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Objective: We examined whether excessive screen time (ST) is associated with emotional and behavioral problems (EBPs) in young
school children mediated by sleep disturbance.

Methods: This was a cross-sectional survey of 3883 children aged 7-9 years at 18 primary schools in Shenzhen. Data on children’s
ST on weekdays and weekends as well as household environment, parental ST, and parental accompaniment time were collected. Sleep
disturbance and EBPs were assessed with the Sleep Disturbance Scale for Children and the Strengths and Difficulties Questionnaire
(SDQ), respectively. Odds ratios (ORs) and 95% confidence intervals (Cls), the average causal mediation effects and the average direct
effects were estimated.

Results: Overall, 15.7% of children had ST in excess of the recommended 2 hr/day, and 24.1% of parents reported that their child had
a sleep disturbance. The total SDQ score was higher for children with than without ST > 2 hr/day and sleep disturbance (P<0.001).
After adjustment for potential confounders, children with ST > 2 hours/day had increased odds of sleep disturbances (OR 1.99, 95% CI
1.65-2.33). The odds of EBPs were increased for children with ST > 2 hr/day (OR 1.34, 95% CI 1.11-1.64) and sleep disturbance (OR
2.77, 95% CI 2.23-3.22). Mediation analysis indicated that sleep disturbance partially explained the association between ST and EBPs
(all effects statistically significant, P < 0.001).

Conclusion: Excessive ST was significantly associated with EBPs and may be mediated by sleep disturbance. Reducing children’s ST
and encouraging good sleep practices may enhance mental health.
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Introduction

With the rapid proliferation of information and communication technologies in China, both children and adults increas-
ingly use electronic devices throughout the day and night. Excessive screen time (ST) has been linked to various adverse
health outcomes in children, including myopia, obesity, and insufficient sleep.' > A Chinese study showed that ST of
more than 60 minutes was associated with poor performance on development tests.* According to the recommendations
of the American Academy of Pediatrics,” excessive ST (>2 hr/day) was considered when the average ST per day was
>2 hr. Guo et al’s study found that 36.8% of the children and adolescents exceeded the recommended ST of 2 hr/day.°®
However, this study did not include school children aged 7-9 years old in first grade to second grade. We need to know
the current state of the ST of children in this age group because children’s screen habits tend to develop during age 5-12
years. The detrimental effects of excessive ST may persist from childhood into adulthood.” International systematic
reviews have indicated that excessive ST adversely affects psychophysiological health, including its role in inducing
sleep disturbances and contributing to emotional and behavioral problems (EBPs) in children.®’
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Sleep disturbance refers to “the perceived or actual alterations in nighttime sleep (quantity and quality) with
subsequent daytime impairment™.'* A systematic review conducted in Western populations has demonstrated that screen
use behaviors can induce sleep disturbances,'’ and another study reported a dose—response relationship between ST and
sleep disturbances.'> A comparable study on sleep disturbances and EBPs in Chinese and Japanese preschoolers
demonstrated that sleep disturbances were associated with EBPs."® Furthermore, a prospective cohort study indicated
that sleep disturbances identified in late childhood may contribute to the development of EBPs in adolescence, with
a dose-response relationship observed between the two.'* Studies in Western populations have further shown that
increased ST and sleep disturbances are linked to persistent and distressing psychotic-like experiences, which are
themselves associated with EBPs.'>'® Moreover, sleep disturbances constitute a risk factor for suicidal behaviors
among individuals with severe EBPs.'”"'® Based on this body of evidence, we conceptualize a mediation framework in
which excessive ST serves as the independent variable, sleep disturbance functions as the mediating variable, and EBPs
act as the dependent variable. Within this framework, excessive ST may first induce an increase in sleep disturbances;
subsequently, these elevated sleep disturbances, as an intermediate mechanism, may further contribute to the exacerba-
tion of EBPs."’

Strengths and Difficulties Questionnaire (SDQ) is an effective tool to identify children’s psychosocial problems.*
A study of SDQ use in 5959 school students in grades 3 to 8 from 4 cities in China showed that ST and negative life
events were significantly correlated with EBPs.?! However, there have been few studies using SDQ to investigate the
relationship between ST and sleep duration associated with EBPs in children.

While numerous studies have investigated the link between ST, sleep disturbances, and EBPs, the outcomes have
been inconsistent due to differences in study populations and methodologies. Moreover, whether sleep disturbance plays
a mediating role between excessive ST and EBPs in young school-age children remains unclear, and this relationship
warrants further investigation. As the financial center of China, Shenzhen is at the forefront of science and technology.
Children in Shenzhen have easy access to electronic products. Therefore, this study aimed to investigate the prevalence
of excessive ST in children aged 7-9 years in Shenzhen, explore the link between excessive ST and EBPs, and to assess
whether sleep disturbances mediate this connection. At the same time, we considered the family environment, parents’
behavior and other information as possible factors. The findings may inform targeted interventions to foster healthy
screen and sleep habits and to promote mental health in children.

Methods
Study Design and Data Collection

The Children Lifeway Cohort was developed to investigate lifestyle and related metabolic disease in a prevention and
treatment program for children in the Baoan district of Shenzhen, China. This cohort recruited second-grade students
from 19 of the 134 local primary schools by using cluster sampling in September 2018. In the end, 18 schools were
willing to participate. In September 2019, the study administered a questionnaire about the current situation of electronic
products use in children in this cohort. ST was measured as the average screen time during the week preceding the survey
to minimize recall bias, whereas sleep disturbance and EBPs were assessed using the Sleep Disturbance Scale for
Children (SDSC) and SDQ, respectively, both of which specify a six-month recall period as defined in the official
instruments. Given the cross-sectional design, these measurements limit the ability to infer causality or the temporal
directionality of the associations.

Electronic questionnaires were sent to the parents or guardians of 4829 children, 4593 were returned (response rate:
95.1%). All questionnaires were completed by the children’s parents or guardians on their behalf. Specifically, the parent
or guardian designated as the “first” parent or guardian (ie, the parent or guardian who completed the main questionnaire)
was also asked to provide the ST information on behalf of the child. Questionnaires with too much missing information,
children who were not aged 7-9, lacked information on ST, or had severe organic diseases or had been hospital-
diagnosed EBPs were excluded. Finally, 3883 children were included in the analyses (Figure 1). Informed consent was
received from a parent or guardian of each participant, and this project was approved by the medical ethics committee of
the Baoan Central Hospital of Shenzhen (no. IRB-PJ-2018-002).

2758  hes Nature and Science of Sleep 2025:17



You et al @

134 Primary schools

Cluster sampling
\ 4

Sample size:
18 Primary schools

A 4
All students in grade two:

4829
' } '
4829 Sociodemographic and 4829 Sleep Disturbance Scale 4829 Strengths and Diffculties
ST questionnaires for Children questionnaires questionnaires

Keeping participants responding to these
$ three surveys

The number of responses: 4593

Excluding children not 7-9 years old and

v lacked information on ST

Sample size: 3883

Figure | Participant recruitment diagram.

Socio-Demographic Variable and Exposure

The questionnaire included socio-demographic information such as the child’s sex, date of birth, family economic status,
family structure and parents’ educational level. The exact questions from the ST-related survey are provided in the
Supplementary Material. Average daily ST was calculated as (5/7 x [ST on weekdays] + 2/7 x [ST during the weekend]).

The questionnaire showed good reliability and validity with high consistency among measurement items after analyses
(Cronbach’s o = 0.866).

Outcome Assessment

Sleep Disturbance

SDSC was used to investigate the status of sleep disturbance in children. The SDSC contains 26 items of six dimensions:
disorders of initiating and maintaining sleep, sleep breathing disorder, disorders of arousal, sleep-wake transitions
disorders, disorders of excessive somnolence, and sleep hyperhidrosis.'*?* Each item was scored from 1 to 5, with
a total score of >39 considered a sleep disorder. The Cronbach’s a coefficient was 0. 866. The Kaiser-Meyer-Olkin
statistic was 0.811, and the Bartlett spherical test P < 0.001.

EBPs

Children’s emotional problems, behavioral problems, peer interaction and other psychological development characteristics
were assessed with the revised SDQ (parental version). The total difficulties score (range 0—40) was calculated as the sum
of emotional symptom, conduct problems, hyperactivity, and peer relationship problems scores, excluding the prosocial
behavior score. The score was divided into 80th and 90th percentiles; 90th percentiles with a corresponding cutoff value of
17 were considered abnormal, <80th percentiles with a corresponding cutoff value of 14 were considered normal, and 80th
to 90th percentiles were considered borderline.”> The SDQ is a dimensional measure without a strict threshold. Previous
studies have shown that each additional point on the SDQ total difficulties score is associated with an increased odds of
adverse outcomes (OR range: 1.14-1.28).%* To improve statistical power and ensure stability of estimates, we combined
children scoring in the “borderline” range with those in the “abnormal” range into a single “at-risk” group, consistent with
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prior studies.”> Accordingly, the total difficulties score and each subscale were dichotomized as either healthy (normal) or
at-risk (borderline and abnormal). The Cronbach’s a was 0.766. The KMO statistic was 0.865, and the Bartlett spherical test
P<0.001.

Covariates

Numerous variables such as demographic characteristics (sex, parental educational level, family structure and family
economic status), household environment (whether the child sleeps in a bedroom with a TV/computer, whether the child
uses electronic devices in a dark environment) and the condition of parental accompaniment (parental ST, parental
accompaniment time). The calculation of parental ST was similar to that for children.

Statistical Analysis

Data are described with mean (SD) for continuous variables and number (%) for categorical variables. The chi-squared
test was used to assess differences in socio-demographic variables and Mann—Whitney U-test for quantitative data with
non-normal distribution. Spearman correlation coefficients (r) were used assess the association of ST and sleep
disturbance with SDQ scores. Logistic regression models were used to test the association of exposure variables with
risk of EBPs. The package “mediation” of R software was used to analyze the mediating effect of sleep disturbance. We
fit a mediator model in which SDSC score >39 (mediator) was modeled as a function of the ST > 2 hr/day (treatment) and
pre-treatment covariates (socio-demographic variable, covariates) and modeled the outcome variable, which was a binary
variable, indicating whether or not the child’s SDQ score was borderline or abnormal (at-risk). The explanatory variables
of the outcome model included the mediator, treatment, and the same set of pre-treatment variables as those used in the
mediator model. Logistic regression was used to fit the mediator and outcome models, and we used nonparametric
bootstrap rather than the quasi-Bayesian Monte Carlo simulation for variance estimation via the boot = TRUE argument,
with the default (1000). The average causal mediation effects (ACMESs) and average direct effects (ADE) were estimated
by the mediate function. The a priori level of significance was defined as P<0.05. All statistical analyses involved using
SPSS 24.0 (IBM Corp., Armonk, NY, USA) and RStudio v1.2.5042.

Results

Participant Characteristics and Proportion by ST

Among the participants, 14.4% of boys and 17.4% of girls had ST > 2 hr/day. Sleep disturbance was reported in 24.3% of
boys and 23.8% of girls. The proportion of children at risk of EBPs was 24.7% for boys and 23.6% for girls. The sample
characteristics stratified by ST, sleep disturbance and EBPs (at-risk) are in Table 1. The proportion of the children with
ST > 2 hr/day varied significantly by sex, family structure, family economic status, parental educational level, maternal
accompaniment time, paternal ST > 2 hr/day, maternal ST > 2 hr/day, TV/computer in the child’s bedroom and use of
electronic devices in a dark environment. The prevalence of sleep disturbance differed by family structure and parental
educational level, etc. Risk of EBPs was related to paternal educational level, parental accompaniment time, TV/
computer accessibility in children’s bedroom, and use of electronic devices in a dark environment but did not vary
significantly by sex, family structure, or family economic status. We found significant differences in the rate of EBPs
among ST and sleep disturbance groups (P < 0.001 for all).

Differences Between ST, SDQ and Behavioral Problems

Table 2 reports the mean scores for total and subscale SDQ scores for the different ST and sleep-disturbance groups.
Except for the prosocial subscale score, the total and subscale SDQ scores were higher for children with than without ST
> 2 hr/day (P < 0.05). The prosocial subscale scores were lower for children with than without ST > 2 hr/day (P < 0.001).
Similar results were found for the associations between the total and subscale SDQ scores and sleep disturbance
(P < 0.001 for all). For the ST grouping, Cohen’s d was approximately 0.266, which indicates a small effect size, and
for the SDSC score grouping, Cohen’s d was approximately 0.595, suggesting a medium effect size.
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Table | Characteristics of Children Aged 7-9 years

Characteristics ST, n (%) P value SDSC Score, n (%) P value SDQ Score, n (%) P value
2 2 hr/Day <2 hr/Day Normal Sleep Normal At-Risk
Disturbance
Sex 0.012 0.719 0.433
Boys 313 (14.4) 1860 (85.6) 1645 (75.7) 528 (24.3) 1636 (75.3) 537 (24.7)
Girls 297 (17.4) 1413 (82.6) 1303 (76.2) 407 (23.8) 1306 (76.4) 404 (23.6)
Family structure 0.002 0.003 0.224
The nuclear family 342 (15.1) 1917 (84.9) 1763 (78.0) 496 (22.0) 1722 (76.2) 537 (23.8)
The trunk family 207 (15.2) 1154 (84.8) 996 (73.2) 365 (26.8) 1034 (76.0) 327 (24.0)
Single parent family 27 (28.4) 68 (71.6) 66 (69.5) 29 (30.5) 65 (68.4) 30 (31.6)
Others 34 (20.2) 134 (79.8) 123 (73.2) 45 (26.8) 121 (72.0) 47 (28.0)
Family economic status 0.012 0.264 0.298
Poor 42 (18.6) 184 (81.4) 171 (76.5) 53 (23.5) 161 (71.2) 65 (28.8)
Subsistence 87 (18.3) 388 (81.7) 357 (75.2) 118 (24.8) 360 (75.8) 115 (24.2)
Well-off 113 (l6.1) 588 (83.9) 542 (77.3) 159 (22.7) 533 (76.0) 168 (24.0)
Rich 181 (l6.1) 943 (83.9) 856 (76.2) 268 (23.8) 845 (75.2) 279 (24.8)
Very rich 82 (11.6) 622 (88.4) 510 (72.4) 194 (27.6) 550 (78.1) 154 (21.9)
Father educational level <0.001 <0.001 0.009
Primary and below 11 (25.6) 32 (744) 35 (81.4) 8 (18.6) 28 (65.1) 15 (34.9)
Junior 160 (21.5) 583 (78.5) 593 (79.8) 150 (20.2) 568 (76.4) 175 (23.6)
Secondary/high 180 (16.6) 902 (83.4) 841 (77.7) 241 (22.3) 807 (74.6) 275 (25.4)
Junior college 104 (12.4) 737 (87.6) 608 (72.3) 233 (27.7) 622 (74.0) 219 (26.0)
Bachelor or above 78 (10.9) 637 (89.1) 512 (71.6) 203 (28.4) 575 (80.4) 140 (19.6)
Mother educational level <0.001 <0.001 0.143
Primary and below 17 (21.3) 63 (78.8) 67 (83.8) 13 (16.3) 60 (75.6) 20 (25.0)
Junior 190 (20.5) 736 (79.5) 734 (79.3) 192 (20.7) 689 (74.4) 237 (25.6)
Secondary/high 185 (16.6) 927 (83.4) 868 (78.1) 244 (21.9) 847 (76.2) 265 (23.8)
Junior college 96 (11.6) 730 (88.4) 577 (69.6) 249 (30.1) 626 (75.8) 200 (24.2)
Bachelor or above 39 (8.8) 403 (91.2) 313 (70.8) 129 (29.2) 357 (80.8) 85 (19.2)
Paternal accompaniment time (hours/day) 0.937 <0.001 0.001
>4 146 (15.8) 779 (84.2) 759 (82.1) 166 (17.9) 738 (79.8) 187 (20.2)
2-4 174 (16.2) 899 (83.8) 830 (77.4) 243 (22.6) 824 (76.8) 249 (23.2)
-2 171 (15.5) 929 (84.5) 810 (73.6) 290 (26.4) 818 (74.4) 282 (25.6)
<l 119 (15.2) 666 (84.8) 549 (69.9) 236 (30.1) 562 (71.6) 223 (28.4)
(Continued)
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Table 1 (Continued).

Characteristics ST, n (%) P value SDSC Score, n (%) P value SDQ Score, n (%) P value
> 2 hr/Day <2 hr/Day Normal Sleep Normal At-Risk
Disturbance
Maternal accompaniment time (hours/day) <0.001 <0.001 <0.001
>4 316 (14.1) 1929 (85.9) 1776 (79.1) 469 (20.9) 1747 (77.8) 498 (22.2)
2-4 174 (15.9) 919 (84.1) 808 (73.9) 285 (26.1) 830 (75.9) 263 (24.1)
1-2 85 (20.3) 334 (79.7) 276 (65.9) 143 (34.1) 284 (67.8) 135 (32.2)
<l 35 (27.8) 91 (72.2) 88 (69.8) 38 (30.2) 8l (64.3) 45 (35.7)
Paternal ST <0.001 <0.001 0.079
<2 hr/day 172 (10.3) 1496 (89.7) 1358 (81.4) 310 (18.6) 1287 (77.2) 381 (22.8)
= 2 hr/day 438 (19.8) 1777 (80.2) 1590 (71.8) 625 (28.2) 1655 (74.7) 560 (25.3)
Maternal ST <0.001 <0.001 0.536
<2 hr/day 251 (11.6) 1908 (88.4) 1728 (80.0) 431 (20.0) 1644 (76.1) 515 (23.9)
= 2 hr/day 359 (20.8) 1365 (79.2) 1220 (70.8) 504 (29.2) 1298 (75.3) 426 (24.7)
TV/computer accessibility in child’s bedroom <0.001 0.197 <0.001
1% 52 (21.8) 187 (78.2) 184 (77.0) 55 (23.0) 159 (66.5) 80 (33.5)
Computer 105 (17.2) 504 (82.8) 442 (72.6) 167 (27.4) 448 (73.6) 161 (26.4)
Both 63 (21.9) 225 (78.1) 217 (75.3) 71 (24.7) 205 (71.2) 83 (28.8)
Neither 390 (14.2) 2357 (85.8) 2105 (76.6) 642 (23.4) 2130 (77.5) 617 (22.5)
Electronic use in dark environment <0.001 <0.001
Yes 64 (29.4) 154 (70.6) <0.001 144 (66.1) 74 (33.9) 127 (58.3) 91 (41.7)
No 546 (14.9) 3119 (85.1) 2804 (76.5) 861 (23.5) 2815 (76.8) 850 (23.2)
Excessive ST <0.001 <0.001
Yes - - 395 (64.8) 215 (35.2) 412 (67.5) 198 (32.5)
No - - 2553 (78.0) 720 (22.0) 2530 (77.3) 743 (22.7)
Sleep disturbance - - - - - <0.001
Yes - - - - - 565 (60.4) 370 (39.6)
No - - - - - 2377 (80.6) 571 (19.4)

Abbreviations: ST, screen time; SDSC, Sleep Disturbance Scale for Children; SDQ, Strengths and Difficulties Questionnaire.
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Table 2 SDQ Total and Subscale Scores for ST and Sleep Disturbance Groups

ST SDSC Score
<2 hr/Day 2 2 hr/IDay Cohen’s d | P value <39 =39 Cohen’s d | P value

SDQ domains

Total difficulties 11.086 (4.864) | 12.379 (4.797) 0.266 <0.001 10.611(4.678) | 13.423(4.876) 0.595 <0.001
Emotional symptoms | 2.042(1.823) 2.280(1.892) 0.130 0.004 1.898(1.770) 2.65(1.920) 0416 <0.001
Conduct problems 1.958(1.434) 2.248(1.560) 0.200 <0.001 1.844(1.369) 2.505(1.610) 0.460 <0.001
Hyperactivity 4.522(2.291) 4.990(2.149) 0.206 <0.001 4.318(2.206) 5.470(2.271) 0.520 <0.001
Peer problems 2.564(1.512) 2.861(1.580) 0.195 <0.001 (1.5092.552) 2.797(1.568) 0.161 <0.001
Prosocial 6.669(2.127) 6.423(2.129) —0.116 0.009 6.799(2.119) 6.102(2.074) —0.330 <0.001

Notes: Cohen’s d effect sizes: small 0.2, medium 0.5, large 0.8.
Abbreviations: ST, screen time; SDSC, Sleep Disturbance Scale for Children; SDQ, Strengths and Difficulties Questionnaire.

Correlation of ST and SDSC Score with SDQ Score

The correlations of the total and subscale SDQ scores with the continuous predictor variables ST and SDSC score are in
Table 3. The mean (SD) total SDQ score was 11.3 (4.9). ST was positively correlated with the total SDQ score (r = 0.118,
P < 0.05) and with SDQ subscale scores, except for the prosocial subscale (r = —0.095, P < 0.001). Squaring this
correlation coefficient (ie, calculating R?) showed that ST explained approximately 1.4% of the variance in total SDQ
scores. Similarly, the SDSC score was positively correlated with the total SDQ score (r = 0.306, P < 0.05) as well as SDQ
subscale scores; its R? indicated that SDSC accounted for around 9.4% of the variance in total SDQ scores. Conversely,
the SDSC score was negatively correlated with the prosocial subscale score (r = —-0.173, P < 0.001).

Associations Between Excessive ST and Sleep Disturbance

Table 4 shows the associations between excessive ST and risk of sleep disturbance. All associations were evident in both
crude and adjusted models. The probability of sleep disturbance was positively associated with ST > 2 hr/day (OR 1.93,
95% CI 1.60-2.32, P < 0.001, Model 1: not adjusted). ST > 2 hr/day remained a risk factor after adjusting for sex, family
structure and parental educational level (Model 2: OR 2.10, 95% CI 1.71-2.58, P < 0.001) and additional variables such
as parental ST and parental accompaniment time (Model 3: OR 1.98, 95% CI 1.55-2.36, P < 0.001). In Model 4,
additional covariates such as TV/computer accessibility in child’s bedroom and electronic use in the dark were
controlled, and the results continued to show that ST > 2 hr/day was a risk factor for sleep disturbance in children
(Model 4: OR 1.85, 95% CI 1.50-2.29, P < 0.001), thus indicating that excessive ST had harmful effects on the condition
of sleep.

Table 3 Correlation of ST and SDSC Score with SDQ Score as a Continuous

Variable
SDQ Score, Mean (SD) | ST (r) | SDSC Score (r)

SDQ domains

Total difficulties 11.289(4.876) 0.118* 0.306*
Emotional symptoms 2.080(1.836) 0.065* 0.229*
Conduct problems 2.000(1.458) 0.096* 0.235%
Hyperactivity 4.595(2.275) 0.103* 0.276*
Peer problems 2.611(1.527) 0.063* 0.060*
Prosocial 6.631(2.129) —0.095* —0.173*

Notes: #:P<0.05.
Abbreviations: ST, screen time; SDSC, Sleep Disturbance Scale for Children; SDQ, Strengths and
Difficulties Questionnaire.
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Table 4 Association Between ST and Risk of Sleep Disturbance

B SE Wald 5> | P value | OR 95% CI

Model 1* | 0.658 | 0.095 | 48.234 <0.001 1.930 | 1.603-2.324
Model 2° | 0.742 | 0.105 50.089 <0.001 | 2.101 | 1.710-2.580
Model 3° | 0.648 | 0.108 35.873 <0.001 1.982 | 1.546-2.363
Model 4¢ | 0.417 | 0.109 32.050 <0.001 1.852 | 1.496-2.293

Notes: *Not adjusted. °Adjusted for sex, family structure and parents’ educational level.
Additional variables such as parental ST and parental accompaniment time. ¢ Additional
covariates such as TV/computer accessibility in child’s bedroom and electronic use in the
dark environment.

Associations Between Excessive ST, Sleep Disturbance and Risk of EBPs

Table 5 shows the analysis of the associations between ST > 2 hr/day and sleep disturbance and risk of EBPs. We
adjusted the same covariables in each of the four models as in the mediator model. Probability of EBPs was increased
with excessive ST (Model 1: OR 1.45, 95% CI 1.20-1.76, P < 0.001; Model 2: OR 1.33, 95% CI 1.07-1.64, P = 0.011;
Model 3: OR 1.35, 95% CI 1.11-1.65, P = 0.011; Model 4: OR 1.34, 95% CI 1.10-1.64, P = 0.004). Children with sleep
disturbance showed significantly increased risk of behavioral problems in all models (Model 1: OR 2.64, 95% CI

Table 5 Associations Between ST, Sleep Disturbance and Risk for Emotional and Behavioral Problems (EBPs)

SDQ domains B SE Wald Xz P value | OR 95% CI

Total difficulties

Model 1* | ST= 2 hr/day 0.372 | 0.099 | 14.163 <0.001 1.450 | 1.195-1.760
SDSC score 239 | 0.970 | 0.082 | 139.566 <0.001 2.638 | 2.246-3.098
Model 2° | ST= 2 hr/day 0.281 | 0.110 | 6.517 0.011 1.325 | 1.067-1.644
SDSC score 239 | 1.026 | 0.090 | 130.233 <0.001 2.790 | 2.339-3.328
Model 3° | ST= 2 hr/day 0.300 | 0.101 | 8.888 0.003 1.350 | 1.108-1.645
SDSC score 239 | 0.993 | 0.091 | 119.521 <0.001 2,699 | 2.259-3.226
Model 4¢ | ST= 2 hr/day 0.294 | 0.103 | 8.192 0.004 1.342 | 1.097-1.641

SDSC score 239 | 0.979 | 0.092 | 114.506 | <0.001 2.662 | 2.225-3.185

Emotional symptoms

Model 1* | ST= 2 hr/day 0.208 | 0.104 | 3.974 0.046 1231 | 1.004-1.511
SDSC score 239 | 0.774 | 0.086 | 81.466 <0.001 2.168 | 1.833-2.565
Model 2° | ST= 2 hr/day 0.138 | 0.117 | 1.381 0.240 1.148 | 0.912-1.444
SDSC score 239 | 0.818 | 0.094 | 76.059 <0.001 2.265 | 1.885-2.722
Model 3° | ST= 2 hr/day 0.135 | 0.120 | 1.258 0.262 1.144 | 0.904-1.447
SDSC score 239 | 0.795 | 0.095 | 70.701 <0.001 2215 | 1.840-2.667
Model 4¢ | ST= 2 hr/day 0.081 | 0.121 | 0.445 0.505 1.084 | 0.855-1.376

SDSC score 239 | 0.787 | 0.095 | 68.510 <0.001 2.198 | 1.824-2.648

Conduct problems

Model 1* | ST= 2 hr/day 0.274 | 0.095 | 8.424 0.004 1.316 | 1.093-1.584
SDSC score 239 | 0.837 | 0.079 | 113.008 <0.001 2310 | 1.979-2.695
Model 2° | ST= 2 hr/day 0.224 | 0.104 | 4.588 0.032 1.251 | 1.019-1.535
SDSC score 239 | 0.844 | 0.085 | 97.679 <0.001 2.326 | 1.967-2.750
Model 3° | ST= 2 hr/day 0.220 | 0.107 | 4.205 0.040 1.246 | 1.010-1.536
SDSC score 239 | 0.819 | 0.086 | 90.246 <0.001 2269 | 1.916-2.687
Model 4¢ | ST= 2 hr/day 0.160 | 0.108 | 2.183 0.140 1.174 | 0.949-1.452

SDSC score 239 | 0.806 | 0.087 | 86.126 <0.001 2239 | 1.899-2.654

(Continued)
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Table 5 (Continued).

SDQ domains i SE Wald 2 | P value | OR | 95% CI
Hyperactivity
Model I* | ST2 2 hr/day 0.301 | 0.093 | 10494 | 0.00I 1.352 | 1.126-1.622
SDSC score 239 | 0.815 | 0.078 | 109.357 | <0.001 | 2259 | 1.939-2.631
Model 2° | ST2 2 hr/day 0.215 | 0.103 | 4.344 0.037 1239 | 1.013-1.517
SDSC score 239 | 0.854 | 0.085 | 100.246 | <0.001 | 2.350 | 1.988-2.778
Model 3¢ | ST2 2 hr/day 0.261 | 0.094 | 7.639 0.006 1.298 | 1.079-1.562
SDSC score 239 | 0.827 | 0.086 | 92.387 | <0.001 | 2287 | 1.932-2.707
Model 4% | ST2 2 hr/day 0.269 | 0.096 | 7.833 0.005 1.308 | 1.084-1.579

SDSC score 239 | 0.810 | 0.087 | 87.538 <0.001 2.247 | 1.897-2.662
Peer problems

Model 1* | ST= 2 hr/day 0.400 | 0.094 | 18.095 <0.001 1.491 | 1.240-1.793
SDSC score 239 | 0.246 | 0.082 | 8.994 0.003 1.279 | 1.089-1.502
Model 2° | ST= 2 hr/day 0.321 | 0.104 | 9.522 0.002 1.379 | 1.124-1.691
SDSC score 239 | 0.331 | 0.089 | 13.787 <0.001 1.393 | 1.169-1.659
Model 3° | ST= 2 hr/day 0.339 | 0.107 | 10.062 0.002 1.403 | 1.138-1.729
SDSC score 239 | 0.324 | 0.090 | 12.958 <0.001 1.383 | 1.159-1.650
Model 4¢ | ST= 2 hr/day 0.306 | 0.108 | 8.069 0.005 1.357 | 1.099-1.676
SDSC score 239 | 0.313 | 0.090 | 11.948 0.001 1.367 | 1.145-1.632
Prosocial
Model 1* | ST= 2 hr/day 0.091 | 0.129 | 0.496 0.481 1.095 | 0.851-1.409
SDSC score 239 | 0482 | 0.105 | 21.016 <0.001 1.619 | 1.318-1.990
Model 2° | ST= 2 hr/day 0.085 | 0.140 | 0.368 0.544 1.089 | 0.828-1.432
SDSC score 239 | 0.493 | 0.113 | 19.151 <0.001 1.637 | 1.313-2.041
Model 3¢ | ST= 2 hr/day 0.080 | 0.143 | 0.311 0.577 1.083 | 0.818-1.433
SDSC score 239 | 0475 | 0.114 | 17.450 <0.001 1.608 | 1.287-2.009
Model 4¢ | ST= 2 hr/day 0.059 | 0.144 | 0.168 0.682 1.061 | 0.800-1.407
SDSC score 239 | 0.464 | 0.114 | 16.585 <0.001 1.591 | 1.272-1.989

Notes: *Not adjusted. ®Adjusted for sex, family structure and parents’ educational level. “Additional variables such as parental ST and parental
accompaniment time. Additional covariates such as TV/computer accessibility in child’s bedroom and electronic use in the dark environment.

2.25-3.10; Model 2: OR 2.79, 95% CI 2.34-3.33; Model 3: OR 2.70, 95% CI 2.26-3.23; Model 4: OR 2.66, 95% CI
2.26-3.18; P < 0.001 for all). These findings were inconsistent for each of the SDQ subscales. In model 1, both ST > 2 hr/
day and sleep disturbance increased the risk of emotional symptoms (OR 1.23, 95% CI 1.00-1.51 and OR 2.16, 95% CI
1.83-2.57), conduct problems (OR 1.32, 95% CI 1.09-1.58 and OR 2.31, 95% CI 1.98-2.70), hyperactivity (OR 1.35,
95% CI 1.13-1.62 and OR 2.26, 95% CI 1.94-2.63), and peer problems (OR 1.49, 95% CI 1.24-1.79 and OR 1.30, 95%
CI 1.09-1.50), whereas sleep disturbance was associated with prosocial behavior (OR 1.62, 95% CI 1.32-1.99). In Model
2, after adjusting for demographic variables, the results changed. The associations were no longer statistically significant
between ST > 2 hr/day and emotional symptoms (P = 0.240) and prosocial problems (P = 0.544). In Model 3, sleep
disturbance increased the risk of emotional symptoms (OR 2.22, 95% CI 1.84-2.67), conduct problems (OR 2.27, 95%
CI 1.92-2.69), hyperactivity (OR 2.29, 95% CI 1.93-2.71), peer problems (OR 1.38, 95% CI 1.16-1.65), and prosocial
behavior problems (OR 1.61, 95% CI 1.29-2.01), whereas the association remained non-statistically significant between
ST > 2 hr/day and emotional symptoms (P = 0.262) and prosocial problems (P = 0.577). Model 4 results were similar to
Model 3 results.

The Mediating Effect of Sleep Disturbance
We adjusted for demographic characteristics and covariates to analyze the mediating role of sleep disturbance in the
relation between ST > 2 hr/day and SDQ total score >39. The estimated ACMEs, ADEs, and total effects were
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Table 6 Mediation Analysis: Excessive ST, Sleep Disturbance and EBPs

Estimate | 95% CI Lower | 95% CI Upper | P-value
ACME? (control) 0.0182 0.0160 0.03 <0.001
ACME (treated) 0.0204 0.0184 0.04 <0.001
ADE®(control) 0.0556 0.0317 0.11 <0.001
ADE (treated) 0.0578 0.0338 0.11 <0.001
Total effect 0.0760 0.0563 0.13 <0.001
Prop.mediated (control) 0.2393 0.1524 0.47 <0.001
Prop.mediated (treated) 0.2686 0.1812 0.50 <0.001
ACME (average) 0.0193 0.0173 0.04 <0.001
ADE (average) 0.0567 0.0327 0.11 <0.001
Prop.mediated (average) 0.2539 0.1665 0.48 <0.001

Notes: *ACMEs-the average causal mediation effects. ADEs-the average direct effects.

statistically different from zero (P<0.001) (Table 6). The results suggest that ST > 2 hr/day may increase the risk of sleep
disturbance, which in turn increased the odds of EBPs. Here, because the outcome was binary, all estimated effects were
expressed as an increase in probability. The ACME was 0.0193 and ADE 0.0567, so the mediating effect model could be
considered valid, and sleep disturbance partially mediated the correlation between ST > 2 hr/day and risk of EBPs. The
proportion of mediation was 25.4% (Figure 2).

Discussion

The present study offered insights into the associations of excessive ST with sleep disturbance and risk of EBPs among
school children aged 7-9 in China and further explored whether sleep disturbance plays a mediating role between ST and
EBPs. Our results show increased odds of EBPs in young school children with ST > 2 hr/day and sleep disturbance, and
sleep disturbance was a significant mediator. Specifically, children with ST > 2 hr/day and sleep disturbance had higher
scores on SDQ total difficulties, emotional symptoms, conduct problems, hyperactivity, and peer problems but lower
prosocial scores.

As hypothesized, the present study found that children aged 7-9 with ST > 2 hr/day and sleep disturbance were
significantly more likely to have EBPs. Sleep disturbance was a significant mediator, although the effect sizes were small.
About 15.7% of children had ST in excess of the recommended 2 hr/day, and 24.1% of parents reported that their child
had a sleep disturbance. The rate of sleep disturbance was higher for children with ST > 2 hr/day than < 2 hr/day.
Logistic regression analysis revealed that excessive ST increased the risk of sleep disturbance in children. ST may affect
children by displacing their sleep habits.

A total of 3883 children aged 7-9 in Shenzhen were screened by the SDQ scale for abnormal and borderline total
difficulties score, with a positive detection rate of 24.1%. This proportion exceeds the 20% threshold corresponding to
the “at risk” category of the SDQ in the general Chinese population, suggesting a higher prevalence of EBPs in the
Shenzhen area. Total and subscale SDQ scores were positively correlated with SDSC scores. The present study provides
evidence that ST > 2 hr/day was significantly associated with EBPs among children aged 7-9 years, even after

ACME: p=0.0193,

P<0.001
Sleep
disturbance
Proportion mediated: 25.39%
95%CI(16.65%-48%),P<0.001
ST EBPs
ADE: p=0.0567,
P<0.001

Figure 2 Mediation of sleep disturbance in the association between screen time (ST) and emotional-behavioral problems (EBP) among children.
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adjustment for potential confounders, perhaps because children at this age are at a stage of poor self-control. If they
spend too much time watching TV, using mobile phones or computers, they will spend less time interacting with the
outside world and playing with their peers, which is not conducive to the development of social functions.

The relation between sleep problems and behavioral problems in children is well established. Lima Santos et al*®
reported an association of shorter night-time sleep duration in preschool children with increased likelihood of externaliz-
ing behavioral symptoms (overactivity, anger, aggression, impulsivity, tantrums, and annoying behaviors) based on
parental reports. Previous studies showed that ST may be associated with increased EBPs in children, including
aggression,”’ decreased prosocial behavior*® and attention problems.?” A study conducted in Tongling, China, showed
a dose-response relation between children’s TV and computer use time and risk of sleep disorders.'? The relation between
the time of watching TV and risk of sleep disorders was non-linear J-shaped; that is, the risk of sleep disorders increased
with increasing time of watching TV when the time of watching TV exceeded the threshold. When the time of watching
TV increased by 1 hr every day, the risk of sleep disorders in children increased by 12.4%. For computer use, the relation
was broad linear between the use time and the risk of sleep disorders. Mulla et al*® found that ST of 670 children aged 6
to 14 years in Saudi Arabia and Bahrain was significantly correlated with adverse mental health outcomes, especially
emotional symptoms and depressive symptoms. A prospective cohort study in Finland found that ST from childhood
were associated with perceived stress and depressive symptoms in adolescence.’' A previous study investigated the
relation between ST and mental health of 10,829 school-age children aged 10—12 in Iceland.*® Children with long ST
were more likely to feel lonely and depressed, especially those with ST > 4 hr/day. However, the studies cited used
different assessments of behavioral problems, but did not link ST, sleep disturbance and EBPs.

In our study, we focused on studying the relationship between excessive ST and sleep disturbance and risk of EBPs among
school children, and further explored whether sleep disturbance plays a mediating role between ST and EBPs. After adjusting
for demographic characteristics and covariates, we still found that children with ST > 2 hr/day had an increased risk of
developing sleep disorders, which acted as a significant mediator of the impact of ST on children’s EBPs, explaining 25.39%
of the total effect. A few studies also had similar results.**** Several possible mechanisms may explain how sleep disturbances
play an intermediary role between screen and EBPs. For children, the time spent using electronic products was at the cost of
sleep time, thus shortening sleep time and reducing sleep quality.>> Another possible mechanism is that bright light inhibits the
melatonin, which interferes with sleep.*® Moreover, not all types of screen use exert the same impact on sleep. In particular,
interactive screen-based activities such as video gaming have been shown to induce higher levels of physiological arousal and
cognitive engagement compared to more passive media forms such as watching videos, which may strengthen their
association with sleep disturbances.’” Sleep loss reduced prefrontal activity and reduced functional connectivity between
the prefrontal cortex and limbic regions.® Sleep loss also reduces rapid eye movement sleep, which is implicated in the
processing of emotional memories.*® Finally, sleep deprivation has a negative impact on cognitive function, and many of these
processes are involved in emotion monitoring, reasoning, and emotional regulation.*” Besides, the screen content such as
playing games, watching videos, and chatting, may cause psychophysiological arousal.*' Of note, the mechanisms of sleep
disturbance mediated on EBPs in children are complex, especially for young school-age children. More mechanism research
underlying these associations would be required.

In rapidly developing, high-tech cities like Shenzhen, where electronic devices are pervasive, our findings highlight
the importance of implementing public health and school-based interventions. Such interventions may include limiting
ST both at school and at home, promoting sleep hygiene education, all of which aim to promote healthy screen use habits
and sleep routines, and reduce subsequent EBPs in young school-aged children. The strengths of this study include the
large representative sample and the statistical adjustment for a large number of potential covariates. In addition to
gathering information on the child, parental accompaniment time, parental ST, we assessed TV/computer accessibility in
the child’s bedroom and use of electronic products in the dark environment as potential confounders to better estimate the
associations between ST and sleep disturbance and behavioral problems.

Our study has several limitations. Firstly, the data on ST were retrospective and reported by parents and might have been
subject to recall bias. Also, parents are likely reporting the time their child goes to bed, not necessarily the time the child falls
asleep. Secondly, although this study focused on the hypothesized pathway from ST to sleep disturbance and subsequently to
EBPs, it is important to acknowledge that the observed associations do not establish causality. Existing literature indicates that the
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relationship between ST and EBPs may be bidirectional, children with EBPs may engage in more screen-based activities, while
excessive ST may, in turn, exacerbate EBPs.** However, the evidence regarding the directionality between sleep disturbance and
EBPs remains inconsistent across studies, suggesting the possibility of reverse causality in our findings.'* Given these
discrepancies and the cross-sectional nature of our data, we cannot determine temporal precedence or rule out the possibility
that pre-existing EBPs influenced children’s screen use or sleep patterns. Therefore, prospective studies with repeated measure-
ments are needed to further clarify these associations. Thirdly, social desirability bias may prompt parental underreporting of
screen exposure and sleep problems.*® Finally, although some confounders were controlled in this study, the influence of other
unmeasured confounders cannot be excluded. For example, we focused on overall screen time without differentiating content
types (eg, educational, entertainment, or violent), which may have distinct effects on children’s sleep and emotional and
behavioral outcomes. Further studies are needed to clarify these associations more precisely. Moreover, cultural factors and
the specific technology environment of Shenzhen, including high levels of digital device penetration, intensive academic
competition, and rapid lifestyle transitions, may limit the generalizability of our findings to other contexts. Further studies are
needed to examine whether similar associations are observed in regions with different sociocultural backgrounds and patterns of
technology use.

Conclusions

Our findings suggest that children with prolonged ST were significantly more likely to have behavioral problems, and sleep
disturbance mediated this association. Importantly, persistent EBPs in childhood may lead to prolonged screen exposure and
sleep disturbances, which in turn can heighten the risk of developing more severe mental health difficulties in adolescence,
such as depression, anxiety, or social withdrawal. While causal conclusions cannot be drawn from a cross-sectional design, the
identified associations highlight the necessity for further longitudinal or interventional studies. Accordingly, coordinated
efforts among parents, educators, and healthcare providers to identify and address EBPs at an early stage, alongside the
promotion of healthy screen-use habits and sleep routines, are essential to mitigate long-term psychosocial risks.

From a public health and clinical perspective, our findings support current recommendations to limit children’s daily
ST to no more than 2 hours, avoid screen use in dark environments, and promote healthy sleep routines. Pediatricians and
school health professionals should routinely assess both sleep quality and behavioral functioning in children with high
screen exposure, as early detection may enable timely and targeted interventions.

For parents and educators, establishing structured screen-use guidelines and encouraging healthy sleep hygiene
practices may be particularly beneficial. For younger children, who are more vulnerable to environmental influences,
parents should act as role models by reducing their own screen use and fostering healthy screen-time habits. For older
children, parental supervision and structured planning of screen use may help balance the benefits of digital engagement
with the risks of overexposure.
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