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Abstract: Research into early screen exposure has raised growing concerns about its impact upon
children’s neuropsychological well-being. However, possible pathways remain unclear. This study
therefore aimed not only to evaluate the association between screen exposure during the ages of
0-3 years and preschoolers’ autistic-like behaviors, but also the mediating roles of the frequency
of caregiver-child interaction, sleep duration and level of participation in outdoor activities. Based
on the 2017 survey of the Longhua Child Cohort Study, data of 29,595 child-caregiver dyads
were obtained via a caregiver-reported questionnaire, with the data from 29,461 dyads included
in the data analysis. Multiple linear and logistic regression models were employed to estimate
the associations between screen exposure, caregiver-child interaction, sleep duration, outdoor
activities, and children’s autistic-like behaviors. The results indicated that screen exposure during
0-3 years of age was associated with the presence of autistic-like behaviors at preschool age, and
the strength of the association was enhanced with the increase of average daily screen time (Odds
Ratios (ORs) ranging from 1.358 to 4.026). The frequency of caregiver-child interaction and sleep
duration mediated 5.32% and 1.19% of the variance of the association respectively, but outdoor
activities did not mediate the association. Our findings indicate that preschoolers who are exposed
to screens at aged 0-3 years might have an increased risk of autistic-like behaviors, and that,
the frequency of caregiver-child interaction and sleep duration might function as potential mediators
of this association.

Keywords: screen time; autistic-like behavior; caregiver-child interaction; sleep duration; outdoor
activities; preschool children; mediation

1. Introduction

Currently, 1 in 160 children worldwide meet the criteria for autism spectrum disorder (ASD) [1],
which is characterized by impairments in social interactions and communication, and restrictive and
repetitive behavioral patterns [2]. Disabilities and comorbidities of ASD not only bring functional
deficits to individuals, but also create a substantial burden for family and society due to the life-long
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demands of care and support [3,4]. Frequently, ASD goes undiagnosed until four years of age [5], while
early emerging autistic-like behaviors such as eye fixations decline and avoidant responses to touch can
be observed as early as 18-24 months [6-8]. A genetic overlap has been confirmed between individuals
with ASD and with autistic-like behaviors [9], and delayed or atypical behaviors are associated with
later ASD diagnosis [10,11]. As growing evidence supports that early behavioral intervention can
improve core manifestations of ASD [12,13], the identification and the exploration of risk factors for
the onset of autistic-like behaviors becomes increasingly consequential [14].

Although a variety of risk factors for ASD have been identified, none have been proven to be
necessary or sufficient alone for ASD development [15,16]. With the rapid evolvement of screen-based
technology, screen-based media has become a ubiquitous feature of early childhood. Younger ages of
screen viewing, and early excessive screen exposure have become important environmental factors
for children’s neuropsychological well-being [17,18]. For example, three reviews have respectively
summarized the findings on screen-time-related adverse psychological outcomes among children and
adolescents, such as depressive symptoms, attention problems, and poor cognitive development [18-20].
Regarding the adverse outcome of autistic-like behaviors, a cross-sectional survey among 8900
kindergarten children in Shanghai identified a positive relationship between screen time and the total
score on the Clancy Autism Behavior Scale (CABS) [21]. A study by Must et al. showed that
the average screen time on both weekdays and weekends among ASD children aged 3 to 11 years
were approximately 1 h higher than children without any developmental disorders [22]. Another
study by Chonchaiya et al. found that ASD children began to watch television around six months
earlier than typically developing peers [23]. In addition, several case reports indicated that young
autistic-like children with heavy screen use were re-assessed as non-autistic after a couple months
of screen media isolation [24,25]. However, far little attention has been paid to the development of
autistic-like behaviors due to early childhood screen exposure, especially at age 0-3 years, when brain
plasticity and neurobehavioral development are at their peak [26-28].

Moreover, while the mechanisms explaining the aforementioned association remains unclear,
several possible paths have been proposed [21]. Firstly, a study by Zhao et al. has indicated that
caregiver-child interaction may play a mediating role in the association between screen time and
prosocial behaviors [29]. This finding may be relevant to understanding a possible mechanism
linking early screen exposure with the development of ASD, as low levels of prosocial behaviors are
related to the core symptom of social skills impairment for children with ASD [30,31]. In addition,
Wan et al. found that interactive caregiver—child communication was essential for shaping infant
social competence because of the bi-directional influence of child and caregivers’ behavior upon each
other [32]. Wan also demonstrated through a systematic review that the features of early caregiver-child
interaction can be precursors to ASD [33]. This may be due to the frequency of parent-child verbal
interaction as well as the quality of caregiver-child interaction being lowered as screen exposure
increases [34,35]. Secondly, sleep duration has been found to mediate the association between screen
time and psychological symptoms among early adolescents [36]. This mediating association could
be due to the blue light emitted from electronic screens shortening children’s sleep duration by
suppressing endogenous melatonin [37-40]. While insufficient sleep has been shown to predict later
childhood adverse psychological outcomes such as attention deficit hyperactivity disorder, emotional
problems and poor cognitive performance, the evidence for young children remains limited and so
needs further investigation [41-43]. Thirdly, some researchers have found that longer screen time can
lead to reduced outdoor activities [44]. Outdoor activities provide important opportunities to play
and communicate with peers, which are in turn critical to the development of young children’s social
skills [29,45]. It is therefore of interest to test whether the frequency of caregiver-child interaction, sleep
duration and level of participation in outdoor activities may mediate the association between screen
time and autistic-like behaviors, especially in a multiple mediator model [46]. Examining the possible
mediating role of the above factors may contribute to the understanding of how screen exposure affects
children’s neuropsychological development.
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Given all of the above, the aim of our study was to explore the association between screen exposure
at 0-3 years of age and the presence of preschoolers” autistic-like behaviors, as well as to examine
the extent that the frequency of caregiver-child interaction, sleep duration and the level of participation
in outdoor activities mediate this association. These analyses provide further testing of the association
between screen time and autistic like behaviors in early childhood, as well as providing preliminary
exploration for potential mechanisms linking these variables.

2. Materials and Methods

2.1. Study Population

The participants were involved in the Longhua Child Cohort Study (LCCS) in 2017. This is
an ongoing population-based child cohort study with once per year follow up since 2014. The study
was designed to identify family and school risk and protective factors, during children’s early life, for
subsequent psycho-behavioral development [47-50]. In 2017, a total of 29,595 caregivers of children
aged 2 to 7 years completed the survey, and herein, 29,461 child-caregiver dyads were included for our
analysis after excluding 134 participants with demographic information missing. Ethical approval
was obtained from the Ethics Committee of the School of Public Health at Sun Yat-sen University
(ethics clearance No.: 2015-016), and all caregiver participants gave fully informed written consent to
participate in the study.

2.2. Data Collection

The data was collected from the children’s primary caregiver via a structured questionnaire.
The questions asked about socio-demographic characteristics (including child’s age and gender, parents’
education level, marital status, age at child’s birth, and family monthly income) as well as autistic-like
behaviors. The caregivers were also asked to recall the frequency and duration of children’s electronic
screen exposure, caregiver-child interaction, outdoor activities, and children’s sleep duration during
the period of 0-3 years retrospectively.

2.3. Measurement of Autistic-Like Behaviors

Autistic-like behaviors were assessed by the Autism Behavior Checklist (ABC) [51,52],
a well-validated scale for ASD screening and diagnosis. The checklist was introduced in China
by Yang et al. in 1993 [53], with an interrater reliability and test-retest reliability of 0.785 and 0.789,
respectively, among Chinese children. The scale is comprised of five subscales (including sensory,
relating, body and object use, language, and social and self-help skills) with a total of 57 items. Each
item is weighted with score from 1 to 4, summing to obtain an overall score, with higher scores
reflecting a greater probability of ASD. The recommended cut-offs for the Chinese version of the ABC
were >31 points for screening and >62 points for diagnosis [53]. In order to increase sensitivity and
avoid missing the borderline cases with autistic-like behaviors in mainstream kindergartens, a cut-off
of >31 was selected in our study to distinguish children with and without autistic-like behaviors. We
also repeated our analysis using cut-off of >62 to verify our assumption.

2.4. Measurement of Electronic Screen Exposure

Electronic screen exposure was measured according to a set of questions answered by the primary
caregiver, who was asked to indicate how long on average his/her child spent viewing screens every
day (including television, mobile phones, tablet, video games, etc.). These questions were repeated
every year since child’s birth. Response options were categorized into 0 (none), 1 (<30 min/day),
2 (30-60 min/day), 3 (60-90 min/day), 4 (90-120 min/day), and 5 (>120 min/day). The specific year when
a child started to have electronic screen assessment was defined as the initial age of screen exposure,
and the total years with screen exposure was counted to yield the cumulative years of exposure. Screen
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time for each year was summed and divided by cumulative years to obtain the average screen time,
which was then converted into 4 levels (none, <60 min/day, 60-120 min/day and >120 min/day) [47,54].

2.5. Measurement of Caregiver-Child Interaction

The frequency of caregiver-child interaction was determined by a series of questions: (1) How
often did the caregiver perform the following specific activities with his/her child at aged 0 to 1 years:
singing, chatting, playing games, body touch and outdoor activities, respectively; (2) How often did
the caregiver perform the following specific activities with his/her child at aged 1 to 3 years: reading,
singing, chatting, playing games, body touch, going to parties, outdoor activities and travelling,
respectively. The assessment of frequency was operationalized into 5 rated categories: 0 (never),
1 (<1 time per week), 2 (1-2 times per week), 3 (3—6 times per week), 4 (every day). Scores for each item
were added to obtain a total score, which was then divided by the number of items to yield the average
frequency of caregiver-child interaction at aged 0-3 years [49,50].

2.6. Measurement of Sleep Duration

Children’s typical duration, in hours per night, at aged 0-3, 4-6, 7-12 months, and 1-3 years was
reported by their primary caregivers. Sleep duration of the above periods was added up and the mean
value calculated to estimate children’s average sleep duration at aged 0-3 years old.

2.7. Measurement of Outdoor Activities

The frequency and duration of children’s outdoor activities at aged 0-1, 1-2 and 2-3 years
were reported by children’s primary caregivers separately. Options for frequency included 0 (never),
1 (1-2 times/week), 2 (3—4 times/week), 3 (5-6 times/week), 4 (7-8 times/week), 5 (9-10 times/week),
6 (11-12 times/week), 7 (>13 times/week), and options for duration included 0 (none), 1 (<30 min/day),
2 (30-60 min/day), 3 (60-90 min/day), 4 (90-120 min/day), and 5 (>120 min/day). The product of
frequency and duration of each year was computed and summed to obtain an index for assessing
the children’s level of participation in outdoor activities at aged 0-3 years.

2.8. Covariates

Based on previous studies [29,49,50], the following variables were included as covariates in
the regression models: child’s age and gender, parents” education level, marital status, age at child’s
birth, and family monthly income.

2.9. Statistical Analysis

Means (with standard deviation) for continuous variables, and frequencies (with proportions) for
categorical variables were presented to describe the socio-demographic characteristics of the participants.
Difference in these variables between children with and without autistic-like behaviors were compared
using Chi-square tests and Student’s ¢-tests. We conducted a series of linear regression models and
logistic regression models to examine the associations among screen exposure at age 0 to 3 years,
the frequency of caregiver-child interaction, sleep duration, the level of participation in outdoor
activities, and autistic-like behaviors. Furthermore, to verify whether, and the extent that, the frequency
of caregiver-child interaction, sleep duration and level of outdoor activities mediated the association
between average daily screen time and autistic-like behaviors, a multiple mediation model (Figure 1)
was applied using a 5000 resampling bootstrapping procedure employing PROCESS macro for Statistical
Package for Social Sciences (SPSS) [55,56]. Effects were estimated with bias corrected bootstrap 95%
confidence intervals (CI), which were considered significant if the upper and lower bound of the 95%
CI did not straddle zero. All of the regression analyses were adjusted for the aforementioned covariates.
Data management and statistical analysis were carried out with SPSS (version 25.0; SPSS Inc., Chicago,
IL, USA), and statistical significance was accepted as a two-tailed test with p < 0.05.
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Figure 1. Multiple mediation model between average daily screen time on autistic-like behaviors
through caregiver-child interaction, sleep duration and outdoor activities. Coefficients are shown
after adjusting for child’s age, child’s gender, maternal and paternal age at child’s birth, maternal and
paternal education level, monthly household income, parental marital status. The letter aj, a, and a3
represented the coefficient of average daily screen time in the linear regression model to caregiver-child
interaction, sleep duration and outdoor activities respectively; The letter by, b, and bs represented
the coefficient of caregiver-child interaction, sleep duration and outdoor activities in the logistic model
to Autistic-like behaviors respectively; The letter c represented the coefficient of average daily screen
time in the logistic model to Autistic-like behaviors without the effect of caregiver-child interaction,
sleep duration and outdoor activities; The letter ¢’ represented the coefficient of average daily screen
time in the logistic model to Autistic-like behaviors introducing the effect of caregiver-child interaction,
sleep duration and outdoor activities. * p < 0.05; ** p < 0.01; *** p < 0.001.

3. Results

3.1. Social-Demographic Characteristics of Participants by Status of Autistic-Like Behaviors

Of the 29,461 children investigated, 875 (2.97%) were categorized with autistic-like behaviors.
The mean age of children with and without autistic-like behaviors were 4.33 + 0.89 and 4.60 + 0.88 years,
respectively. Significant differences were found in child’ gender, parents’ age at birth, parents” education
level, marital status, and monthly household income between children with and without autistic-like
behaviors. See more details in Table 1. Similar results were found when using 62 as the cut-off, and
these results are displayed in Table S1 of the Supplementary Materials.

3.2. Associations between Electronic Screen Exposure at Age 0 to 3 Years and Autistic-Like Behaviors
in Preschoolers

Table 2 presents the associations between electronic screen exposure and autistic-like behaviors as
assessed using logistic regression models adjusted by the aforementioned covariates. Compared with
children without screen exposure at aged 0-3 years, those with past exposure to electronic screens had
a higher risk of autistic-like behaviors (Adjusted Odds Ratio (AOR) = 1.900, 95% CI = 1.551~2.327).
The AOR of exhibiting autistic-like behaviors was 1.358 (95% CI = 1.071~1.722) for <30 min/day, 1.802
(95% CI = 1.429~2.273) for 30-60 min/day, 1.967 (95% CI = 1.521~2.543) for 60-90 min/day, 2.982 (95%
CI = 2.291~3.882) for 90-120 min/day, and 4.026 (95% CI = 3.009~5.387) for >120 min/day of children’s
average screen time compared with those who had never been exposed to an electronic screen. Similar
impacts were suggested when using 62 as the cut-off, and the results can be found in Table S2 of
the Supplementary Materials.
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Table 1. Social-demographic characteristics of the participants by status of autistic-like behaviors.

Autistic-Like Behaviors X/t p-Value
. . Total
Characteristics (N = 29,461) No Yes
(N = 28,586) (N = 875)
Child’s age [mean =+ SD (years)] 29,461 4.60 £ 0.88 4.33 +£0.89 8.98 <0.001
Maternal age at child's birth 29,461 2717422 2601+452  7.46 <0.001
[mean + SD (years)]
Paternal age at child's birth 29,461 2973 +481 2880507 536 <0.001
[mean + SD (years)]
Child’s gender [n (%)] 22.46 <0.001
Male 16,000 15456 (54.1) 544 (62.2)
Female 13,461 13,130 (45.9) 331 (37.8)
Maternal education level [n (%)] 95.78 <0.001
Junior high school or lower 7367 7041 (24.6) 326 (37.3)
High school 8604 8333 (29.2) 271 (31.0)
College 7236 7073 (24.7) 163 (18.6)
Undergraduate or above 6254 6139 (21.5) 115 (13.1)
Paternal education level [n (%)] 114.61 <0.001
Junior high school or lower 6076 5787 (20.2) 289 (33.0)
High school 7954 7689 (26.9) 265 (30.3)
College 6777 6624 (23.2) 153 (17.5)
Undergraduate or above 8654 8486 (29.7) 168 (19.2)
Monthly household income [n (%)] 91.15 <0.001
<¥5000 Yuan 4341 4150 (14.5) 191 (21.8)
¥5000-10,000 Yuan 7779 7487 (26.2) 292 (33.4)
¥10,001-15,000 Yuan 5645 5479 (19.2) 166 (19.0)
¥15,001-20,000 Yuan 4083 4006 (14.0) 77 (8.8)
>¥20,000 Yuan 7613 7476 (26.1) 149 (17.0)
Parental marital status [n (%)] 16.67 <0.001
Married 28,417 27,595 (96.5) 822 (93.9)
Unmarried/Divorced/
Widowed/Remarried 1044 991 (3.5) 53 (6.1)

x2: Value for Chi-square test. t: Value for Student’s t-test. SD: Standard Deviation. n (%): Number (proportion).

Table 2. Associations between electronic screen exposure at age 0 to 3 years and autistic-like behaviors
in preschoolers.

Screen Exposure at Age 0 to Autistic-Like Behaviors (N = 29,461)

3 Years Number of Children Cases (N %) AOR (95% CI)
Exposure to electronic screens
No 7097 112 (1.6) Ref
Yes 22,364 763 (3.4) 1.900 (1.551, 2.327) ***
Average daily screen time
(minutes)
Never 7097 112 (1.6) Ref
<30 8271 190 (2.3) 1.358 (1.071, 1.722) *
30-60 6857 223 (3.3) 1.802 (1.429, 2.273) ***
60-90 3723 137 (3.7) 1.967 (1.521, 2.543) ***
90-120 2303 125 (5.4) 2.982 (2.291, 3.882) ***
>120 1210 88 (7.3) 4.026 (3.009, 5.387) ***

Adjusted for child’s age, child’s gender, maternal and paternal age at child’s birth, maternal and paternal education
level, monthly household income, parental marital status. AOR: Adjusted odds ratio. CI: Confidence intervals.
Ref: Reference. * p < 0.05; *** p <0.001.
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3.3. Associations between Average Daily Screen Time, Caregiver-Child Interaction, Sleep Duration, Outdoor
Activities and Autistic-Like Behaviors

After controlling for the aforementioned covariates, linear regression analysis indicated that
average daily screen time was negatively associated with the frequency of caregiver-child interactions
(B = —0.031, 95% CI = —0.037~-0.026), sleep duration (3 = —0.058, 95% CI = —0.075~-0.040), and
the level of participation in outdoor activities (3 = —0.253, 95% CI = —0.469~—-0.037), respectively;
while the logistic regression analysis showed that autistic-like behaviors were negatively related to
caregiver-child interaction (AOR = 0.621, 95% CI = 0.567~0.679), sleep duration (AOR = 0.928, 95%
CI = 0.899~0.958), and outdoor activities (AOR = 0.995, 95% CI = 0.992~0.998) respectively. See more
details in Table 3. A similar trend was observed when using 62 as the cut-off, and the results are shown
in Table S3 of the Supplementary Materials.

Table 3. Associations between average daily screen time, caregiver-child interaction, sleep duration,
outdoor activities, and autistic-like behaviors.

Average Daily Screen Time

at Age 0 to 3 Years (Minutes) Autistic-Like Behaviors

B, 95%CI AOR, 95%CI
Caregiver-child interaction —0.031 (—0.037, —0.026) *** 0.621 (0.567, 0.679) ***
Sleep duration —0.058 (—0.075, —0.040) *** 0.928 (0.899, 0.958) ***
Outdoor activities —-0.253 (—0.469, —0.037) * 0.995 (0.992, 0.998) ***

Adjusted for child’s age, child’s gender, maternal and paternal age at child’s birth, maternal and paternal
education level, monthly household income, parental marital status. 3: The coefficient of linear regression models.
CL: Confidence intervals. AOR: Adjusted odds ratio. * p < 0.05; *** p < 0.001.

3.4. Mediation Effect of Average Daily Screen Time on Autistic-Like Behaviors through Caregiver-Child
Interaction, Sleep Duration and Outdoor Activities

As illustrated in Table 4 and Figure 1, the direct and total indirect effect of average daily
screen time on autistic-like behaviors were respectively 0.249 (95% CI = 0.203~0.295) and 0.017
(95% CI = 0.013~0.021). The bias-corrected bootstrap 95% CI indicated that the indirect effect of
the frequency of caregiver-child interaction (effect size = 0.014, 95% CI = 0.010~0.018) and sleep
duration (effect size = 0.003, 95% CI = 0.001~0.005) were significant, which mediated 5.32% and 1.19%
of the association respectively. No significant mediating effect for the level of participation in outdoor
activities was found. Moreover, contrasting the effect size among the mediators, the frequency of
caregiver-child interaction had the greatest indirect effect, following by sleep duration, and then
the level of participation in outdoor activities. Similar results when using the cut-off of 62 are shown in
Table S4 of the Supplementary Materials.

Table 4. Mediation effect of average daily screen time on autistic-like behaviors through caregiver-child
interaction, sleep duration and outdoor activities.

Bootstrapping BC 95% CI Proportion of

Effect Size (SE)

Lower Upper Indirect Effect
Direct effects
0.249 (0.023) 0.203 0.295
Indirect effects
Caregiver-child interaction 0.014 (0.002) 0.010 0.018 5.32%
Sleep duration 0.003 (0.001) 0.001 0.005 1.19%
Outdoor activities 0.000 (0.000) 0.000 0.002 NS

Total 0.017 (0.002) 0.013 0.021 6.39%
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Table 4. Cont.

. o -
Effect Size (SE) Bootstrapping BC 95% CI Iprgporhg?f of
Lower Upper ndirect Effect
Contrasts
Caregiver-child mtfzractlon vs. 0011 (0.002) 0.006 0,015
sleep duration
Caregiver-child m'te'ra.actlon Vs. 0.013 (0.002) 0.009 0,018
outdoor activities
Sleep duration vs. outdoor 0.003 (0.001) 0.001 0,005

activities

A bootstrapping procedure with 5000 resamples was implemented by the PROCESS macro for SPSS. Indirect effects
were estimated with bias corrected confidence intervals (BC 95% CI), which were considered significant if the upper
and lower bound of the 95% CI did not straddle zero. NS: Not significant. Adjusted for child’s age, child’s gender,
maternal and paternal age at child’s birth, maternal and paternal education level, monthly household income,
parental marital status.

4. Discussion

Based on the cross-sectional survey data from the LCCS in 2017, we explored the associations
between screen exposure, the frequency of caregiver-child interaction, sleep duration, level of
participation in outdoor activities in early life (aged 0-3 years) and autistic-like behaviors at preschool
age. The results indicated that early screen exposure at aged 0-3 years was associated with the presence
of autistic-like behaviors at preschool age with the strength of the association being enhanced with
the increase of average daily screen time. In addition, the frequency of caregiver-child interactions
and sleep duration during the first three years of life mediated 5.32% and 1.19% of the variance of
the association, respectively.

4.1. Association between Early Electronic Screen Exposure and Autistic-Like Behaviors in Preschoolers

It has been well documented that excessive screen time can cause adverse psychological effects
including depressive symptoms, attention problems, and poor cognitive development, in adolescents
and adults [18-20]. Regarding the association between electronic screen exposure and ASD, two
case-control studies respectively found that ASD children had longer average screen time [22] and
started the screen viewing at a younger age than typically developing peers [23]. Recently, a report
showed that symptoms in young ASD patients exposed to screen media heavily (>4 h/day) from
a very young age in several countries (e.g., France, Japan, USA, Thailand, etc.) significantly declined
after screen removal intervention for a few months [24]. Moreover, a cross-sectional study among
8900 preschoolers aged 3-6 in China indicated that children exposed to screens >2 h/day significantly
increased the risk of ASD behavioral symptoms [21]. In line with the above findings, the present study
also observed that early electronic screen exposure at aged 0-3 years was associated with the presence
of autistic-like behaviors at preschool age, and the risk was significantly enhanced with the increase of
average daily screen time. All these findings support the American Academy of Pediatrics (AAP) [57],
the World Health Organization (WHO) [58] and the Canadian Paedjiatric Society [59] recommendations
that children prior to two years of age should be limited in any form of screen exposure.

4.2. Association between Early Electronic Screen Exposure and Caregiver-Child Interaction, Sleep Duration,
and Outdoor Activities

A negative association was observed between average screen time and the frequency of
caregiver-child interaction, sleep duration, and level of participation in outdoor activities in our
study. This negative association might be explained by the theory of time displacement, in that screen
time could replace the time which was supposed to be spent on other activities [60,61]. Our findings are
consistent with previous research. Firstly, a study by Krupa et al. found an overall negative association
between family screen time and the duration of caregiver-child reciprocal interaction [62]. Similarly,
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a study by Mendelsohn et al. showed that verbal interactions between mothers and children were
limited during screen exposure, with only 42.8% mothers talking to their children while co-viewing
educational programs and 21.3% during non-educational programs [63]. Moreover, a prospective
study showed that increasing mother-child interaction at 18 months could reduce children’s screen
time at subsequent two and three years of age [64]. These findings are similar to our results, showing
a negative association between screen time and the frequency of caregiver-child interaction. Secondly,
longer average screen time was shown to be associated with the reduction of sleep duration among
preschoolers in our study. Consistent with this, Twenge et al. found that using portable and nonportable
electronic devices over 2 h per day was significantly related to sleep insufficiency among children
under five years old in the USA [65]. In addition, Hu et al. reported that with each additional hour
of screen time, 3 min of shorter sleep, 1.6 min of longer sleep latency and 4 min of later bedtime
were found among children two—five years old in Sydney [66]. Thirdly, it has been well proved that
higher screen time is related to children’s lower levels of physical activity [44,67,68] and that early
exposure to screen devices is negatively associated with children’s later outdoor playtime at preschool
age [69]. These findings concur with our findings of a negative association between screen time and
the frequency and duration of outdoor activities.

4.3. Associations of Caregiver-Child Interaction, Sleep Duration, and Outdoor Activities with Autistic-Like
Behaviors in Preschoolers

The frequency of caregiver-child interaction was inversely associated with autistic-like behaviors
in our study. This is consistent with previous studies’ showing that caregiver-child interaction is
critical for children’s neurobehavioral development, especially for language and executive function
development [35,70-73]. Recently, Parent-Child Interaction Therapy (PCIT) has shown to significantly
improve ASD children’s disruptive behavior, externalizing behavior and executive function, which
provided clues for the positive effect of caregiver-interaction on autistic symptoms [74,75]. In addition,
we found that sleep duration was negatively related to autistic-like behaviors, being in line with prior
investigations reporting that children with shorter sleep duration had higher scores on the Clancy
Autism Behavior Scale (CABS), indicating an increased risk of developing ASD related behavioral
problems [21]. Furthermore, it has been found that sleep duration shorter than 10 h per day at 18
months predict the subsequent emotional and behavioral problems including anxious/depressed states,
attention problems, aggressive behaviors [76]. Although few previous investigations have discussed
the association between outdoor activities and children’s autistic-like behaviors, we observed a weak
negative association between these variables. However, Hinkley et al. found that outdoor play was
favorably associated with good social skills among preschoolers [45], and an outdoor intervention
implemented among ASD children resulted in improvement in their autistic mannerisms [77].

4.4. Potential Pathways for Early Electronic Screen Exposure Causing Autistic-Like Behaviors in Preschoolers

Unfortunately to-date few researchers have probed into the underlying mechanisms linking screen
exposure with children’s neuropsychological disorders, and so the evidence still remains limited. For
example, Zhao et al. demonstrated that parent-child interaction mediated the effect of excessive screen
time on children’s psychosocial well-being, explaining 28.1% of the effect on total difficulties and 58.6%
on prosocial behavior among children aged 3—4 years [29]. Guerrero et al. found that sleep duration
mediated 0.2%-1.0% of the relationship between screen time and problem behaviors in children
aged 9 to 10 years [61]. Li et al. observed that sleep accounted for 38.5% of the association between
adolescent screen time and depressive symptoms [78]. Analogously, we observed that the frequency
of caregiver-child interaction and sleep duration acted as significant mediators of the impact of
early screen time on children’s autistic-like behaviors explaining 5.32% and 1.19% of the total effect,
respectively. Our results showed that screen time affected the caregiver-child interaction most strongly
among these three mediating factors. A possible reason for the weak mediating effect of sleep in
our current and two previous studies [29,61], might be that very young children are usually exposed
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to screens during day time when they are awake rather than prior to their bedtime at night [29,79].
That is, perhaps the duration between screen exposure and sleep mitigated the mediating effect of
sleep between young children’s screen exposure and their neuropsychological disorders (in this case
autistic-like behaviors). The mediating effect of the level of participation in outdoor activities was
insignificant in our study. We suspect that children under three years old are still too young to engage
in significant levels of peer communication and teamwork learning associated with many childhood
outdoor activities [80], but further investigation is needed. Furthermore, given the total effect size
of the mediation model was modest, accounting for a mere 6.39% of the association, other potential
mechanisms are called for investigation in future research. Possible mediators to explore in future
research include sleep-related mediating variables such as sleep quality, sleep disturbance and sleep
variability [61,81], the specific neurotransmitter deficiency due to excessive screen use [82], lower
integrity of the brain white matter tracts (supporting language and literacy skills) linked to increased
screen time [83], and competence in social and non-social sensory processing caused by screen-based
audiovisual input in infancy [84].

4.5. Strength and Limitation

To the best of our knowledge, this was the first study that investigated the association between
early childhood electronic screen exposure and the presence of autistic-like behaviors. It is also the first
study to explore the mediating roles of frequency of caregiver-child interaction, sleep duration, and
the level of participation in outdoor activities using a multiple mediator model. A major strength of this
study was the analysis of a large sample of Chinese preschoolers. However, several limitations deserve
consideration when interpreting the results of our study. First, the cross-sectional design limited
the ability to make any causal inferences on the direction of the relationships. Results from the present
study should therefore be interpreted cautiously, and longitudinal research is warranted to further
verify the causality and mediation effect. Second, all participants in our study were recruited in Longhua
District in Shenzhen. The prevalence of ASD in Longhua District, Shenzhen was 2.6% according to
a mainstream kindergarten-based investigation of suspected autism in 2014 [85], while the pooled
prevalence of ASD among China was 0.39% [86]. As such, there is the possibility of selection bias that
lowers the generalizability of the findings. Third, data about screen use, caregiver-child interaction,
sleep, and outdoor activities at the period of 0-3 years were asked of parents when their child was
between 4-7 years. As such there is the possibility of recall bias on account of the retrospectively
reported measurements. The interpretation of the results therefore requires caution and caveats.
The findings from this study need to be replicated using more valid and reliable measures of screen use,
caregiver-child interaction, sleep, and outdoor activities using, for example, daily records monitored
by electronic devices. Fourth, family history of mental health problems was unavailable in our dataset
and so was not controlled for in the analyses. It is possible that this may act as a potential confounder
of the above findings. Fifth, we excluded 134 participants with incomplete information, whose
demographic characteristic on child’s age, paternal age at child’s birth, monthly household income
and parental marital status were found different to those we enrolled (Table S5 in the Supplementary
Materials compares the social-demographic characteristics and study variables among population
enrolled and excluded). Although this was a small proportion of our study population and we have
adjusted for the above variables in our regression model, selection bias might still have existed. Sixth,
the details of screen exposure and caregiver-child interaction were not comprehensive. For example,
only the frequency and duration of screen exposure were assessed without considering the content
of screen exposure and parents’ co-viewing [29,87]. Similarly, only the frequency of caregiver-child
interaction was measured without collecting the details of duration and quality. Therefore, further
investigations with more comprehensive evaluation of the variables are necessary to provide a more
precise and sophisticated examination of the identified association.
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5. Conclusions

Our study showed that early screen exposure at aged 0-3 years was associated with the increased
occurrence of autistic-like behaviors at preschool age. In addition, the frequency of caregiver-child
interaction and sleep duration during early childhood were found to be mediators of this association.
Such findings extend the evidence for the adverse effect of early childhood screen exposure on
young children’s neuropsychological development and offer a preliminary explanation for potential
mechanisms. However, limited by the cross-sectional design and the retrospective reports, longitudinal
studies are required to verify the causal link between early childhood screen exposure and the later
development of autistic-like behaviors. Moreover, other underlying mechanisms need to be investigated
to provide a more comprehensive explanation for why and how the effects occur. This line of research
is important in guiding tailored recommendations on healthier screen use for young children.

Supplementary Materials: The following are available online at http://www.mdpi.com/2227-9067/7/11/200/s1,
Table S1: Social-demographic characteristics of the participants by status of Autistic-like behaviors (62 as
the cut-off), Table S2: Associations between electronic screen exposure at age 0 to 3 years and autistic-like behaviors
in preschoolers (62 as the cut-off), Table S3: Associations among average daily screen time, caregiver-child
interaction, sleep duration, outdoor activities and autistic-like behaviors (62 as the cut-off), Table S4: Mediation
effect of average daily screen time on autistic-like behaviors through caregiver-child interaction, sleep duration
and outdoor activities (62 as the cut-off), Table S5: Comparison of social-demographic characteristics and study
variables among population enrolled and excluded.
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