	1.51 (1.23-1.86)*** 
	1.61 (1.16-2.25)** 

	Choose to spend more time on electronic devices rather than go out with friends 
	Choose to spend more time on electronic devices rather than go out with friends 
	1.37 (1.31-1.56)*** 
	1.40 (1.21-1.63)*** 
	1.59 (1.26-2.01)*** 
	1.38 (1.00-1.90) 

	Model 4 
	Model 4 
	OR (95% CI) 
	OR (95% CI) 
	(OR 95% CI) 
	(OR 95% CI) 

	Moderate-to-serious symptoms No Yes 
	Moderate-to-serious symptoms No Yes 
	1 1.74 (1.35-2.26)*** 
	1 3.72 (2.53-5.49)*** 
	1 2.03 (1.28-3.23)** 
	1 6.25 (2.87-13.60)*** 


	Data are presented as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Models 1 and 2 are unadjusted. Models 3 and 4 are udjusted for age, ethnoracial background, subjective socioeconomic status, tobacco cigarette smoking, alcohol consumption, and cannabis use. *p < 0.05; **p < 0.01; ***p < 0.001. 
	Table 3. Associations of serious symptoms of PTU with suicidal ideation and suicide attempt among adolescents. 
	Characteristics 
	Characteristics 
	Characteristics 
	Suicidal ideation 
	Suicide attempt 

	Model 1 
	Model 1 
	OR (95% CI) 
	OR (95% CI) 

	Stayed on devices longer than intended 
	Stayed on devices longer than intended 
	1.32 (1.18-1.48)*** 
	1.27 (0.98-1.65) 

	Neglected homework because spending more time on devices 
	Neglected homework because spending more time on devices 
	1.44 (1.30-1.59)*** 
	1.30 (1.03-1.64)** 

	Criticized by parents/friends about time spent on electronic devices 
	Criticized by parents/friends about time spent on electronic devices 
	1.29 (1.18-1.42)*** 
	1.49 (1.20-1.84)*** 

	Lose sleep because you use devices late at night 
	Lose sleep because you use devices late at night 
	1.34 (1.21-1.50)*** 
	1.57 (1.28-1.94)*** 

	Felt nervous when not using devices and felt relieved when using them 
	Felt nervous when not using devices and felt relieved when using them 
	1.56 (1.43-1.69)*** 
	1.80 (1.51-2.14)*** 

	Choose to spend more time on electronic devices rather than go out with friends 
	Choose to spend more time on electronic devices rather than go out with friends 
	1.38 (1.25-1.53)*** 
	1.50 (1.25-1.81)*** 

	Model 2 
	Model 2 
	OR (95% CI) 
	OR (95% CI) 

	Serious symptoms No Yes 
	Serious symptoms No Yes 
	1 6.14 (3.62-10.52)*** 
	1 7.97 (3.19-19.9)*** 

	Model 3 
	Model 3 
	OR (95% CI) 
	OR (95% CI) 

	Stayed on devices longer than intended 
	Stayed on devices longer than intended 
	1.16 (1.04-1.29)** 
	1.03 (0.77-1.36) 

	Neglected homework because spending more time on devices 
	Neglected homework because spending more time on devices 
	1.31 (1.18-1.45)*** 
	1.08 (0.85-1.36) 

	Criticized by parents/friends about time spent on electronic devices 
	Criticized by parents/friends about time spent on electronic devices 
	1.25 (1.13-1.39)*** 
	1.38 (1.10-1.74)** 

	Lose sleep because you use devices late at night 
	Lose sleep because you use devices late at night 
	1.26 (1.13-1.40)*** 
	1.43 (1.17-1.75)*** 

	Felt nervous when not using devices and felt relieved when using them 
	Felt nervous when not using devices and felt relieved when using them 
	1.37 (1.25-1.51)*** 
	1.50 (1.22-1.85)*** 

	Choose to spend more time on electronic devices rather than go out with friends 
	Choose to spend more time on electronic devices rather than go out with friends 
	1.39 (1.25-1.53)*** 
	1.51 (1.25-1.82)*** 

	Model 4 
	Model 4 
	OR (95% CI) 
	OR (95% CI) 

	Serious symptoms No Yes 
	Serious symptoms No Yes 
	1 4.15 (2.36-7.30)*** 
	1 4.76 (1.81-12.52)*** 


	Data are presented as odds ratio and 95% confidence interval. OR: odds ratio; CI: confidence interval. Models 1 and 2 are unadjusted. Models 3 and 4 are adjusted for sex, age, ethnicity, subjective socioeconomic status, tobacco cigarette smoking, alcohol consumption, and cannabis use. *p < 0.05; **p < 0.01; ***p < 0.00 
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	Abstract 
	Background: Evidence examining the longitudinal associations between different types of screen behaviours and mental health among adolescents is limited. The present study examined the association between five types of screen behaviours and symptoms of anxiety and depression one year later. This study also assessed how changes in screen time were associated with changes 
	in anxiety and depressive symptoms and whether the observed relationships were moderated by sex. Methods: Longitudinal data of 17,174 students in grades 9–12 (53.5% females; mean age: 15.1 ± 0.9 years) attending high schools in Canada from two waves (year 6: 2017/18, year 7: 
	2018/19) of the COMPASS study were analyzed. Leisure screen time and mental health measures were self-reported. To test if the associations between screen time and anxiety, and depression vary by sex, two-way interactions were examined for sex. Analyses accounted for school clustering, race/ethnicity, sex, age, income, body mass index z-score, and previous year anxiety and depression symptoms. Results: There were significant longitudinal associations between time spent on each type of screen and subsequent 
	are recommended to help inform programs promoting screen time reduction with a goal to 
	enhance adolescents’ mental health. 
	Keywords: screen time, depression, anxiety, adolescents, public health 
	Background 
	Mental disorders among youth have become a serious public health problem worldwide, with one in seven adolescents aged 10–19 years experiencing mental disorders (1). Up to 70% of mental disorders start before the age of 18 years (2), and many persist into adulthood. Mental 
	disorders are a leading cause of disability and disease burden globally, of which anxiety and depression are the main contributors (3, 4). It has been estimated that anxiety and depression 
	disorders are a leading cause of disability and disease burden globally, of which anxiety and depression are the main contributors (3, 4). It has been estimated that anxiety and depression 
	make up 43% of mental disorders among adolescents aged 10–19 years, within which nearly 31.4% of males and 56.3% of females were affected (5). Given the early onset and substantial societal, health, and economic burden of anxiety and depression (6–9), it is critical to examine the modifiable risk factors for the prevention and early intervention of mental disorders. 

	In recent years, excessive time spent on screens among adolescents has been recognized as a concerning issue associated with mental disorders, including anxiety and depression, especially with the widespread accessibility of digital devices and platforms (10–14). It has been indicated that 95% of United States adolescents (15) and 100% of Canadian adolescents and young adults 
	(16) have access to smartphones, with the majority of them using the internet regularly (15, 17). Canadian representative data (18) show that youth are the greatest leisure users of screens with a daily screen time ranging from 3.1–7.6 h per day, exceeding the Canadian and World Health Organization sedentary behaviour guidelines of two hours or less of daily sedentary recreational screen usage (19, 20). Most adolescents spend more than three hours a day (35% spend five hours daily) on leisure screen time (2
	It has been suggested that different types of screen behaviours are associated differently with anxiety and depression, though results are not consistent (12–14, 22). For example, television viewing was shown to be more weakly associated with depression than other types of screen use, such as using a computer or video gaming (13, 14, 24). On the other hand, all screen types were found to be associated with anxiety (13). Other results indicated that video gaming and television viewing have stronger associati
	It has been suggested that different types of screen behaviours are associated differently with anxiety and depression, though results are not consistent (12–14, 22). For example, television viewing was shown to be more weakly associated with depression than other types of screen use, such as using a computer or video gaming (13, 14, 24). On the other hand, all screen types were found to be associated with anxiety (13). Other results indicated that video gaming and television viewing have stronger associati
	engage in screen time behaviour, it is important to prospectively examine whether each type of screen behaviour is differently or similarly related to depression and anxiety to better inform research, policy and practice. 

	Previous studies suggest that recreational screen time can vary between males and females. While adolescent males report playing more computer and video games, females report spending more time on social media and chatting online (15, 17, 25, 26). However, results on the moderating role of sex on the association between screen time and anxiety and depression were examined in only a few studies and with mixed results (12, 13). One study found that watching television was negatively associated with depressive
	Given limited longitudinal research has examined how changes in different types of screen time could be associated with changes in anxiety and depressive symptoms over time and how sex moderates these associations, there is a critical need for more research in this field, especially that the majority of adolescents exceeding screen time guidelines. Such insight could help inform educational programs and the development of targeted interventions designed to reduce screen 
	time and displace it with more beneficial activities for adolescents’ mental health. Therefore, the 
	objectives of this study are threefold: (1) examining the longitudinal associations between five types of screen time (including communication-based screen time such as instant messaging, chatting, and texting) and symptoms of anxiety and depression among adolescents; (2) assessing 
	objectives of this study are threefold: (1) examining the longitudinal associations between five types of screen time (including communication-based screen time such as instant messaging, chatting, and texting) and symptoms of anxiety and depression among adolescents; (2) assessing 
	how changes in screen time are associated with changes in anxiety and depressive symptoms one year later; and (3) evaluating whether the observed relationships between screen time and symptoms of anxiety and depression are moderated by sex. 

	Design 
	The COMPASS study is a designed to collect hierarchical longitudinal data annually (2012– 2027) from a rolling cohort of grade 9 to 12 (Secondary I–V in Quebec) students from a convenience sample of secondary schools in British Columbia, Alberta, Ontario, and Quebec, Canada. School boards and schools were purposefully selected based on whether they permitted active information passive-consent parental permission protocols. All students attending participating schools and not withdrawn by their parents were 
	Participants 
	For the current study, we used linked student-level data from year 6 (2017/18; Y6—time 1) and year 7 (2018/19; Y7—time 2) of the COMPASS host study.1 A one-year follow up was chosen because year 6 (2016/17) was the first year that the mental health measures were included in all participating schools and year 8 (2019/20) was interrupted by the start of the COVID-19 pandemic school closures. 
	In year 6, 66,501 students from 117 secondary schools participated, with a participation rate of 81.9%. In year 7, 74,501 students from 136 secondary schools participated in the study, with a participation rate of 84.2%. Each school was assigned a unique identifier, and student data were linked through a unique, self-generated anonymous code (32). Non-linkage was primarily due to student absences on one of the two data collection dates for reasons related to scheduled study periods, graduation, school trans
	Of the 23,557 grade 9 to 12 students who were successfully linked for their participation in COMPASS in year 6 [considered here as time 1 (T1)] and year 7 [considered here as time 2 (T2)], 17,310 had complete data regarding depressive and anxiety symptoms at both time points. Among them, 17,147 students had complete data for all variables included in our analyses at both time points and constituted our analytical sample. 
	Measures 
	Screen time 
	Screen time was measured by asking the participants the following question: “how much time per day do you usually spend doing the following activities?,” where the five items of interest were: (1) “watching/streaming television shows or movies”; (2) “playing video/computer games”; (3) “talking on the phone”; (4) “surfing the internet”; and (5) “texting, messaging, emailing.” Individuals reported their screen time in hours (ranging from 0 to 9) and minutes 
	(ranging from 0 to 45) for each item. This measure has been validated for use among adolescents (33). To assess a possible dose-response gradient and allow for good distribution across 
	categories, we categorized each item in 5 categories as follows: [0 to 29 min/d (coded 0— reference category); 30 to 59 min/d (coded 1), 1 to <2 h/d (coded 2); 2 to <3 h/d (coded 3); ≥ 3 h/d (coded 4)]. 
	Anxiety 
	General anxiety symptoms were measured using the generalized anxiety disorder 7-item scale (GAD-7), a tool widely used in both clinical practice and research, which has been validated for use in youth (34, 35). The self-reported scale assesses generalized anxiety symptoms that include difficulty controlling feelings of worry, feeling afraid, trouble relaxing, nervousness, irritability, 
	and restlessness over the last 2 weeks. Response options were as follows: “not at all,” “several days,” “over half the days,” or “nearly every day.” Responses were scored from 0 to 3 and 
	summed to calculate a total anxiety score that ranged from 0 to 21, with higher scores indicating higher levels of anxiety symptoms. For the purpose of the present study, two forms of this variable were used in the analysis: (1) the total score was used as a continuous variable, and, (2) a dichotomous variable with a binary coding system to categorize participants with (coded 1) and without (coded 0—reference category) clinically-relevant anxiety symptoms with a cut-off score ≥10 was used (36). 
	Depression 
	Depressive symptoms were measured using the Center for Epidemiologic Studies Depression Scale (Revised)—10 (CESD-R-10) (37). This self-report scale was designed to assess clinical depressive symptoms that include feelings of sadness, hopelessness, amotivation, difficulty concentrating, difficulty sleeping, and irritability within the last seven days. Response options 
	were as follows: “none or less than 1 day,” “1–2 days,” “3–4 days,” or “5–7 days.” Responses 
	were scored from 0 to 3 and summed to calculate a total score that ranged from 0 to 30, with 
	higher scores indicating higher levels of depression symptoms. The CESD-R-10 scale has demonstrated validity among adolescents and adults (37–39). Two forms of this variable were used in the analysis. The total score was used as both a continuous variable and as a dichotomous variable with a binary coding system to categorize participants with (coded 1) and without (coded 0—reference category) clinically-relevant depressive symptoms using a cut-off score ≥10 (37). 
	Covariates 
	Individual-level covariates included age (years), race/ethnicity, body mass index (BMI) (age and sex adjusted BMI based on the WHO classifications using participant reported height and weight,[40] school-area median average household income, previous year anxiety and depressive symptoms, and sex. Race/ethnicity was assessed through self-identification and categorized as follows: White, Black, Asian, Hispanic/Latin American, and Other. BMI was categorized as follows: underweight (coded 1), normal weight (cod
	>$100,000. Sex was identified based on the answer to the question “Are you female or male?” Only two response options were provided in these years of the survey: “female” (coded 0 – reference category) and “male” (coded 1). 
	Change in screen time and anxiety and depression symptoms 
	Change in screen time was determined by subtracting the time spent on each type of screen at T1 from the time spent at T2. Possible scores ranged from −5 to 5, with a positive score indicating that an individual increased their screen time at T2 compared to T1, and a negative score indicating an that individual decreased their screen time at T2 compared to T1. Scores were treated as scale variables. 
	Change in symptoms was determined by subtracting anxiety and depression scores at T1 from anxiety and depression scores at T2. Scores ranged from -21 to 21 for change in anxiety scores, and from -26 to 30 for change in depression scores. Positive scores indicate an increase in symptoms and negative score indicate an improvement in symptoms. Scores were treated as continuous variables. 
	Data processing and analyses 
	Analyses included complete information on all variables (N = 17,147). Pearson’s chi-square tests and adjusted Wald tests were used for categorical and continuous variables, respectively, to test the statistical differences between missing data and those included in our analyses for all the variables. Compared to the included participants, those who were excluded were more likely to be male, aged 15-to-20-years, and more likely to use screen more frequently at both T1 and T2, and more likely to report clinic
	Descriptive statistics, including frequencies, means, and standard deviations, were used to characterize the sample. Mixed models were used to account for school clustering by adding random intercepts at the school level. Odds ratios and 95% confidence intervals (CI) were used to estimate the longitudinal associations between daily time spent on each type of screen and 
	Descriptive statistics, including frequencies, means, and standard deviations, were used to characterize the sample. Mixed models were used to account for school clustering by adding random intercepts at the school level. Odds ratios and 95% confidence intervals (CI) were used to estimate the longitudinal associations between daily time spent on each type of screen and 
	anxiety and depression symptoms. We computed the two-way interactions (sex by each type of screen) on the association between screen time and anxiety and depression. A significant two-

	way interaction (p ≤ 0.05) would indicate significant moderation and models were stratified 
	accordingly. Data are presented based on unadjusted models and models adjusted for year 6 covariates, including anxiety and depression symptoms, and sex when models were not stratified. Given that sex interactions with television viewing and anxiety and depression and internet surfing with anxiety were statistically significant, analyses for these associations were stratified by sex. A sensitivity analysis was conducted using the total anxiety and depression scores (continuous) and the pattern of results wa
	Conditional change models were conducted to examine whether longitudinal changes in daily time spent on each type of screen predict changes in anxiety and depressive symptoms at followup. The beta coefficients for change in each type of screen were presented to describe how change in screen time was associated with changes in anxiety and depressive symptoms. Models were adjusted for Y6 covariates, anxiety and depression, and sex when models were not stratified. A sensitivity analysis was conducted using the
	-

	Results Study Sample 
	This study included a total of 17,174 (53.5% females) participants with a mean age of 15.1 years 
	at T1. Characteristics of the participants at T1 and T2 are summarized in Table 1. Females reported more internet surfing per day than any other screen time behaviour at T1 
	(mean = 126 min) and T2 (mean = 130 min). On the other hand, males reported more time 
	playing video games at T1 (mean = 142 min) and T2 (mean = 130) than any other screen time 
	behaviour. Concerning mental health characteristics, 24.4% of the sample indicated having clinically-relevant anxiety symptoms (cut-off score ≥10) and 34.2% indicated having clinically-relevant depressive symptoms (cut-off score ≥10). Females reported more clinically relevant anxiety and depressive symptoms compared to males. 
	Longitudinal association between time spent on each type of screen and symptoms of anxiety 
	Odds ratios for the association between time spent watching television/movies, playing video games, talking on the phone, surfing the internet, and screen-based communication and anxiety are presented in Table 2. After adjusting for covariates and previous year anxiety, we found a positive association between time spent playing video games and anxiety (OR for 1–2 h = 1.13, 95% CI: 1.00 to 1.28; OR for 3+ hours = 1.27, 95% CI 1.12 to 1.45). In addition, we found a dose-response association between time spent
	30 min—less than 1 h = 1.22, 95% CI: 1.06 to 1.40; OR for 1—less than 2 h = 1.18, 95% CI: 1.05 to 1.33; OR for 2 to <3 h = 1.25, 95% CI 1.06 to 1.48, OR for 3+ hours = 1.36, 95% CI 1.17 to 1.57). Also, communication-based screen time was associated with anxiety symptoms (OR for 2 
	to <3 h = 1.18, 95% CI 1.04 to 1.34, 3+ hours = 1.40, 95% CI 1.25 to 1.57). Regarding sex 
	differences, we found an association between watching television /movies for three or more 
	hours and anxiety symptoms for females (OR for 3+ hours = 1.27, 95% CI 1.06 to 1.53) but not 
	in males. Surfing the internet for three or more hours was also associated with anxiety symptoms 
	among females (OR for 3+ hours = 1.20, 95% CI 1.03 to 1.40). Higher odds ratios were found among males who/surfed the internet for one to two hours or three or more (OR for 1–2 h = 1.41, 95% CI: 1.17 to 1.69; OR for 3+ hours = 1.49, 95% CI 1.22 to 1.82). 
	Longitudinal association between time spent on each type of screen and symptoms of depression 
	Odds ratios for the association between watching television/movies, playing video games, talking on the phone, surfing the internet, and screen-based communication and depression after one year are presented in Table 3. After adjusting for covariates and previous year depression, we found a positive association between time spent playing video games and subsequent depression (OR for 1–2 h = 1.14, 95% CI: 1.02 to 1.28; OR for 3+ hours = 1.29, 95% CI 1.15 to 1.46). As for anxiety there was evidence of an asso
	depression (OR 3+ hours = 1.24, 95% CI: 1.11 to 1.38). In addition, our results indicated an association between time spent talking on the phone (OR for 3+ hours = 1.33, 95% CI 1.15 to 
	1.53) and communication-based screen time and symptoms of subsequent depression (OR for 3+ hours = 1.32, 95% CI 1.19 to 1.46). Sex differences were also found in the association between television viewing and subsequent depression. Females who spent 3 or more hours watching 
	television a day had symptoms of depression one year later (OR for 3+ hours = 1.30, 95% CI 
	1.09 to 1.55) but no association was found among males. 
	Longitudinal association between change in time spent on screen-based behaviour and changes in anxiety and depressive symptoms at follow-up 
	Table 4 summarizes the results of analyses examining the longitudinal association between changes in time spent on screen-based pursuits and change in subsequent anxiety and depressive symptoms, adjusting for all covariates and prior year anxiety and depression scores. Beta estimates showed a positive association between changes in screen duration for talking on the phone and screen-based communication with subsequent anxiety; no association was found for time change in video games and subsequent anxiety. A
	Table 4 summarizes the results of analyses examining the longitudinal association between changes in time spent on screen-based pursuits and change in subsequent anxiety and depressive symptoms, adjusting for all covariates and prior year anxiety and depression scores. Beta estimates showed a positive association between changes in screen duration for talking on the phone and screen-based communication with subsequent anxiety; no association was found for time change in video games and subsequent anxiety. A
	between increase in screen duration for video gaming, talking on the phone, internet surfing, and screen-based communication and increase in subsequent depressive symptoms for the whole sample. That is, students who increased their screen usage at T2 compared to T1 had higher anxiety and depressive symptoms and those who reduced their screen usage had lower anxiety and depressive symptoms at follow-up. Regarding sex differences, increase in television usage was associated with further increase in subsequent

	Discussion 
	We found that higher screen use is associated with increases in symptoms of depression and anxiety one year later among a large linked-longitudinal sample of Canadian adolescents. Dose-response relationships were observed with talking on the phone and anxiety symptoms and sex differences were observed with television/movie viewing and both anxiety and depression and with internet surfing and anxiety. The association between screen usage and mental disorders varied by the time spent in various screen behavio
	We found that all types of screen behaviours were associated with higher levels of anxiety and depression longitudinally among youth in our sample. While the effect sizes were small, 
	adjusting for the previous year’s anxiety and depression, which is considered an analytical 
	strength, likely attenuated the association and the dose-response pattern. In addition, when escalating the small effect to the population level, we believe the burden increase suggests a high importance of the results. Our results may be explained, in part, by the displacement theory (43, 44). While some evidence in the literature suggested that a moderate level of screen use is not harmful, high screen usage could displace time spent engaging in other beneficial pursuits, such as physical activity, sleep,
	screen behaviours to no more than 2 h per day, accumulating at least 60 min of moderate to vigorous physical activity daily, and sleeping 9–11 h per night (for those aged 5–13 years) or 8– 10 h per night (for those aged 14–17 years) (19, 20). When doing an extensive amount of screen 
	pursuits daily, it is more likely that this time interferes with other important health behaviours (30, 50, 51). 
	Although, we did not analyze how physical activity, screen time, and sleep, all combined are associated with mental health, previous studies showed that meeting all three recommendations was associated with lower odds of mental health problems (52, 53). 
	In addition to that, a systematic review (54) suggested that independent of physical activity levels, screen time-based sedentary behaviours are associated with increased psychological problems. Therefore, to maximize mental health benefits, a holistic approach that includes but not limited to screen time reduction is recommended. 
	In line with previous work (12, 13), we found that the strength of the association between screen time and mental disorders varied by the type of screen used. These findings were more evident 
	for anxiety symptoms. Screen-based communication and talking on the phone were associated with the highest levels of anxiety and depressive symptoms, followed by video gaming. While mixed results were reported in the literature, a recent systematic review of the association between screen time and mental health found little evidence of a positive association between television viewing or videogaming compared to internet use (12). Evidently, the relationship between screen use and depression and anxiety is c
	We also found that spending excessive time on video games was associated with anxiety and depressive symptoms. The effects of videogaming should be approached in regards of several interacting dimensions such as the age of the player, the time spent, personality attributes, and whether gaming alone or with friends (59). Evidence suggest that excessive video gaming, especially playing games that contain violence, is associated with an alteration in frontolimbic and subcortical regions of the brain that are c
	Our results revealed several differences between sexes. Females spent more time surfing the internet but the association between surfing the internet and anxiety indicates that females had fewer anxiety symptoms than males. The association between frequent use of internet use and 
	Our results revealed several differences between sexes. Females spent more time surfing the internet but the association between surfing the internet and anxiety indicates that females had fewer anxiety symptoms than males. The association between frequent use of internet use and 
	anxiety among females could be related to the types and platforms used online. For example, it had been well known that females spend more time using social media platforms, and online chatting which can be beneficial to connect with friends when used moderately and mindfully (15, 66). However, excessive time spent on social networking sites and the passive use of these sites is known to be associated with more exposure to unrealistic content and posts (67, 68) that could lead to upward social comparisons, 

	use). A recent study (73) examined teen’s behaviour on the web and found sex differences 
	regarding internet behaviour, where females are more inclined towards communication and information and show more awareness and caution regarding risky behaviours. This was also confirmed elsewhere (74, 75). Males tend to be less cautious when surfing the web, which may lead to more risky situations (73) such as gambling (76, 77), pornography, and sexting (78). These behaviours may increase their vulnerability to mental disorders like depression and anxiety (78, 79). Cyberbullying was indicated as another m
	A sex difference was also found in the association between television usage and depression and anxiety symptoms. We found that only females who watched television excessively experienced increased levels of depression and anxiety one year later. As with social media, some television shows or media could expose adolescents to ideal images that promote upward social 
	A sex difference was also found in the association between television usage and depression and anxiety symptoms. We found that only females who watched television excessively experienced increased levels of depression and anxiety one year later. As with social media, some television shows or media could expose adolescents to ideal images that promote upward social 
	comparison through ideal body image advertisements (85), another factor contributing to depression and anxiety (86, 87). 

	Recent studies (12–14) reported inconsistent evidence of sex moderating the association between total screen time or different types of screen use and both depressive symptoms and anxiety among adolescents. This inconsistency could be related to the content of the screen and how it is being used (active vs. passive), which was not well explored in previous work. Since few studies beside the present one analyzed the longitudinal effect by sex, it is hard to draw a conclusion regarding sex differences. Given 
	Lastly, regarding results from conditional change analyses, the current study is among the first to longitudinally examine conditional change in various types of screen time and anxiety and depression by sex. Our results suggest that increased time spent talking on the phone and screen-based communication were associated with increased depressive and anxiety symptoms. Also, increased in time spent on video games was associated with increased levels of depression with no significant results for anxiety. More
	Our study includes many strengths. The longitudinal study design and measures of time spent using five different types of screens in a large sample of adolescents add a unique contribution to the literature. We also examined the moderating role of sex on the associations and included both anxiety and depressive symptoms. All measures of screen time and mental health have demonstrated validity in adolescents, including within the COMPASS host study. A significant strength is the adjustment for previous anxie
	Although our study provides important insights, there are some limitations that could inform future research. First, we could not examine the screen use content, context, and motives, which are important to determine why various types of screens affect mental health differently and why sex differences occur. Examining those factors can help to maximize the benefits and opportunities adolescents can get from technology and protect them from risks that could occur with certain context when using the screen ex
	Conclusion 
	With high daily screen time exposure reported in the present study, our findings provide longitudinal evidence in a population-based sample of adolescents that more time spent on 
	screens is associated with more anxiety and depressive symptoms. The relationship between some types of screens such as talking on the phone and anxiety appears to follow a dose-response pattern. Sex differences in longitudinal associations were observed between types of screen use (i.e., television viewing and internet surfing) and anxiety and depression. Moreover, our results established that greater increases in screen time were associated with greater increases in depression and anxiety symptoms, and th
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	Latin American/Hispanic 
	02.8 
	02.9 
	02.7 
	02.8 
	02.9 
	03.1 

	Other and mixed 
	Other and mixed 
	13.8 
	14.0 
	13.3 
	13.8 
	12.9 
	13.0 

	BMI Classification* 
	BMI Classification* 

	Underweight 
	Underweight 
	01.8 
	01.5 
	01.9 
	01.6 
	01.2 
	02.1 

	Normal weight 
	Normal weight 
	57.1 
	60.0 
	53.7 
	60.4 
	63.3 
	56.8 

	Overweight 
	Overweight 
	12.5 
	11.0 
	14.3 
	13.2 
	12.3 
	14.3 

	Obesity 
	Obesity 
	05.6 
	04.0 
	07.6 
	06.1 
	04.4 
	08.1 

	Missing BMI 
	Missing BMI 
	23.0 
	23.5 
	22.5 
	18.7 
	18.8 
	18.7 

	School-area household median income* 
	School-area household median income* 

	$ 25,000-50,000 
	$ 25,000-50,000 
	12.6 
	13.3 
	11.6 
	12.6 
	13.3 
	11.6 

	$50,001-75,000 
	$50,001-75,000 
	55.8 
	55.1 
	56.6 
	55.8 
	55.1 
	56.7 

	$75,001-100,000 
	$75,001-100,000 
	26.6 
	26.4 
	26.9 
	26.6 
	26.5 
	26.9 

	> $ 100,000 
	> $ 100,000 
	05.0 
	05.2 
	04.9 
	05.0 
	05.2 
	04.8 

	Screen time (mean (SD)) 
	Screen time (mean (SD)) 

	television * 
	television * 
	112.36 (87.04) 
	121.46 (87.74) 
	101.88 (85.04) 
	113.47 (87.26) 
	117.63 (86.25) 
	108.69 (88.17) 

	Video games* 
	Video games* 
	81.43 (109.31) 
	29.16 (64.94) 
	141.56 (118.68) 
	74.55 (105.20) 
	26.48 (61.05) 
	129.93 (117.45) 

	Talking on the phone* 
	Talking on the phone* 
	38.02 (75.57) 
	45.71 (81.62) 
	29.18 (66.87) 
	44.15 (80.39) 
	50.14 (84.11) 
	37.25 (75.30) 

	Internet surfing* 
	Internet surfing* 
	112.37 (111.98) 
	126.25 (116.56) 
	96.41 (104.22) 
	118.74 (108.29) 
	130.32 (110.18) 
	105.39 (104.50) 

	Texting/ messaging/ emailing* 
	Texting/ messaging/ emailing* 
	94.20 (111.84) 
	110.38 (119.32) 
	75.58 (99.37) 
	99.32 (109.89) 
	111.98 (114.07) 
	84.73 (102.96) 

	Screen time television viewing* 
	Screen time television viewing* 

	0-29 min/d 
	0-29 min/d 
	12.6 
	09.2 
	16.6 
	12.0 
	09.5 
	15.0 

	30-59 min/d 
	30-59 min/d 
	09.1 
	09.5 
	08.7 
	09.4 
	10.4 
	08.3 

	1-2 h/d 
	1-2 h/d 
	28.3 
	26.7 
	30.0 
	27.2 
	27.0 
	27.3 

	2-3 h/d 
	2-3 h/d 
	25.4 
	26.4 
	24.2 
	26.6 
	26.9 
	26.2 

	3+ h/d Video games* 
	3+ h/d Video games* 
	24.6 
	28.2 
	20.5 
	24.8 
	26.2 
	23.2 

	0-29 min/d 
	0-29 min/d 
	45.4 
	72.2 
	14.6 
	47.8 
	74.2 
	17.5 

	30-59 min/d 
	30-59 min/d 
	07.3 
	07.5 
	07.0 
	07.4 
	07.3 
	07.5 

	1-2 h/d 
	1-2 h/d 
	15.5 
	10.8 
	20.9 
	15.8 
	10.0 
	22.6 

	2-3 h/d 
	2-3 h/d 
	12.2 
	04.6 
	20.9 
	11.4 
	04.0 
	19.7 

	3+ h/d Talking on the phone* 
	3+ h/d Talking on the phone* 
	19.6 
	04.9 
	36.6 
	17.6 
	04.5 
	32.7 

	0-29 min/d 
	0-29 min/d 
	70.0 
	62.0 
	76.0 
	62.9 
	58.0 
	68.6 

	30-59 min/d 
	30-59 min/d 
	08.0 
	09.2 
	06.5 
	08.8 
	10.0 
	07.6 

	1-2 h/d 
	1-2 h/d 
	11.0 
	14.3 
	09.5 
	14.0 
	15.5 
	12.4 

	2-3 h/d 
	2-3 h/d 
	05.0 
	06.5 
	04.0 
	06.7 
	08.0 
	05.2 

	3+ h/d Internet Surfing* 
	3+ h/d Internet Surfing* 
	06.0 
	08.0 
	05.0 
	07.6 
	08.5 
	06.2 

	0-29 min/d 
	0-29 min/d 
	19.5 
	16.0 
	23.7 
	15.0 
	12.2 
	18.2 

	30-59 min/d 
	30-59 min/d 
	13.0 
	11.7 
	14.0 
	12.0 
	10.8 
	13.3 

	1-2 h/d 
	1-2 h/d 
	25.5 
	24.3 
	27.0 
	26.3 
	24.8 
	28.0 

	2-3 h/d 
	2-3 h/d 
	17.0 
	18.0 
	16.0 
	19.4 
	20.5 
	18.3 

	3+ h/d Texting/ messaging/ emailing* 
	3+ h/d Texting/ messaging/ emailing* 
	25.0 
	30.0 
	19.3 
	27.3 
	31.7 
	22.2 

	0-29 min/d 
	0-29 min/d 
	29.7 
	22.0 
	38.5 
	24.5 
	18.5 
	31.5 

	30-59 min/d 
	30-59 min/d 
	16.3 
	17.0 
	15.5 
	16.0 
	16.4 
	15.5 

	1-2 h/d 
	1-2 h/d 
	21.5 
	22.6 
	20.2 
	24.2 
	24.3 
	24.0 

	2-3 h/d 
	2-3 h/d 
	13.0 
	14.4 
	11.4 
	14.7 
	16.7 
	12.5 

	3+ h/d 
	3+ h/d 
	19.5 
	24.0 
	14.4 
	20.6 
	24.1 
	16.5 

	Anxiety symptoms score* (mean (SD)) 
	Anxiety symptoms score* (mean (SD)) 
	6.27 (5.53) 
	7.77 (5.73) 
	4.55 (4.74) 
	6.82 (5.67) 
	8.42 (5.73) 
	4.99 (5.02) 

	Anxiety symptoms* 
	Anxiety symptoms* 

	Yes 
	Yes 
	24.4 
	33.5 
	14.0 
	27.5 
	36.9 
	16.7 

	No 
	No 
	75.6 
	66.5 
	86.0 
	72.5 
	63.1 
	83.3 

	Depressive symptoms score * (mean (SD)) 
	Depressive symptoms score * (mean (SD)) 
	8.45 (5.84) 
	9.67 (6.23) 
	7.05 (5.01) 
	9.20 (6.04) 
	10.47 (6.27) 
	7.74 (5.40) 

	Depressive symptoms * 
	Depressive symptoms * 

	Yes 
	Yes 
	34.2 
	42.9 
	24.2 
	40.0 
	49.6 
	29.4 

	No 
	No 
	65.8 
	57.1 
	75.8 
	60.0 
	50.4 
	70.6 


	Data are shown as percentages or mean (standard deviation). SD, standard deviation; BMI, body mass index. Starred variables represent statistically significant p-values for the sex differences (< 0.05). Anxiety and depression symptoms assessed by the GAD-7 and CESD-10-R, respectively, with scores ≥10 used to indicate the presence of clinically-relevant symptoms. 
	Table 2. Longitudinal association between types of screen at Time 1 (2017-18) and anxiety symptoms at Time 2 (2018-19) among adolescents in the COMPASS study. 
	Television viewing -Females 
	Television viewing -Females 
	Television viewing -Females 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	0.99 (0.81 – 1.22) 
	0.99 (0.79 – 1.25) 

	1-2 h/d 
	1-2 h/d 
	1.08 (0.91 – 1.28) 
	1.10 (0.92 – 1.33) 

	2-3 h/d 
	2-3 h/d 
	1.18 (0.99 – 1.39) 
	1.16 (0.96 – 1.40) 

	3+ h/d 
	3+ h/d 
	1.42 (1.20 –1.67) *** 
	1.27 (1.06 – 1.53)** 

	Television viewing -Males 
	Television viewing -Males 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	0.76 (0.58-0.99)* 
	0.80 (0.60 – 1.06) 

	1-2 h/d 
	1-2 h/d 
	0.84 (0.70-1.01) 
	0.83 (0.68 – 1.01) 

	2-3 h/d 
	2-3 h/d 
	1.05 (0.87-1.27) 
	0.98 (0.80 – 1.20) 

	3+ h/d 
	3+ h/d 
	1.13 (0.93-1.37) 
	1.00 (0.81 – 1.23) 

	Video games 
	Video games 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	0.65 (0.57-0.75)*** 
	0.86 (0.73-1.01) 

	1-2 h/d 
	1-2 h/d 
	0.68 (0.62-0.75)*** 
	1.13 (1.00-1.28)* 

	2-3 h/d 
	2-3 h/d 
	0.54 (0.48-0.60)*** 
	1.14 (0.99-1.32) 

	3+ h/d 
	3+ h/d 
	0.57 (0.52-0.63)*** 
	1.27 (1.12-1.45)*** 

	Talking on the phone 
	Talking on the phone 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	1.42 (1.24-1.61)*** 
	1.22 (1.06-1.40)** 

	1-2 h/d 
	1-2 h/d 
	1.49 (1.34-1.65)*** 
	1.18 (1.05-1.33)** 

	2-3 h/d 
	2-3 h/d 
	1.62 (1.40-1.87)*** 
	1.25 (1.06-1.48)** 

	3+ h/d 
	3+ h/d 
	1.91 (1.67-2.17)*** 
	1.36 (1.17-1.57)*** 

	Internet surfing-females 
	Internet surfing-females 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	0.91 (0.76-1.08) 
	0.94 (0.78-1.14) 

	1-2 h/d 
	1-2 h/d 
	1.06 (0.92-1.23) 
	1.03 (0.88-1.20) 

	2-3 h/d 
	2-3 h/d 
	1.12 (0.96-1.30) 
	1.04 (0.88-1.24) 

	3+ h/d 
	3+ h/d 
	1.42 (1.24-1.63)*** 
	1.20 (1.03-1.40)* 

	Internet surfing-males 
	Internet surfing-males 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	1.01 (0.81-1.26) 
	1.00 (0.79-1.27) 

	1-2 h/d 
	1-2 h/d 
	1.46 (1.23-1.74)*** 
	1.41 (1.17-1.69)*** 

	2-3 h/d 
	2-3 h/d 
	1.41 (1.15-1.72)*** 
	1.23 (0.99-1.29) 

	3+ h/d 
	3+ h/d 
	1.79 (1.49-2.15)*** 
	1.49 (1.22-1.82)*** 

	Texting/ messaging/ emailing 
	Texting/ messaging/ emailing 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	1.29 (1.15-1.43)*** 
	1.07 (0.95-1.21) 

	1-2 h/d 
	1-2 h/d 
	1.29 (1.16-1.42)*** 
	1.01 (0.90-1.13) 

	2-3 h/d 
	2-3 h/d 
	1.58 (1.42-1.77)*** 
	1.18 (1.04-1.34)** 

	3+ h/d 
	3+ h/d 
	2.21 (2.01-2.44)*** 
	1.40 (1.25-1.57)*** 


	OR: odds ratio; CI: confidence interval. Models are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, and prior year anxiety. *p < 0.05; **p < 0.01; ***p < 0.001 Data from Canadian secondary school students linked across year 6 (2017-18) and 7 (2018-19) of the COMPASS study. 
	Table 3. Longitudinal association between each type of screen at Time 1 (2017-18) and depressive symptoms at Time 2 (2018-19) among adolescents in the COMPASS study. 
	Screen time 
	Screen time 
	Screen time 
	Television viewing -Females 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	30-59 min/d 
	0.94 (0.78-1.14) 
	1.03 (0.83-1.28) 

	1-2 h/d 
	1-2 h/d 
	1-2 h/d 
	1.02 (0.87-1.20) 
	1.12 (0.94 – 1.34) 

	2-3 h/d 
	2-3 h/d 
	2-3 h/d 
	1.11 (0.95-1.31) 
	1.15 (0.96-1.38) 

	3+ h/d 
	3+ h/d 
	3+ h/d 
	1.44 (1.23-1.69)*** 
	1.30 (1.09-1.55)** 

	Screen time 
	Screen time 
	Television viewing -males 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	30-59 min/d 
	0.79 (0.64-0.97)* 
	0.82 (0.66 – 1.03) 

	1-2 h/d 
	1-2 h/d 
	1-2 h/d 
	0.83 (0.72-0.97)* 
	0.81 (0.68 – 0.95) 

	2-3 h/d 
	2-3 h/d 
	2-3 h/d 
	0.91 (0.78-1.07) 
	0.87 (0.73 – 1.03) 

	3+ h/d 
	3+ h/d 
	3+ h/d 
	1.06 (0.91-1.24) 
	0.91 (0.77 – 1.08) 

	Screen time 
	Screen time 
	Video games 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	30-59 min/d 
	0.78 (0.69-0.88)*** 
	1.06 (0.91-1.22) 

	1-2 h/d 
	1-2 h/d 
	1-2 h/d 
	0.75 (0.69-0.82)*** 
	1.14 (1.02-1.28)* 

	2-3 h/d 
	2-3 h/d 
	2-3 h/d 
	0.62 (0.56-0.69)*** 
	1.11 (0.98-1.27) 

	3+ h/d 
	3+ h/d 
	3+ h/d 
	0.72 (0.66-0.78)*** 
	1.29 (1.15-1.46)*** 

	Screen time 
	Screen time 
	Talking on the phone 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	30-59 min/d 
	1.34 (1.19-1.50)*** 
	1.13 (0.99-1.29) 

	1-2 h/d 
	1-2 h/d 
	1-2 h/d 
	1.37 (1.25-1.51)*** 
	1.07 (0.96-1.20) 

	2-3 h/d 
	2-3 h/d 
	2-3 h/d 
	1.56 (1.36-1.79)*** 
	1.16 (0.99-1.36) 

	3+ h/d 
	3+ h/d 
	3+ h/d 
	1.97 (1.74-2.24)*** 
	1.33 (1.15-1.53)*** 

	Screen time 
	Screen time 
	Internet surfing 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	30-59 min/d 
	0.97 (0.86-1.09) 
	0.90 (0.79-1.03) 

	1-2 h/d 
	1-2 h/d 
	1-2 h/d 
	1.18 (1.08-1.30)*** 
	1.00 (0.90-1.11) 

	2-3 h/d 
	2-3 h/d 
	2-3 h/d 
	1.35 (1.22-1.50)*** 
	1.03 (0.91-1.16) 

	3+ h/d 
	3+ h/d 
	3+ h/d 
	1.92 (1.75-2.11)*** 
	1.24 (1.11-1.38)*** 

	Screen time 
	Screen time 
	Texting/ messaging/ emailing 
	Crude OR (95% CI) 
	Adjusted OR (95% CI) 

	0-29 min/d 
	0-29 min/d 
	0-29 min/d 
	1 
	1 

	30-59 min/d 
	30-59 min/d 
	30-59 min/d 
	1.21 (1.10-1.33)*** 
	1.07 (0.96-1.20) 

	1-2 h/d 
	1-2 h/d 
	1-2 h/d 
	1.28 (1.17-1.40)*** 
	1.07 (0.96-1.18) 

	2-3 h/d 
	2-3 h/d 
	2-3 h/d 
	1.45 (1.31-1.61)*** 
	1.11 (0.99-1.25) 

	3+ h/d 
	3+ h/d 
	3+ h/d 
	1.99 (1.82-2.18)*** 
	1.32 (1.19-1.46)*** 


	OR: odds ratio; CI: confidence interval. Models are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, and prior year depression. *p < 0.05; **p < 0.01; ***p < 0.001 
	Table 4. Association between one-year change in screen time and changes in anxiety and depressive symptoms among adolescents in the COMPASS study (2017-18 to 2018-19). 
	One-year change in screen time and changes in depression 
	One-year change in screen time and changes in depression 
	One-year change in screen time and changes in depression 
	Est. 
	SE 
	95% CI 
	p-value 

	Television viewing -Females 
	Television viewing -Females 
	0.046 
	0.017 
	(0.011-0.080) 
	0.008 

	Television viewing -Males 
	Television viewing -Males 
	0.018 
	0.017 
	(-0.015-0.052) 
	0.269 

	Video games 
	Video games 
	0.017 
	0.014 
	(-0.010-0.045) 
	0.216 

	Talking on the phone 
	Talking on the phone 
	0.087 
	0.017 
	(0.051-0.119) 
	0.000 

	Internet surfing -Females 
	Internet surfing -Females 
	0.071 
	0.016 
	(0.039-0.102) 
	0.000 

	Internet surfing -Males 
	Internet surfing -Males 
	0.053 
	0.016 
	(0.019-0.086) 
	0.001 

	Texting/ messaging/ emailing 
	Texting/ messaging/ emailing 
	0.067 
	0.012 
	(0.043-0.092) 
	0.000 

	One-year change in screen time and changes in depression 
	One-year change in screen time and changes in depression 
	Est. 
	SE 
	95% CI 
	p-value 

	Television viewing -Females 
	Television viewing -Females 
	0.030 
	0.019 
	(-0.006-0.068) 
	0.109 

	Television viewing -Males 
	Television viewing -Males 
	0.068 
	0.018 
	(0.032-0.104) 
	0.000 

	Video games 
	Video games 
	0.041 
	0.015 
	(0.011-0.071) 
	0.007 

	Talking on the phone 
	Talking on the phone 
	0.084 
	0.017 
	(0.050-0.118) 
	0.000 

	Internet surfing 
	Internet surfing 
	0.070 
	0.012 
	(0.045-0.095) 
	0.000 

	Texting/ messaging/ emailing 
	Texting/ messaging/ emailing 
	0.100 
	0.013 
	(0.071-0.124) 
	0.000 


	Note: Models are adjusted for school clustering, age, race/ethnicity, BMI z-score, income, prior year anxiety, and depressive symptoms. Est.: Beta coefficient, SE: Standard Error, CI: confidence interval. 
	CHAPTER 7 GENERAL DISCUSSION 
	7.1 Summary of Main Findings 
	The aim of this dissertation was to identify and address knowledge gaps in the scientific literature on the relationship between sedentary screen time and mental health symptoms such as anxiety, depressive symptoms, and suicidal behaviour among adolescents. To achieve this purpose, I conducted four research studies (one narrative review, two cross-sectional studies, and one longitudinal study) using two large datasets that included a diverse sample of Canadian youth. 
	Collectively, the results showed (1) a positive association between heavy and problematic use of sedentary screen activities and mental health symptoms cross-sectionally and subsequent symptoms longitudinally; (2) time-change associations between screen usage and depressive and anxiety symptoms; (3) the relationship between social media use and psychological distress was stronger among younger adolescents; (4) the relationship between problematic technology use and suicidal ideation and suicide attempt and 
	In this chapter, I will provide a summary of key findings from these studies, then I will outline the key strengths and limitations of the dissertation, important implications and future directions for research, and a conclusion will be provided. 
	In Chapter 3, we identified gaps in literature through a narrative review that was used to guide the dissertation structure. We examined the relationship between screen time and anxiety, depression, psychological well-being, and body image concerns in 60 recent cross-sectional and longitudinal studies. We found evidence for a positive association between duration of screen time and high depressive symptoms, poor psychological well-being, and body dissatisfaction. Evidence on anxiety was scarce and inconsist
	In Chapter 4, we examined the cross-sectional association between heavy social media use and psychological distress among Ontarian adolescents (N = 6,822), and whether the effect of this association was modified by sex, age, and parental support. Results from this study showed a positive association between heavy social media use and psychological distress, with young adolescents being the most vulnerable. Although sex and parental support were not shown to be significant moderators of this association, our
	In Chapter 5, we shed light on the association between heavy screen use and mental health by examining the association between problematic technology use and suicidal ideation and suicide attempt among adolescents. Using recent data from the OSDUHS (N = 4,390; mean age: 15.9 ± 1.3 years), our results showed that females have higher symptoms of problematic technology use and a higher prevalence of suicidal behaviour than males; however, males with moderate-to-serious symptoms of PTU had higher odds of both s
	In Chapter 5, we shed light on the association between heavy screen use and mental health by examining the association between problematic technology use and suicidal ideation and suicide attempt among adolescents. Using recent data from the OSDUHS (N = 4,390; mean age: 15.9 ± 1.3 years), our results showed that females have higher symptoms of problematic technology use and a higher prevalence of suicidal behaviour than males; however, males with moderate-to-serious symptoms of PTU had higher odds of both s
	attempt. These results might be driven by the quality and nature of the types of technology used and are worth further investigation in the future. 

	In recognizing the importance of longitudinal studies to examine the dose-response association between different types of screen usage and mental health problems, we examined in Chapter 6 the longitudinal associations between five different types of screen pursuits and anxiety and depression using longitudinal data from 17,174 Canadian students (mean age: 15.1 ± 
	0.9 years). We also examined whether this association is modified by sex. Our results showed a significant association between time spent on each type of screen and anxiety and depression symptoms one year later. The strength of the associations was influenced by the type of screen pursuit and sex. Also, our results showed that more screen usage was associated with a further increase in anxiety and depressive symptoms.  
	7.2 Comparison with other relevant literature 
	7.2.1 Frequency of recreational screen use and mental health outcomes 
	The results of the frequency of screen use and mental health outcomes from the three original studies in this dissertation indicated that heavy screen use is associated with higher mental health symptoms, with more use over time being associated with worse mental health symptoms. Furthermore, adolescents with severe symptoms of problematic technology use reported higher odds of suicidal ideation and suicide attempts. 
	The results in this thesis are consistent with previous studies that showed that high and heavy recreational screen time is a strong predictor of mental health indicators among adolescents, which provides support that limiting screen time can be beneficial in reducing mental health problems [1–4]. Also, previous studies found a non-linear dose-response or U-shaped association between sedentary screen activities and mental health outcomes [1, 5–8], 
	The results in this thesis are consistent with previous studies that showed that high and heavy recreational screen time is a strong predictor of mental health indicators among adolescents, which provides support that limiting screen time can be beneficial in reducing mental health problems [1–4]. Also, previous studies found a non-linear dose-response or U-shaped association between sedentary screen activities and mental health outcomes [1, 5–8], 
	suggesting that moderate use of screens is not harmful. These findings could be explained by the Digital Goldilocks Hypothesis suggesting that screen time in moderation might be beneficial, while too little use can deprive individuals from important social opportunities [6], and  

	“overuse”  displaces other beneficial activities that are important for  good mental health. 
	Though we did not notice a U-shaped association in our results, the findings of this dissertation align with what the theory implies in terms of finding the right balance between recreational screen time and other important health behaviours for maintaining a healthy relationship with screen use. 
	The results regarding the association between high screen time and mental health problems appear to be driven by many proposed mechanisms such as reduction of face-to-face interaction with family and friends [9]; reduction in physical activity [10], poor sleep quality, or lack of sleep [10–15]; cyberbullying [10, 16–18]; and/or upward social comparison [19–21]. In addition to that, several  biological mechanisms have been proposed, with one study showing the screen time was associated with lower  serum brai
	7.2.2 Different types of screen and mental health outcomes 
	Our longitudinal study also demonstrated that the relationship between screen time and anxiety and depressive symptoms varied slightly between different screen types, with more evidence for anxiety. For instance, texting, messaging, emailing and talking on the phone were associated with more anxiety and depressive symptoms than TV viewing. This is consistent with previous work demonstrating that the association between screen time and mental health outcomes differs between screen types [2, 24]. This might s
	Our findings regarding the association  between social media use and psychological distress align with previous work which found a positive association between high social media use and symptoms of anxiety and depression and psychological distress among adolescents [25, 26]. It has been suggested that social media use might expose young people to upward social comparison [21, 27], which can trigger low self-esteem [28–30] and body image concerns [29, 31], factors known to be associated with psychological di
	7.2.3 Moderators of screen time and mental health outcomes 
	We observed sex and age differences across studies; however, no moderating role of parental support was found in our results. 
	Regarding age as moderator between social media use and psychological distress, we found that older adolescents reported more social media usage than their younger counterparts. However, younger groups presented higher odds of psychological distress when using social media heavily, in agreement with previous work [35, 36] and in contrast with another [37]. While mixed results could be related to different study designs, one explanation of our findings could be related to the phase of early adolescence as a 
	41] during which social media use could be a potential trigger [42, 43]. Future longitudinal studies with further investigation of the age and sex differences in this association are needed. 
	Our findings on sex as a moderator varied between studies. The association between problematic technology use and suicidal ideation and suicide attempt reported a positive association between higher symptoms of problematic technology use and suicidal ideation and suicide attempt with higher odds among males. 
	Our results regarding sex differences between each type of screen use and mental health outcomes longitudinally indicate that females reported more of surfing the internet than males however males had higher anxiety symptoms. On the other hand, our results indicated that only females with heavy TV viewing reported increased levels of anxiety and depression after one year. Mixed results were provided in previous work regarding the moderating role of sex on the association between screen time and mental healt
	Our results regarding sex differences between each type of screen use and mental health outcomes longitudinally indicate that females reported more of surfing the internet than males however males had higher anxiety symptoms. On the other hand, our results indicated that only females with heavy TV viewing reported increased levels of anxiety and depression after one year. Mixed results were provided in previous work regarding the moderating role of sex on the association between screen time and mental healt
	understand the sex differences in screen preferences and also examine the mechanism underpinning sex differences among adolescents [2, 3]. 

	Regarding parental support as a moderator, our findings from the cross-sectional study suggest no moderating effect of parental support after adjusting for SES and sex. This indicates an important role of these covariates in the association between social media use and mental health. Also, the quality and depth of measurement  of parental support in the survey is very vague and does not inform about the role of parents in role modeling, guidance, and support of their teens.  Previous work indicated that the
	7.3 Strengths and Limitations 
	7.3.1 Strengths 
	The present dissertation has several strengths. First, it included a thorough narrative review that examined more than 60 articles that summarize the impact of different screen types on mental health illnesses such as body dissatisfaction, psychological well-being, depression, and anxiety in children and youth. This review provided one of the most current piece of evidence on this topic and identified gaps in the literature that guided our subsequent studies. 
	Second, this dissertation included various study designs, cross-sectional and longitudinal. It is well known that longitudinal designs provide stronger evidence about the direction of association between screen time and mental health. Third, our data for the studies were driven from large datasets on Canadian adolescents. The OSDUHS and the COMPASS datasets are 
	Second, this dissertation included various study designs, cross-sectional and longitudinal. It is well known that longitudinal designs provide stronger evidence about the direction of association between screen time and mental health. Third, our data for the studies were driven from large datasets on Canadian adolescents. The OSDUHS and the COMPASS datasets are 
	large, samples that allowed us to produce robust models, control for many covariates, assess different types of screen use, and examine moderators that are related to mental health outcomes. Fourth, most of the screen time and mental health outcomes measures were validated tools. Fifth, this dissertation examined many moderators, such as age, sex, and parental support, using proper statistical tests of interaction. In contrast, many previous studies generated pooled analyses or stratified analyses without p

	7.3.2 Limitations 
	Findings from this dissertation contribute important information to a growing body of literature. However, several limitations must be noted. First, our review of the literature was not a systematic review, but rather a narrative review performed by a single reviewer. Therefore, the absence of predefined selection criteria and a formal critical appraisal of data quality are considered limitations. 
	Second, despite the work from one longitudinal study, our results from the two cross-sectional studies limited the causality inference about the direction of the relationships between screen time and mental health outcomes. Furthermore, due to the cross-sectional nature of this study, we were unable to determine whether adolescents' characteristics or mental health trigger them to spend much time on the screen or if screen time impacts their mental health. 
	Third, the present dissertation did not account for the numerous types of media content adolescents engaged in, which limited our ability to understand how quality and content can explain this association between screen time and mental health. Fourth, variables were measured 
	Third, the present dissertation did not account for the numerous types of media content adolescents engaged in, which limited our ability to understand how quality and content can explain this association between screen time and mental health. Fourth, variables were measured 
	using a variety of self-report questionnaires, which can make the study design susceptible to information bias through the potential for participants to over or underreport screen time or over or underestimate mental health symptoms, probably to avoid perceived stigmas or judgment. It also must be noted that depressive symptoms and anxiety do not represent clinical diagnoses in these studies. 

	Fifth, self-reported data in the OSDUHS and COMPASS are not nationally representative, especially the OSDHS sample, which was restricted to Ontario, therefore the generalizability of our findings to all adolescents in Canada is limited. Also, enrolled students who di not participate in the surveys for lack of consent or absenteeism may bias the results if those who did not participate differ from participating students on variables of interest. Sixth, the approaches we used to select covariates included ide
	7.4 Implications and Recommendations for Practice 
	The findings of this dissertation have important implications for policymakers, schools, practitioners, and parents. Evidence suggests that interventions that are based on theory are more effective than non-theoretical approaches [51, 52]. Thus, it is essential to consider multiple levels of the ecological model that influence the association between sedentary screen behaviour and 
	The findings of this dissertation have important implications for policymakers, schools, practitioners, and parents. Evidence suggests that interventions that are based on theory are more effective than non-theoretical approaches [51, 52]. Thus, it is essential to consider multiple levels of the ecological model that influence the association between sedentary screen behaviour and 
	mental health among adolescents to inform the design of evidence-based strategies to foster screen time reduction. That being said, the following implications involve the individual, interpersonal (e.g., relationships, family), institutional and community (e.g., schools) and societal (e.g., policies, regulations, resource allocation) levels. 

	Policymakers should increase funding for research on screen time and mental health among adolescents that includes implementation of interventions aiming to influence a better, responsible and healthy use of recreational screen time. In addition to that policymakers are encouraged to allocate more funding to help employ an efficient and adequate response program starting by public awareness campaigns targeting caregivers, parents and adolescents to shed light on screen time guidelines and empower those in n
	The results of this dissertation hold important implications for potential media literacy plans for the integration of healthy screen use into the whole family environment and in schools. 
	The media literacy framework consists of the ability to access, use, understand, and engage with all types of media in a critical, effective and responsible way to become active rather than passive media consumers. It also allows individuals to authenticate information, manage privacy, address cyberbullying, and access online platforms safely [56–59]. 
	Additionally, increased awareness regarding a modifiable risk factor like screen use can help to promote healthy screen time use and adherence to the recommended sedentary screen time recommendations in the 24-hour movement guidelines to protect adolescents’ mental health. Some experimental and prospective studies looking at the effects of limiting recreational digital use showed improvement in depression, anxiety, loneliness, and emotional distress among youth [60–63]. In addition to that, interventions ai
	Given that technology use increases during adolescence, many validated and short screening tools [67–70] may be helpful in clinical practice for the use of primary care clinicians to conduct early screening for problematic technology use. This could help clinicians to understand the risk profile and improve the detection of problematic technology use among adolescents, which informs early treatment and prevention. Also, clinicians should encourage 
	Given that technology use increases during adolescence, many validated and short screening tools [67–70] may be helpful in clinical practice for the use of primary care clinicians to conduct early screening for problematic technology use. This could help clinicians to understand the risk profile and improve the detection of problematic technology use among adolescents, which informs early treatment and prevention. Also, clinicians should encourage 
	and inform parents and caregivers to implement a healthy media use plan for the whole family [58]. 

	Finally, as primary caregivers, parents can play an important role in positively influencing children screen access behaviour by setting rules and monitoring screen use, and establishing at home behavioural control. Previous work has shown that some interventions, such as setting time limits, use parental control apps, displacing screen time with other health promoting activities, and developing screen time contracts or plans help reduce sedentary behaviour among children and young adolescents [71, 72]. 
	7.5 Implications and Directions for Future Research 
	The results of this dissertation are helpful in guiding future research aiming to assess the association between screen time and mental health among adolescents. 
	First, future research is warranted to examine in more depth the association between different types of screen and mental health problems using large, high-quality studies and validated and objective measures (e.g., smartphones and device monitoring apps) that help understand the exact nature of this association. Longitudinal and representative samples with extended follow-up periods and repeated measures of different screen use behaviours with various mental health outcomes will provide clear answers regar
	Second, future studies are warranted to investigate in more depth the moderating effect of different types of screens, sex and various age groups on the association between screen time and mental health outcomes. Such investigations may provide insight into whether there are age, screen type, or sex differences and what underpinning mechanisms influence these differences in the association between screen time and mental health. 
	Third, more research is needed to expand the work on examining potential mechanisms pertaining to the effect of sedentary screen time on mental health among adolescents to better explain the neurobiological and psychosocial pathways. For instance, future studies should explore the nature, content, and context of screen usage and how this can play a role in the causal pathway between screen time and mental health outcomes. 
	Fourth, this dissertation focused on the unidirectional association between screen time and mental health outcomes. It is important in the future to disentangle the bi-directional association between screen time and mental health to provide a stronger conclusion regarding the directionality of this relationship. Finally, few experimental studies exist, thus research using randomized controlled trial designs are warranted to determine if reducing sedentary screen use has a positive impact on mental health ou
	7.6 Conclusion 
	The association between high sedentary pursuits among adolescents and its association with mental health outcomes has gained significant attention from researchers, academics, and stakeholders. Despite the fact that mental health among adolescents is a complex issue and it is interconnected with many individual and environmental factors, as indicated in the theoretical framework, the findings of this dissertation suggest that high levels of sedentary screen behaviour appear to be significantly associated wi
	Our results identified important moderators for the association between screen time and mental health outcomes, such as sex and age, and the strength of the association varied between some screen types. It is critical for the research on screen time and mental health to further 
	Our results identified important moderators for the association between screen time and mental health outcomes, such as sex and age, and the strength of the association varied between some screen types. It is critical for the research on screen time and mental health to further 
	explore other aspects of screen use like the content and context of screen usage and their 

	relationship to adolescent mental health. Now that screens are a ubiquitous part of everyone’s 
	day-to-day life, researchers, policymakers, and clinicians should go beyond individuals to the wider context like family to understand and address the effects of screen time on adolescents’ mental health and provide practical guidance on how to use sedentary screen-based technologies more responsibly. 
	Additionally, further research with a strong longitudinal design and especially randomized trials is highly recommended to better understand the causal association and the strength and direction of the relationship between different types of screen use and mental health problems among adolescents. Also, the results of this dissertation can be used as a guide for future research to investigate further moderating variables in relation to each type of screen and adolescent mental health longitudinally. 
	Furthermore, in line with Canadian 24-Hour Movement Behaviour Guidelines [73], the findings of this dissertation also have important public health and clinical implications given the high screen use among adolescents and that screen time is associated with many mental health outcomes, suggesting that parents be involved to limit screen time and clinical practitioners should employ valid screening tools in efforts at improving the mental health of adolescents.  
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