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Abstract

Objectives To quantify the strength of association between passive and active forms of screen time and adolescent major
depressive episode and anxiety disorders.

Methods Data from the 2014 Ontario Child Health Study, a representative sample of 2,320 adolescents aged 12—17 years
in Ontario (mean age=14.58, male=50.7%) were used. Screen time was measured using adolescent self-report on time
spent on screen-based activities. Past 6-month occurrence of DSM-IV-TR defined major depressive episode, social phobia,
generalized anxiety disorder, and specific phobia which were assessed using the Mini International Neuropsychiatric Inter-
view for Children and Adolescents.

Result Adolescents reporting 4 or more hours of passive screen time per day, compared to those reporting less than 2 h,
were three times more likely to meet the DSM-IV-TR criteria for major depressive episode [OR =3.28(95% CI1=1.71-6.28)],
social phobia [OR =3.15 (95% CI=1.57-6.30)] and generalized anxiety disorder [OR =2.92 (95% CI=1.64-5.20)]. Passive
screen time continued to be significantly associated with increased odds of disorders, after adjusting for age, sex, low income,
active screen time use, sleep and physical activity. A small-to-moderate attenuation of the estimated ORs was observed in
the fully adjusted model. In contrast, associations between active screen time use and depression and anxiety disorders were
smaller in magnitude and failed to reach statistical significance.

Conclusions Passive screen time use was associated with mood and anxiety disorders, whereas active screen time was not.
Further research is needed to better understand the underlying processes contributing to differential risk associated with
passive versus active screen time use and adolescent mood and anxiety disorders.
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Introduction

Adolescence is a vulnerable developmental period for the
emergence of mental disorders, with half of lifetime mental
disorders initially presenting before age 14 [1]. Based on a
recent meta-analysis, 13.4% of children and adolescents in
high-income countries have a mental disorder, with rates
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of anxiety and depressive disorders estimated at 6.5% and
2.6%, respectively [2]. Among adolescents in Canada, the
prevalence of a major depressive episode (4.8%) and any
anxiety disorder (11.0%) is high [3] and has increased over
the past 30 years [4], consistent with US evidence [5, 6].
The early emergence of depressive and anxiety disorders and
temporal trends suggestive of increasing prevalence, signify
a need to identify and mitigate modifiable risk factors for
these conditions.

The risk of excessive screen time on mental health rep-
resents an emerging public health concern for adolescents
[7-9]. While current evidence suggests that overall screen
time is significantly associated with increased mental
health problems [10, 11], it remains unclear whether spe-
cific forms of screen time are differentially associated with
mental health problems. In addition to the actual amount
of time youth spend on screens, many have argued for the
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importance of considering the types of activities youth are
engaged in while on their screens [12-17]. Accordingly,
in the present study, we distinguished between active ver-
sus passive forms of screen time. Active screen time refers
to cognitively, socially or physically engaging in screen-
based activities that may be reciprocal in nature, such as
video gaming, chatting and working on a computer [12]. In
contrast, passive screen time refers to passively receiving
screen-based information, such as watching TV, videos or
movies [12]. To date, most studies examining the association
between screen time and adolescent mental health problems
have not differentiated between active versus passive forms
[10]. Previous studies have either combined both forms of
screen time or focused exclusively on one form. When com-
bined, passive and active screen time is associated with anxi-
ety, depression and psychopathological symptoms [18-21].
The few studies that differentiated between these forms have
documented associations between excessive TV watching
and low self-esteem [22], depression and anxiety symptoms
among adolescents [23, 24]. Similarly, studies have docu-
mented a positive association between active screen time
and depressed mood, anxiety, low self-esteem, and external-
izing behaviours [25, 26]. While informative, these studies
focus exclusively on only one form of screen time and fail to
account for other types. It is currently unclear whether these
different forms of screen time each contribute independently
to the prediction of mental health problems when examined
concurrently in the same analytic models. This is particu-
larly important given the high co-occurrence of multiple
forms of screen use [9, 27]. To our knowledge, there is only
one study to date that differentiated between multiple forms
of screen time (i.e. social, passive, interactive, educational,
or other) and examined their independent associations with
developmental outcomes among youth [17]. Passive screen
time was associated with poorer physical health, quality of
life, socio-emotional outcomes, and school achievement,
while other forms of screen time were not. This study, how-
ever, did not include a comprehensive approach for assessing
and classifying adolescent mental disorders. As such, the
extent to which different forms of screen time are indepen-
dently associated with DSM-IV-TR defined mental disorders
among adolescents remains unclear.

With much of the evidence to date on screen time and
adolescent well-being arising from correlational studies
[15, 28], it is difficult to determine a clear causal associa-
tion and potential mechanisms of effect. In a recent review
paper, Twenge [29] proposed several possible mechanisms
through which excessive screen use may be associated with
lower psychological well-being among adolescents, includ-
ing sleep disruption, displacement or disruption of face-to-
face social interaction or physical activity, social compari-
son or cyberbullying. Sleep and physical activity represent
well-established correlates of excessive screen time use and
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adolescent mental health outcomes. Previous studies indi-
cate that excessive screen time is associated with poor sleep
among adolescents [24, 30-35]. This may be explained by
the displacement of sleep time later into the night [34, 36],
the excitement produced from the media, and the effects of
light exposure at night, especially the highly stimulating blue
light waveform emitted by most electronic device screens
[32]. There is also strong evidence that physical activity is
inversely associated with time spent on screens [24, 37] and
symptoms of depression and anxiety [38, 39].

To date, only a limited number of studies have considered
sleep and physical activity when examining associations
between screen time and adolescent mental health [15]. Bar-
lett, Gentile [40] found in their longitudinal study that total
sleep time mediated the positive association between screen
time use and inattention and physical aggression in children
(mean age=9.6). This study, however, did not differentiate
between active and passive forms of screen time use, nor did
it consider the role of physical activity in the association. In
contrast, Herman, Hopman [41] found that physical activity
and screen time were each independently associated with
self-reported mental health and overall health in Canadian
adolescents; however, this study did not consider the role of
sleep and it too, did not differentiate between passive and
active forms of screen time use. To the best of our knowl-
edge, only two studies have examined associations between
screen time—an indicator that combined passive and active
forms—and mental health problems, physical activity and
sleep [42, 43]. Using samples of college students in China,
both studies found that higher screen time use and lower lev-
els of physical activity were each independently associated
with self-reported mood and anxiety symptoms and their
co-occurrence produced synergistic, adverse effects [42,
43]. Both studies were based on a sample of college stu-
dents and relied on non-clinical measures of mental health
problems, limiting their generalizability and clinical util-
ity. In sum, given the state of existing evidence [15, 29],
the possibility of bidirectional and reciprocal associations
between screen time, adolescent mood and anxiety disor-
ders, sleep and physical activity can not be ruled out [29,
44, 45]. As such, the current study quantified the strength
of association between different forms of screen time use,
namely passive and active forms, and adolescent mood and
anxiety disorders, before and after statistically adjusting for
physical activity and sleep.

The present study adds to the current literature by (i) dif-
ferentiating between active versus passive forms of screen
time use and examining their independent contributions to
mood and anxiety disorders in a representative sample of
adolescents, (ii) using a well-validated, fully structured diag-
nostic interview to classify DSM-IV-TR major depressive
episode, social phobia, generalized anxiety disorder, and
specific phobia, administered independently to a primary
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caregiver and adolescent, (iii) examining well-established
correlates of screen time and adolescent mood and anxiety
disorders to determine their impact on the associations of
interest, and (iv) using a household-based, general-popu-
lation sample of adolescents and their primary caregiver.

Methods
Participants and procedures

This study uses data from the 2014 Ontario Child Health
Study (2014 OCHS), a province-wide, cross-sectional study
on child and adolescent mental disorders in Ontario, Canada.
A probability sample of 6537 households (50.8% response)
with 10,802 children, 4- to 17-year olds, participated in the
study. Households were selected based on cluster sampling
of residential areas and stratification by residency (urban,
rural) and income (areas and households cross-classified
by three levels of income including < 20th to > 80th per-
centiles). Data were collected in home by trained Statistics
Canada interviewers from the person most knowledgeable
about the child (98.6% identified as the parent of the child
and, therefore, hereafter referred to as parent) and adoles-
cents themselves. Data collection occurred from October
2014 to October 2015. Detailed accounts of the survey
design, content, training and data collection are available
elsewhere [46, 47].

The present study included adolescents aged 12—17 years
and their parents, who each independently completed the
mini international neuropsychiatric interview for children
and adolescents (MINI-KID). Among the 2728 eligible ado-
lescents, 15% (n=408) were excluded from this analysis due
to missing responses. The final sample for analyses includes,
2,320 adolescents (mean age = 14.58, male =50.7%). No sta-
tistically significant differences were observed when com-
paring those included versus excluded from the analyses in
all study variables. The 2014 OCHS was a voluntary survey
conducted under the Statistics Act, which provides respond-
ents with guarantees of their privacy, confidentially and
informed consent. The study procedures were approved by
the Hamilton Integrated Research Ethics Board at McMaster
University and Research Ethics Committees at participating
school boards. The study has been performed in accordance
with the ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments.

Measures
Independent variables

Screen time: Adolescents were asked to report on screen time
use. Passive screen time was assessed using the following

item: “Over the past seven days, on average how many hours
per day did you sit and watch TV, movies or videos, includ-
ing on YouTube?” Active screen time was assessed using
the following item: “Over the past seven days, on average,
how many hours per day did you spend outside of school on
a computer, laptop, tablet or smart-phone (working, play-
ing games, emailing, chatting, surfing the Internet, etc.)?”
Response options for both questions included no use to less
than 1 h (0), 1 h to less than 2 h (1), 2 h to less than 3 h (2),
3 hto less than 4 h (3), 4 h to less than 5 h (4), 5 h or more
(5). Response options were then collapsed into the follow-
ing categories: less than 2 h (=0, reference), 2 to less than
4 h (=1), and 4 or more hours (=2). The categorization of
response options was informed by the Canadian 24-h move-
ment guideline that recommends adolescents to spend less
than 2 h of screen time per day [48] and from an empirical
evaluation of the distribution of the data.

Physical activity: Adolescents were provided with a
definition of physical activity, “Physical activity is any
activity that increases your heart rate and makes you get
out of breath some of the time. It can be done in sports,
school activities, playing with friends, walking to school or
playing active video games such as Wii Sports or Wii Fit.
Please include both school and non-school activities.” and
then asked the following question: “Over a typical or usual
week, on how many days are you physically active for a
total of at least 60 min per day?” Responses were combined
into the following three categories: 6—7 days (=0, refer-
ence), 4-5 days (=1), 0-3 days (=2). The categorization of
response options was informed by the Canadian 24-h move-
ment guideline that recommends adolescents be involved
in rigorous physical activity for at least an hour, 3 days per
week or more [48] and from an empirical evaluation of the
distribution of the data.

Sleep: Adolescents were asked about three aspects of
sleep over the past 6 months: sleep delay, sleep interrup-
tion, and sleep duration. Adolescents reported: (1) how long
it takes them to fall asleep [sleep delay: Less than 5 min,
5—-10 min, 11-30 min, More than 30 min], (2) how often
they usually wake up during the night [sleep interruption:
Almost every night (5-7 times/week), Several times a
week (1-4 times a week), every now and then (2-3 times a
month), Almost never, Never)], and (3) the typical amount of
time spent asleep on school nights, excluding any time spent
awake in bed (sleep duration). Responses were collapsed
into the following categories for each of the 3 indicators
of sleep: sleep delay [ten minutes or less (=0, reference),
more than 10 min (=1)], sleep interruption [never to almost
never (=0, reference), every now and then to several times
a week (=1), almost every night (=2)], and sleep duration
[more than 8 h (=0, reference), 7to 8 h (=1), less than 7 h
(=2)]. The categorization of these indicators of sleep was
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informed by the Pittsburgh sleep quality index [49] and by
the distribution of the variables in our data.

Socio-demographic characteristics. Standard Statistics
Canada questions were administered to the PMK about the
child’s age (in years), sex (0 =male, 1 =female), and house-
hold income below the low-income measure (0=not low
income, 1 =low income) based on 2013 before tax cut-offs
[47].

Dependent variable

Past 6-month DSM-IV-TR major depressive episode and
anxiety disorders: A modified version of the Mini Interna-
tional Neuropsychiatric Interview for Children and Adoles-
cents (MINI-KID), a fully structured diagnostic interview
was administered by trained interviewers to the parent
about the child (MINI-KID-P) and separately to adolescents
(12—17 years) (MINI-KID) [50, 51]. Training of Statistics
Canada interviewers on the administration of the MINI-KID
included an in-depth review of an interviewer manual and
training videos with example interviews and practice assess-
ments. Disorder classifications derived from the MINI-KID
demonstrate adequate test—retest reliability across disorders,
informants and samples, and convergent and discriminant
validity [50, 51]. DSM-IV-TR anxiety disorders assessed
include generalized anxiety disorder, separation anxiety,
social phobia and specific phobia. All classifications were
made using DSM-IV-TR distress or impairment criteria and
were assessed for the past 6 months. The Wald x2 was used
to test for statistically significant differences in the strength
of association between screen time use (passive and active)
and adolescent- versus parent-reported classifications of
mood and anxiety disorders. The results indicated no sta-
tistically significant differences between parent and youth
informants (see Table 3 in Appendix). Based on these
results, disorder classification was based on both parent and
youth assessments. If either parent or youth assessments met
DSM-IV-TR criteria for the disorder, the youth was classified
as having the disorder (i.e., ‘or’ rule at the disorder level).
Statistical analyses: Bi-variate distributions of major
depressive episode and anxiety disorders by passive and
active screen time, physical activity, sleep, and socio-demo-
graphic correlates were examined. Furthermore, a series of
binary, logistic regression models were used to determine the
strength of associations between different forms of screen
time and adolescent MDE and anxiety disorders. Model 1
included age, sex, low income, and active and passive forms
of screen time use (referred to as ‘partial adjustment’), while
Model 2 also included the addition of indicators of sleep
quality and duration and physical activity (referred to as
‘full adjustment’). Adjusted odds ratios (ORs) and 95%
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confidence intervals (CIs) are reported. Logistic regression
analyses were performed using statistical software STATA
version 15.0 [52]. Sampling weights were applied to obtain
population estimates, and the bootstrap method was used to
obtain accurate variance estimation by taking into account
the design features of the study and weight adjustments [47].

Results

Table 1 presents the past 6-month prevalence of major
depressive episode, social phobia, generalized anxiety dis-
order, and specific phobia by passive and active forms of
screen time use, physical activity, sleep and socio-demo-
graphic covariates. Notably, the prevalence of major depres-
sive episode was significantly higher among adolescents
who endorsed 4 or more hours per day of active or passive
screen time, compared to those who endorsed less than 2 h
per day. While the prevalence of major depressive episode
was 5.0% among those endorsing less than 2 h of passive
screen time per day, it was 14.3% among those endorsing
4 or more hours of passive screen time per day [OR =3.28
(95%CI=1.71-6.28). Comparable estimates for active
screen time and major depressive episode were 6.4% ver-
sus 11.4%, respectively, [OR=2.00 (95% CI=1.02-3.91)].
While associations between 4 or more hours of passive
screen time use per day and social phobia and generalized
anxiety disorder were statistically significant [OR=3.15
(95% CI=1.57-6.30) and OR=2.92 (95% CI 1.64-5.20)
respectively], but associations between active screen time
use and social phobia and generalized anxiety disorder were
not statistically significant.

Table 2 presents partially (Model 1) and fully adjusted
(Model 2) associations between different forms of screen
time use and adolescent major depressive episode, social
phobia, generalized anxiety disorder and specific phobia.
Under partial adjustment, adolescents who endorsed pas-
sive screen time use for 4 or more hours per day were 3.33
times more likely to meet the criteria for major depressive
episode (95%CI=1.50-7.40), 4.58 times more likely to meet
the criteria for social phobia (95%CI=1.83-11.47) and 3.26
more likely to meet criteria for generalized anxiety disorder
(95%CI=1.65-6.43), compared to adolescents endorsing
less than 2 h per day of passive screen time. In contrast,
associations between active screen time use and mood and
anxiety disorder were smaller in magnitude and did not reach
statistical significance after partial adjustment.

The inclusion of sleep and physical activity in the fully
adjusted models (Model 2) led to a small-to-moderate
attenuation in the strength of association between 4 or more
hours of passive screen time per day and adolescent mood
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Table 1 Past 6 months prevalence (%) of major depressive episode, social phobia, generalized anxiety disorder and specific phobia by study
variables

Major depressive episode Social phobia Generalized anxiety disorder ~ Specific phobia

% OR (95% CI) % OR (95% CI) % OR (95% CI) % OR (95% CI)
Passive screen time
<2h 5.0 Ref 4.0 Ref 7.0 Ref 7.1 Ref
2<4h 7.5 1.56 (0.80-3.06) 3.0 0.73(0.35-1.53) 8.9 1.29(0.69-2.37) 59 0.81(0.36-1.83)
>4h 14.3  3.28 (1.71-6.28)*%** 11.6  3.15 (1.57-6.30)** 18.2  2.92 (1.64-5.20)*%** 114 1.68 (0.74-3.81)
Active screen time
<2h 6.4 Ref 5.8 Ref 8.5 Ref 6.7 Ref
2<4h 9.1 1.51(0.73-3.13) 5.7 0.98 (0.45-2.16) 11.6  1.40 (0.74-2.62) 7.6 1.15(0.52-2.56)
>4h 114  2.00 (1.02-3.91)* 7.0 1.22(0.64-2.30) 13.9  1.71 (0.99-2.96) 9.5 1.47(0.71-3.04)
Physical activities
6-7 days 7.2 Ref 42 Ref 8.3 Ref 8.1 Ref
4-5 days 7.3 1.06(0.51-2.21) 3.0 0.71(0.37-1.38) 10.5 1.30 (0.68-2.50) 6.8 0.83(0.40-1.71)
0-3 days 13.5 2.03 (1.05-3.93)* 11.8  3.07 (1.50-6.28)** 16.1  2.13 (1.13-3.99)* 9.5 1.18(0.63-2.24)
Sleep delay
<10 min 47 Ref 2.3 Ref 7.6 Ref 54 Ref
> 10 min 12.9  3.00 (1.72-5.24)%:** 9.3 4.35(2.36-8.02)%** 149  2.15 (1.33-3.46)** 10.2  1.99 (1.12-3.54)*
Sleep duration
>8h 54 Ref 39 Ref 6.6 Ref 6.6 Ref
7-8 h 127 2.65 (1.41-4.99)%** 6.8 1.80(0.96-3.36) 15.9  2.66 (1.51-4.70)%** 9.8 1.52(0.81-2.85)
<7h 15.3  3.38 (1.70-6.3)** 11.7 3.8 (1.58-6.81)** 19.5  3.43 (1.88-6.25)%*** 9.5 1.48(0.78-2.80)
Sleep interruptions
Never- almost never 5.9 Ref 3.3 Ref 7.6 Ref 6.4 Ref
1-4 times a week 12.9  2.38 (1.27-4.49)%** 8.6 2.77 (1.39-5.51)** 14.1  2.00 (1.13-3.53)* 10.6  1.75(0.95-3.22)

5-7 times a week 20.2  4.51(1.95-1041)*** 17.8 6.15(2.33-16.25)*** 31.8 5.70 (2.88-11.27)*** 10.7 1.77 (0.78-4.03)
Sex (%)

Male 6.6 Ref 4.8 Ref 8.6 Ref 6.7 Ref

Female 12.0  1.88 (1.02-3.44)* 7.6 1.65(0.90-3.01) 14.8  1.83 (1.12-3.00)* 9.4 1.43(0.81-2.55)
Low-income status (%)

Yes 9.1 Ref 6.2 Ref 11.8 Ref 8.5 Ref

No 9.9  1.00 (0.99-1.00) 6.0 0.99 (0.99-1.00) 11.2 0.99 (0.99-1.00) 6.4 0.99 (0.99-1.00)
OR = odds ratios, 95%CI=95% confidence intervals

<05, ¥+ <.01, ¥+ <.001;

and anxiety disorders. However, the odds of major depres- Discussion

sive episode and anxiety disorder remained roughly 2.7-3.3
times higher. For example, the odds of major depressive
episode associated with 4 or more hours of passive screen
time per day went from 3.33 in Model 1 to 2.73 in Model
2, with a reduction of 18%. Comparable estimates for social
phobia and generalized anxiety disorder include reductions
in the odds ratio from Model 1 to Model 2 in the magnitude
of 28% and 14%, respectively. Sleep delay, sleep interrup-
tions and reduced sleep duration were each significantly
and independently associated with increased odds of major
depressive episode, social phobia, and generalized anxiety
disorder among adolescents. Physical activity was no longer
significantly associated with major depressive episode and
anxiety disorders after adjusting for covariates.

This study identified that 4 or more hours of passive screen
time use per day, significantly and consistently increased
the likelihood of being classified with a major depressive
episode, social phobia, and generalized anxiety disorder.
These associations persisted over and above statistical
adjustments for physical activity and sleep. In contrast, few
associations were found between active screen time use and
these disorders.

The current results align with past studies document-
ing a positive association between screen time use and
self-reported depression and anxiety symptoms [22, 24,
53, 54]. Physical activity was not associated with major
depressive episode and anxiety disorders after adjusting
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Table 2 Associations between screen time and adolescent major depressive episode, social phobia, generalized anxiety disorder and specific
phobia, partially adjusted (model 1) and fully adjusted models (model 2)

Major depressive episode OR  Social phobia OR (95% CI) Generalized anxiety disorder ~ Specific phobia OR (95%

(95% CI) OR (95% CI) CI
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Age 1.32 (1.12- 1.23 (1.01- 1.12 (0.97- 0.98 (0.80— 1.22 (1.05- 1.11 (0.94- 0.97 (0.82— 0.93 (0.76—
1.55)%%* 1.48)* 1.30) 1.22) 1.42)* 1.32) 1.16) 1.23)
Sex (Female) 2.08 (1.14— 1.83 (0.98- 1.87 (1.02- 1.57 (0.87- 2.02 (1.22- 1.67 (0.98- 1.55 (0.87- 1.46 (0.79-
3.79)* 3.40) 3.41)* 2.83) 3.34)%* 2.81) 2.76) 2.71)

LIM (low 1.00 (0.99- 1.00 (0.99- 1.00 (0.99- 1.00 (0.99- 1.00 (0.99- 1.00 (0.99- 0.99 (0.99- 0.99 (0.99—
income) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00)

Screen time

Passive Screen Ref Ref Ref Ref Ref Ref Ref Ref
time (0<2 h)

Passive Screen  1.42 (0.74— 1.39 (0.74— 0.80 (0.39— 0.81 (0.38- 1.22 (0.68- 1.27 (0.73- 0.81 (0.37- 0.81 (0.37-
time (2<4h) 2.75) 2.59) 1.65) 1.76) 2.20) 2.21) 1.80) 1.81)

Passive Screen  3.33 (1.50- 2.73 (1.28- 4.58 (1.83— 3.30 (1.2- 3.26 (1.65- 2.80 (1.50— 1.71 (0.68- 1.58 (0.63-
time (>4hrs)  7.40)** 5.81)%* 11.47)** 7.20)** 6.43)%* 5.23)%* 4.33) 3.97)

Active Screen  Ref Ref Ref Ref Ref Ref Ref Ref
time (0<2 h)

Active Screen  1.23 (0.61- 1.23 (0.62- 0.78 (0.37- 0.74 (0.37- 1.15 (0.63- 1.13 (0.63- 1.07 (0.46- 1.09 (0.45-
time (2<4h) 247) 2.47) 1.64) 1.47) 2.10) 2.03) 2.52) 2.61)

Active Screen  1.08 (0.49— 1.13 (0.50- 0.50 (0.21- 0.52 (0.20- 0.92 (0.48— 0.91 (0.47- 1.11 (0.46— 1.14 (0.46—
time (>4hrs)  2.40) 2.56) 1.22) 1.32) 1.76) 1.79) 2.72) 2.89)

Sleep

Sleep delay Ref Ref Ref Ref
(< 10 min)

Sleep delay 2.25 (1.27- 2.92 (1.62— 1.46 (0.90- 1.68 (0.90-
(> 10 min) 3.99)%* 5.27)%** 2.36) 3.13)

Sleep interrup- Ref Ref Ref Ref
tion (0<2
times)

Sleep inter- 1.98 (1.05- 2.37 (1.29- 1.75 (1.03- 1.57 (0.84—
ruption (2-3 3.72)* 4.33)%* 2.96)* 2.93)
times)

Sleep inter- 2.84 (1.31- 3.49 (1.65- 4.30 (2.36— 1.28 (0.52-
ruption (5-7 6.12)** 7.39)** 7.81)%** 3.18)
times)

Sleep duration Ref Ref Ref Ref
(>8h)

Sleep duration 2.02 (1.03- 1.59 (0.81- 2.37 (1.28- 1.57 (0.84—
(7-8 h) 3.94)* 3.16) 4.37)** 2.94)

Sleep duration 1.73 (0.82— 1.60 (0.1- 2.02 (1.12— 1.29 (0.67—-
(< 7hrs) 3.66) 3.16) 3.66)* 2.49)

Physical activity

Physical Ref Ref Ref Ref
activity
(6-7 days)

Physical 0.79 (0.34- 0.59 (0.28- 1.05 (0.54- 0.73 (0.33—
activity 1.70) 1.26) 2.02) 1.59)
(4-5 days)

Physical 1.09 (0.52- 2.06 (0.93— 1.19 (0.61- 0.92 (0.46—
activity 2.29) 4.52) 2.31) 1.80)
(0-3 days)

OR odds ratios, 95%CI=95% confidence intervals
<05, ¥ < 01, ¥ < 001
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for demographic covariates, screen time and sleep. These
findings conflict with past studies that document a negative
association between physical activity and adolescent depres-
sion and anxiety symptoms [38, 39, 55]. The shared variance
between adolescent reports of passive and active screen time
use and physical activity may explain our findings. When
screen time was removed from our models, 0-3 days of
physical activity per week was significantly associated with
increased odds of a major depressive episode, social phobia,
and generalized anxiety disorder. Similarly, in unadjusted
models, adolescents endorsing 0-3 days of physical activity
per week were 2-3 times more likely to be classified with
major depressive episode, social phobia and generalized
anxiety disorder, compared to those adolescents endorsing
6-7 days/week of rigorous, physical activity (Table 1).

Four or more hours per day of passive screen time was
associated with a 3—4fold increase in the odds of major
depressive episode, social phobia, and generalized anxiety
disorder in adolescents, compared to less than 2 h per day.
Adjusting for sleep and physical activity led to a small-to-
moderate attenuation in odds, although passive screen time
continued to be independently associated with disorder.
Given the cross-sectional nature of our study design and
the existing state of the literature [15, 28], it is impossible
to determine the precise role that these variables play (i.e.,
mediators vs confounders) in the association between pas-
sive screen time and adolescent mood and anxiety disorders.
The magnitude of the attenuation in the odds ratios, which
ranged from 14% for generalized anxiety disorder to 28%
for social phobia, however, suggests that they may play an
important role in this association [56, 57]. Future longitu-
dinal studies examining the inter-dynamic and reciprocal
nature of the associations between sleep, physical activity,
screen time, and adolescent mood and anxiety disorders are
warranted.

In contrast, associations between active screen time and
adolescent mood and anxiety disorders were small in mag-
nitude and failed to reach statistical significance. While our
findings on the association between passive screen time and
major depressive episode is consistent with previous studies
documenting associations between passive screen time and
adolescent depressive symptoms [16, 17, 23, 24], associa-
tions with active screen time conflict with others that have
documented positive associations between active screen time
and adolescent depressive and anxiety symptoms [15, 25,
26]. It is important to note, however, that previous studies
failed to examine different types of screen time use simulta-
neously. Therefore, they are not directly comparable to the
current findings.

Active screen time (e.g. chatting, video gaming, working,
surfing the internet) is interactive and cognitively engaging
while the passive screen time (e.g. watching TV, video, You-
Tube) is more static and solitary. The social displacement

model may help explain the differential associations between
passive and active forms of screen time and adolescent major
depressive episodes and anxiety disorders reported in the
current study [58, 59]. The theory posits that the time spent
on screens will displace the opportunity to interact with
other people. Therefore, engaging in passive screen time
may reduce possible opportunities to interact with others.
Notably, our finding that 4 or more hours of passive screen
time was significantly associated with major depressive epi-
sode, social phobia and generalized anxiety disorder while
no association was found with specific phobias which pro-
vides support for this explanation. In other words, the static
and solitary aspect of passive screen time may be linked with
internalizing disorders that reflect a lack of social interac-
tion. To this end, our findings may help inform guidelines
that consider the differential impact of passive versus active
screen time on adolescent mental health to prevent internal-
izing disorders. However, given the cross-sectional nature
of our study, replication and extension of our findings using
longitudinal designs are warranted to evaluate the possibility
of reverse causation, whereby individuals who are depressed
are more likely to engage in passive forms of screen time.

There are several limitations to the current study. The
cross-sectional design precludes our ability to understand
the temporal ordering between screen time and adolescent
major depressive episode and anxiety disorders, and the
exact role of physical activity and sleep in these associations.
Second, the sole reliance on one self-reported item to assess
each of passive and active screen time may reduce measure-
ment sensitivity and contribute to measurement error [15].
For instance, it is possible that adolescents multi-task (e.g.
texting while watching TV) which may be more challenging
to capture through self-reports of average hours spent on
passive and active screen time. More digitalized approaches
to measuring screen time should be used in future stud-
ies. Lastly, our approach for measuring screen time lacked
specificity, with respect to the different types of screen and
media content (i.e. access Social Network Sites, video gam-
ing, internet surfing) or failed to differentiate adolescents
spending more than 4 h per day on screen.

Despite the aforementioned limitations, our findings add
to the current literature by examining the differential asso-
ciation of active versus passive screen time use on adoles-
cent mood and anxiety disorders in a representative sample.
Adolescent mental health is highly contingent upon their
social lifestyle, which is characterized by the integrated use
of devices with screens into their daily lives. Hence, under-
standing the differential role of active and passive screen
time use in adolescent mood and anxiety disorders is critical.
Currently, the American Academy of Pediatrics [60] and
Canadian guidelines for sedentary activity [61]recommend
that adolescents engage in no more than 2 h of screen time
per day. However, in Canada, less than 20% of youth meet
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Appendix

See Table 3.

Table 3 Associations between screen time and major depressive episode, social phobia, generalized anxiety disorder and specific phobia classi-
fied by parent only reports versus youth only reports

Major depressive episode or Social Phobia OR (95% CI) Generalized anxiety disorder ~ Specific Phobia OR (95%

(95% CI) or (95% CI) CI)
Youth Parent Youth Parent Youth Parent Youth Parent
Age 1.45(1.13- 1.04 (0.80- 1.03 (0.75- 1.08 (0.84— 1.22 (0.99—- 0.98 (0.82— 0.95 (0.74— 0.78 (0.61-
1.84)* 1.36) 1.41) 1.37) 1.49) 1.19) 1.21) 0.99)*
Sex 2.18 (1.12— 1.32 (0.57- 6.32 (2.98- 0.82 (0.40— 2.20 (1.18- 1.58 (0.70- 1.66 (0.79— 0.96 (0.42—
4.26)* 3.08) 13.39)%##* 1.65) 4.12)* 3.58) 3.48) 2.22)
LIM 1.00 (0.99- 1.00 (0.99— 1.00 (0.99- 1.00 (0.99— 0.99 (0.99- 1.00 (0.99— 0.99 (0.99— 0.99 (0.99-
1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00) 1.00)

Screen time
Passive screen  1.27 (0.59— 1.64 (0.64— 0.63 (0.24— 1.35 (0.48- 1.16 (0.61- 0.79 (0.35- 1.42 (0.70- 0.63 (0.18—

time 2<4h) 2.75) 4.18) 1.68) 3.84) 2.23) 1.79) 2.90) 2.18)

Passive screen  1.76 (0.72— 5.09 (1.95- 1.49 (0.55- 5.29 2.01- 1.71 (0.83- 3.71 (1.53- 1.89 (0.67- 1.86 (0.57-
time (>4hrs)  4.32) 13.31)** 4.07) 13.92)%** 3.52) 9.01)** 5.34) 6.13)

Active screen  1.77 (0.66— 1.09 (0.47- 0.79 (0.30- 1.02 (0.39- 1.83 (0.98- 0.65 (0.28- 1.44 (0.53- 0.95 (0.27-
time 2<4h) 4.77) 2.50) 2.04) 2.68) 3.44) 1.49) 3.87) 3.35)

Active screen  0.64 (0.59— 0.81 (0.28- 1.05 (0.34- 0.74 (0.22- 1.93 (0.96— 0.54 (0.19- 1.75 (0.56— 0.60 (0.18—
time (>4hrs)  4.56) 2.38) 3.21) 2.43) 3.92) 1.56) 5.41) 2.06)

Sleep

Sleep delay 3.30 (1.63- 1.99 (0.94— 2.25 (1.00- 3.98 (1.87- 1.68 (0.93— 1.28 (0.61- 1.67 (0.76- 1.55 (0.65-
(> 10 min) 6.69)** 4.26) 5.04)* 8.47)*** 3.03) 2.67) 3.68) 3.69)

Sleep inter- 1.97 (0.94— 1.93 (0.79- 4.05 (1.80— 2.39 (1.21- 1.81 (0.99- 248 (1.11- 1.57 (0.79- 1.37 (0.49-
ruption (2-3 4.16) 4.75) 9.13)** 4.71)* 3.29) 5.53)* 3.20) 3.77)
times)

Sleep inter- 3.93 (1.50- 1.45 (0.56— 9.94 (3.83- 1.02 (0.40— 4.26 (2.24- 2.65 (0.99- 2.06 (0.72— 1.43 (0.34-
ruption (5-7 10.31)* 3.78) 25.79)%** 2.65) 8.11) 7.09) 5.89) 5.95)
times)

Sleep duration 1.74 (0.71- 2.27 (0.97- 1.69 (0.55- 1.15 (0.49- 2.61 (1.22- 1.79 (0.80- 2.03 (0.88- 1.17 (0.52—
(7-8 h) 4.30) 5.28) 5.13) 2.69) 5.59)* 4.03) 4.70) 2.64)

Sleep duration 1.51 (0.64— 1.47 (0.42- 3.06 (1.17- 0.68 (0.31- 2.30 (1.21- 1.06 (0.41- 1.08 (0.47- 1.99 (0.81-
(< 7hrs) 3.55) 5.13) 8.01)* 1.45) 4.37)* 2.76) 2.50) 4.89)

Physical activity

Physical 0.57 (0.23— 0.76 (0.25—- 0.27 (0.08- 0.57 (0.22— 0.67 (0.31- 1.23 (0.38- 0.71 (0.30— 0.81 (0.24-
activity 1.39) 2.37) 0.89)* 1.47) 1.46) 3.990 1.70) 2.81)
(4-5 days)

Physical 0.76 (0.31- 1.49 (1.03- 1.15 (0.37- 1.92 (0.73- 0.99 (0.49- 2.14 (0.78- 0.63 (0.28- 1.66 (0.60—
activity 1.83) 3.96) 3.57) 5.09) 2.01) 5.89) 1.40) 4.57)
(0-3 days)

OR odds ratios; 95%CI=95% confidence intervals
¥ <.05, ¥ < .01, #¥ <001
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