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Abstract

Background: To elucidate the populations and conditions where screen-based sedentary behaviors (SB) and
internalizing symptoms are coupled, this review synthesized the evidence for factors that may moderate the
associations between screen-based SB, depressive symptoms, and anxiety symptoms among youth.

Methods: Two independent researchers conducted a systematic literature search of the Medline, psycINFO, and
Scopus electronic databases in late 2018 for observational studies assessing moderators of the association between
screen-based SB and depressive and anxiety symptoms. Studies among children and adolescents were eligible if
moderation was assessed by statistical test (interaction) or stratification; and a narrative synthesis of eligible studies
was conducted in accordance with PRISMA guidelines.

Results: Seventy empirical studies (46 cross-sectional, 19 longitudinal, and 5 both) of 13 different moderating
variables of screen-based SB-internalizing symptom associations met the eligibility criteria. Of these, 40 studies were
of depressive symptoms, 2 were of anxiety symptoms, and 28 studies assessed symptoms of both. The most
consistent evidence of moderation was for screen-type, such that TV viewing was not as strongly associated with
internalizing symptoms compared to other forms of screen-based SB. There was also inconsistent evidence for
physical activity buffering screen-based SB-internalizing symptom associations and for female sex amplifying screen-
based SB-internalizing symptom associations. In general, the body of evidence for anxiety symptoms was more
limited than that for depressive symptoms, and were therefore more inconsistent.

Conclusions: Screen-type, physical activity, and sex may influence the magnitude of screen-based SB-internalizing
symptom coupling; highlighting potential sources of heterogeneity of screen-based SB-internalizing symptom
associations. Additional studies aimed at understanding potential mechanistic explanations for the above
moderators are needed prior to the development of tailored intervention strategies designed to decouple screen-
based SB and internalizing symptoms among youth.
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Introduction

Screen-based sedentary behaviors (SB) such as television
viewing and computer use have become ubiquitous in
children and adolescents, in part because of the increas-
ing availability of youth-friendly digital entertainment
[1]. Even more concerning, the prevalence of screen-
based SB increases across childhood and adolescence
[2]. Because screen-based SB are modifiable behaviors
that strongly predict future levels of screen-based SB [3]
and consequently adverse health-outcomes in adulthood
[4], understanding the determinants, correlates, and con-
sequences of screen-based SB among youth is critical for
informing preventive interventions that may benefit
health throughout the lifespan.

Paralleling the rising rates of screen-based SB, the ado-
lescent developmental period is also a high-risk period
for the onset of internalizing symptoms and disorders
[5]. Recent national U.S. estimates indicate the lifetime
prevalence of depressive or anxiety disorders in adoles-
cents are 11.7 and 31.9%, respectively [6], but the inci-
dence of subclinical depression and anxiety levels is
much higher [7, 8]. Depression and anxiety in youth —
even at levels below the threshold of a psychiatric diag-
nosis — increase risk for suicide, substance misuse, obes-
ity [9, 10], poorer social development, and worse
academic performance [11].

Previous systematic reviews and meta-analyses have
provided evidence that screen-based SB and internalizing
symptoms may be associated with one another among
youth [12-14]. It is believed that psychosocial mecha-
nisms play a role in linking screen-based SB and intern-
alizing symptoms. For example, the social withdrawal
theory postulates that engaging in screen-based SB can
lead to social isolation, which may increase risk for in-
ternalizing symptoms [15]. While the abovementioned
systematic reviews and meta-analyses were critical for
identifying potentially positive associations between
screen-based SB and internalizing symptoms, they also
highlighted inconsistencies in the findings across the in-
dividual studies [12, 14]. The heterogeneity of findings
may, in part, be a result of unexplored moderators of the
association between screen-based SB and internalizing
symptoms.

A current gap in the literature is the lack of information
on potential moderators of the association between
screen-based SB and internalizing symptoms that may be
contributing to inconsistencies in previous findings. For
example, psychosocial factors associated with puberty may
lead to the moderation of screen-based SB-internalizing
symptom associations by sex such that screen-based SB
may be related to depressive symptoms among girls, but
not boys [16]. For girls in particular, puberty tends to be a
time of high psychological distress, low self-esteem, and
body-discontentment [17]. If consistent evidence emerges
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for sex as a moderator (e.g., screen-based SB-internalizing
symptom associations are stronger among girls compared
to boys) then heterogeneity across study findings may be
attributed, in part, to moderation by sex that previous in-
vestigations may have failed to take into account. Overall,
identifying the variables that strengthen or weaken the as-
sociation between screen-based SB and internalizing
symptoms is essential to identifying sources of inconsist-
encies in the existing literature, vulnerable populations,
and directions for future research dedicated to optimizing
intervention strategies.

Taken together, the goal of this review was to address
this literature gap by providing a comprehensive over-
view and systematically integrate the results of observa-
tional studies assessing moderators of screen-based SB-
depressive and anxiety symptom associations. Thus, the
aims of this paper were to 1) summarize the moderating
variables of the association between self-reported
screen-based SB (e.g., television viewing, computer use)
and depression and anxiety (or depressive and anxiety
symptoms) among clinical and nonclinical samples of
youth, 2) discuss potential mechanisms of moderation
based on the consistency of evidence for particular mod-
erators, and 3) pose suggestions for future research
aimed at informing tailored intervention strategies
among vulnerable populations.

Methods

The review was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18].

Search strategy

Until December 2018, JZ and KI separately queried the
Medline/PubMed, psycINFO, and Scopus electronic da-
tabases using the following search terms: (sedentary OR
sitting OR screen time OR media) AND (mental health
OR anxiety OR anxious OR depress* OR emotional OR
internalizing OR social phobia OR panic disorder) AND
(child* OR adolescents OR adolescence OR youth). Ti-
tles and abstracts were first evaluated. For those identi-
fied as possibly relevant, full texts were retrieved and
assessed for inclusion in this review. Reference lists of
relevant review articles were also examined.

Study selection criteria

Peer-reviewed articles reporting on human studies pub-
lished in English were included. Studies were included if
a screen-based SB-anxiety symptom or screen-based SB-
depressive symptom association was estimated (or if
group differences were tested), and if moderation was in-
vestigated by statistically testing interaction terms or by
stratifying analyses (e.g., by sex) without a formal statis-
tical test for interaction. In addition, studies that
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reported estimates of associations in a common sample
separately across different variants of a construct (e.g.,
screen-based SB — stratifying analyses by TV viewing,
computer use, and videogame playing) were also consid-
ered for evidence of moderation. Studies that reported
on composite variables comprised of both, screen-based
and non-screen-based SB were not included in the
current review because screen-based SB-specific associa-
tions could not be parsed out. Further, although they
may provide specific mechanistic explanations for
screen-based SB-internalizing symptom associations,
studies that reported on variants within the screen-based
SB construct beyond screen-type, such as specific con-
tent, were considered outside of the scope of this review.
Studies utilizing any measure of anxiety or depressive
symptoms, not limited to a clinical diagnosis, and in-
cluding screening questions were eligible. Disagreement
between JZ and KI regarding articles to be included in
the review was addressed with discussion until a consen-
sus was met.

Data extraction and evidence synthesis

Pertinent information from each of the identified full-
text studies was extracted, including authors, year of
publication, sample parameters (sample size and mean
age), study design, measures of screen-based SB and in-
ternalizing symptoms, moderators tested, and study re-
sults (parameter estimates) which also included
significance of these moderators (amplifier/buffer/null).
An amplifier was a stratum of a variable that strength-
ened the association between screen-based SB and in-
ternalizing symptoms, while buffers weakened the
strength of the observed relationships. On occasions
when a moderator resulted in a significantly protective
association between screen-based SB and internalizing
symptoms among a particular group and a null associ-
ation among another group, it was considered as evi-
dence of a buffering effect. For example, if screen-based
SB were protective against internalizing symptoms
among girls and unrelated to internalizing symptoms
among boys, then female sex was considered a buffer.
Strata of the same variable that showed comparable as-
sociations between screen-based SB and internalizing
symptoms were considered null. For example, if analyses
were stratified by sex, and both sedentary boys and girls
experienced greater odds of depressive symptoms (with
highly overlapping confidence intervals), then sex as a
moderator was considered null. Percent difference in ef-
fect estimates between strata and sample size were also
considered when determining the strength of the evi-
dence for moderation on occasions where overlapping
confidence intervals were present or when confidence
intervals were not provided.
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Consistent with previous systematic reviews [19, 20], if
0-33% of studies of a particular moderating variable
provided evidence of significant moderation, then the
summary result was classified as null; if 34—-59% of stud-
ies of a particular moderating variable provided evidence
for significant moderation, then the summary result clas-
sified as inconsistent. An inconsistent summary result
also occurred in the event that fewer than four individ-
ual studies tested a particular variable as a moderator.
Lastly, if 60% or more of studies of a moderating variable
provided evidence of significant moderation, then the
summary result was classified as significant.

Methodological quality assessment

JZ and KI independently rated the methodological qual-
ity of each study using a modified version of an eight-
component rating scale [21], consistent with a previous
systematic review of SB and risk for anxiety [22]. Meth-
odological quality was scored based on six components
of the abovementioned tool: (1) selection bias (represen-
tativeness of the sample), (2) study design (cross-sec-
tional vs. longitudinal), (3) confounders (controlling for
demographic characteristics and body mass index), (4)
data collection tools (valid and reliable), (5) withdrawals
and dropouts (percentage of participants providing full
data), and (6) appropriateness of analyses for the study
design. The two components from the original were not
relevant to observational studies and were therefore not
included in our quality assessment were (1) blinding
component and (2) other intervention-specific criteria.
Each of the six above components were individually
rated as weak, moderate, or strong. If a component was
not described in enough detail to assign a rating, it was
rated as weak. Once all six components of a study were
rated, the study was given an overall rating. Studies were
rated as (1) weak, if two or more individual components
were rated as weak, (2) moderate, if less than three com-
ponents were rated as strong with no more than one
component with a weak rating, or (3) strong, if three or
more study components were rated as strong.

Results

Overview of the studies

Figure 1 presents the PRISMA flow of study selection.
The initial literature search yielded 1964 articles. After
removal of duplicates, 1543 articles remained. After
screening titles and abstracts for relevance, 147 full-text
articles were retrieved for further review. Seventy full-
text articles tested moderation and were included. Forty-
six of these studies were cross-sectional, while 19 were
longitudinal, and five were both. Two of these articles
assessed anxiety symptoms only, 40 assessed depressive
symptoms only, and 28 investigated both internalizing
symptoms and their relationship with screen-based SB.
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Further, of the 70 studies included in this review, only
four were among those with clinical diagnoses of intern-
alizing disorders (as determined by a physician) across
three unique samples. Additional characteristics of these
studies, including methodological quality score, are pre-
sented in Table 1. Interrater reliability (Cohen’s Kappa)
between JZ and KI regarding manuscripts to be included
in the review was 0.77, indicating substantial agreement
between raters [91]; there was 80% agreement on meth-
odological quality scores between raters. The remainder
of this section is organized by the moderators that were
assessed within the original studies.

Sex (depressive symptoms: n = 43; anxiety symptoms: n = 20)
Forty-three studies tested sex as a moderator when
investigating depressive symptom-screen-based SB as-
sociations, and of these, approximately half (n=20)
provided evidence that sex was a significant moder-
ator. Fourteen (one among a clinical sample) of the
20 studies provided evidence for female sex as an
amplifier of screen-based SB-depressive symptom

associations [16, 29, 39, 40, 43, 52, 56, 62, 69, 81, 84,
87, 89, 90]. Furthermore, the majority (11 of the 14,
one among a clinical sample) of these studies were
conducted in large samples of over 1500 participants,
including children and those in early- and mid- ado-
lescence [29, 39, 40, 43, 56, 62, 81, 84, 87, 89, 90].
Only seven studies in adolescents found that female
sex acted as a buffer of screen-based SB-depressive
symptom associations [36, 46, 50, 67, 73, 82, 83].
Altogether, there is inconsistent evidence (46.5% of
studies) of moderation of screen-based SB depressive
symptom associations by sex; however, among the
studies that found sex differences, 70.0% of studies
identified female sex as an amplifier of associations.
Fewer studies (n = 20) investigated sex as a moderator of
the relationship between screen-based SB and anxiety
symptoms. Of the 20 studies, 14 studies did not provide
evidence for moderation by sex [4, 23, 25, 26, 45, 47, 58,
62, 71, 72, 75, 80-82]. Of the six studies providing evi-
dence for moderation by sex, five (one among a clinical
sample and two with samples of over 10,000 participants)
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found female sex as an amplifier of screen-based SB-
anxiety symptom associations [29, 43, 69, 70, 87]; while
one study found that sedentary boys had more symptoms
of anxiety compared to sedentary girls [67]. The summary
result for moderation of screen-based SB-anxiety symp-
tom associations by sex is null (30.0% of studies).

Age (depressive symptoms: n = 6; anxiety symptoms: n=
1

A cross-sectional study in 8029 students aged 10 tol6
years old found that compared to the younger children
in the sample, adolescents who met screen-time recom-
mendations were less likely to develop depressive symp-
toms [60]. However, a longitudinal study of over 1700
adolescents found that screen-based SB was unrelated to
symptoms of depression in those in early- and late- ado-
lescence, however significant positive associations
emerged in those in mid-adolescence [50]. Four studies
(one among a clinical sample) with smaller sample sizes
found that age was not a significant moderator of
screen-based SB-depressive symptom associations [61,
72, 74, 76]. Thus, there is inconsistent evidence (33.3% of
studies) for age as a moderator of screen-based SB-
depressive symptom associations.

Only one investigation assessed age as a moderator of
screen-based SB-anxiety symptom associations; this lon-
gitudinal and bi-directional study of over 500 young
children did not provide evidence for age as a moderator
(null interaction term) [72]. Because fewer than four
studies assessed age as a moderator of screen-based SB-
anxiety symptom associations, there is inconsistent evi-
dence for moderation by age.

Variables relating to country of origin/cultural factors
(depressive symptoms: n = 2; anxiety symptoms: n = 0)
McHale et al. found that an aspect of Mexican cultural
orientation, parental educational value, modified the re-
lationship between TV viewing and depressive symp-
toms; symptoms of depression and TV viewing were
only related to one another among children with fathers
with low educational value in this cross-sectional study
of 469 youth [65]. Additionally, a study conducted
among Japanese and Czech children concluded that
videogame playing reduced symptoms of depression in
the Japanese children, while there were no associations
found in the Czech sample [59]. Given the few available
studies, there is inconsistent evidence for moderation by
cultural factors.

Physical activity (depressive symptoms: n = 6; anxiety
symptoms: n = 3)

Three cross-sectional studies among adolescents found that
moderate-to-vigorous PA or vigorous PA buffered screen-
based SB-depressive symptom associations [30, 51, 55].
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Contrarily, three studies among children and adolescents
did not provide evidence for PA, including in the form of
physical education classes and organized sports, as a signifi-
cant moderator [26, 60, 83]. Taken together, there is incon-
sistent evidence (50.0% of studies) for PA as a moderator of
screen-based SB-depressive symptom associations; how-
ever, among the studies with significant findings, 100.0%
identified PA as a buffer of associations.

Only three studies assessed PA as a moderator of the
relationship between screen-based SB and symptoms of
anxiety. Two found that vigorous PA weakened screen-
based SB-anxiety symptom associations [30, 51], while
one did not provide evidence for leisure-time PA moder-
ating screen-based SB-anxiety symptom associations
[26]. Given the limited number of studies, there is incon-
sistent evidence for PA as a moderator of screen-based
SB-anxiety symptom associations.

Other potential moderators (depressive symptoms: n=11;
anxiety symptoms: n=8)

Twelve studies investigated potential moderators that do
not fall into the above categories. Three studies assessed
how different peer/social factors (e.g., perceived friend-
ship quality, in-person social interactions) may influence
the strength of the relationship between screen-based SB
and internalizing symptoms. For example, a recent longi-
tudinal investigation revealed a three-way interaction be-
tween screen-based SB, sex, and social context in
adolescents; girls who played videogames with peers
were more likely to experience symptoms of anxiety,
while boys who played videogames with peers were less
likely to experience symptoms of anxiety [70]. In another
study, there were no screen-based SB-internalizing symp-
tom associations among youth with medium to high per-
ceived friendship quality; while among children with low
perceived friendship quality, instant messaging predicted
fewer depressive symptoms and surfing the web was re-
lated to more depressive and anxiety symptoms in this
subgroup [80]. The same study did not identify a three-
way interaction between screen-based SB, sex, and per-
ceived friendship quality among the sample [80]. Lastly, in
a study of a nationally-representative sample, Twenge
et al. found that social media use was only related to de-
pressive outcomes among those with low in-person social
interactions [84]. With the limited number of studies
across different conceptualizations of the peer and social
environment, there is inconsistent evidence for peer/social
factors as moderators of screen-based SB-internalizing
symptom associations.

Three studies investigated parental factors as potential
moderators. Parental communication and parental in-
volvement were not significant moderators of screen-
based SB-internalizing symptom associations in studies
among children and adolescents [49, 66]. Lastly, parental
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alcoholism did not moderate screen-based SB-depressive
symptom associations, while it was an amplifier of the
associations between surfing the web, playing video-
games, and anxiety symptoms among a sample of 328
adolescents [69]. There is inconsistent evidence for par-
ental factors moderating screen-based SB-internalizing
symptom associations due to the limited number of
available studies.

Four studies assessed potential moderation by a
number of indicators and proxies for socioeconomic
status including parental education, household in-
come, and neighborhood-level socioeconomic charac-
teristics, with each study providing no evidence of
moderation [23, 34, 66, 72]. Taken together the sum-
mary result is null (0.0% of studies) for socioeco-
nomic status as a moderator of screen-based SB-
internalizing symptom associations.

Four studies looked at additional variables as potential
moderators that do not fall into the above subcategories.
Kim and Ahn found that neighborhood divorce rate
weakened the positive longitudinal relationship between
screen-based SB and depressive symptoms, whereas
population size and education were not moderators [57].
In one longitudinal study of over 7000 pre-adolescent
youth, investigators found that self-rated general health
and pubertal status do not moderate screen-based SB-
internalizing symptom associations [23]. Kleppang et al.
assessed if the year of investigation (2001 vs. 2009) influ-
enced the strength of screen-based SB-internalizing
symptom associations and found no evidence of moder-
ation [58]. Lastly, Internet use and sleep duration were
independently associated with depressive symptoms,
however the interaction between these two variables was
not significant, and thus the strength of the association
between Internet use and depressive symptoms did not
vary by sleep duration [37].

Type of screen-based sedentary behavior

Screen-based SB was conceptualized differently across
studies, which may have influenced the strength of
the observed associations with internalizing symp-
toms. Screen-based SB was typically defined as TV
viewing, computer use, and videogame playing; result-
ing in investigators stratifying analyses by screen-type.
Twenty-four studies provided evidence for differential
associations by screen-type (e.g., TV viewing vs. com-
puter use) when looking at screen-based SB in rela-
tion to depressive or anxiety symptoms; while eleven
studies indicated that type of screen-based SB did not
influence the strength of the observed associations.
Taken together, there is significant evidence (68.6% of
studies) of moderation by screen-type. Below, these
individual studies are reviewed in more detail by
screen-type.
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Comparison of associations of TV viewing with
internalizing symptoms vs. another screen-based SB
(depressive symptoms: n =29; anxiety symptoms: n=13)
More than half of the studies (# = 16, two among clinical
samples) found that TV viewing was more weakly re-
lated to depressive symptoms compared to at least one
other form of screen-based SB, such as computer use
and videogame playing [35, 40—42, 50, 54, 61-64, 67, 68,
76, 84, 86, 87]. Three (one among a clinical sample)
studies determined that TV viewing was related to de-
pressive symptoms, with similar effect estimates com-
pared to other electronic use investigated [35, 42, 77].
Five studies indicated that TV viewing was more
strongly related to depressive symptoms compared to at
least one other form of screen-based SB [28, 31, 33, 44,
73] and seven studies (one among a clinical sample) pro-
vided evidence that all forms of screen-based SB (includ-
ing TV) were unrelated to depressive symptoms [24, 28,
47, 69, 71, 72, 74]. Lastly, Yang et al. found that TV
viewing among girls was more strongly related to the de-
pressive symptom of feeling sad or having little interest
in doing things compared to other screen-types [89];
however, this study has also demonstrated that TV view-
ing was more weakly related to other symptoms of de-
pression such as crying easily or feeling hopeless about
the future, compared to other forms of screen-based SB
[89].

Thirteen studies (two among clinical samples) examined
TV viewing-anxiety symptom associations among youth.
A majority (n=9) of studies found that compared to at
least one other type of screen-based SB, TV viewing was
not as strongly related to symptoms of anxiety [42, 62—64,
67, 69, 86-88]. One study indicated that TV viewing,
along with other forms of screen-based SB, were each re-
lated to symptoms of anxiety with similar magnitudes
(cross-sectionally only) [42]. Lastly, four investigations
found that all forms of screen-based SB (including TV)
were unrelated to anxiety symptoms [24, 47, 71, 72].

Comparison of associations of computer use/internet use

with internalizing symptoms vs. another screen-based SB

(depressive symptoms: n =29; anxiety symptoms: n=12)

Of the 29 studies that assessed the relationship between
computer use and depressive symptoms, five determined
that computer use was more weakly associated with de-
pressive symptoms compared to at least one other form
of screen-based SB [35, 44, 50, 67, 84]; and two studies
found a protective association between computer use
and depressive symptoms while simultaneously demon-
strating either null or positive associations between an-
other form of screen-based SB and depressive symptoms
[33, 64]. Thirteen studies (two among clinical samples)
concluded that computer usage was more strongly re-
lated to depressive symptoms compared at least one
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other form of screen-based SB [31, 40—42, 54, 61-63, 68,
76, 86, 87, 89]. Cross-sectionally, Bickham et al. did not
find associations between any form screen-based SB and
depressive symptoms, however longitudinally, TV view-
ing and mobile phone use were positively associated
with depressive symptoms while computer and video-
game use remained unrelated to depressive symptoms
[28]. Three studies (one among a clinical sample) con-
cluded that computer use was associated with depressive
symptoms, with similar effect estimates compared to the
other forms of screen-based SB investigated [35, 42, 77].
Finally, seven studies (one among a clinical sample)
found that engagement in each screen-type (including
computer use) was unrelated to depressive symptoms
[24, 69, 71, 72, 74, 85, 92].

Four studies (two among clinical samples) found that
computer use was positively associated with symptoms
of anxiety, and that computer use was more strongly re-
lated to symptoms of anxiety than other forms of
screen-based SB [62, 69, 86, 87]; whereas one study
found that computer use was protective against symp-
toms of anxiety [64]. Only two studies found that com-
puter use was more weakly associated with symptoms of
anxiety compared to at least one other form of screen-
based SB [63, 67]. Cross-sectionally, Gopinath et al.
found that each type of screen-based SB (including com-
puter use) was similarly related to symptoms of anxiety,
whereas longitudinally, computer use was more strongly
related to symptoms of anxiety compared to TV viewing
[42]. Lastly, four studies found that each form of screen-
based SB assessed was unrelated to symptoms of anxiety
[24, 71, 72, 92].

Comparisons of associations of videogame playing with
internalizing symptoms vs. another screen-based SB
(depressive symptoms: n =21; anxiety symptoms: n=12)
Eleven of 21 studies (two among clinical samples) con-
cluded that videogames were more strongly related to
depressive symptoms compared to at least one other
form of screen-based SB [41, 42, 61-64, 67, 68, 76, 86,
87]; while four studies found that videogame playing was
more weakly related to symptoms of depression com-
pared to at least one other screen-type [28, 35, 50, 73].
Further, one study found that videogames were protect-
ive against symptoms of depression [31]. Videogame
playing, along with other forms of screen-based SB were
each similarly positively associated with depressive
symptoms in two studies [35, 42]. Lastly, six studies (one
among a clinical sample) found that videogame playing
(along with all other screen-types) was not related to de-
pressive symptoms [24, 28, 69, 71, 72, 74].

Seven of twelve studies (two among clinical samples)
found a stronger association between videogame playing
and symptoms of anxiety as compared to another form
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of screen-based SB [42, 62—64, 67, 86, 87]. Alternatively,
one study indicated that videogames were more weakly
associated with anxiety symptoms as compared to other
screen-types [88]. Ohannessian found a positive associ-
ation between videogames and symptoms of anxiety in
girls, but a negative association between these two vari-
ables in boys [69]. Lastly, one found that engagement in
all screen-types were similarly positively associated with
anxiety symptoms [42], while three studies found that
each screen-based SB was similarly unrelated to anxiety
symptoms [24, 71, 72].

Comparisons of associations of other screen-based
sedentary behaviors with internalizing symptoms
(depressive symptoms: n = 10; anxiety symptoms: n =4)
In addition to the three main types of screen-based SB
(TV viewing, computer use, and videogame playing),
there were some investigations of other screen-types in
relation to internalizing symptoms. Six studies assessed
how texting/mobile phone use related to depressive
symptoms; and of these, only one study found that text-
ing/mobile phone use was more strongly related to de-
pressive symptoms compared to other screen-types
longitudinally [28]. Alternatively, two studies found that
texting/mobile phone use had weaker associations with
depressive symptoms compared to other forms of
screen-based SB [61, 64]; while three studies concluded
that texting/mobile phones were similarly unrelated to
depressive symptoms compared to other forms of
screen-based SB [69, 72, 85]. Social media was also a
screen-based SB that was investigated in two studies;
both demonstrated that social media use was more
strongly related to depressive symptoms compared to
other forms of screen-based SB [50, 84]. In another
study, tablet use on weekdays was more strongly related
to depressive symptoms compared to other screen-types,
however this pattern did not emerge on weekend days,
when all screen-based SB were similarly positively asso-
ciated with depressive symptoms [35]. Lastly, Primack
et al. found that watching videos was unrelated to de-
pressive symptoms, compared to TV viewing which was
positively associated with depressive symptoms in a lon-
gitudinal study of over 4000 participants [73].

Only four studies investigated the relationship between
other types of screen-based SB and symptoms of anxiety.
Specifically, two studies found that texting was more
weakly related to symptoms of anxiety as compared to at
least one other form of screen-based SB [64, 69]. On the
other hand, one study found that mobile phone use was
similarly bi-directionally unrelated to symptoms of anx-
iety compared to other screen-types [72]. Lastly, study-
ing on electronic devices and going on social networking
sites on schooldays, specifically, were more strongly re-
lated to symptoms of anxiety compared to other forms
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of screen-based SB, such as watching videos, in a study
of over 2600 adolescents [88]. On non-school days, how-
ever, only social networking sites were related to symp-
toms of anxiety in this sample [88].

Sensitivity analyses among studies of high
methodological quality (depressive symptoms: n =6;
anxiety symptoms: n=1)

Sensitivity analyses of the six studies with high methodo-
logical quality were conducted to gain a better under-
standing of findings across studies that were rated as the
least likely to be subject to biases; five were of depressive
symptoms [33, 53, 57, 73, 90] and one was of depressive
and anxiety symptoms [30].

Sex was tested as a moderator in three studies, with
mixed findings [53, 73, 90]. Stratified analyses among ap-
proximately 1500 adolescents indicated that Internet use
was related to depressive symptoms among girls, but not
boys [90]. However, a later longitudinal study of over
4000 adolescents found that female sex was a buffer of
screen-based SB-depressive symptom associations via a
statistical test of interaction [73]. Lastly, a study of the
association between clusters of energy balance behaviors
and depressive symptoms found that those within the
clusters encompassing the highest levels of screen-based
SB had the greatest level of depressive symptoms, re-
gardless of sex [53].

The influence of screen-type on screen-based SB-
depressive symptom associations was investigated in two
studies, and differences by screen-type emerged in both
[33, 73]. In a longitudinal study of over 10,000 adoles-
cents, investigators found that Internet games were pro-
tective of subsequent depressive symptoms, while TV
viewing was unrelated to depressive symptoms [33]. On
the other hand, Primack et al. found that among the
screen-types investigated (TV viewing, videos, and video-
game playing), only TV viewing was longitudinally re-
lated to increased odds of depressive symptoms [73].

In a longitudinal study of middle-schoolers, Kim et al.
found that among various neighborhood characteristics, in-
cluding divorce rate, population size, and education level,
only neighborhood divorce rate influenced the strength of
the association between videogame playing and subsequent
depressive symptoms [57]. Neighborhoods with a higher
neighborhood divorce rate buffered the association between
videogame playing and depressive symptoms, as indicated
by a significant test for interaction [57]. Lastly, a study of
over 5000 adolescents demonstrated that vigorous PA
buffers the association between screen-based SB, depressive
symptoms, and anxiety symptoms [30].

Discussion
The aim of this paper was to summarize the evidence
for potential moderators of screen-based SB and
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internalizing symptom associations to better understand
the heterogeneity of previous study findings, identify at-
risk populations, and to pose future research directions
for the field. Screen-type most consistently influenced
the strength of the association between screen-based SB
and internalizing symptoms. However, the evidence for
symptoms of anxiety, specifically, is more limited, and
therefore findings should be interpreted with caution.
Currently, the literature provides inconsistent evidence
for moderating effects by sex, age, cultural characteris-
tics, PA, peer factors (e.g., friendship quality and social
context), and parental factors (e.g., parental communica-
tion). Further, there is no evidence of moderation by so-
cioeconomic status.

Synthesis of findings and implications

Our results indicate that screen-type influences the
strength of the screen-based SB-depressive symptoms
relationship; TV viewing appears less likely to be associ-
ated with depressive symptoms, compared to computer
use and videogame playing. Screen-specific associations
highlight that psychosocial mechanisms, which only
occur when one is engaged in certain forms of screen-
based SB, are likely to explain the link between screen
time and internalizing symptoms. For example, being a
victim of cyber-bullying may contribute to the positive
association between computer/Internet use, specifically,
and depressive symptoms [93, 94]. Further, the online
environment may be especially hostile for adolescent
girls, who report being exposed to more unintentional
negative online content (sexual content, slander) com-
pared to boys [95]. Additionally, passive social media
use, the monitoring of others’ lives by viewing the con-
tent of their profiles, may increase susceptibility to in-
ternalizing symptoms [96, 97]; passive social media use
may be particularly detrimental because it increases
one’s feelings of inferiority via upward social comparison
and can increase perceived loneliness [98]. On the other
hand, utilizing the computer for instrumental reasons,
such for school work or email, is not associated with in-
creased symptoms of depression in youth [82]. Taken to-
gether, computer/Internet use may be more worse for
the emotional well-being of youth compared to other
forms of screen-based SB when it is utilized for specific
purposes.

Similarly, only certain forms of videogaming may have
negative consequences for youth. A study among chil-
dren found that violent videogames were correlated with
depressive symptoms, while videogames without violent
content were unrelated to depressive outcomes [99]. Fre-
quent and competitive video gaming (playing against
others) may also pose negative implications for psycho-
social well-being [100]. Conversely, other work has
shown that videogaming may have a positive influence
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on development [101]. Playing casual videogames—ones
that are fun, easy to learn, and readily accessible (i.e. Be-
jeweled II)—can improve mood and promote relaxation
[102, 103]; further, a review and meta-analysis provides
evidence for the efficacy of reducing internalizing symp-
toms with certain types of videogames, even among clin-
ical samples [104]. Thus, emotional influence of
videogames may depend on the content, type, and pur-
pose of the videogame play. Taken together with our
findings that computer and videogame use are more
likely to be associated with depressive symptoms com-
pared to television viewing, interventions aimed at redu-
cing symptoms of depression via reducing sedentary
time may most effective if they targeted computer use
and videogame playing, specifically. However, future re-
search should attempt to gain a better understanding of
how specific behaviors within computer and videogame
use (e.g., passive vs. active social media use) relate to in-
ternalizing symptoms prior to the development of inter-
vention strategies, given that not all types and content of
computer use and videogame play may have emotional
consequences.

Sex was among the most commonly-studied modera-
tors of screen-based SB-internalizing symptom associa-
tions; our review revealed inconsistent evidence for
moderation by sex. Inconsistencies in the evidence for
sex as a moderator may be due unexplored three-way in-
teractions between sex, screen-based SB (or internalizing
symptoms), and another third variable, for example age.
It is conceivable that sex may be an important moder-
ator of screen-based SB-internalizing symptom associa-
tions only during more vulnerable periods in
development when sex differences in activity and intern-
alizing symptom levels become more apparent [105-
108], and not during earlier or later stages in develop-
ment. However, more investigations of the potential
three-way interaction between sex, screen-based SB (or
internalizing symptoms), and age are needed.

Across studies that did find significant moderation by
sex, it appears that sedentary girls, but not boys, may be
more susceptible to depressive symptoms. Girls have
higher rates of depression which may, in part, be a result
of biological and cognitive factors such as hormonal
changes [109] and ruminative coping [110]. On a behav-
joral level, girls may prefer more unhealthy forms of
screen-based SB compared to boys; a recent study found
that girls were significantly more likely than boys to use
social networking sites for more than two hours daily
[111]. The use of social networking sites may be particu-
larly deleterious because they can increase one’s suscep-
tibility to depressive symptoms via upward social
comparison [112]. On a psychosocial level, boys and girls
tend to engage in screen-based SB in similar social con-
texts; youth oftentimes engage in screen-based SB with
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others, including with friends and family members [113,
114]. However, the social context of screen-based SB
may interact with sex such that screen-based SB with
friends may be protective against internalizing symptoms
among boys, but not girls [70]. Although sedentary girls
appear to be at greater risk compared to sedentary boys,
a more nuanced understanding mechanisms underlying
the interaction between sex and screen-based SB on in-
ternalizing symptoms is still needed prior to the devel-
opment of intervention strategies. Future research
should investigate potential sex differences in (1) pre-
ferred forms of screen-based SB, (2) psychosocial behav-
iors (e.g., social comparison) while engaging in screen-
based SB, and (3) social context of screen-based SB, to
further our understanding sedentary girls’ potential vul-
nerabilities. Once this is accomplished, future interven-
tions aimed at decoupling screen-based SB and
internalizing symptoms may be tailored towards specific
screen-based SB among at-risk groups, increasing the
likelihood of intervention success.

The few studies investigating PA, including organized
sports, as a moderator suggest that it may weaken
screen-based SB-internalizing symptom associations.
Participation in sports is associated with fewer symp-
toms of depression and anxiety in some children [115],
which may be explained by increases in self-esteem and
social support [116]. However, participation in organized
sports may not be an appropriate intervention strategy
for all youth; students identifying as lesbian, gay, bisex-
ual, transgender, and queer are commonly bullied in the
school-based athletic setting (physical education class
and afterschool sports) [117]. Structured aerobic PA in-
terventions, consisting of activities such as cycling and
jogging, have also demonstrated efficacy for reducing
symptoms of depression and anxiety, even among clin-
ical populations [118, 119]. However, a notable limita-
tion of structured PA interventions is their lack of
sustainability in the real-world setting. Adherence to PA
programs steadily decreases over time, especially among
those with depressive symptoms [120]. Therefore, future
investigations should test additional, less-understood,
more feasible, and enjoyable forms PA as a moderator;
as certain types of PA may be vital intervention strat-
egies for decoupling screen-based SB and their associ-
ated emotional health consequences in the real-world
setting.

Suggestions for future research

While continuing to test variables such as sex, types of
PA, and content with each type of screen-based SB as
potential moderators is pertinent to future research, it
should be recognized that the current body of literature
contains limitations that must be addressed with future,
high quality investigations. First, more than half of the
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studies in this review were cross-sectional (7 =46),
which prevents our ability to draw causal conclusions
and limits our understanding of the directionality of as-
sociations. Future research should focus on gaining a
better understanding of the directionality of screen-
based SB-internalizing symptom associations as recent
studies indicate that screen-based SB and internalizing
symptoms may have a bi-directional relationship [121,
122]. However, additional studies with longitudinal and
experimental designs are needed to assist with determin-
ing the potential for causal and bi-directional associa-
tions between screen-based SB and internalizing
symptoms. Future studies aimed at pinpointing the dir-
ectionality of associations will ultimately strengthen our
ability to identify critical intervention points for decoup-
ling screen-based SB and internalizing symptoms.

Second, a majority of the studies in the present review
relied on paper-and-pencil, retrospective self-reports of
engagement in screen-based SB. A combination of
device-based measures (e.g., inclinometers, accelerome-
ters) and real-time self-reports (e.g., ecological moment-
ary assessment) should be used to limit recall bias and
provide more detailed information on types and contexts
of screen-based SB, as this review suggests these factors
can influence associations with internalizing symptoms
among youth [123].

Third, the body of evidence for depressive symptoms
is much larger than that for anxiety symptoms. Anxiety
symptoms are likely related to screen-based SB, but the
moderating factors of this association remain unclear,
due to the limited evidence available. One potential
mechanism for this trend is that the physiologic hyper-
arousal associated with anxiety symptoms may reduce
the likelihood of being influenced by moderators as
compared to depressive symptoms, where hyperarousal
is not present [124]. Similarly, many studies used mea-
sures that combined depressive and anxiety symptoms
within the same subscale; making it difficult to interpret
if results are applicable to depressive symptoms only,
anxiety symptoms only, or both. Recent evidence indi-
cates that differential associations appear between
screen-based SB and symptoms of various forms of anx-
iety; specifically, screen-based SB may be related to
symptoms of generalized anxiety and social phobia, but
not panic disorder [125]. Therefore, future research
should be directed toward gaining a better understand-
ing of anxiety symptoms and screen-based SB in
addition to depressive symptoms, by using separate
scales to quantify symptoms of each internalizing
disorder.

Lastly, a majority of the evidence for sex as a moder-
ator is based on stratified analyses without statistical
tests for interaction, therefore results must be inter-
preted with caution. Future research should rely only on
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formal statistical tests for interaction when assessing
moderation. Timely interventions for decoupling screen-
based SB and depressive and anxiety symptoms are crit-
ically needed, as the prevalence of certain (and poten-
tially more deleterious) forms screen-based SB continues
to rise [126, 127]; the abovementioned suggestions for
future research may be pivotal in designing and optimiz-
ing future intervention strategies.

Strengths and limitations

A strength of the present review is the systematic search
strategy used, which yielded a considerable number of
studies included in the present review; however, there is
the possibility that our search strategy may have missed
relevant studies on the topic. Another limitation of this
review is that only published articles written in English
were included, index terms were not used, and a “grey
literature” search was not included; therefore, our evi-
dence may be biased towards positive results due to
publication bias. Furthermore, studies that included
screen-based SB in addition to non-screen-based SB
(e.g., reading, homework) as a composite variable were
excluded. Similarly, studies examining the nuances
within the screen-based SB construct, such as content,
weren’t systematically reviewed in the present article.

Conclusions

This review summarizes moderators of the screen-based
SB-internalizing symptom associations, discusses poten-
tial mechanistic explanations, and poses directions for
future research. There is consistent evidence that
screen-type influences the strength of the association be-
tween screen-based SB and internalizing symptoms. Less
consistent evidence is available for female sex as an
amplifier and physical activity as a buffer, therefore more
research is needed on these factors to identify the possi-
bility of vulnerable populations and tailored intervention
strategies. Additionally, more evidence is needed for
anxiety symptoms in particular. Gaining a thorough un-
derstanding of these complex relationships will lead to
effective intervention strategies for improving the emo-
tional and physical health of youth to ultimately prevent
morbidity and mortality later in life.
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