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Abstract

Background: Children’s lives are increasingly mediated by digital technologies, yet evidence regarding the associations
between internet use and depression is far from comprehensive and remains unclear.

Objective: This study aimed to investigate the dose-response association between internet use, including use time and
addiction behaviors, and depressive symptoms among children and adolescents in Zhejiang Province.

Methods: Data were collected from a school-based health survey China Common Disease and Risk Factor Surveillance
Among Students, encompassing 21,336 students in Zhejiang Province. The daily internet use time, internet addiction (IA)
behaviors, and depressive symptoms were assessed with questionnaires. Logistic regression models were used to explore the
associations of internet use time and IA behaviors with depressive symptoms among children and adolescents. Restricted cubic
spline curves were used to determine the dose-response associations.

Results: A total of 6225 (29.2%) students had depressive symptoms. Compared to those reporting no internet use, boys using
the internet for >2 hours/day (odds ratio [OR] 1.53, 95% CI 1.34-1.74) and girls using internet for 1.1-2 hours/day (OR 1.22,
95% CI 1.06-1.39) and >2 hours/day (OR 1.70, 95% CI 1.50-1.93) were at higher risks of depressive symptoms. A significant
J-shaped association was identified between internet use time and depressive symptoms among children and adolescents,
especially in boys and primary school students (nonlinear P values were .006, .003, and <.001, respectively). Increased 1A
behaviors were associated with a higher odd of depressive symptoms (1 IA behavior: OR 2.01, 95% CI 1.83-2.21; 2 IA
behaviors: 2.91, 95% CI 2.57-3.29; and =3 IA behaviors: 4.72, 95% CI 4.26-5.22). A positive nonlinear association between
the number of IA behaviors and depressive symptoms was found in total population, girls, and primary school students
(nonlinear P values were .02, .002, .007, respectively).

Conclusions: Findings suggested that excessive internet use time and IA behaviors were significantly associated with an
increased risk of depressive symptoms, highlighting the importance of interventions to regulate and educate about adequate
internet use during childhood and adolescence.
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Introduction

Depression, characterized by persistent sadness and anhedo-
nia, is a severe mental health disorder that significantly
impairs an individual’s functioning and may present with
neurovegetative, neurocognitive, and emotional disturbances
[1]. The onset of such disorders frequently occurs dur-
ing childhood or adolescence, with approximately three-
quarters of adults with mental disorders receiving their
initial diagnosis prior to turning 18 years old [2,3]. Alarm-
ingly, nearly 40% of individuals diagnosed with depression
experience their first depressive episode before 20 years of
age [4,5]. Globally, depression is prevalent among children
and adolescents [6]. In China, this issue has evolved into
a significant public health concern, with the prevalence
of depression among children and adolescents reaching an
estimated 19.8% in 2015 [7]. The implications of depression
in childhood extend beyond acute symptoms and carry an
increased risk of various adverse outcomes, including suicide
attempts [8], substance abuse [9], poor academic perform-
ance [10], and impaired social functioning [11]. Additional
health impairments, such as poorer self-perceived health
[12], obesity [13], and elevated susceptibility to developing
anxiety disorder in adulthood, have also been associated with
childhood and adolescent depression [14,15]. Therefore, it is
imperative to address the risk factors for depression among
children and adolescents and develop effective strategies for
prevention and intervention [16,17].

In the current digital age, the internet plays a pivotal
role in the lives of children and adolescents, presenting
both positive and negative impacts on well-being [18,19].
A reasonable duration of internet use can be advantageous
[20], yet excessive use and further internet addiction (IA),
also known as problematic internet use, may have harmful
implications [21]. The World Health Organization (WHO)
guidelines recommend limiting time spent being sedentary,
especially recreational screen time [22]. According to the
Canadian 24-Hour Movement Guidelines, screen time of
>2 hours/day is considered excessive [23]. IA refers to not
only excessive time spent on the internet but also a ser-
ies of negative symptoms related to behavioral impairment
and mental dysfunction [21,24]. The condition of excessive
internet use is quite prevalent in youth worldwide [25,26],
even among children younger than 5 years [27]. In 2021,
China reported approximately 200 million internet users
younger than 18 years, contributing to the global user base
of around eight billion [18,19]. However, the prevalence of
IA among Chinese students is alarmingly high, estimated
at 19.5% [19]. This phenomenon raises substantial concerns
given the array of adverse outcomes linked to IA, such as
obesity [28], elevated perceived stress [29], sleep problems
[30,31], diminished quality of life [32], and social isola-
tion [33]. Also, the onset of many mental health disorders
is correlated to IA, including attention-deficit/hyperactivity
disorder [34], depression, and anxiety [29,35,36]. As such,
maintaining appropriate internet use is crucial for children
and adolescents to prevent potential harm.
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The existing literature offered inconsistent evidence
regarding the association between internet use time and
depressive symptoms among children and adolescents.
While some studies argued for a positive correlation,
others suggested that the duration of internet use has a
minimal impact on mental health [37-39]. A systematic
review indicated that screen-based behaviors were positively
associated with depression, while significant associations
were only observed in females [18]. In contrast, the positive
association between IA and depressive symptoms is more
consistently supported [32,40,41]. It is important to note that
IA is a condition with varying degrees of severity, and the
effects might differ across sexes and developmental stages
[42.43].

To address these gaps, this study aimed to investigate
the dose-response association between internet use, includ-
ing time and IA behaviors, and depressive symptoms among
children and adolescents in Zhejiang Province, a populous
and economically developed province in Eastern China.

Methods

Ethical Considerations

Informed consent was obtained from students’ parents or
guardians on behalf of the minors. This study protocol was
approved by the Ethics Committee of the Zhejiang Provincial
Center for Disease Control and Prevention (2020-040-002).

Study Design and Participants

Data for this cross-sectional study were derived from the
2021 China Common Disease and Risk Factor Surveillance
Among Students conducted in Zhejiang Province, an annual
school-based health survey [4445]. A stratified cluster
sampling was conducted to randomly select one urban area
and one rural area from all 11 prefecture-level cities in
Zhejiang Province. Schools were then randomly selected
across the urban (including two primary schools, two middle
schools, two high schools, one vocational high school, and
one university) and rural (including two primary school,
two middle school, and one high school) regions, cover-
ing students from grade 1 and above. To ensure adequate
representativeness, we randomly recruited a minimum of 80
students per grade by class units [46,47]. All the students
underwent physical examinations implemented by trained
health care workers. Students of grade 4 and above were
asked to fill out a self-administered questionnaire about their
health-related behaviors, and teachers and trained research
assistants were present to provide guidance to the students.
The initial sample of this study included a total of 21,737
students from grade 4 and above. Furthermore, students with
missing data on depressive symptoms (n=57) and covariates
(n=344) were excluded, leaving a total of 21,336 students in
the final analysis (Figure 1).
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Figure 1. Flowchart of the participants. CCDRFSS: China Common Disease and Risk Factor Surveillance Among Students.
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Assessment of Internet Use

The questionnaire asked respondents to report their weekly
internet use time and indicate whether they had exhibited
specific IA behaviors in the past week. The IA behav-
iors were assessed using a 10-item IA questionnaire based
on the revised version of Young’s diagnostic question-
naire (Cronbach 0=0.778) [21,48] (Table S1 in Multimedia
Appendix 1). Internet use time was categorized into four
groups: 0, 0.1-1, 1.1-2, and >2 hours per day. The number
of IA behaviors was categorized as follows: 0, 1, 2, or =3
[24].

Assessment of Depressive Symptoms

Depressive symptoms were assessed using the Chinese
version of the Center for Epidemiologic Studies Depression
Scale, which is a 20-item scale constructed to measure
the level of depressive symptoms over the past week [49].
The reliability and validity of the Center for Epidemiologic
Studies Depression Scale among the Chinese population have
been previously demonstrated [50-52], and the Cronbach a
in our study was 0.877. Participants indicated the frequency
they encountered each item in the past week on a 4-level scale
[53]. Responses ranged from “rarely or none of the time (less
than 1 day, O point)” to “most or all of the time (5-7 days, 3
points).” The total score ranged from 0 to 60, with a score of
16 or higher indicating the presence of depressive symptoms
[49,54].

Assessment of Covariates

Demographic information was collected using a validated
questionnaire [44,46]. Anthropometric data were measured
by trained health staff with standardized equipment. Weight
and height were recorded to the nearest 0.1 kg and 0.1 cm,
respectively, with participants removing shoes and heavy
coats. Covariates adjusted in the study included age, gender
(boy or girl), residence (urban or rural), ethnicity (Han or

https://publichealth.jmir.org/2024/1/e53101
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others), number of family members (<2, 3, 4, or =5), grade
(primary school: grades 4-6; middle school: grades 7-9;
or high school; grades 10-12), boarding (yes or no), BMI
(calculated as kg/m?), and sedentary time (hour per day).

Statistical Analysis

In the analysis, all continuous variables exhibited skewness
in normality tests and were reported as medians and IQRs.
Categorical variables were presented as frequencies and
relative percentages (%). To assess differences in characteris-
tics based on the presence or absence of depressive symptoms
among students, the Wilcoxon rank sum test was used for
continuous variables and the chi-square test was used for
categorical variables.

To investigate the association of internet use time (as a
categorical variable) and the number of IA behaviors (as a
categorical variable) with the risk of depressive symptoms,
logistic regression models were performed, and results were
presented as the odds ratio (ORs) with 95% Cls. Then, the
logistic regression models were stratified by sex and grade.
Restricted cubic spline (RCS) curve was used to reveal the
dose-response association of internet use time and the number
of IA behaviors met with the risk of depressive symptoms.
In addition, linear regression models were applied to assess
the association of internet use time and IA behaviors with
the depressive score, and the dose-response correlation was
assessed with 4-knots (obtained at the quartiles of internet
use time or number of IA behaviors) RCS curve. All data
analyses were performed using STATA 16.0 (StataCorp
LLC).

Results

A total of 21,336 students were included, with a median
age of 15.1 (IQR 13.6-16.6) years. Of these students, 11,002
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(51.6%) were boys, and primary school, middle school,
and high school students each accounted for 51.2%, 38.3%,
and 10.5%. The majority were of Han ethnicity (97.4%),
resided in urban areas (62.9%), and were not boarded in
school (56.3%). They had a median BMI of 20.3 (IQR
18.4-23.1) kg/mz, a median sedentary time of 7.5 (IQR 3-10)
hours, and reported a median internet use time of 0.3 (IQR

Table 1. Characteristics of the included students by depressive status.
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0-1.2) hours per day. Most students (74.6%) reported no TA
behaviors. The median of the depressive score was 12 (IQR
9-16), and 6225 (29.2%) students were identified as having
depressive symptoms. Students with depressive symptoms
reported significantly longer internet use time and a higher
number of IA behaviors compared to their nondepressed peers
(P<.001; Table 1).

Demographics Total students (N=21,336) Students without depressive  Students with depressive P value
symptoms (n=15,111) symptoms (n=6225)
Age (years), median (IQR) 15.1 (13.6-16.6) 14.8 (13.4-164) 15.8 (14.1-17.0) <.001
Sex, n (%) <.001
Boy 11,002 (51.6) 8161 (54.0) 2841 (45.6)
Girl 10,334 (48.4) 6950 (46.0) 3384 (54.4)
Residence, n (%) 380
Urban 13414 (62.9) 9472 (62.7) 3942 (63.3)
Rural 7922 (37.1) 5639 (37.3) 2283 (36.7)
Ethnicity, n (%) 044
Han 20,787 (97.4) 14,701 (97.3) 6086 (97.8)
Others 549 (2.6) 410 (2.7) 139 (2.2)
Number of family members, n (%) <.001
<2 4657 (21.8) 3158 (20.9) 1499 (24.1)
6406 (30.1) 4543 (30.1) 1863 (30.0)
4 5297 (24.8) 3810 (25.2) 1487 (23.9)
=5 4956 (23.3) 3586 (23.8) 1370 (22.0)
Grade, n (%) <.001
Primary school (grades 4-6) 10,929 (51.2) 8532 (56.5) 2397 (38.5)
Middle school (grades 7-9) 8182 (38.3) 5106 (33.8) 3076 (49.4)
High school (grades 10-12) 2225 (10.5) 1473 (9.7) 752 (12.1)
Boarding, n (%) <.001
No 12,011 (56.3) 8797 (58.2) 3214 (51.6)
Yes 9325 (43.7) 6314 (41.8) 3011 (48.4)
BMI (kg/m2), median (IQR) 20.3 (18.4-23.1) 20.2 (18.3-23.1) 20.5 (18.6-23.3) <.001
Sedentary time (hours/day), median IQR) 7.5 (3.0-10.0) 7.0(2.3-9.5) 8.5(5.0-11.3) <.001
Internet using time (hours/day), median 0.3(0.0-1.2) 0.3(0.0-1.0) 0.5(0.0-2.0) <.001
(IQR)
Internet use time (hours/day), n (%) <.001
0 8944 (41.9) 6613 (43.8) 2331 (374)
0.1-1 6295 (29.5) 4517 (29.9) 1778 (28.6)
1.1-2 2857 (13.4) 2014 (13.3) 843 (13.5)
>2 3240 (15.2) 1967 (13.0) 1273 (20.5)
Number of internet addictive behaviors met, n (%) <.001
0 15911 (74.6) 12,330 (81.6) 3581 (57.5)
1 2343 (11.0) 1421 (9.4) 922 (14.8)
2 1175 (5.5) 599 (4.0) 576 (9.3)
>3 1907 (8.9) 761 (5.0) 1146 (18.4)

The associations between internet use time and depressive
symptoms overall, by sex and grade, are shown in Table
2. When compared with participants reporting no internet
use, those with internet use times of 1.1-2 hours/day and >2
hours/day demonstrated higher risks of depressive symptoms,

https://publichealth jmir.org/2024/1/e53101

with ORs of 1.11 (95% CI 1.01-1.22) and 1.60 (95% CI
1.47-1.76), respectively. Sex-specific analyses revealed that
girls using the internet for 1.1-2 hours/day and >2 hours/day
had elevated risks of depressive symptoms, with ORs of
122 (95% CI 1.06-1.39) and 1.70 (95% CI 1.50-1.93)
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respectively, compared to girls reporting no internet use.
For boys, only using the internet for >2 hours/day demon-
strated a higher risk of depressive symptoms (OR 1.53,
95% CI 1.34-1.74) compared to those reporting no internet
use. Grade-specific analysis demonstrated varied associations
across different grades. In grades 4-6, significant associations
were found between internet use time of 1.1-2 hours/day
and >2 hours/day and depressive symptoms (ORs 1.17, 95%
CI 1.01-1.35 and 2.20, 95% CI 1.89-2.57, respectively).
Students in grades 7-9 showed a less pronounced but still
significant association for >2 hours/day (OR 1.60, 95% CI
1.40-1.84). Interestingly, for students in grades 10-12, no
statistically significant associations were identified. Dose-
response analyses revealed a significant J-shaped association
between internet use time and depressive symptoms overall
among boys and students in grades 4-6, with nonlinear P
values of .006, .003, and <.001, respectively (Figure 2).
Considering depressive score, for sex stratification, compared
to boys without internet use, the boys using the internet
for 0.1-1 hours/day (=0.40, 95% CI 0.08-0.72) and >2
hours/day (f=1.31, 95% CI 0.89-1.73) had elevated risks of
depressive scores (Table S2 in Multimedia Appendix 1). For
grade stratification, the students from grades 4-6 using the
internet for 0.1-1 hours/day (3=0.64, 95% CI 0.34-0.94) and
>2 hours/day (=243, 95% CI 1.94-2.92) had elevated risks
of depressive scores. Notably, a minor J-shaped association
was found among students from grades 10-12. Compared to
those who reported no internet usage in grade 10-12, those
using the internet for 1.1-2 hours/day had a decreased risk of
depressive scores, with 3 of —=1.23 (95% CI -2.29 to —0.18).
No statistically significant associations were identified in the
categories of those using the internet for 0.1-1 hours/day
and >2 hours/day in grades 10-12 (Table S2 in Multimedia
Appendix 1). Dose-response associations between internet
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use time and depressive scores are visualized in Figures S1
and S2 in Multimedia Appendix 1.

Compared with students without IA behaviors, those with
1, 2, and =3 TA behaviors exhibited significantly higher
risks of depressive symptoms, with ORs of 2.01 (95% CI
1.83-2.21), 291 (95% CI 2.57-3.29), and 4.72 (95% CI
4.26-5.22), respectively (Table 2). Sex-stratified analysis
showed that boys with 1, 2, and =3 IA behaviors had higher
risks of depressive symptoms, with ORs of 1.78 (95% CI
1.55-2.03), 2.77 (95% CI 2.32-3.30), and 3.98 (95% CI
3.46-4.58), respectively. Among girls, the risk of depressive
symptoms was even higher for those displaying 1, 2, and
>3 IA behaviors, with ORs of 2.27 (95% CI 1.99-2.59),
301 (95% CI 2.52-3.60), and 5.69 (95% CI 4.90-6.62),
respectively. When stratified by grade, students in grades
4-6 with 1, 2, and =3 TA behaviors had increased risks of
depressive symptoms, with ORs of 2.50 (95% CI 2.15-2.90),
338 (95% CI 2.75-4.15), and 449 (95% CI 3.82-5.28),
respectively. Students in grades 7-9 had corresponding ORs
of 2.00 (95% CI 1.74-2.30), 2.82 (95% CI 2.36-3.36), and
545 (95% CI 4.68-6.35), respectively, for 1, 2, and =3 TA
behaviors, respectively. Among students in grades 10-12, the
ORs were 1.18 (95% CI 0.93-1.50), 1.99 (95% CI 1.45-2.74),
and 3.04 (95% CI 2.31-4.00), respectively, for 1, 2, and =3
IA behaviors. A dose-response association between increas-
ing numbers of IA behaviors and higher risks of depressive
symptoms was found (Figure 3). Meanwhile, the elevated
trend slowed down in both sexes and all grades for =3 IA
behaviors. Similar results were found in the associations
between IA and depressive score in total students, by sex
and grade (Table S2 and Figures S3 and S4 in Multimedia
Appendix 1).

Table 2. Association between internet use and depressive symptoms in total students, by sex and grade. Models were adjusted for age, sex (except for

sex-specific analysis), grade (except for grade-specific analysis), residence, ethnicity, number of family members, boarding, BMI, and sedentary time.

*P<.05, **P<.001.

Total students Sex Grade
(N=21,336)
Boys (n=11,002) Girls (n=10,334) Grades 4-6 Grades 7-9 Grades 10-12
(n=10,929) (n=8182) (n=2225)
Internet use time (hours/day), OR? (95% CI)
0 Reference Reference Reference Reference Reference Reference
0.1-1 1.04 (0.97-1.13) 1.01 (091-1.12) 1.08 (0.97-1.20) 1.04 (0.94-1.16) 1.09 (0.98-1.22) 0.92 (0.63-1.35)
1.1-2 1.11 (1.01-1.22)* 1.00 (0.87-1.15) 1.22 (1.06-1.39)* 1.17 (1.01-1.35)* 1.13 (0.98-1.30) 0.79 (0.59-1.05)
>2 1.60 (1.47-1.76)**  1.53 (1.34-1.74)**  1.70 (1.50-1.93)** 220 (1.89-2.57)**  1.60 (1.40-1.84)** 1.01 (0.83-1.24)
Number of internet addictive behaviors met, OR (95% CI)
0 Reference Reference Reference Reference Reference Reference
1 201 (1.83-221)** 178 (1.55-2.03)**  2.27 (1.99-2.59)** 250 (2.15-2.90)**  2.00 (1.74-2.30)**  1.18 (0.93-1.50)
2 291 (2.57-329)** 277 (232-3.30)** 3.01 (2.52-3.60)**  3.38 (2.75-4.15)** 2.82(2.36-3.36)** 1.99
(1.45-2.74)%**
>3 472 (4.26-5.22)** 398 (3.46-4.58)**  5.69 (4.90-6.62)** 449 (3.82-5.28)** 545 (4.68-6.35)** 3.04

(2.31-4.00)**

30R: odds ratio.
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Figure 2. Dose-response association between internet use time and depressive symptoms in total students, by sex and grade The dotted line presents
the 95% CI. Models were adjusted for age, sex (except for sex-specific analysis), grade (except for grade-specific analysis), residence, ethnicity,
number of family members, boarding, BMI, and sedentary time. P nonlinear values were (A) .006 in total population; (B) .003 in boys; (C) .30 in
girls; (D) <.001 in grades 4-6; (E) .85 in grades 7-9; and (F) .30 in grades 10-12.
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Discussion

Principal Findings

In our study, longer internet use time was associated with a
higher risk of depressive symptoms among Chinese chil-
dren and adolescents overall, for both sexes, and among

https://publichealth jmir.org/2024/1/e53101

primary and middle school students. Interestingly, in grades
10-12, no significant association between internet use time
and depressive symptoms was observed. A notable J-shaped
association between internet use and depressive symptoms
was observed overall among boys and students in grades
4-6. For IA, a larger number of IA behaviors was associ-
ated with a higher risk of depressive symptoms, with a
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significant nonlinear association in total students, girls, and
students in grades 4-6. Moreover, all participants but high
school students with longer internet use time presented higher
depressive scores. For IA behaviors, a higher number was
associated with a higher depressive score in both sexes and all
grades.

Our findings added to the existing body of research
on the impact of internet use on mental health but with
some differences. Previous studies have reported a posi-
tive association between heavy internet use and depressive
symptoms [55,56]. The observed J-shaped association also
highlighted the possibility of a protective effect associated
with a minimal amount of internet use (around 0.5 h/day).
This could be explained by the positive aspects of internet
use, such as social connection, access to support networks,
and educational resources [57,58]. While excessive use could
lead to isolation, sleep disturbances, and exposure to harmful
content, thereby increasing the risk of depression [59-61]. The
displacement theory indicates that heavy internet use would
reduce children’s intimacy with their family members as well
as social involvement, which may lead to stressful inter-
personal relationships and increase psychological problems
[43]. The sex-specific differences in the associations between
internet use time and depressive symptoms could be due to
the different ways in which boys and girls use the internet,
or the difference in how they respond to online experien-
ces. For instance, girls might be more affected by social
comparisons or cyberbullying, which are common on online
platforms [62,63]. For the diminished association between
internet use time and depressive symptoms among senior
grades, one explanation for this could be the maturation
and development of coping strategies in older adolescents,
enabling them to handle the stresses associated with the
internet more effectively [64]. Another plausible explanation
might be that older students are using the internet for more
educational purposes, which may not have the same impact
on depressive symptoms as recreational use [65].

Our study provides compelling evidence that a higher
number of IA behaviors are significantly associated with a
higher risk of depressive symptoms among students. These
findings align with previous research suggesting a strong
link between IA and depressive symptoms. For instance, a
systematic review by Lopes et al [37] found a significant
association between IA and depression. Our study adds to this
body of evidence by demonstrating a nonlinear increase in
the risk of depressive symptoms with an increasing num-
ber of IA behaviors, which could be due to the increas-
ing disruption of normal life activities, social isolation, and
exposure to negative online experiences with higher levels
of TA [66]. The increase in depressive risks was more
pronounced in the early stage (<3) of IA behaviors, which
underscored the importance of early control of excessive
internet use and IA symptoms. Similar to the findings for
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the associations between internet use time and depressive
symptoms, the observed sex differences between IA and
depressive symptoms might also be due to the vulnerability
of girls in the online activities, such as social comparisons
or cyberbullying [67]. The varying impact of IA behaviors
across different school grades could also be explained by
the resilience and coping mechanisms among students in
different developmental stages, where senior students might
have developed better digital literacy skills and coping
strategies to manage the potential negative effects of IA. To
mitigate the negative impact of excessive internet use, parents
should attach importance to creating a positive home media
environment, as well as involving their children in alternative
activities like reading and exercising [31].

Strengths and Limitations

There are several strengths in our study. First, we used the
RCS curve to show the nonlinear dose-response association.
This approach provides a better fit to the data and reduces the
degrees of freedom, enhancing the accuracy, reliability, and
precision of our study. Second, the database used in this study
was derived from a large representative sample of children
and adolescents in Zhejiang Province, China. Moreover,
sex- and grade-specific subgroup analyses were performed
separately, capturing the variations in the association between
internet use and depressive symptoms.

However, our study is not without limitations. The
cross-sectional design precluded our ability to establish
causality. A lack of detailed information regarding the age
of IA initiation and family environment factors, all of which
could potentially influence adolescent depressive symptoms,
limited the depth of our analysis. Furthermore, our partici-
pant sample was drawn exclusively from an economically
developed region of China. This may limit the extent to which
our findings are representative of the broader population of
Chinese children and adolescents.

Conclusions

A significant association between internet use and depres-
sive symptoms was demonstrated, with excessive internet
use and more IA behaviors being associated with higher
risks of depressive symptoms. A notable J-shaped associa-
tion between internet use time and depressive symptoms was
observed among boys and primary school students. Early
preventive and mitigating interventions aimed at promot-
ing appropriate internet use should be prioritized to pre-
vent depressive symptoms among children and adolescents.
Teachers and parents should help children develop healthy
internet use habits and monitor children’s internet activi-
ties actively. Future studies could explore the longitudinal
associations between internet use at different developmen-
tal stages and subsequent mental disorders in youth and
investigate potential sex differences.

Acknowledgments

We thank all the participant students and project staff from the Department of Nutrition and Food Safety, Zhejiang Provincial
Center for Disease Control and Prevention. This study was sponsored by National Natural Science Foundation of China

(72104211).

https://publichealth.jmir.org/2024/1/e53101

JMIR Public Health Surveill 2024 | vol. 10 [ 53101 I p.7
(page number not for citation purposes)


https://publichealth.jmir.org/2024/1/e53101

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietal

Data Availability

The datasets generated or analyzed during this study are not publicly available but are available from the corresponding author
upon reasonable request.

Authors’ Contributions

RZ and PS designed the study. JL and WS collected and analyzed the data. WS prepared the first draft. WS, ZL, YL, XH,
DJ, SL, JM, and FG revised the manuscript with comments from RZ and PS. JL and WS contributed equally, and RZ and PS
contributed equally. All authors have read and gave final approval of the submitted versions.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Supplementary tables.
[DOCX File (Microsoft Word File), 208 KB-Multimedia Appendix 1]

References

1. Malhi GS, Mann JJ. Depression. Lancet. Nov 24,2018;392(10161):2299-2312. [doi: 10.1016/S0140-6736(18)31948-2]
[Medline: 30396512]

2. Kim-Cohen J, Caspi A, Moffitt TE, Harrington H, Milne BJ, Poulton R. Prior juvenile diagnoses in adults with mental
disorder: developmental follow-back of a prospective-longitudinal cohort. Arch Gen Psychiatry. Jul 2003;60(7):709-717.
[doi: 10.1001/archpsyc.60.7.709] [Medline: 12860775]

3. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age-of-onset
distributions of DSM-IV disorders in the national comorbidity survey replication. Arch Gen Psychiatry. Jun
2005;62(6):593-602. [doi: 10.1001/archpsyc.62.6.593] [Medline: 15939837]

4. Schwartz TL, Petersen TJ. Depression: Treatment Strategies and Management. CRC Press; 2006. ISBN: 1420013947

5.  Moffitt TE, Caspi A, Taylor A, et al. How common are common mental disorders? Evidence that lifetime prevalence
rates are doubled by prospective versus retrospective ascertainment. Psychol Med. Jun 2010;40(6):899-909. [doi: 10.
1017/S0033291709991036] [Medline: 19719899]

6.  Collishaw S. Annual research review: secular trends in child and adolescent mental health. J Child Psychol Psychiatry.
Mar 2015;56(3):370-393. [doi: 10.1111/jcpp.12372]

7. Rao WW, Xu DD, Cao XL, et al. Prevalence of depressive symptoms in children and adolescents in China: a meta-
analysis of observational studies. Psychiatry Res. Feb 2019;272:790-796. [doi: 10.1016/].psychres.2018.12.133]

8. Korczak DJ, Goldstein BI. Childhood onset major depressive disorder: course of illness and psychiatric comorbidity in a
community sample. J Pediatr. Jul 2009;155(1):118-123. [doi: 10.1016/].jpeds.2009.01.061] [Medline: 19394039]

9. Naicker K, Galambos NL, Zeng Y, Senthilselvan A, Colman I. Social, demographic, and health outcomes in the 10 years
following adolescent depression. J Adolesc Health. May 2013;52(5):533-538. [doi: 10.1016/j.jadohealth.2012.12.016]
[Medline: 23499382]

10.  Fletcher JM. Adolescent depression and educational attainment: results using sibling fixed effects. Health Econ. Jul
2010;19(7):855-871. [doi: 10.1002/hec.1526] [Medline: 19582699]

11. Jaycox LH, Stein BD, Paddock S, et al. Impact of teen depression on academic, social, and physical functioning.
Pediatrics. Oct 2009;124(4):596-605. [doi: 10.1542/peds.2008-3348] [Medline: 19736259]

12.  Keenan-Miller D, Hammen CL, Brennan PA. Health outcomes related to early adolescent depression. J Adolesc Health.
Sep 2007;41(3):256-262. [doi: 10.1016/j.jadohealth.2007.03.015] [Medline: 17707295]

13. Hasler G, Pine DS, Kleinbaum DG, et al. Depressive symptoms during childhood and adult obesity: the Zurich cohort
study. Mol Psychiatry. Sep 2005;10(9):842-850. [doi: 10.1038/sj.mp.4001671] [Medline: 15838533]

14. Fergusson DM, Horwood LJ, Ridder EM, Beautrais AL. Subthreshold depression in adolescence and mental health
outcomes in adulthood. Arch Gen Psychiatry. Jan 2005;62(1):66-72. [doi: 10.1001/archpsyc.62.1.66] [Medline:
15630074]

15. Patton GC, Coffey C, Romaniuk H, et al. The prognosis of common mental disorders in adolescents: a 14-year
prospective cohort study. Lancet. 2014;383(9926):1404-1411. [doi: 10.1016/S0140-6736(13)62116-9] [Medline:
24439298

16. Kaur N, Gupta M, Chakrapani V, et al. Effectiveness of a program to lower unwanted media screens among 2-5-year-old
children: a randomized controlled trial. Front Public Health. Jun 18, 2024;12:1304861. [doi: 10.3389/fpubh.2024.
1304861] [Medline: 38966696]

https://publichealth.jmir.org/2024/1/e53101 JMIR Public Health Surveill 2024 | vol. 10 153101 I p. 8
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v10i1e53101_app1.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e53101_app1.docx
https://doi.org/10.1016/S0140-6736(18)31948-2
http://www.ncbi.nlm.nih.gov/pubmed/30396512
https://doi.org/10.1001/archpsyc.60.7.709
http://www.ncbi.nlm.nih.gov/pubmed/12860775
https://doi.org/10.1001/archpsyc.62.6.593
http://www.ncbi.nlm.nih.gov/pubmed/15939837
https://doi.org/10.1017/S0033291709991036
https://doi.org/10.1017/S0033291709991036
http://www.ncbi.nlm.nih.gov/pubmed/19719899
https://doi.org/10.1111/jcpp.12372
https://doi.org/10.1016/j.psychres.2018.12.133
https://doi.org/10.1016/j.jpeds.2009.01.061
http://www.ncbi.nlm.nih.gov/pubmed/19394039
https://doi.org/10.1016/j.jadohealth.2012.12.016
http://www.ncbi.nlm.nih.gov/pubmed/23499382
https://doi.org/10.1002/hec.1526
http://www.ncbi.nlm.nih.gov/pubmed/19582699
https://doi.org/10.1542/peds.2008-3348
http://www.ncbi.nlm.nih.gov/pubmed/19736259
https://doi.org/10.1016/j.jadohealth.2007.03.015
http://www.ncbi.nlm.nih.gov/pubmed/17707295
https://doi.org/10.1038/sj.mp.4001671
http://www.ncbi.nlm.nih.gov/pubmed/15838533
https://doi.org/10.1001/archpsyc.62.1.66
http://www.ncbi.nlm.nih.gov/pubmed/15630074
https://doi.org/10.1016/S0140-6736(13)62116-9
http://www.ncbi.nlm.nih.gov/pubmed/24439298
https://doi.org/10.3389/fpubh.2024.1304861
https://doi.org/10.3389/fpubh.2024.1304861
http://www.ncbi.nlm.nih.gov/pubmed/38966696
https://publichealth.jmir.org/2024/1/e53101

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietal

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Loo BKG, Okely A, Taylor R, et al. Asia-Pacific consensus statement on integrated 24-hour activity guidelines for the
early years. Lancet Reg Health West Pac. Mar 2023;32:100641. [doi: 10.1016/j.lanwpc.2022.100641] [Medline:
36785856]

Wang X, Li Y, Fan H. The associations between screen time-based sedentary behavior and depression: a systematic
review and meta-analysis. BMC Public Health. Nov 14,2019;19(1):1524. [doi: 10.1186/s12889-019-7904-9] [Medline:
31727052]

2021 national study on internet use by minors. Center CINI. 2021. URL: http://cagd.gov.cn/data/uploads//ueditor/php/
upload/file/2022/11/1669791740317797 .pdf [Accessed 2023-05-17]

Reid Chassiakos YL, Radesky J, Christakis D, Moreno MA, Cross C. Children and adolescents and digital media.
Pediatrics. Nov 2016;138(5):20162593. [doi: 10.1542/peds.2016-2593] [Medline: 27940795]

Young KS. Internet addiction: the emergence of a new clinical disorder. Cyberpsychol Behav. Jan 1998;1(3):237-244.
[doi: 10.1089/cpb.1998.1.237]

Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on physical activity and sedentary
behaviour. Br J Sports Med. Dec 2020;54(24):1451-1462. [doi: 10.1136/bjsports-2020-102955] [Medline: 33239350]
Tremblay MS, Carson V, Chaput JP, et al. Canadian 24-Hour Movement Guidelines for children and youth: an
integration of physical activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab. Jun 2016;41(6 Suppl 3):S311-
S327. [doi: 10.1139/apnm-2016-0151] [Medline: 27306437]

Zhou M, Zhu W, Sun X, Huang L. Internet addiction and child physical and mental health: evidence from panel dataset
in China. J Affect Disord. Jul 15, 2022;309:52-62. [doi: 10.1016/].jad.2022.04.115] [Medline: 35469911]

Hammad MA, Alyami MHF, Awed HS. The association between internet addiction and sleep quality among medical
students in Saudi Arabia. Ann Med. Dec 2024;56(1):2307502. [doi: 10.1080/07853890.2024.2307502] [Medline:
38294763]

Bitto Urbanova L., Holubcikova J, Madarasova Geckova A, van Dijk JP, Reijneveld SA. Adolescents with emotional and
behavioural problems are at higher risk to become excessive or addicted internet users: is this association moderated by
gender. Eur J Public Health. Apr 3, 2024;34(2):283-288. [doi: 10.1093/eurpub/ckae009] [Medline: 38366947]

Kaur N, Gupta M, Malhi P, Grover S. Prevalence of screen time among children aged 2 to 5 years in Chandigarh, a
North Indian union territory. J Dev Behav Pediatr. Jan 1, 2022;43(1):e29-e38. [doi: 10.1097/DBP.0000000000000964]
[Medline: 34016828]

Barrense-Dias Y, Berchtold A, Akre C, Suris JC. The relation between internet use and overweight among adolescents: a
longitudinal study in Switzerland. Int J Obes. Jan 2016;40(1):45-50. [doi: 10.1038/ij0.2015.146]

Sohn SY, Rees P, Wildridge B, Kalk NJ, Carter B. Prevalence of problematic smartphone usage and associated mental
health outcomes amongst children and young people: a systematic review, meta-analysis and GRADE of the evidence.
BMC Psychiatry. Nov 29, 2019;19(1):356. [doi: 10.1186/s12888-019-2350-x] [Medline: 31779637]

Kaur N, Gupta M, Kiran T, Malhi P, Grover S. Sleep problems and their associations with digital screen exposure among
2 to 5 years old children in Chandigarh, a North Indian union territory. J Indian Assoc Child Adolesc Ment Health. Jan
2022;18(1):45-53. [doi: 10.1177/09731342221096488]

Kaur N, Gupta M, Malhi P, Grover S. A multicomponent intervention to reduce screen time among children aged 2-5
years in Chandigarh, North India: protocol for a randomized controlled trial. JIMIR Res Protoc. Feb 11,
2021;10(2):€24106. [doi: 10.2196/24106] [Medline: 33570499]

Stiglic N, Viner RM. Effects of screentime on the health and well-being of children and adolescents: a systematic review
of reviews. BMJ Open. Jan 3, 2019;9(1):e023191. [doi: 10.1136/bmjopen-2018-023191] [Medline: 30606703]
Weinstein A, Lejoyeux M. Internet addiction or excessive internet use. Am J Drug Alcohol Abuse. Sep
2010;36(5):277-283. [doi: 10.3109/00952990.2010.491880] [Medline: 20545603 ]

Wang BQ, Yao NQ, Zhou X, Liu J, Lv ZT. The association between attention deficit/hyperactivity disorder and internet
addiction: a systematic review and meta-analysis. BMC Psychiatry. Jul 19, 2017;17(1):260. [doi: 10.1186/s12888-017-
1408-x] [Medline: 28724403]

Hoge E, Bickham D, Cantor J. Digital media, anxiety, and depression in children. Pediatrics. Nov 2017;140(Suppl
2):S76-S80. [doi: 10.1542/peds.2016-1758G] [Medline: 29093037]

Cai Z,Mao P, Wang Z, Wang D, He J, Fan X. Associations between problematic internet use and mental health
outcomes of students: a meta-analytic review. Adolesc Res Rev. Jan 2023;8(1):45-62. [doi: 10.1007/s40894-022-00201-
9] [Medline: 36744121]

Lopes LS, Valentini JP, Monteiro TH, et al. Problematic social media use and its relationship with depression or anxiety:
a systematic review. Cyberpsychol Behav Soc Netw. Nov 2022;25(11):691-702. [doi: 10.1089/cyber.2021.0300]
[Medline: 36219756]

https://publichealth.jmir.org/2024/1/e53101 JMIR Public Health Surveill 2024 | vol. 10 1 e53101 I p. 9

(page number not for citation purposes)


https://doi.org/10.1016/j.lanwpc.2022.100641
http://www.ncbi.nlm.nih.gov/pubmed/36785856
https://doi.org/10.1186/s12889-019-7904-9
http://www.ncbi.nlm.nih.gov/pubmed/31727052
http://cagd.gov.cn/data/uploads//ueditor/php/upload/file/2022/11/1669791740317797.pdf
http://cagd.gov.cn/data/uploads//ueditor/php/upload/file/2022/11/1669791740317797.pdf
https://doi.org/10.1542/peds.2016-2593
http://www.ncbi.nlm.nih.gov/pubmed/27940795
https://doi.org/10.1089/cpb.1998.1.237
https://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1139/apnm-2016-0151
http://www.ncbi.nlm.nih.gov/pubmed/27306437
https://doi.org/10.1016/j.jad.2022.04.115
http://www.ncbi.nlm.nih.gov/pubmed/35469911
https://doi.org/10.1080/07853890.2024.2307502
http://www.ncbi.nlm.nih.gov/pubmed/38294763
https://doi.org/10.1093/eurpub/ckae009
http://www.ncbi.nlm.nih.gov/pubmed/38366947
https://doi.org/10.1097/DBP.0000000000000964
http://www.ncbi.nlm.nih.gov/pubmed/34016828
https://doi.org/10.1038/ijo.2015.146
https://doi.org/10.1186/s12888-019-2350-x
http://www.ncbi.nlm.nih.gov/pubmed/31779637
https://doi.org/10.1177/09731342221096488
https://doi.org/10.2196/24106
http://www.ncbi.nlm.nih.gov/pubmed/33570499
https://doi.org/10.1136/bmjopen-2018-023191
http://www.ncbi.nlm.nih.gov/pubmed/30606703
https://doi.org/10.3109/00952990.2010.491880
http://www.ncbi.nlm.nih.gov/pubmed/20545603
https://doi.org/10.1186/s12888-017-1408-x
https://doi.org/10.1186/s12888-017-1408-x
http://www.ncbi.nlm.nih.gov/pubmed/28724403
https://doi.org/10.1542/peds.2016-1758G
http://www.ncbi.nlm.nih.gov/pubmed/29093037
https://doi.org/10.1007/s40894-022-00201-9
https://doi.org/10.1007/s40894-022-00201-9
http://www.ncbi.nlm.nih.gov/pubmed/36744121
https://doi.org/10.1089/cyber.2021.0300
http://www.ncbi.nlm.nih.gov/pubmed/36219756
https://publichealth.jmir.org/2024/1/e53101

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietal

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Twenge JM, Campbell WK. Media use is linked to lower psychological well-being: evidence from three datasets.
Psychiatr Q. Jun 2019;90(2):311-331. [doi: 10.1007/s11126-019-09630-7] [Medline: 30859387]

Peters S, Van der Cruijsen R, van der Aar LPE, Spaans JP, Becht AI, Crone EA. Social media use and the not-so-
imaginary audience: behavioral and neural mechanisms underlying the influence on self-concept. Dev Cogn Neurosci.
Apr 2021;48:100921. [doi: 10.1016/j.dcn.2021.100921] [Medline: 33517106]

Dong H, Yang F, Lu X, Hao W. Internet addiction and related psychological factors among children and adolescents in
China during the coronavirus disease 2019 (COVID-19) epidemic. Front Psychiatry. Sep 2, 2020;11:00751. [doi: 10.
3389/fpsyt.2020.00751] [Medline: 32982806]

TangJ, Yu Y,Du Y,Ma Y, Zhang D, Wang J. Prevalence of internet addiction and its association with stressful life
events and psychological symptoms among adolescent internet users. Addict Behav. Mar 2014;39(3):744-747. [doi: 10.
1016/j.addbeh.2013.12.010] [Medline: 24388433]

Lup K, Trub L, Rosenthal L. Instagram #instasad?: exploring associations among instagram use, depressive symptoms,
negative social comparison, and strangers followed. Cyberpsychol Behav Soc Netw. May 2015;18(5):247-252. [doi: 10.
1089/cyber.2014.0560] [Medline: 25965859]

LiJB, Feng LF, Wu AMS, et al. Roles of psychosocial factors on the association between online social networking use
intensity and depressive symptoms among adolescents: prospective cohort study. J] Med Internet Res. Sep 21,
2021;23(9):e21316. [doi: 10.2196/21316] [Medline: 34546173]

Zhang X, Yang J, Wang Y, et al. Epidemiological characteristics of elevated blood pressure among middle and high
school students aged 12—17 years: a cross-sectional study in Jiangsu province, China, 2017-2018. BMJ Open. Aug
2019;9(8):€027215. [doi: 10.1136/bmjopen-2018-027215]

Sun W, LiJ, Zhou J, et al. Meeting the Canadian 24-Hour Movement Guidelines and physical-mental comorbidity
among chinese children and adolescents: prevalence, associations, and the population impacts. J Psychosom Res. Jan
2024;176:111544. [doi: 10.1016/j.jpsychores.2023.111544] [Medline: 37977093]

Gu F, Zhou S, Lou K, et al. Lifestyle risk factors and the population attributable fractions for overweight and obesity in
Chinese students of Zhejiang province. Front Pediatr. Sep 2021;9:734013. [doi: 10.3389/fped.2021.734013] [Medline:
34631629]

Zou Y,Lin Y,MengJ,LiJ, GuF, Zhang R. The prevalence of scoliosis screening positive and its influencing factors: a
school-based cross-sectional study in Zhejiang province, China. Front Public Health. Jul 2022;10:773594. [doi: 10.3389/
fpubh.2022.773594] [Medline: 35923961]

Qiong Y, Yanting Y, Yue Q, Wenjuan Q, Donglin Y, Chunyan L. Trends in the prevalence of internet addiction among
adolescents from 2004 to 2019 in Shanghai. Chin J School Health. 2022;43(8):5. [doi: 10.16835/j.cnki.1000-9817.2022.
08.017]

Radloff LS. The CES-D scale: a self-report depression scale for research in the general population. 1977;1(3):385-401.
[doi: 10.1177/014662167700100306]

Jiang L, Wang Y, Zhang Y, et al. The reliability and validity of the Center for Epidemiologic Studies Depression Scale
(CES-D) for Chinese university students. Front Psychiatry. May 2019;10:315. [doi: 10.3389/fpsyt.2019.00315]
[Medline: 31178764]

LiJ, Zhao F, Bai H, et al. Psychometric properties of the Chinese version of the Center for Epidemiologic Studies
Depression Scale-Revised in patients with cancer: a cross-sectional study. Int J Nurs Stud. Sep 2019;97(14-20):14-20.
[doi: 10.1016/j.ijnurstu.2019.04.008] [Medline: 31129444]

Stahl D, Sum CF, Lum SS, et al. Screening for depressive symptoms: validation of the Center for Epidemiologic Studies
Depression Scale (CES-D) in a multiethnic group of patients with diabetes in Singapore. Diabetes Care. Jun
2008;31(6):1118-1119. [doi: 10.2337/dc07-2019] [Medline: 18337303]

Yeung A, Wang F, Feng F, et al. Outcomes of an online computerized cognitive behavioral treatment program for
treating Chinese patients with depression: a pilot study. Asian J Psychiatr. Dec 2018;38:102-107. [doi: 10.1016/j.ajp.
2017.11.007] [Medline: 29146042]

Hann D, Winter K, Jacobsen P. Measurement of depressive symptoms in cancer patients: evaluation of the Center for
Epidemiological Studies Depression Scale (CES-D). J Psychosom Res. May 1999;46(5):437-443. [doi: 10.1016/s0022-
3999(99)00004-5] [Medline: 10404478]

Lin L yi, Sidani JE, Shensa A, et al. Association between social media use and depression among US young adults.
Depress Anx. Apr 2016;33(4):323-331. [doi: 10.1002/da.22466] [Medline: 26783723]

Bener A, Bhugra D. Lifestyle and depressive risk factors associated with problematic internet use in adolescents in an
Arabian gulf culture. J Addict Med. Jul 2013;7(4):236-242. [doi: 10.1097/ADM.0b013e3182926b1f] [Medline:
23666321]

https://publichealth jmir.org/2024/1/e53101 JMIR Public Health Surveill 2024 | vol. 10 153101 | p. 10

(page number not for citation purposes)


https://doi.org/10.1007/s11126-019-09630-7
http://www.ncbi.nlm.nih.gov/pubmed/30859387
https://doi.org/10.1016/j.dcn.2021.100921
http://www.ncbi.nlm.nih.gov/pubmed/33517106
https://doi.org/10.3389/fpsyt.2020.00751
https://doi.org/10.3389/fpsyt.2020.00751
http://www.ncbi.nlm.nih.gov/pubmed/32982806
https://doi.org/10.1016/j.addbeh.2013.12.010
https://doi.org/10.1016/j.addbeh.2013.12.010
http://www.ncbi.nlm.nih.gov/pubmed/24388433
https://doi.org/10.1089/cyber.2014.0560
https://doi.org/10.1089/cyber.2014.0560
http://www.ncbi.nlm.nih.gov/pubmed/25965859
https://doi.org/10.2196/21316
http://www.ncbi.nlm.nih.gov/pubmed/34546173
https://doi.org/10.1136/bmjopen-2018-027215
https://doi.org/10.1016/j.jpsychores.2023.111544
http://www.ncbi.nlm.nih.gov/pubmed/37977093
https://doi.org/10.3389/fped.2021.734013
http://www.ncbi.nlm.nih.gov/pubmed/34631629
https://doi.org/10.3389/fpubh.2022.773594
https://doi.org/10.3389/fpubh.2022.773594
http://www.ncbi.nlm.nih.gov/pubmed/35923961
https://doi.org/10.16835/j.cnki.1000-9817.2022.08.017
https://doi.org/10.16835/j.cnki.1000-9817.2022.08.017
https://doi.org/10.1177/014662167700100306
https://doi.org/10.3389/fpsyt.2019.00315
http://www.ncbi.nlm.nih.gov/pubmed/31178764
https://doi.org/10.1016/j.ijnurstu.2019.04.008
http://www.ncbi.nlm.nih.gov/pubmed/31129444
https://doi.org/10.2337/dc07-2019
http://www.ncbi.nlm.nih.gov/pubmed/18337303
https://doi.org/10.1016/j.ajp.2017.11.007
https://doi.org/10.1016/j.ajp.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/29146042
https://doi.org/10.1016/s0022-3999(99)00004-5
https://doi.org/10.1016/s0022-3999(99)00004-5
http://www.ncbi.nlm.nih.gov/pubmed/10404478
https://doi.org/10.1002/da.22466
http://www.ncbi.nlm.nih.gov/pubmed/26783723
https://doi.org/10.1097/ADM.0b013e3182926b1f
http://www.ncbi.nlm.nih.gov/pubmed/23666321
https://publichealth.jmir.org/2024/1/e53101

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietal

57. Masselink M, Van Roekel E, Oldehinkel AJ. Self-esteem in early adolescence as predictor of depressive symptoms in
late adolescence and early adulthood: the mediating role of motivational and social factors. J Youth Adolesc. May
2018;47(5):932-946. [doi: 10.1007/s10964-017-0727-z] [Medline: 28785953]

58. Liu M, Kamper-DeMarco KE, Zhang J, Xiao J, Dong D, Xue P. Time spent on social media and risk of depression in
adolescents: a dose—response meta-analysis. Int J Environ Res Public Health. Apr 2022;19(9):5164. [doi: 10.3390/
ijerph19095164]

59. Lemola S, Perkinson-Gloor N, Brand S, Dewald-Kaufmann JF, Grob A. Adolescents’ electronic media use at night,
sleep disturbance, and depressive symptoms in the smartphone age. J Youth Adolesc. Feb 2015;44(2):405-418. [doi: 10.
1007/s10964-014-0176-x] [Medline: 25204836]

60. Bhandari PM, Neupane D, Rijal S, Thapa K, Mishra SR, Poudyal AK. Sleep quality, internet addiction and depressive
symptoms among undergraduate students in Nepal. BMC Psychiatry. Mar 2017;17(1). [doi: 10.1186/s12888-017-1275-
5] [Medline: 28327098]

61. Tateno M, Teo AR, Ukai W, et al. Internet addiction, smartphone addiction, and hikikomori trait in Japanese young
adult: social isolation and social network. Front Psychiatry. Jul 2019;10:455. [doi: 10.3389/fpsyt.2019.00455] [Medline:
31354537]

62. Twenge JM, Farley E. Not all screen time is created equal: associations with mental health vary by activity and gender.
Soc Psychiatry Psychiatr Epidemiol. Feb 2021;56(2):207-217. [doi: 10.1007/s00127-020-01906-9] [Medline: 32743778]

63. Martel MM. Sexual selection and sex differences in the prevalence of childhood externalizing and adolescent
internalizing disorders. Psychol Bull. Nov 2013;139(6):1221-1259. [doi: 10.1037/a0032247] [Medline: 23627633]

64. Vigna-Taglianti F, Brambilla R, Priotto B, Angelino R, Cuomo G, Diecidue R. Problematic internet use among high
school students: prevalence, associated factors and gender differences. Psychiatry Res. Nov 2017;257:163-171. [doi: 10.
1016/j.psychres.2017.07.039] [Medline: 28759791]

65. MaY, Gul. Internet and depression in adolescents: evidence from China. Front Psychol. Feb 2023;14:1026920. [doi: 10.
3389/fpsyg.2023.1026920] [Medline: 36860777]

66. Geisel O, Lipinski A, Kaess M. Non-substance addiction in childhood and adolescence—the internet, computer games and
social media. Dtsch Arztebl Int. Jan 11,2021;118(1-2):14-22. [doi: 10.3238/arztebl.m2021.0002] [Medline: 33750533]

67. Hankin BL, Young JF, Abela JRZ, et al. Depression from childhood into late adolescence: influence of gender,
development, genetic susceptibility, and peer stress. J Abnorm Psychol. Nov 2015;124(4):803-816. [doi: 10.1037/
abn0000089]

Abbreviations

IA : internet addiction
OR: odds ratio
RCS: restricted cubic spline

Edited by Amaryllis Mavragani; peer-reviewed by Nimran Kaur, Sema Sal Altan; submitted 26.09.2023; final revised
version received 19.07.2024; accepted 21.07.2024; published 23.09.2024

Please cite as:

LiJ,Sun W, Luo Z, Liu Y, Huang X, Jiang D, Li S, Meng J, Gu F, Zhang R, Song P

Dose-Response Associations of Internet Use Time and Internet Addiction With Depressive Symptoms Among Chinese
Children and Adolescents: Cross-Sectional Study

JMIR Public Health Surveill 2024,;10:e53101

URL: hitps://publichealth.jmir.org/2024/1/e53101

doi: 10.2196/53101

© Juanjuan Li, Weidi Sun, Zeyu Luo, Yi Liu, Xuanyin Huang, Denan Jiang, Shuting Li, Jia Meng, Fang Gu, Ronghua
Zhang, Peige Song. Originally published in JMIR Public Health and Surveillance (https://publichealth jmir.org), 23.09.2024.
This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work, first published in JMIR Public Health and Surveillance, is properly cited. The complete bibliographic information, a link
to the original publication on https://publichealth.jmir.org, as well as this copyright and license information must be included.

https://publichealth.jmir.org/2024/1/e53101 JMIR Public Health Surveill 2024 | vol. 10 | 53101 I p. 11
(page number not for citation purposes)


https://doi.org/10.1007/s10964-017-0727-z
http://www.ncbi.nlm.nih.gov/pubmed/28785953
https://doi.org/10.3390/ijerph19095164
https://doi.org/10.3390/ijerph19095164
https://doi.org/10.1007/s10964-014-0176-x
https://doi.org/10.1007/s10964-014-0176-x
http://www.ncbi.nlm.nih.gov/pubmed/25204836
https://doi.org/10.1186/s12888-017-1275-5
https://doi.org/10.1186/s12888-017-1275-5
http://www.ncbi.nlm.nih.gov/pubmed/28327098
https://doi.org/10.3389/fpsyt.2019.00455
http://www.ncbi.nlm.nih.gov/pubmed/31354537
https://doi.org/10.1007/s00127-020-01906-9
http://www.ncbi.nlm.nih.gov/pubmed/32743778
https://doi.org/10.1037/a0032247
http://www.ncbi.nlm.nih.gov/pubmed/23627633
https://doi.org/10.1016/j.psychres.2017.07.039
https://doi.org/10.1016/j.psychres.2017.07.039
http://www.ncbi.nlm.nih.gov/pubmed/28759791
https://doi.org/10.3389/fpsyg.2023.1026920
https://doi.org/10.3389/fpsyg.2023.1026920
http://www.ncbi.nlm.nih.gov/pubmed/36860777
https://doi.org/10.3238/arztebl.m2021.0002
http://www.ncbi.nlm.nih.gov/pubmed/33750533
https://doi.org/10.1037/abn0000089
https://doi.org/10.1037/abn0000089
https://publichealth.jmir.org/2024/1/e53101
https://doi.org/10.2196/53101
https://publichealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://publichealth.jmir.org
https://publichealth.jmir.org/2024/1/e53101

	Dose-Response Associations of Internet Use Time and Internet Addiction With Depressive Symptoms Among Chinese Children and Adolescents: Cross-Sectional Study
	Introduction
	Methods
	Ethical Considerations
	Study Design and Participants
	Assessment of Internet Use
	Assessment of Depressive Symptoms
	Assessment of Covariates
	Statistical Analysis

	Results
	Discussion
	Principal Findings
	Strengths and Limitations
	Conclusions



