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Abstract

Background

Pre-school children spend an average of two-hours daily using screens. We examined asso-
ciations between screen-time on pre-school behavior using data from the Canadian Healthy
Infant Longitudinal Development (CHILD) study.

Methods

CHILD participant parents completed the Child Behavior Checklist (CBCL) at five-years of
age. Parents reported their child’s total screen-time including gaming and mobile devices.
Screen-time was categorized using the recommended threshold of two-hours/day for five-
years or one-hour/day for three-years. Multiple linear regression examined associations
between screen-time and externalizing behavior (e.g. inattention and aggression). Multiple
logistic regression identified characteristics of children at risk for clinically significant exter-
nalizing problems (CBCL T-score>65).

Results

Screen-time was available for over 95% of children (2,322/2,427) with CBCL data. Mean
screen-time was 1-4 hours/day (95%CI 1-4, 1.5) at five-years and 1-5 hours/day (95%ClI:
1.5, 1-6) at three-years. Compared to children with less than 30-minutes/day screen-time,
those watching more than two-hours/day (13-7%) had a 2-2-point increase in externalizing
T-score (95%CI: 0-9, 3-5, p<0-001); a five-fold increased odd for reporting clinically
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significant externalizing problems (95%ClI: 1-0, 25-0, p = 0-05); and were 5-9 times more
likely to report clinically significant inattention problems (95%Cl: 1-6, 21-5, p = 0-01). Chil-
dren with a DSM-5 ADHD T-score above the 65 clinical cut-off were considered to have sig-
nificant ADHD type symptoms (n = 24). Children with more than 2-hours of screen-time/day
had a 7-7-fold increased risk of meeting criteria for ADHD (95%Cl: 1-6, 38:1, p =0-01).
There was no significant association between screen-time and aggressive behaviors
(p>0.05).

Conclusion

Increased screen-time in pre-school is associated with worse inattention problems.

Introduction

Childhood screen-time has increased over the years[1-4]. Increased screen-time has been
associated with unhealthy dietary patterns, poor sleep quality, cardiovascular disease, and obe-
sity[5] in children. In 2016, the new Canadian 24-hour Movement Guidelines[6, 7] recom-
mend that children aged five and over should have less than two-hours of screen-time/day,
while limiting screen-time to less than one-hour/day for two-four year olds. It has been esti-
mated that children between three to five years old are exposed to an average of two-hours of
screen-time per day[8-13] in Canada.

There has been a significant increase in screen options in recent years, from device choices
to streaming content, with rising concern that screen-time may have negative consequences
for mental health[14]. Studies of school-aged children have shown associations between
increased television viewing time and attention problems[15-17]. The Dunedin Study found
that increased television viewing from five to eleven years old was associated with attention
problems in adolescence[18]. In their study sample, children reportedly watched an average of
2-hours of television each day between[18]. Recent study examining adolescent sedentary
behaviors among suggested that screen-time should be considered a risk factor for attention
deficit hyperactivity disorder (ADHD) symptoms[19]. Swing et al[20] reported that television
viewing time greater than 2-hours per day was associated with increased attention problems
among older children. A meta-analysis concluded that television viewing or gaming among
4-17 years old children was modestly associated with later ADHD symptoms[4]. Reports in
toddlers and preschoolers have linked television viewing time above 1.5 hours to later behav-
ioral and emotional problems[8]. There is less research examining associations between
screen-time exposure and behavioral development in the preschool years. Most studies have
focused on school-aged children, only considered traditional screen sources such as television
viewing, or did not allow for many potential confounders.

We analyzed data from the population-based Canadian Healthy Infant Longitudinal Devel-
opment (CHILD) birth cohort study to determine associations between screen-time and
behavioral outcomes at age 5 years. Prolonged screen-time may displace time spent in other
activities such as active play; important to promoting development in young children[21, 22].
The extensive CHILD Study assessment allowed us to examine major determinants of mental
health including movement behaviors (e.g. screen-time, sleep, physical activity) in addition to
important covariates such as parenting stress, socioeconomic status, marital status, and breast-
feeding. We investigated whether parents of children exposed to more screen-time reported
more externalizing and internalizing behavior problems at 5 years of age. We sought to
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determine if increased screen-time above the Canadian recommended guideline is associated
with clinically significant behavior problems in young children. We hypothesized that children
exposed to screen-time above the 2-hour threshold would exhibit clinically significant
(T-Score >65) ADHD type behavior problems.

Materials and methods
Study population and design

This study involved a population-based sample of 3,455 children recruited in four Canadian
(Edmonton, Toronto, Vancouver, and Manitoba) from the CHILD study (www.childstudy.
ca). CHILD is a naturalistic observational study initially designed to examine gene-environ-
ment interactions on the development of asthma and atopy[23, 24]. Pregnant mothers >18
were recruited nationally from hospital and birth centres in the second or third trimester. Par-
ent-child dyads were enrolled during pregnancy between 2009 and 2012. Parents completed
questionnaires about family and child characteristics (e.g. socioeconomic status (SES), ethnic-
ity), maternal and infant nutrition, and maternal stress at baseline and follow-up. At three and
five-year follow-up clinic visits, participating families completed questionnaires about their
child’s screen-time, sleep quality, and physical activity. CHILD participants parents completed
a questionnaire assessment about their child’s behavior[25] at five-years. Informed consent
was obtained from all mothers, and consenting fathers. The study was approved by the Univer-
sity of Alberta Research Ethics Board, the University of British Columbia Research Ethics
Board, the University of Manitoba Research Ethics Board, and the University of Toronto
Research Ethics Board and The Hospital for Sickkids.

Data on potential covariates associated with screen-time or behavior were obtained from
hospital records (gender, birth weight in kg, gestational age in weeks, birth order, sibling sta-
tus, gestational diabetes, maternal age) or standardized questionnaires (sleep duration or sleep
disruption, physical activity, SES, marital status, ethnicity, household smoke exposure, breast-
feeding, maternal depression, parent-child interaction, and parenting stress at five years visit).
A detailed overview of the covariates included in this analysis is provided in the S2 File.

Screen-time (primary exposure variable). Screen-time (hh:mm) was assessed at ages
three and five-years. Parents reported their child’s total screen-time/day, which included
watching TV/DVD’s, using a computer, tablet, mobile phone, or playing video games. Screen-
time was grouped into three categories based on the recommended Canadian 24-hour Move-
ment Guidelines for children 5-13 years(6): 1) less than 30-minutes/day; 2) between 30-min-
utes and two-hours daily; or 3) more than 2-hours. The upper threshold for total screen-time
at age three-years was adjusted to one-hour per day based on the Canadian 24-hour Movement
Guidelines for Young Children[26]. The Canadian guidelines provide screen-time recommen-
dations that are consistent with the American Academy of Pediatrics recommendations[22,
27].

Preschool behavior (outcome variable). The Child Behavior Checklist (CBCL) preschool
version[28] was completed by parents at age five-years at all CHILD sites. The CBCL is a
99-item empirically validated measure of parent-reported behavior problems in early child-
hood[28]. The CBCL produces a T-score (mean of 50 points and a standard deviation of 10
points based on normative data) for internalizing problems (e.g. anxious/depressed, with-
drawal, somatic, emotionally reactive), externalizing problems (e.g. inattention, aggressiveness)
and total problems (internalizing, externalizing, sleep issues, and other problems)[28, 29]. The
CBCL also includes five Diagnostic and Statistical Manual of Mental Disorders (DSM-5)-ori-
ented syndrome scales including attention deficit hyperactivity (ADHD) problems, opposi-
tional defiant problems, depressive problems, anxiety problems, and autism spectrum
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disorder. The DSM-ADHD scale has good predictive validity of ADHD diagnosis in commu-
nity and outpatient samples[30]. Higher scores indicate greater behavior problems. We used
the externalizing (primary outcome), internalizing (secondary outcome) and total (secondary
outcome) linear T-scores for this analysis. We also applied the cut-off score of >65 points
which indicates clinically significant behavior problems based on the CBCL manual[28].

Statistical analysis

Children with reported developmental or genetic disorders, such as autism, diagnosed by their
healthcare professional, (n = 71) were removed from all analyses. Characteristics of those fami-
lies who provided CBCL data were compared to those without CBCL data using chi-squared
analysis for categorical variables and t-test for continuous variables.

Univariate analyses, t-test for dichotomous predictors and linear regression for continuous
variables, were used to identify associations between screen-time categories (primary exposure
variable), sleep duration, sleep disordered breathing (SDB), physical activity, child and family
characteristics and CBCL assessed externalizing (primary outcome), internalizing, and total
behavior problems (secondary outcomes) at five-years.

Multiple linear regression (entry method) was used to assess the association between
screen-time and behavior problem scores while adjusting for child gender and factors signifi-
cant in univariate analysis (p<0-05). The final model was determined based on the Akaike
Information Criterion (AIC) where the lowest values indicated the best model fit. Missing val-
ues for all covariates were replaced with the mean for continuous for variables and the refer-
ence for categorical variables. A dummy variable was included in the analysis in order to
account for the mean replacement for continuous variables. A sensitivity analysis was con-
ducted to explore associations of movement behaviors known to interact and influence one
another in accordance with the 24- Canadian 24-hour Movement Guidelines[6, 7]. Interac-
tions terms for screen-time, physical activity, and sleep were considered in multiple linear
regression analyses (p’s<0-05). We completed a sensitivity analysis (multiple logistic regres-
sion) to examine the association between screen-time and clinically significant behavior prob-
lems using a cut-off CBCL T-score of >65. Statistical analysis was completed using STATA,
version 14.

Results

Sample characteristics

Of the 3,455 families enrolled in the CHILD study, 2,427 (70-2%) children had CBCL data at
five-years. Those with CBCL data had a higher family income and were more likely to be Cau-
casian (see Table 1). Parents of children with CBCL data reported significantly less screen-
time/day than those children without CBCL data (Mean 1-4 hours; 95%CI 1-4, 1-5 vs. 1-8
hours; 95%CI 1-5, 2-1 vs. p = 0-01; Table 1).

Prevalence of behavior problems at age five-years

Clinically significant externalizing behavior problems (T-score >65) was observed among
1-2% of children (n = 28), while 2-5% of children (n = 61) exhibited clinically significant inter-
nalizing behavior problems. Less than 1% of children (# = 18) had both clinically significant
internalizing and externalizing behavior problems.

Boys had a higher CBCL externalizing T-score (mean = 40-6, SD = 9-9) than girls
(mean = 387, SD = 9-0; p = <0-001). Boys were more likely to be classified as having clinically
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Table 1. Demographic characteristics for children with and without CBCL data at five-years of age.

Categorical Data Absent % (behaviour/total) Data Present % (behaviour/total) p-value

Boys 52.7% (522/990) 52.3% (1268/2427) 0.80

Child ethnicity: Caucasian 58.9% (575/977) 68.8% (1606/2403) <0.001

Annual income > $60, 000 70.2% (571/813) 86.1% (1986/2307) <0.001

Marital divorce or separation at 5 years 12.5% (4/32) 6.6% (137/2076) 0.19

Attend preschool at 5 years: yes 78.6% (33/42) 69.9% (1402/2006) 0.32

Sleep disordered breathing symptoms: yes 13.4 (15/112) 8.4% (185/2214) 0.66

Continuous Data Absent Data Present p-value
Mean (95%CI) Mean (95%CI)

Maternal age at time of child’s birth 31.6 (31.2,31.9) 32.6 (324, 32.8) <0.001

Screen-time at 5 years 1.8 (1.5,2.1) 1.5(1.4,1.5) 0.01

Hours spent in organized physical activity 3.2 (2.5,3.9) 2.6 (2.5,2.7) 0.11

Total sleep duration (hours) 10.9 (10.7, 11.0) 10.9 (10.9, 11.0) 0.42

Caption: Population characteristics based on Chi-square analysis for categorical variables and t-test for continuous variables.

https://doi.org/10.1371/journal.pone.0213995.t001

significant (T-score >65) externalizing behavior problems than girls (n = 41 vs n = 20,
p<0-05). There were no differences by gender observed for internalizing behavior problems.

Exposure to screen-time

Screen-time data was available for 96% (2322/2427) of participants whose parents had com-
pleted the CBCL questionnaire. At five-years, over 13% (n = 317) of children were exposed to
more than 2-hours of screen-time/day while 83% (n = 2,005/2,427) of children met the Cana-
dian recommended[22] screen-time guidelines of less than 2-hours per day (Fig 1). At three-
years, 58% of children (1,415/2,427) met the Canadian recommended screen-time guideline of
less than 1-hour of screen-time/day. There were no significant differences by gender for
reported screen-time.

Children exposed to more screen-time showed increased behavioral
morbidity

In a dose-response manner, children exposed to more screen-time, at either age three and five-
years, showed significantly increased behavior problems at five-years in univariate analysis.
Briefly, children who watched more than 2-hours of screen-time/day had increased externaliz-
ing, internalizing, and total behavior problems scores compared to children who watched less
than 30-minutes. Univariate linear results for the CBCL composite scales are provided in S1
Table through S9 Table.

Screen time remained significant in the linear multivariate results for total, internalizing,
and externalizing behavior. Adjusted results for total behavior problems (secondary outcome)
are presented in S3 File and S9 Table.

CBCL externalizing behaviour multiple linear regression analyses (primary out-
come). Children exposed to more than 2-hours of screen-time had a 2-2-point increase in
externalizing behavior problem T-score (95%CI: 0-9, 3-5, p<0-001; model 1, Table 2) when
controlling for sleep duration, parent-reported SDB symptoms, gender, SES, marital status,
parenting stress, and maternal depression. Children who spent two or more hours/week par-
ticipating in organized physical activities showed a 1-3-point reduction in externalizing behav-
ior score (95%ClI: -2-1, -0-6, p<<0-001). There were no significant interactions between screen-
time and gender, physical activity, school enrolled, sleep duration, SDB, or parenting stress (all

PLOS ONE | https://doi.org/10.1371/journal.pone.0213995  April 17,2019 5/15


https://doi.org/10.1371/journal.pone.0213995.t001
https://doi.org/10.1371/journal.pone.0213995

©'PLOS|ONE

Screen-time and preschool mental health

Percentage of Children
N w
(=1 o

=
o

m Screen time at 3 years
m Screen time at 5 years

<30 mins 30 mins-1hr >1 hr-2hrs >2hrs

Screen-time in hours

Fig 1. Amount of screen-time in hours/day reported by parents at three and five-years.

https://doi.org/10.1371/journal.pone.0213995.g001

p>0-05). The association between screen-time at five-years and increased externalizing behav-
ioral morbidity remained significant when controlling for daily reported hours of screen-time
at three-years (p<0-05).

Clinically significant externalizing behaviors (CBCL>65): Parents of children exposed to
more than two-hours of screen-time were 5-times more likely to report clinically relevant
externalizing behavior problems (OR 5-0, 95%CI: 1.0, 25-0, p = 0-05; model 2, Table 2) com-
pared to parents of children exposed to less than 30-minutes of screen-time/day. Aside from
gender, screen-time had the strongest association with externalizing behavioral morbidity.
Additional covariates associated with externalizing behavior included shorter sleep duration,
SES, and parenting stress (Table 2). There was no significant association between physical
activity, SDB, marital status, or maternal depression and externalizing behavior problems in
adjusted analyses.

Externalizing behavior subscales. We explored the association between screen-time and
the inattention and aggressive externalizing behavior subscales in multiple linear regression
analysis. Screen-time above the 2-hours threshold was significantly associated with an inatten-
tion problem score above the clinical cut-off of 65 (5-9 OR, 95%CI: 1-6, 21-5, p = 0-01; model
1, Table 3), compared to children with less than 30-minutes of screen-time per day. That is,
parents of children exposed to more screen time were 5.9 times more likely to report inatten-
tion behavioral morbidity. There was no significant association between screen-time and
aggressive behavior problems (model 2, Table 3).
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Table 2. Multiple regression analysis examining associations between screen-time and the CBCL externalizing behavior problem T-score at five-years of age

(n=2,427).

Factor

Screen-time at 5 years:
Reference: < 30-minutes daily

Between 30-minutes and 2 hours daily
More than 2 hours daily

Organized physical activity at 5 years:
More than 2 hours/week: yes

Parent-reported SDB symptoms at 5 years:
Yes

Parent-reported total sleep duration less than 10 hours/24-hour at age 5: yes
Gender: male
SES: Family income > $60,000 income

(reference: < $60,000 / year)

Marital status at 5 years: separated, divorced, or widowed: yes
(reference: married or common law)
Gestational diabetes: Yes

Parenting stress at age 5 using the PSI-SF Scale

Maternal depression at age 5 using the CES-D Scale

Model 1: Linear score
Externalizing T-score

Coefficient
95%CI

Reference

0.6
(-0.3,1.5)
2.2
(0.9, 3.5)
-13
(-2.1, -0.6)
1.7
(0.4, 3.0)
0.5
(-0.5,1.6)
2.0
(1.3,2.7)
-1.8
(-2.9, -0.6)
2.8
(1.1, 4.6)
23
(0.0, 4.6)
0.3
(0.2,0.4)
0.2
(0.1,0.2)

p-value

<0.001
<0.001
<0.001
0.05
<0.001

<0.001

Model 2: Clinical cut-off
Externalizing T-score >65

Odds Ratio
95%CI

Reference

2.3
(0.5,10.4)

5.0
(1.0, 25.0)

2.4
(1.0,5.5)

5.1
(1.9, 14.1)

0.2
(0.1,0.5)

4.8
(1.2,19.3)

1.2
(1.1, 1.3)

p-value

<0.001

<0.001

Caption: SDB = Sleep Disordered Breathing, based on 6 items; PSI-SF = Parenting Stress Index-Self Report, higher score presents increased levels of parenting stress;

CES-D = Centre for Epidemiological Studies—Depression, higher scores represent increased maternal symptoms of depression

https://doi.org/10.1371/journal.pone.0213995.t1002

Children with a DSM-5 ADHD T-score above the clinical cut-off of 65 were considered to
have significant ADHD type symptoms (# = 24). More than 2-hours of screen-time/day was
significantly associated with an ADHD score above the clinical-cut-off of 65 (7-7 OR, 95%ClI:
1-6,38-1, p = 0-01; Table 4, model 2) adjusting for gender, gestational diabetes, and parenting
stress. Suggesting that parents of children exposed to excessive screen-time were more likely to
report ADHD type behavioral morbidity. The effects remained significant even after removing
from our analyses five children who had been previously diagnosed with ADHD by a health-

care professional.

CBCL internalizing results multiple linear regression analyses (secondary outcome).
Screen-time above the two-hours/day threshold exposure at five years was associated with a
1.8-point higher internalizing behavior T-scores (95%CI: 0.6, 3.1 p<0.001) after adjusting for
physical activity, parent reported SDB symptoms, SES, breastfeeding, parenting stress, and
maternal depression (model 1, Table 5). None of the screen-time thresholds were associated
with clinically significant internalizing morbidity (model 2, Table 5).

Discussion

This analysis of data from a large-population based birth cohort demonstrated a dose-response
relationship between screen-time and behavioral problems. Screen use was common in our
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Table 3. Logistic multiple regression analysis examining associations between screen-time and the CBCL attention problems and aggression subscales at five-years

of age (n = 2,427).

Attention Problems Aggression
Clinical cut-off >65 Clinical cut-off >65
Factor Coefficient | p-value | Coefficient p-value
95%CI 95%CI
Screen-time at 5 years of age: Reference Reference
Reference: < 30-minutes daily
Between 30-minutes and 2 hours daily 3.0 0.07 1.9 0.06
(0.9, 10.2) (0.6, 6.8)
More than 2-hours daily 5.9 0.01 2.1 0.31
(1.6,21.5) (0.5, 8.6)
Organized physical activity at age 5: - - 0.2 0.02
More than 2-hours/week: yes (0.1,0.8)
Parent-reported total sleep duration less than 10 hours/24-hourat age 5: Yes (reference > 10 hours/night) - - 2.3 0.04
(1.0,5.2)
Gender: male 39 <0.001 -
(1.9,7.9)
SES: Family income > $60,000 income 0.4 0.01 0.2 <0.001
(reference: < $60,000 / year) (0.2,0.8) (0.1, 0.5)
Marital status: separated, divorced, or widowed: yes - - -
(reference: married or common law)
Parenting stress at age 5 using the PSI-SF Scale 1.1 <0.001 1.2 <0.001
(1.1, 1.2) (1.1,1.2)
Constant 0.2 <0.001 0.5° <0.001
(0.3%0.9%) (0.9°,0.3"

Caption: SES = Socio-economic status; PSI-SF = Parenting Stress Index-Self Report, higher score presents increased levels of parenting stress

https://doi.org/10.1371/journal.pone.0213995.t003

sample of pre-school children with an average of 1-4 hours/day. Critically, screen-time above
the two-hours threshold was associated with an increased risk of clinically significant external-
izing morbidity and specifically inattention problems. The association between screen-time
and behavioral morbidity was greater than any other risk factors including sleep duration, par-
enting stress, and socio-economic factors. Consistent with prior reports, we found that chil-
dren who participated in more than two-hours/week of organized physical activity were less
likely to experience mental health morbidity[31].

Results from this study may help clarify mixed findings from prior research. Two prior
studies in pre-school children did not find an association between screen-time and behavior
problems. A UK study reported that screen-time was not a risk factor for increased behavior
problems among five-year old children[31]. That study[31] used a behavior screening ques-
tionnaire (Strength and Difficulties Questionnaire subscales) that may not be sensitive to clini-
cally significant behavioral problems[32]. Alternatively, the inclusion of children with
30-minutes to two-hours screen-time in their reference category may have attenuated their
findings. A small cross-sectional study[33] of 200 children ages two to five-years found no sta-
tistically significant association between increased screen-time and externalizing behavior
problems in adjusted analysis[33]. Externalizing behavior problems were relatively more com-
mon among boys compared to girls in our sample. However, we did not observe a significant
interaction between gender and screen-time exposure. Our findings confirm the results of sim-
ilar studies showing associations between early television viewing and ADHD symptoms[18,
34, 35].

Behavioral problems identified in this study are unlikely to reflect a referral bias as CHILD
study families were recruited from the general population. We used an empirically validated
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Table 4. Multiple logistic regression analysis for ADHD morbidity using the CBCL Diagnostic Statistical Manual (DSM-5) oriented scale (n = 2,427).

Explanatory variable

Screen-time at 5 years:
Reference: < 30-minutes daily

Between 30-minutes and 2 hours daily
More than 2-hours daily

Organized physical activity at age 5 years:
More than 2-hours/week: yes

Parent-reported SDB symptoms at age 5 years: Yes

Gender:
Male

SES: Family income > $60,000 income
(reference: less than $60,000/year)

Paternal education: Attended postsecondary
(reference: less than postsecondary)

Gestational diabetes:
Yes

Parenting stress at age 5 using the PSI-SF Scale

Constant

Model 2: Clinical cut-off
DSM-5 ADHD T-score >65

Model 1: Linear score
DSM-5 ADHD T-score

Coefficient p-value Odds Ratio p-value
95%CI 95%CI
Reference Reference
0.2 0.10 1.9 0.43
(0.0, 0.5) (0.4,8.7)
0.8 <0.001 7.7 0.01
(0.4,1.2) (1.6, 38.1)
-0.3 0.01 -
(-0.6, -0.1)
0.6 <0.001 -
(0.2,1.0)
0.5 <0.001 7.4 <0.001
(0.3,0.7) (2.2,25.4)
-0.5 0.01 -
(-0.9,-0.2)
-1.7 <0.001 -
(-2.7,-0.7)
1.1 <0.001 8.8 <0.001
(0.4, 1.8) (2.6, 30.0)
0.1 <0.001 1.2 <0.001
(0.1,0.1) (1.1, 1.3)
50.0 <0.001 0.5 <0.001
(49.4, 50.5) (0.2%,0.2"

Caption: SDB = Sleep Disordered Breathing, based on 6 items; PSI-SF = Parenting Stress Index-Self Report, higher score presents increased levels of parenting stress;

CES-D = Centre for Epidemiological Studies—Depression, higher scores represent increased maternal symptoms of depression

https://doi.org/10.1371/journal.pone.0213995.t004

outcome to measure behavior and mental health problems in young children. The large sample
size allowed us to observe associations between screen-time and clinically significant behav-
ioral morbidity while controlling for multiple confounders.

Limitations

One of the limitations of this current study is that screen-time, sleep, and physical activity,
were parent-reported and not validated against objective measures. We only had repeated
screen-time and behavior data available for a sub-sample of our cohort (n = 367) which limited
our ability to determine directionality. As such, it is possible parents may respond to children
who exhibit externalizing behavior difficulties by offering more screen-time or using increased
opportunity for screen-time as a self-soothing strategy. Although we identified prior studies in
school-aged children[18, 34, 36, 37] that have shown a significant association between screen-
time and inattention while controlling for earlier attention problems. We were also not able to
determine if the media content (e.g. educational, video gaming, social media), or screen type
(television, computer, tablet) were important predictors of behavioral morbidity. For example,
the UK Millennium Cohort Study[20] showed that television exposure (but not gaming) above
three-hours/day at age five was significantly associated with conduct behavior problems by age
seven years. The sample of 2,447 children included in our analysis, overall, represented a
higher SES, an older maternal age, were more likely to be of Caucasian compared to the gen-
eral population[38]. As a result, our findings may not be generalizable to other populations
and should be replicated. Over 84% of our sample met the recommended ten to thirteen-hours
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Table 5. Multiple regression analysis examining associations between screen-time and the CBCL internalizing behavior problem T-score at five-years of age

(n=2,427).
Model 1: Linear score Model 2: Clinical cut-off
Internalizing T-score Internalizing T-score >65
Factor Coefficient p-value Coefficient p-value
95%CI 95%CI
Screen-time at 5 years: Reference Reference
Between 30-minutes and 2 hours daily 0.7 0.10 1.0 0.96
(-0.1, 1.6) (0.5,2.1)
More than 2-hours daily 1.7 <0.001 1.4 0.48
(0.4, 2.9) (0.6, 3.4)
Organized physical activity at 5 years: -14 <0.001 - -
More than 2-hours/week: yes (-2.1,-0.7)
Parent-reported SDB symptoms at age 5: 2.3 <0.001 - -
Yes (1.0, 3.6)
SES: Family income > $60,000 income -1.2 0.03 0.4 <0.001
(reference: < $60,000 / year) (-2.3,-0.1) (0.2,0.7)
Breastfeeding at 6 months -0.9 0.04 - -
Yes (-1.8,-0.1)
Parenting stress at 5 years using the PSI-SF Scale 0.3 <0.001 1.1 <0.001
(0.2,0.3) (1.1, 1.2)
Maternal depression at 5 years using the CES-D Scale 0.2 <0.001 - -
(0.1,0.3)
Constant 41.5 <0.001 0.7* <0.001
(39.6,43.5 (0.8, 0.8%)

Caption: SDB = Sleep Disordered Breathing, based

on 6 items; SES = socioeconomic status; PSI-SF = Parenting Stress Index-Self Report, higher score presents increased

levels of parenting stress; CES-D = Centre for Epidemiological Studies—Depression, higher scores represent increased maternal symptoms of depression

https://doi.org/10.1371/journal.pone.0213995.t1005

of sleep for a preschool child[39, 40] limiting our ability to examine the impact of sleep dura-
tion on behavior.

Future directions

Our results suggest that physicians and educators promote limiting young children’s screen-
time exposure in line with recommended guidelines[22, 41, 42]. Future studies should include
randomized controlled trials of healthy screen-time use to ascertain whether limiting chil-
dren’s screen-time leads to differences in attention problems. It is possible that screen-time
may increase with age and even fewer children will meet the recommended two-hours of
screen-time/day. Future longitudinal studies should examine whether early exposure to elec-
tronic devices has potential negative effects for mental health through school-age and adoles-
cence. The introduction of technology in the classroom warrants further investigation into
associations between longer duration of screen-time exposure and behavioral development.
Little is known about how the type of media consumed is linked to mental health outcomes,
and whether screen content itself is detrimental or is a marker for less activity or social interac-
tion. Increased use of video and text chat, social-media platforms, and social-apps may have
differential effects on mental health outcomes in children.

Conclusion

We provide results from one of the largest birth cohort studies to examine screen-time exposure
and behavioral morbidity in pre-school children. Screen-time above the two-hours threshold at
5-years was associated with an increased risk of clinically relevant externalizing morbidity and
specifically inattention problems. The association between screen-time and behavioral
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morbidity was greater than any other risk factor including sleep, parenting stress, and socio-
economic factors. Our findings indicate that pre-school may be a critical period for supporting
parents and families on education about limiting screen-time and supporting physical activity.
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